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ABSTRACT 

Water quality assessment of Sepang River based on physico-chemical analysis and 

phytoplankton community was carried out on monthly basis from May 2014 to 

February 2015 at 5 sampling stations. Water quality parameters that were analyzed were 

water temperature, pH, dissolved oxygen, turbidity, total dissolved solid, suspended 

solid, salinity, conductivity, biochemical oxygen demand, chemical oxygen demand, 

ammoniacal nitrogen, chlorophyll a, nitrate, nitrite, bromide, chloride, fluoride, sulphate 

and phosphate. Diversity of phytoplankton at the sampling stations was also examined. 

Based on the National Water Quality Standard of Malaysia (NWQS) and the results of 

this study, most of the water quality parameters of Sepang River are classified as 

moderate. Chloride, sulphate and nitrite present in the river are in high concentrations. 

A total of 59 species of phytoplankton with 6 main divisions were identified namely 

Bacillariophyta, Chlorophyta, Chrysophyta, Cyanobacteria, Pyrrophyta and 

Euglenophyta. The phytoplankton community was dominated by the division of 

Bacillariophyta and Chlorophyta. From the physical analysis using SPSS (Statistical 

Package for the Social Sciences) programme, phytoplankton has a negative response or 

correlation towards turbidity, suspended solid, COD, ammoniacal nitrogen, nitrate, 

phosphate and sulphate. In addition, from ANOVA analysis, only dissolved oxygen and 

salinity has shown a significant difference in between both stations and months. The 

values obtain from Shannon─Wiener formula indicated that high diversity of 

phytoplankton was found in the upstream of this river. Lastly, the overall water quality 

index for this river is 84.6 can be classified in class II which is considered as clean. 
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ABSTRAK 

 

Kajian mengenai penilaian kualiti air di Sungai Sepang, Selangor berdasarkan 

analisis fizikal dan kimia serta komuniti fitoplankton telah dijalankan di lima lokasi 

pengumpulan. Analisis kualitatif dan kuantitatif dijalankan  setiap bulan selama sepuluh 

bulan bermula dari Mei 2014 sehingga Februari 2015. Analisis fizikal dan kimia 

parameter yang telah dijalankan adalah suhu, pH, oksigen terlarut, kekeruhan, total 

pepejal terlarut, pepejal termendap, kemasinan, konduktiviti, permintaan oksigen 

biokimia, permintaan oksigen kimia, nitrogen ammoniakal, klorofil a, nitrat, nitrit, 

bromida, klorida, florida, sulfat, dan fosfat. Keputusan  kajian menunjukkan 

kebanyakan parameter fizikal dan kimia tersenarai di dalam tahap sederhana 

sebagaimana yang dirujuk kepada NWQS Malaysia. Bagi analisis kimia, klorida, sulfat 

dan nitrit menunjukkan bacaan kepekatan yang tinggi di dalam air sungai. Keseluruhan 

59 spesis fitoplankton beserta 6 divisi telah dikenalpasti iaitu Bacillariophyta, 

Chlorophyta, Chrysophyta, Cyanobacteria, Pyrrophyta dan Euglenophyta. Komuniti 

fitoplankton di sungai ini telah didominasi oleh divisi Bacillariophyta dan Chlorophyta. 

Berdasarkan analisis menggunakan program SPSS pula, fitoplankton menunjukkam 

tindakbalas negatif kepada kekeruhan, pepejal termendap, permintaan oksigen kimia, 

nitrogen ammoniakal, nitrat, fosfat dan sulfat. Selain itu, analisis ANOVA menunjukkan 

hanya oksigen terlarut dan kemasinan yang mempunyai perbezaan signifikasi antara 

lokasi and bulanan. Bacaan daripada kiraan formula Shannon─Wiener menggambarkan 

diversiti fitoplankton di bahagian atas sungai ini adalah tinggi. Akhir sekali, indeks 

kualiti air keseluruhan bagi Sungai Sepang adalah 84 dan ini boleh diklasifikasikan di 

dalam kelas kedua dan tergolong di dalam tahap yang bersih.  
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CHAPTER 1 

INTRODUCTION 

1.1 General Introduction 

Water is the basic unit of life and it is one of the most important and abundant 

compounds of the ecosystem. All living organisms need water for their survival and 

growth. Good quality water is essential for all living things. Even modern technologies 

could not change our dependency on water. Fresh water is a limited resource as 

important for industry and agriculture as for human existence (Khalil & Ouarda, 2009). 

There is presently an emphasis on diffuse rather than point sources of water pollution. 

These adverse effects on water are a result of increasing water demand from many 

activities such as agriculture, industrial activities, hydroelectric generation and 

continued pollution. Furthermore, the consequences are further exacerbated by 

population growth, rapid urbanization and climate change (Birol et al., 2006).  

Rivers and streams are very important natural‘s environment and linked to human 

lives, animals and vegetations (Wu et al., 2010). As the country progresses towards 

realizing Vision 2020 through the implementation of its policy agenda for heavy 

industrialization, infrastructures and urban expansions, water demand has increased 

steeply and greater pressure is on preserving the current water resources as well as 

finding alternative courses of action to improve water quality (Muyibi et al., 2008). 

Rapid industrialization, although relatively well-planned and regulated has been putting 

increased pressure on urban areas especially in the river basin which is situated in 

Selangor (Bradley, 2010).  

The monitoring of environmental parameters is one of the  priorities in the evaluation 

of environmental status of water resources and in environmental protection policy. 
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Water quality covers physical, chemical and biological aspects of water quality. All 

these aspects had profound impacts on aesthetical and usability to consumers, they are 

linked and inseparable to ensure water quality kept at utmost (Viswanathan et al., 2009; 

Meybeck et al., 1992). Studies on the rivers in Malaysia have progressed through many 

organizations which include local universities, government departments, research 

centers and non-governmental organizations (Ho, 1995). However, few studies have 

been done on water quality in relation to distribution and species composition of algae 

(Maznah & Mansor, 2002).    

Knowledge on the water quality of a particular river is of upmost important in 

determining the suitability of the river water to be used for domestic purpose as well as 

for providing suitable habitat for aquatic organisms. Some of the physico-chemical 

parameters that are involved in water monitoring are pH, turbidity, Total Dissolved 

Solid, conductivity, temperature, Dissolved Oxygen (DO), salinity, Ammoniacal 

Nitrogen (AN), suspended solid, Biochemical Oxygen Demand (BOD), Chemical 

Oxygen Demand (COD) and Chlorophyll a. The anions such as Flouride, Chloride, 

Nitrite, Bromide, Nitrate, Phosphate and Sulphate are also important in determining the 

status of water.  

Biological aspect in water quality often received little consideration in water 

resources research relative to physical and chemical aspects (James & Evison, 1979; 

Karr, 1991). This had also being a trend in Malaysia where most water quality related 

research and studies are focusing more on physical and chemical parameters only 

(Ghani et al., 2009; Abdullah & Nainggolan, 1991; Latiff et al., 2009) with largely 

neglecting the biological parameters. Biological studies are able to provide continuous 

temporal and spatial information in water ecosystem without aforementioned limitations 

(Swaminathan, 2003). 
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One of the techniques that cover biological aspects is the bioassessment. Biological 

assessments of environmental impacts on water quality and aquatic organisms have 

been used since the early 1900s (Wallace et al., 1996). It is the use of organisms such as 

bacteria, algae, macrophytes, macroinvertebrates and fishes as the ecosystem indicators 

and bioaccumulators to assess the water quality. Bioindicators act as a measure of 

prevailing environmental conditions. They may also be used to observe the functioning 

and cause-and-effect relationship within an ecosystem. Primary productivity has been 

used as a biological parameter to monitor the overall response of vegetation to a 

prevailing environment in terrestrial ecosystems (Khan, 2003). Changes in the rate of 

primary production as an indication of trophic status of aquatic ecosystems have been 

one of the major indicators of their health (Herrera-Silveira et al., 2002). 

In Malaysia, biological monitoring in water supplies normally involves total coliform 

count for detection of fecal pollution and the presence of phytoplankton. Microscopic 

algae called phytoplankton float or swim in lakes, rivers and oceans. Together with the 

aquatic higher plants, they are the basis of freshwater and marine food chains. Besides 

that, since phytoplankton need specific conditions to grow, they frequently become the 

first indicator of change in the environment (Salleh & Tajuddin, 2006). These 

planktonic algae comprise a wide range of sizes, from the largest forms which are 

visible to the naked eye to the smallest size ever that are microscopic. Due to their 

photosynthetic pigment, phytoplankton can be considered as an important primary 

producer in the food chain (Ismail, 1994). They also provide a rich supply of oxygen for 

other organisms and acts as an important food source in the culture of freshwater fish 

and crustaceans. In addition, they often includes a numerous and diverse collection of 

extremely small, motile plants collectively termed as microflagellates (Tait, 1970).  
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The advantages of employing phytolankton in biomonitoring of aquatic environment 

are based on the fact that these organisms reflect the concentration of physico-chemical 

parameters in the water ecosystem (Zbikowski & Kobak, 2007). Phytoplankton such as 

diatoms quickly reflected environmental stressors because of their short life cycles as in 

six days (McCormick & Cairns Jr, 1994). Besides that, they also respond rapidly and 

predictably to a wide range of pollutants and provide potentially useful early warning 

signals of deteriorating conditions of the water. However, high phytoplankton density 

poses problems in drinking water treatment processes and recreational activities. 

Consumers may have difficulties in using the water because of its taste and odor, and 

they may also experience a toxic effect (Welch, 1992). The toxic effect of 

phytoplankton can be found in dinoflagellate Dinophysis species, where they can 

produce toxin called okadiac acid and dinophysis toxins that will eventually initiate 

symptoms including diarrhea, nausea and vomiting when the seafood containing toxin 

are consumed. Another problem which can be caused by phytoplankton is a process 

known as eutrophication. Eutrophication is when the environment becomes 

enriched with nutrients. This can be a problem in lakes and rivers as it can cause algal 

blooms. 

Water quality can be judged either by individual parameters for any specific interest 

or by a few, selected, important parameters to judge the overall water quality. Many 

countries make use of the water quality index (WQI) method to assess overall river 

status (Meybeck et al., 1992). These indices differ from country to country but share a 

similar concept, where a few important parameters are selected and compounded to 

numerical rating for the evaluation of river water quality (Almamun & Idris, 2008). 

Malaysia also follows compound WQI to evaluate overall water quality. The existing 

WQI equations are proposed by the Department of Environment Malaysia (DOE). The 
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equation consists of six parameters, namely dissolved oxygen, biochemical oxygen 

demand, chemical oxygen demand, suspended solids, ammoniacal nitrogen and pH. 

There are many researches that have been carried out about water quality of rivers in 

Selangor but these water quality researches need to be continuously done in order to 

maintain the cleanliness and healthiness of the river. Therefore, Sepang River is chosen 

to be assessing because of its importance and strategic locations of many factors. 

Sepang is located in the southern part of the state of Selangor, Malaysia. Formerly, it is 

a small town which now grew to its current size through a series of several 

developments. It is also one of the famous towns in Selangor where the beautiful Bagan 

Lalang beach is situated. There is also Sepang Goldcoast; an eco friendly tourist hotspot 

destination due to its unique resort built in resemblance to a palm tree. Apart from that, 

there lies an important hub for airline of Malaysia, the Kuala Lumpur International 

Airport (KLIA) which is currently busy operated. Besides that, The Sepang 

International Circuit is the home of the Malaysian Grand Prix which is the Malaysian 

leg of the Formula One race and the Malaysian Motorcycle Grand Prix. These are all the 

major importance of Sepang district that hold a huge benefits in terms of economic. 

Sepang River has been listed to be one of the seven river basins in Selangor.  The 

rivermouth of Sepang River is where it is actually connected to the Sepang Goldcoast 

Resort as well as the Bagan Lalang beach. Hence, this river has to be in a good 

condition as it will affect all the important hub areas which are located near to the river.  

The Sepang River estuary is an economically important area, which supports 

commercial fish and prawn, and is regarded as being an important breeding ground and 

nursery for a number of estuarine and marine species of flora and fauna. Pig farm 

discharges are increasingly affecting the Sepang River estuary. Discharges from pig 

farms have been the second largest contribution to water pollution, since 1989-1993 
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(DOE, 1997). Effluent discharged from pig farm usually contains toxic trace metals, 

which affects environmental and water quality (Arzul & Maguer, 1990).  

High percentage of ß-Sitosterol shows that Sepang River rich with many kinds of 

plants and trees. Along the Sepang River, there are many mangrove trees, oil palm and 

rubber plantation area which contribute to the source of ß-sitosterol (Piah et al., 2008). 

Mangrove plants are located on both sides of the Sepang River. Mangrove is one of the 

most productive ecosystems and is one of the important factors for economic growth. 

Environmental pollution in the mangrove areas recently becomes unpredictable because 

of uncontrolled emissions of metals through the river mostly due to agricultural and 

industrial activities (Kumar et al., 2014). The level of contamination may extend its 

hazardous effect to aquatic life, system and human health, especially to human 

consumers of seafood, by bioaccumulation in food chain. 

Improvement in the sectors of municipal, development, industrial and tourism as well 

as the addition of the populations at the coastal area have destroyed nature, reducing 

water quality and increase the pressure on marine resources (Piah et al., 2008). Pollution 

of water, air and land continued to be one of the major environmental problems in 

Malaysia. As a result, rivers and oceans are polluted with industrial waste, oil spill and 

disposal of waste materials. This in turn will cause danger to the health and lives of 

people living along the river as well as the coastal areas. 
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1.2 Objectives 

The main objectives of this research are: 

i. To study the physico-chemical and anion properties of Sepang river. 

ii. To study the phytoplankton community of Sepang River. 

iii. To describe the water quality of Sepang River using river classification 

based on DOE-Malaysia water quality index (WQI) and National Water 

Quality Standard of Malaysia (NWQS). 

iv. To relate the water quality of Sepang river according to WQI, NWQS and 

other physico-chemical properties and Shannon-Wiener Diversity Index. 

Therefore, the aim of this study is to provide detailed information on the evaluation of 

current status of water quality for Sepang River (2016) to be used for the river basin 

management in the future.  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 River Water Quality Monitoring 

Freshwater ecosystems have a primary role in the biosphere as conduits of water and 

nutrients from the continents to the sea. Because of this and the critical role of fresh 

water as a human resource, ecologist are often asked to assess and monitor the ―health‖, 

― status‖ or  ―condition‖ of this ecosystems (Bailey et al., 2001). Rivers are an important 

resource for life which we depend on for water supply, transportation, irrigation, 

fisheries, hydro-electric power and water use for our industries.  

Anthropogenic disturbance of freshwater streams and lakes is one of the major 

environmental problems faced in Malaysia in the early 90‘s (Yap, 1997). Apart from 

that, rapid development has increased many folds in all the major cities and towns. 

Unfortunately, all these developments including housing, transportation and industry 

sectors have impacted river systems and created environmental problems such as water 

pollution, flash flooding and water shortage. There are many factors (point sources and 

non-point sources pollutants) that contribute to the deteriorating quality of the river 

water. Besides the point sources pollutants such as sewage, sullage, industrial effluent, 

agriculture effluent and others, the non-point sources which include urban and rural 

runoff are also responsible for making the river water unsuitable for our use. 

There are 189 river basins in Malaysia and 150 of them are the main river basins 

(Arsad et al., 2012). About 100 of the main river basins in Malaysia are situated in 

Peninsular Malaysia, where 50 are situated in Sabah and Sarawak. It is estimated that 

there are 1800 rivers in Malaysia with total length of more than 38, 000km (Department 

of Irrigation and Drainage, 2009). Rivers and streams in Malaysia serve as the purpose 
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for agriculture, industry, water supply, transportation, aquatic habitats, water sport and 

recreational. Monitoring and management of rivers and streams water quality in 

Malaysia lies under the jurisdictions of two government agencies; one is The 

Department of Environmental in Malaysia (Jabatan Alam Sekitar Malaysia), also 

known as JAS or DOE, and the other one is The Department of Irrigation and Drainage 

Malaysia (Jabatan Pengairan dan Saliran Malaysia) also known as JPS or DID. 

Specifically, in Selangor there are other agencies which are responsible for the 

management of water resources such as Lembaga Urus Air Selangor (LUAS) and 

Jabatan Bekalan Air (JBA). 

Every year, DOE publishes Environmental Quality Report to report the 

environmental status of air, water and soil in Malaysia. In assessing and reporting the 

water quality status of river and streams in Malaysia, DOE uses physicochemical based 

method through their own developed Water Quality Index Malaysia (WQI Malaysia) 

(Arsad et al., 2012). The WQI Malaysia was developed in Malaysia by collaboration 

efforts between DOE and University of Malaya in 1985 (Arsad, 2009). This parameter 

includes pH, Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), 

Ammoniacal Nitrogen (NH3-N), Suspended solid (SS) and Dissolved Oxygen (DO). 

Assessment and valuation of these parameters produced an index value ranging from 

zero to one hundred. According to the index value, the river water quality can be 

classified into three main classes. Rating from the index reflects the composite influence 

of number of water quality parameters overall of water. Calculated index for a given 

river will determine its quality status, which later will determine the management action 

needed by respective agencies (Arsad et al., 2012). 
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2.2 River Water Quality Studies 

The history of bioindicator systems for surface water quality assessment started more 

than a century ago by Kolenati (1848) and Cohn (1853), both quoted by Liebmann, 

1962; De Pauw & Vanhooren, 1983; Ilipoulou-Georgudaki et al., 2003 who observed 

that organisms occurring in polluted water are different than the one presence in the 

clean water. Discussion on bioindicator had run more than 100 years after Kolenati 

(1848) literally made first starting point when he concluded that the absence of caddis 

larvae from a stream can be caused by the presence of a city upstream and it was very 

old and the very beginning of biological method used in the river monitoring study 

conducted in Europe (Liebmann, 1960; Sladecek, 1973; Mol, 1980). 

Malaysia has started to integrate biological technique for rivers and streams 

monitoring across the country and this has been started by Department of Irrigation and 

Drainage in Malaysia (Department of Irrigation and Drainage, 2009). However, the 

implementation is still new compared to traditional physico-chemical based technique. 

Until now, the assessment on physico-chemical parameters in water quality is still 

dominant in many river water quality studied in Malaysia e.g. (Bouza-Deano et al., 

2008; Yunus and Nakagoshi, 2004; Latiff et al., 2009). These concentrations on 

physical and chemical based method are particularly surprising in judging natural 

waters where the main aim is often the preservation of biological amenities (Arsad et 

al., 2012). Review on the water quality standards and practices in Malaysia by Idris et 

al. (2003) reveals, chemical parameter such as Ammoniacal Nitrogen (NH3-N) was 

identified as one of the main sources of pollutants to Malaysian rivers. In the review, 

they suggested direct efforts in searching for other pollutants that frequently found in 

Malaysian river system. 
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Studies on the water quality in Malaysia with relation to bioindicator started 

relatively late as the earliest and well documented one was in 1990 when Khan (1990) 

conducted a case study in Linggi River Basin to assess water pollution by using diatom 

community structure and species distribution. He found a marked variation in species 

association exist between the polluted and unpolluted stations. Later in 1991, Khan 

furthers the studies on this topic to detect the effect of urban and industrial wastes on 

species diversity of diatom community in a tropical river, Malaysia (Khan, 1991). 

Interest on this topic indicate a growth when Yap (1997) made an attempt to classify 

Malaysian rivers using biological indices such as Shannon-Wiener diversity index and 

the Saprobic system, concept of Kolkwitz and Marsson. Yap found that the Shannon-

Wiener diversity index approach appeared to give interesting and interpretable 

classification results compared to the Saprobic index.  

Diversity is a parameter of community structure which is related to the number of 

species (species richness) and abundance. This parameter is presented in several ways 

by different researchers. One of the common diversity indices is Shannon-Wiener 

diversity index (H‘) (Krebs, 1999). H‘ has been used widely in environmental 

monitoring (Washington, 1984). According to the study of Salusso and Morana (2002), 

there are three classes of pollution status based on H‘. In their scale, water bodies with 

H‘ more than 3 has no contaminant, H‘ values ranged 1-3 contain moderate 

contaminants and H‘ less than 1 indicates high pollution level. In addition, Wilhm and 

Dorris (1968) and Wilhm (1968) also proposed a water quality classification based on 

H‘. 

Some of the researchers focused on the relationship between water quality 

degradation and biological indices and community. Yeng (2006) showed that the 

increase of water pollution was associated with the appearance of certain phytoplankton 
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(dinoflagellate) in the Ahning Reservoir. Khan (1991) reported that higher diversity 

values of phytoplankton in the moderately polluted stations compared to polluted 

stations in the Linggi River Basin Malaysia. Yap (1997) used H‘ and saprobic index of 

phytoplankton for water quality assessment of river ecosystem. He concluded that 

ecological knowledge can be used in the management of water body. Furthermore, Ho 

and Peng (1997) also worked on H‘ values of phytoplankton community in three rivers 

which are Sungai Perlis, Sungai Perai and Sungai Juru in northern Peninsular. 

Beginning in the year of 2000, the studies on biological method in the river water 

quality studies started to increase in Malaysia and examples of these study can be seen 

in (Al-Shami et al., 2010; Azrina et al., 2006; Maznah & Mansor, 2002). One of the 

examples of research on biological methods using phytoplankton can be seen in 

(Maznah & Mansor, 2002) Aquatic pollution assessment based on attached diatom 

communities in the Pinang River Basin, Malaysia. Their study is on diatom 

communities in relation with river water quality and they had found certain diatom 

species that is affected by the degree of water quality in the study area, thus the diatom 

community could be use as a bioindicator to measure the impacts of pollution.  
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2.3 Phytoplankton as Bioindicator 

Aquatic systems contain a wide variety of microorganisms, which interact with each 

other in various food webs. According to Hensen (1887), planktons include all drifting 

organic particles that float freely and involuntarily in an open water. The plant and 

plant-like organisms form the phytoplankton, (Greek: phyton - a plant), the animal or 

animal like organisms form the zooplankton, (Greek: zoon-animal) and the bacterial 

ones the bacterioplankton. Algae or phytoplankton are non-flowering aquatic plants of 

the planktonic community. They can range from a small single-celled form to more 

multi-cellular forms. Besides, they are also photosynthetic organisms and exist in a wide 

variety of habitats. They are most abundant and diverse in oceans, lakes, ponds, streams 

and other wetlands but they also colonize bark, leaves, rocks, soil, snow and even 

animals. The photosynthetic activity of phytoplankton in an open water helps to 

increase the concentration of oxygen in water. Phytoplankton is the main producers in 

most freshwater environments and thus provides the principal energy base for many 

aquatic food webs (McCormick & Cairns Jr., 1994). Besides their importance as the 

primary producers in the food webs and ensuring the ecological balance, species of 

phytoplankton can be useful indicators of water quality (Kitner & Poulickova, 2003; 

Rey, 2004). Phytoplankton composition is considered as a natural bioindicator because 

of its complex and rapid responses to fluctuations of environmental conditions 

(Livingston, 2000). The main environmental factors recognized as controlling 

community structure of phytoplankton are physical, (mixing of water masses, light, 

temperature, turbulence and salinity) and chemical (nutrients). 

The most revealing components of the bioindicator-based methods used to identify 

the ecological state of surface waters are the species richness of algae and their 

diversity, abundance, and biomass (Barinova et al., 2006; Barinova, 2011). Moreover, 
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phytoplankton species composition is an important part of these characteristics because 

it plays a central role in the functioning of large rivers. Phytoplankton also shows not 

only variations in water quality but also changes in physical variables and biotic 

interactions. Algae are responsive to excessive supplies of inorganic nutrients and may 

pose problems in long stretches of river experiencing cultural eutrophication, although 

algae may also enhance water quality for humans in rivers affected by agricultural or 

industrial waste. The ability to apply phytoplankton-based assessments to evaluate the 

ecological status of large and lowland rivers lies in developing a better understanding of 

the ambient conditions in the river relative to undisturbed conditions in such rivers 

(Wehr & Descy, 1998). 

The presence or absence of phytoplankton that is intolerant to pollution reveals much 

about the health of an ecosystem. Phytoplankton has been used with success in 

estimation of water pollution (Williams, 1964; Staker, 1974). Algae respond rapidly and 

predictably to a wide range of pollutants and provide potentially useful early warning 

signals of deteriorating conditions of the water. From the earliest years of the last 

century, algae have been identified as a valuable option for the biomonitoring of stream 

and river ecosystems (Hill et al., 2000). This approach has been applied with success to 

evaluate a variety of water quality problems (Potapova & Charles, 2003). Phytoplankton 

communities provide an integrated measurement of water quality as experienced by the 

aquatic biota and have many biological attributes that make them ideal organisms for 

biological monitoring. They lie at the base of aquatic food webs and therefore occupy a 

pivotal position at the interface between biological communities and their physico-

chemical environment (Lowe & Pan, 1996). Furthermore, algae have short life cycles 

and can therefore be expected to respond quickly to changes in the environment 

(McCormick & Stevenson, 1998).  
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2.4 Relationship between Phytoplankton and Physico-Chemical Parameters 

The growth and density of phytoplankton in a water body is related to many biotic 

factors such as grazing by zooplankton or other organisms and abiotic factors such as 

nutrients (principally nitrates and phosphates), temperature, light (Wurtsbaugh & Horne, 

1983) and pH (Buzzi, 2002). Other physico-chemical parameters also have a close 

relationship with the distribution and abundance of phytoplankton. 

Temperature exerts a major influence on biological activity and growth that has been 

widely investigated in phytoplankton ecology.  All species have a preferred temperature 

range. Temperature directly or indirectly affects the vertical distribution of 

phytoplankton. The direct effect is on plankton mobility which selects certain favorable 

temperature. The indirect effect is by changing the density and viscosity of water. 

Indirect effect is on planktons which are carefully adjusted to flotation (Sze, 1998). 

There is sufficient solar radiation for photosynthetic processes at the surface water. 

However, intensity of heat damages the phytoplankton cells. Therefore, phytoplankton 

moves vertically to protect themselves from intensity of heat and light at the surface 

layer. 

A pH indicates the contamination and acidification in a natural water system 

(Palanaippan et al., 2010). It is an important variable in water quality assessment and is 

affected by many biological (photosynthesis and respiration) and chemical processes 

(decomposition) in the water body. Daily variations in pH can also caused by the 

photosynthesis and respiration cycles of phytoplankton in eutrophic waters. High value 

of pH is recorded in waters with high organic content and eutrophic condition (Kalff, 

2002). 
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Biochemical Oxygen Demand (BOD) is a measure of the amount of oxygen that 

bacteria will consume while decomposing organic matter under aerobic conditions 

(Perry & Vanderklein, 2009). BOD test measures the oxygen demand for carbon 

component in 5 days. However, this process in tropical areas is complete in 3 days (Hill 

et al., 2000). The rate of oxygen consumption is affected by temperature, pH, the 

presence of certain microorganisms and the type of organic and inorganic materials in 

the water. Chemical oxygen demand (COD) is a measure of oxygen that is required for 

the oxidation of organic and inorganic matters in water. COD is usually affected by 

sewage and industrial plants.  

Suspended solids (SS) and total dissolved solids (TDS) correspond to non-filterable 

and filterable residue, respectively. Suspended solid is the suspended or dissolved 

matter in water or wastewater. Suspended solids are the residue in a well mixed sample 

of water which will not pass a standard filter. Natural weathering and decomposition of 

rocks, solid and dead plant materials and the transport or dissolution of weathered 

product in water contributes a natural background of suspended and dissolved materials 

to natural waters. TSS has a close association with turbidity and it prevents the 

penetration of sunlight into the water column which in turn gives a negative effect to the 

primary production of phytoplankton (Liu, 2005). 

Conductivity on the other hand is the ability of substance to conduct electricity and it 

has more or less linear function of the concentration of dissolved ions in water (APHA, 

1992). If the conductivity of the streams suddenly increases, it indicates that there is a 

source of dissolved ions in the vicinity. Conductivity relates to the total amount of 

dissolved ions in the water and it has positive correlation with trophic gradient and 

phytoplankton abundance (Diaz et al., 2007). Sources of pollutants such as wastewater 
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from sewage, agricultural runoff and urban runoff increase ions in water, which 

increases conductivity (Khan, 1990). 

Dissolved oxygen is the amount of oxygen dissolved or carried in the water (Francis-

Floyd, 1993). The amount of oxygen in a water body can use as indicator to determine 

the level of water pollution. Pollution causes a decrease in average DO concentrations. 

Dissolved oxygen is directly affected on the total phytoplankton density. By decreasing 

the oxygen levels, some sensitive animals may migrate, weaken or die (MacKinnon & 

Herbert, 1996). 

Salinity refers to the concentration of dissolved salts in water or soil. Guillard (1962) 

reported that the salinity change can result in osmotic stress on cells, uptake or loss of 

ions and effects on the cellular ionic ratio in phytoplankton. The salinity tolerance of 

phytoplankton differs and based on their tolerance extent they are grouped as euryhaline 

and stenohaline species. Any unnatural change in the salinity is strong enough to affect 

stenohaline phytoplankton species and could irreversibly change local phytoplankton 

community structure and establish a new stable climax community (Chakraborty et al., 

2011).  

Apart from that, ammoniacal nitrogen indicates nutrient status, organic enrichment 

and health of the water body (Radojevic & Abdullah, 2007). It is a measure for the 

amount of ammonia, a toxic pollutant often found in landfill leachate and in waste 

products such as sewage, liquid manure and other liquid organic waste products. High 

ammonia levels in water also stimulate the growth of aquatic plants and phytoplankton, 

sometimes leading to ‗blooms‘ which may then die and produce anoxic conditions 

because of the decomposition. 
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Relative amount of nutrients (C, H, O, N and P) are important for the growth, 

biomass, physiological state and the community structure of phytoplankton. Nutrients 

such as phosphorus and nitrogen are essential for the growth of algae and other plants. 

Excessive concentration of nutrients however, can over stimulate aquatic plant and 

algae growth and enhance the process of Eutrophication which can lead to an abundant 

supply of vegetation and causes low dissolved oxygen (Addy & Green, 1997).  Anton 

and Abdullah (1982) studied the effects of nutrient enrichments on phytoplankton 

composition in Ulu Langat Reservoir, Selangor. Their results showed obvious changes 

in the phytoplankton composition in response to the addition of both nitrogen and 

phosphate. In freshwater, reducing the input nutrients, especially phosphorus and 

nitrogen are able to control Eutrophication (Kalff, 2002). 

Inorganic substances such as Chlorophyll a may come from wastewater and aquatic 

organism that live in rivers. Chlorophyll a concentrations were used to determine 

phytoplankton's growth in lake. The concentration of chlorophyll a is correlating with 

the number of phytoplankton individuals. The green pigment (chlorophyll) is present in 

most photosynthetic organisms and provides an indirect measure of algal biomass and 

an indication of the trophic status of a water body. It is usually included in assessment 

programme for lakes, rivers and reservoirs, since excessive algal growth makes water 

unsuitable or more difficult to treat (Kuo et al., 2007). 
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2.5 Background Studies of Sepang 

In view of the importance and sensitivity of KLIA, the Government of Malaysia has 

implemented a project as an alternative water supply system to KLIA to mitigate the 

risk of water supply disruption to KLIA, which will have detrimental effects on the 

country‘s image, political aspect and economical aspect (Salleh et al., 2011). This 

project aimed to optimize storm water as an alternative to conventional raw water 

source; either direct abstraction from the river or from the dam and reservoir. To 

produce this scheme, surrounding areas of KLIA such as Kuala Langat and Sepang are 

being studied. Not all of the past studies concentrating solely on the water quality of 

Sepang River. For example, one of the studies by Vythilingam et al. (1997) is doing 

research on the abundance, parity and Japanese Encephalitis (JE) Virus infection of 

mosquitoes in Sepang district. The two years study shows that based on the elevated 

abundance and JE infecton rates, Cx. Tritaenirhynchus appears to be the most important 

vector of JE virus in Sepang and the abundance f the mosquito species was affected by 

the amount of rainfall. Another study in Sepang was carried out by Saed (2001) about 

ecotoxycology of heavy metals (Cd,Pb,Zn and Cu) in flat tree oysters Isognomon alatus 

from Sepang as shown in his PhD thesis. Previous studies by Ismail & Ramli (1997) 

also showed that there are elevated levels of heavy metals in some gastropods and 

sediments of this river near pig farms compared to river mouth. 

On the other hand, research by Ya et al. (2014) proved that Sepang River estuary 

provides a habitat, feeding, and nursery space to 120 individual‘s fish and fish diversity 

in the Sepang River can be considered high. To ensure the steady economic value for 

the local people, they also suggested that it is necessary to have frequent monitoring of 

fish diversity and further studies should be done in order to conserve the fish in this area 

by referring to the type of tidal phase which can be affected the diversity of fish that 
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will be caught. It is also recommended that study on the water quality parameters should 

be done to enhance the accuracy in investigating the factors of fish diversity related to 

the environment (Ya et al., 2014). 

In addition, there was a study conducted by Piah et al. (2008) which focused on the 

sterol distribution in Sepang River to determine the sources of sterol and the level of 

sewage contamination. The results obtained showed that cholesterol and terrestrial 

plants (ß-Sitosterol and stigmasterol) dominated Sepang River while coastal areas were 

dominated by ergosterol. It is concluded that Sepang River was polluted with sewage 

based on coprostanol/cholesterol ratios. In addition, there is another study on the rare 

earth elements present in surface mangrove sediments from several locations throughout 

west coast of Malaysia done by Kumar et al. (2014). Sepang is chosen as the sampling 

site because of the mangrove habitat lies on the both sides of the river. Based on the 

findings, although the concentration level of most of rare earth elements in the surface 

sediments have not reached extreme or severe of enrichment factor value, however, it is 

highly recommended for further biological investigation studies should be continuously 

done on the inputs of anthropogenic activities into mangrove area ecosystems (Kumar et 

al., 2014). Another seismic engineering study was carried out by Ismail et al. (2016) in 

order to determine the dynamic properties of the subsurface geo-material structure. The 

Multichannel Analysis of Surface Wave survey conducted on both sides piers of JKR‘s 

Bride crossing the Sepang River shows that the ground soils at this site can be 

considered as soft soil (Ismail et al., 2016). The seismic study is an important aspect of 

research to be done at Sepang as it helps future researchers to have a better 

understanding of the geological side of the area.  
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Description of the study area 

This study was conducted in Sepang River mangroves area in Selangor, on the 

western coast of Malaysia which lies in between the border of Selangor and Negeri 

Sembilan. Based on Plate 3.1, Sepang River was situated next to a popular recreational 

beaches; the Bagan Lalang beach. It lies between latitude 2°35'30" N and 101°43'1" E 

longitude seawards, facing the Straits of Malacca. All coordinates for the sampling 

locations were recorded by global positioning system (GPS). Sepang River runs from 

Sepang town through Sungai Pelek town before reaching the Straits of Malacca (Ya et 

al., 2015). There are Sepang Goldcoast resort, fisherman villages, palm oil estates, 

aquaculture sites, charcoal power plants, residential area and development area found 

within the 5 km radius of the confluence of the river (Ya et al., 2014). Besides that, 

KLIA and Sepang International Circuit are located within 20 km radius from the river.  

It has a diverse ecosystem and also rich with natural resources. There are very few 

mangrove plant species found in this forest area on both sides of the river of which 

Rhizophora mucronata, Rhizophora apiculata, Avicennia alba, Sonneratia alba, 

Bruguiera gymnorrhiz, Ceriops tagal and Xylocarpus granatum are most common. 

Between all of these species Rhizophora mucronata has wide distribution and the 

highest density with 350 trees per ha (Saberi, 1993). From the visual observation, this 

sampling site was close to a restaurant, a jetty and a water irrigation facility 

(Noorhaidah & Yap, 2012).  

Apart from that, the study area has a humid tropical climate with two monsoon 

periods, characterized by the southwest monsoon (June to September) and northeast 
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monsoon (November to March) that brings an annual rainfall of about 2000 mm as well 

as high air humidity with 80 percent average. October, November and December are the 

months with maximum rainfall while February, June and July are months of minimum 

rainfall based on Appendix C and D by Malaysian Meteorological Department. The 

river is 14 kilometres long with the range of 8 to 9.5 metres deep and the total length of 

the study area is 8.5 kilometres. The distance between the stations is about 1.7 

kilometres measured by using GPS tracking method.  

Each station has its own activities which are carried out by the people living near the 

river. In station 1 at the downstream, there is an aquaculture activity on the left side of 

the river which is the farming of aquatic organisms such as fish and molluscs. Station 2 

on the other hand is near to the main jetty port for fisherman and their boats while 

station 3 does not have any main activities except for being the route that is used by the 

fisherman to move up and down along the river stream. There is also a mini fish market 

for the fisherman to sell their catch at the main jetty. Besides that, station 4 is near to the 

jetty that is used as an alternative to move across the river. Lastly, station 5 is located at 

the upstream is where the fishing spot for the tourist is held. There are also residential 

areas and animal farm located near station 5.  

In addition, in Sepang area, the geological of the area was underlain by igneous rock 

mainly granite with granodiorite, syenite and minor conglomerate. Some of the area is 

also covered by schist, phyllite, slate and limestone (Geological Map of Peninsular 

Malaysia, 1985).  Based on the area, mostly the soils are clay soil and peat soil. 
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Plate 3.1: Map showing the five stations of the study site at Sepang River           

(Source: Based on Appendix E, ―Peta Cadangan Gunatanah Sungai Pelek, Sepang‖ 

provided by Sepang Municipal Council) 
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Plate 3.2: Picture shows station 1 with aquaculture farm (2°36‘9.00‖N 101°42‘20.49‖E)  

 

Plate 3.3: Picture shows station 2 near the jetty area with the fisherman‘s boats 

(2°36‘52.77‖N 101°42‘36.40‖E) 

 

Plate 3.4: Picture shows station 3 with no activities can be seen along the river 

(2°37‘8.51‖N 101°43‘30.64‖E) 
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Plate 3.5: Picture shows a clear view of station 4 with no activities carried out on the 

side of the river (2°37‘55.41‖N 101°43‘40.21‖E) 

 

Plate 3.6: Picture shows station 5 with a fishing jetty located at the side of the river 

(2°38‘46.90‖N 101°43‘52.60‖E) 
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3.2 Water sampling and preservation 

Water samples were collected from the five stations located along the river with three 

replicates, conducted once in every month starting from May 2014 until February 2015. 

Sample bottles of 500 ml were used to collect the water sample and the bottles were 

kept in ice and brought to the lab for further analyses. Chemical analysis was conducted 

immediately within 24 hours of collection, since some variables are subject to change 

during storage (Bartram and Balance, 1996).  

 

3.3 Physico-chemical analysis 

3.3.1 Temperature and Dissolved Oxygen (DO) 

Temperature is the degree of hotness and coldness of an environment while dissolved 

oxygen is defined as the amount of oxygen dissolved in a water body. Both parameters 

were measured in situ by using YSI 550A Dissolved Oxygen Meter. The average 

readings of the three recorded values were then calculated. 

 

Plate 3.7: This is YSI 550A Dissolved Oxygen Meter that was used to measure 

temperature and DO 

Univ
ers

ity
 of

 M
ala

ya



27 

 

3.3.2 pH, Conductivity and Salinity 

In situ data measurements of pH, conductivity, and salinity were recorded by using YSI 

handheld multimeter. Three readings were recorded in situ and the average readings 

were calculated. 

 

Plate 3.8: Picture shows YSI handheld multimeter that was used to record the value of 

pH, conductivity and salinity 

 

3.3.3 Turbidity, Suspended Solid, Total dissolved solid 

Turbidity and suspended solid measurement were taken by using MERCK 

spectrophotometer in the laboratory. Total dissolved solid were recorded in situ by 

using YSI handheld multimeter. 
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3.3.4 Biochemical Oxygen Demand 

Standard methods of 5210 B (APHA, 1992) were used to measure BOD of river water 

sample. The BOD bottles were filled with the water samples and the DO0 were 

determined with the DO meter . The BOD bottles were filled to the rim to avoid trapped 

gas bubbles. The BOD bottles were incubated at 20 C̊ for 5 days. After 5 day, the DO5 

were determined. 

 To get the BOD of the water, this equation was used; 

BOD5 = DO0- DO5  X 1.0 (dilution factor) 

 

 

Plate 3.9: Picture shows BOD bottles which are filled in with water samples 
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3.3.5 Chemical Oxygen Demand (EPA 410.4 method) 

COD measurement was done by using the COD reagent kit. 2 ml of water sample was 

pipetted into COD HACH vial by using the supplied syringe while keeping the vial at 

45 degree angle. The sample was mixed by inverting the vial a couple of times. Next, 

the blank was made by repeating the steps before with deionized water added into 

another reagent vial. Then, the vial was inserted into the reactor and was heat for 2 

hours at 150°C. The sample is digested in the presence of dichromate at 150°C for 2 

hours. Oxidizable organic compounds reduce the dichromate (orange) ion to the 

chromic (green) ion. After the end of the digestion period, the reactor was turned off 

and the vials were allowed to cool for twenty minutes to about 120°C.  The vial was 

inverted several times while it is still warm and was leaved in the tube rack to cool. 

Lastly, HI 83099 COD Multiparameter Photometer (Hanna instrument) was used to take 

the measurement of COD when vials reached room temperature. 

 

Plate 3.10: Vial was put in the HI 83099 COD Multiparameter Photometer to take COD 

measurement 
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3.3.6 Ammoniacal nitrogen 

Ammoniacal nitrogen is done by using the test kit and measurement was taken by using 

MERCK spectrophotometer. The ammonia kit was purchased from MERCK company. 

3.3.7 Chlorophyll a 

Chlorophyll a analysis was conducted by the extraction in methanol according to 

Strickland and Parsons (1968). Water samples were filtered through a glass fiber filter 

and rinsed with deionized distilled water which then was washed with glass rod in 20 ml 

methanol. The extracts were left overnight at 4°C in the refrigerator to facilitate the 

pigment extraction. 40 ml of methanol were then added to the extraction. The 

absorbance of the extract was measures by using spectrophotometer UV-160A at a 

wavelength of 665nm with 100% methanol as ―blank‖. 

 The calculation of chlorophyll a concentration was based on the following equation; 

Chlorophyll a concentration =    C x 1000 

             V 

Where,  

C = optic absorbance 

V = volume of filtered sample (mL) 

 

 

Plate 3.11: Spectrophotometer UV-160A used to detect chlorophyll a 

Univ
ers

ity
 of

 M
ala

ya



31 

 

3.3.8 Anion Analysis 

The collected water samples were immediately brought back to the laboratory. Anion 

such as Fluoride, Chloride, Nitrite, Bromide, Nitrate, Phosphate and Sulphate were 

determined by using ion chromatography (Metrohm 882 Compact IC Plus). The process 

started with the preparation of the anion eluent, suppressor regeneration solution and 

standard solution for 1ppm, 2ppm and 5ppm. Meanwhile, the ion chromatography must 

be switched on and let it warmed up. After 1 hour, the standard prepared can be run 

followed by water samples by injecting the samples through the syringe into the 

machine. After finished pumped in all the samples one by one, ultra pure water was 

used to run for cleaning process. All the readings that appeared at the computer screen 

were recorded. Lastly, the operation was stopped and all the waste water must be 

thrown out.  

 

 

Plate 3.12: Picture shows ion chromatography machine that is used to detect anion 
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3.4 Phytoplankton sampling 

The plankton net with mesh size about 30µm was used to collect the water samples by 

running the net through the surface water. The water collected at the container at the end 

of the net was transferred into 500ml specimen bottles and preserved in Lugol‘s 

solution. Then, the bottles were brought to the laboratory to be examined and used for 

the qualitative and quantitative analysis. 

 

Plate 3.13: Picture shows plankton net used in phytoplankton sampling  

 

Plate 3.14: 500ml specimen bottle and plankton net used during sampling 
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3.4.1 Phytoplankton analysis 

A drop of water sample was taken by using pipette and were put on a glass slide and 

covered with a cover slip. The samples were then observed under the light microscope 

to identify the phytoplankton to species level whenever possible by using reference 

books and expertise.  

The water sample was put in a container. Then 3 drops of iodine were inserted into the 

vial by using a pipette. It was put aside for a while, and then the sedimentation chamber 

were prepared by covering it with a cover slip in between the upper part of the chamber 

and the base, which is the lower part. The cover slip were spread with vaseline at its 

sides to make sure that it sticks to the glass slide at the base, to avoid any leakage. When 

the cover slip is dried and firmly attached in between the sedimentation chamber, 10 mℓ 

of the water sample was poured into the sedimentation chamber. Then 1 drop of iodine 

was inserted by using a pipette and was put aside for 40 minutes. After 40 minutes, the 

upper part of the sedimentation chamber was removed slowly, and the sample that was 

left in the base was observed under the inverted microscope. The cell counting was done 

by following the sedimentation chamber method (Lund et al., 1958) and all the Standard 

of Procedure for phytoplankton analysis were done by following USEPA (1994). 

 

Plate 3.15: An inverted microscope (Olympus BX51) used to identify phytoplankton 

species 
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3.5 Data analysis 

The comparisons of mean between stations and months were done by using Analysis of 

Variance (ANOVA) in SPSS software.  Shannon-Wiener Diversity Index also was used 

to measure the phytoplankton species diversity and abundance. Pearson‘s correlation 

between phytoplankton and all the parameters were also done by using SPSS software. 

Besides that, water quality status and classification were obtained by using the Water 

Quality Index (WQI) of DOE, Malaysia and were compared to National Water Quality 

Standard (NWQS). Calculations of  WQI were done by entering the six water quality 

parameters mean values which include DO, BOD, COD, pH, ammoniacal nitrogen 

(NH3-N), and suspended solids into a WQI formula. The values were then converted to 

Sub Indices (SIs) according to the equation below. 

 The WQI or status of the water was obtained through the calculation of the following 

formula:  

WQI = [0.22 X SIDO]+[0.19 X SIBOD]+[0.16 X SICOD]+[0.15 X SIAN]+[0.16 

X SISS]+[0.12 X SIpH]  
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Physico-chemical parameters of Sepang river 

Table 4.1: Mean of physico-chemical parameters of Sepang River in five stations from May 2014 to February 2015. The symbol ―±‖ refers to standard 

deviation. 

Station 
Temperature DO 

pH 
Conductivity Salinity Turbidity 

(°C) (mg/L) (µS/cm) (ppt) (NTU) 

1 28.87±1.50 7.67±0.42 7.65±0.30 35.9±19.90 31.99±12.56 17.83±10.12 

2 28.79±1.17 7.73±0.83 7.57±0.30 34.52±16.61 29.04±11.82 18.74±10.73 

3 28.93±1.48 6.74±1.56 7.62±0.31 34.11±16.78 26.58±9.91 16.51±6.99 

4 28.86±1.53 6.32±1.66 7.61±0.25 32.97±14.16 23.2±8.22 20.28±7.94 

5 29.39±1.69 5.92±1.38 7.51±0.39 28.81±12.16 18.29±6.87 23.71±9.47 
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Table 4.1, continued 

Station 
SS TDS BOD COD NH3-N Chlorophyll a 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L) 

1 45.77±13.55 29.97±7.43 2.8±0.92 14.9±0.32 0.42±0.05 0.57±0.16 

2 41.76±19.49 29.58±6.94 3.1±0.99 14.8±0.63 0.44±0.07 0.52±0.20 

3 40.42±25.27 29.07±6.71 3.2±0.86 14.6±0.52 0.42±0.06 0.51±0.14 

4 35.47±8.96 27.08±7.05 3.1±0.59 14.1±1.52 0.42±0.10 0.55±0.28 

5 39.81±10.19 26.06±9.43 2.7±0.70 14.8±0.92 0.44±0.07 0.45±0.27 
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Table 4.2: Mean of physico-chemical parameters of Sepang River measured from May 2014 to February 2015. The symbol ―±‖ refers to standard 

deviation. 

Year Month 
Temperature DO pH Conductivity Salinity Turbidity 

(°C) (mg/L)   (µS/cm) (ppt) (NTU) 

2014 

May 29.4±1.14 8.02±0.63 7.38±0.23 48.08±12.33 30.95±9.97 14.76±7.07 

June 28.8±0.84 7.89±0.69 7.52±0.32 47.3±11.29 37.28±12.60 16.90±6.45 

July 32.54±0.50 7.70±0.54 7.6±0.33 63.18±6.21 42.68±4.81 5.98±1.73 

August 30.14±0.30 6.72±0.22 7.46±0.38 16.76±3.35 19.71±2.19 16.06±5.86 

September 28.4±0.38 5.56±1.99 7.47±0.23 16.29±2.87 14.52±2.70 12.36±2.70 

October 26.72±0.47 7.24±1.24 7.82±0.30 27..44±0.66 16.32±2.71 24.40±5.94 

November 27.26±0.40 7.02±0.65 7.8±0.31 25.44±3.44 21.7±6.57 30.12±1.91 

December 27.8±0.84 7.78±0.78 7.64±0.22 37.3±4.10 32.1±9.19 24.08±6.10 

2015 

January 30.34±0.85 5.54±1.39 7.48±0.40 25.32±1.52 21.2±2.12 18.02±2.64 

February 29.68±1.12 5.34±1.52 7.78±0.06 25.54±0.93 21.96±1.66 31.46±8.87 
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Table 4.2, continued 

Year Month 
SS TDS BOD COD NH3-N Chlorophyll a 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L) 

2014 

May 45.77±1.02 23.50±7.19 2.9±0.49 15.2±0.45 0.44±0.01 0.65±0.16 

June 57.14±12.28 22.72±4.84 3.2±0.71 14.0±2.24 0.43±0.01 0.56±0.10 

July 23.52±7.73 31.50±3.06 1.6±0.32 14.6±0.89 0.43±0.01 0.30±0.38 

August 62.80±27.63 21.82±1.70 1.7±0.73 15.2±0.45 0.41±0.04 0.76±0.22 

September 26.40±3.51 18.84±1.88 3.4±0.55 14.0±0.71 0.49±0.06 0.45±0.22 

October 40.40±10.45 39.00±0.68 3.2±0.12 14.6±0.55 0.41±0.09 0.65±0.15 

November 36.60±8.38 37.50±1.03 3.5±0.52 14.6±0.55 0.38±0.08 0.41±0.08 

December 48.78±4.30 32.68±5.44 3.0±0.27 15.0±0.00 0.39±0.05 0.50±0.10 

2015 

January 27.60±5.65 30.70±3.77 3.5±0.44 14.4±0.55 0.52±0.05 0.52±0.05 

February 37.48±10.19 25.26±1.28 3.5±0.40 14.8±0.45 0.35±0.04 0.39±0.08 
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Table 4.3: ANOVA analysis for all the physico-chemical parameters 

Parameter 

ANOVA (sd value) 

Significant(station) Significant(month) 

Temperature (°C) .828 .000* 

DO (mg/L) .006* .000* 

pH .865 .186 

Conductivity (µS/cm) .890 .000* 

Salinity (ppt) .040* .000* 

Turbidity (NTU) .465 .000* 

SS (mg/L) .739 .000* 

TDS (mg/L) .735 .000* 

BOD (mg/L) .652 .000* 

COD (mg/L) .281 .331 

NH3-N (mg/L) .910 .000* 

Chlorophyll a (µg/L) .798 .007* 

 

* Correlation is significant at the 0.05 level (2-tailed) 
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Table 4.1 shows the mean values of physico-chemical parameters of Sepang River 

for five stations. The highest temperature recorded was at station 5 while the lowest 

temperature was at station 4 with 29.39°C and 28.86°C respectively. On the other hand, 

based on Table 4.2, the overall mean temperature ranged from 25°C to 33°C. The 

highest and the lowest temperature values recorded in July 2014 and October 2014 

respectively showed that these values are interrelated with the seasons in Malaysia 

where July is considered to be in the dry season (DS) and October is in the rainy season 

(RS) as mentioned by Malaysian Meteorological Department. On dry periods and in a 

hot climate, the flow of the water is reduced and results in the higher water temperatures 

while on wet weather period, the flow of water increases resulting in a great mixing of 

the atmospheric oxygen and results in low temperatures. In addition, the results are 

within the standard acceptable levels of the National Water Quality Standards, Malaysia 

(NWQS). Furthermore, the temperature fluctuated and increased from the downstream 

to the upstream sampling stations and no significant difference was found in between 

the stations (ANOVA, P > 0.05). However, there is a statistically significant difference 

(ANOVA, P < 0.05) are found in between the 10 months. This is primarily due to the 

weather conditions. 

Generally, many factors such as the weather condition, sampling time, and the 

location impacted on the increase or decrease of temperature by which its role affected 

the percentage of the dissolved oxygen, biological activities and other parameters (Al-

Badaii et al., 2013). Besides that, the ranges of the temperature recorded in this study 

are mostly similar and within the range of those reported for the Semenyih river studied 

(range 24°C-27.55°C) by Al-Badaii et al., (2013). Moreover, the range of temperature in 

this study is similar when compared to the other studies such as the Parit river (26°C-

32°C) by Gandaseca et al, (2011) and the Juru river (28.4°C-34°C) by Al-Shami et al. 

(2011). 
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The range of dissolved oxygen (DO) recorded at the five stations was between 5 

mg/L to 8 mg/L. The dissolved oxygen concentration at station 5 has the lowest reading 

with 5.92 mg/L while station 2 shows the highest reading with 7.67 mg/L. Table 4.1 

also shows that DO were decreasing starting from station 2 to station 5 which 

approaches to the upstream. The concentrations were in a narrow range throughout the 

10 months with the lowest concentration recorded was in February 2015. The overall 

mean of DO from May 2014 to February 2015 was 6.88 mg/L. 

Aquatic organisms depend on dissolved oxygen to live and the amount of oxygen 

taken out of the system by respiring and decaying organisms, stream flow and aeration 

(Ostrander, 2000). The DO concentration recorded was the highest at station 2 and the 

lowest at station 5. The main factor contributing to the decreasing of the DO levels as it 

goes upstream is because of the build-up of the organic wastes in the waste discharge 

from the point source in the station. This is due to the reason that the concentration of 

DO is affected by the factors such as the flow of the river, present of sources of organic 

pollution, temperature of the water and the assimilative capacity of the river. 

 In station 5, there are fishing activities which can be related to the rubbish thrown by 

the people involved. The low concentration indicated that the input of the organic 

pollutants upstream of the sampling station affected the DO concentration at the 

downstream due to the utilization of DO by the microorganism to breakdown the 

organic matter.  

Furthermore, the ANOVA test showed that the values are significantly different 

(p<0.05) among the sampling stations and months. These results are also within the 

standard acceptable levels of NWQS for the Malaysian river, which is in between 5-7 

mg/L as well as categorized under class II. Additionally, the values of DO are similar 

when compared to the other studies done by Al-Badaii et al., (2013), Al-Shami et al. 
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(2011) and Azrina et al. (2006) with 5.58-7.07mg/L, 0.48-7.68 mg/L and 3-10.03mg/L 

respectively. 

The mean of the pH values of the five stations ranged from 7.0 to 8.0, which 

indicated a small range and in a neutral form. Table 4.1 shows that the values for every 

station were quite similar and the lowest pH value recorded was in station 5 and the 

highest was at station 1 with 7.51 and 7.65 respectively. The mean values of pH for all 

the stations were 7.6. From the upstream to the lower stream, there was just a small 

fluctuation in between them. Based on table 4.2, May 2014 shows the lowest value with 

7.38 while the highest value was recorded in October 2014 with 7.82.  The standard 

deviation of the pH values of all the stations and months were low. 

Table 4.1 and Table 4.2 shows that all of the pH values are in the neutral level. In 

general, this indicates that the pollution or activities surrounding the sampling area did 

not affect the pH value. Theoretically, unpolluted rivers normally show a near neutral or 

a slightly alkaline pH. Based on the statistical analysis done on pH, there are no 

significant difference (p>0.05) between the sampling stations and months. Rivers with a 

pH of 5.5 and below are particularly at risk (Mitsch & Gosselink, 1993). In addition, 

David et al., 2003 reported that when there is more aquatic life during the warmer 

months, there is also an increase in DO which in turn can lower the value of pH. This 

incident can be seen in July 2014 when there is less rainfall occurred. Inflowing water 

may affect pH as well as the rainfall is naturally slightly acidic because of the carbon 

dioxide dissolved in it. Changes in pH may also influence the other water quality 

parameters such as ammonia, phosphate, iron and other trace metals. 

On the other hand, these pH values are within the range of the other river quality 

assessment reported by Al-Badaii et al., (2013) with 6.5-9 and also by Azrina et al. 

(2006) with 5-7.99. In a slightly polluted river such as in the Juru River, the values are 
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low with the range of 6.53-8.67 as reported by Al-Shami et al. (2011). Therefore, the 

results obtained are within the standard range and are classified under class I based on 

NWQS for the Malaysian rivers. 

Next, in Table 4.1, the highest and lowest values of conductivity recorded were 

35.90µS/cm and 28.81µS/cm. In addition, the conductivity values kept on decreasing as 

it approached the upstream. Based on Table 4.2, the value of the conductivity was 

higher in the first three months of sampling and started to decrease from August until 

February 2015. The highest value was recorded in July 2015 with 63.18µS/cm and the 

lowest was in September 2015 with 16.29µS/cm. The overall mean of all the months of 

sampling was 33.27µS/cm. 

Conductivity values kept on decreasing from station 1 to station 5 as in the upstream 

to the downstream. This is because of the salinity values recorded which depended on 

the distance between the sampling stations and the sea water. Salty water conducts 

electricity more readily than purer water. Therefore, conductivity is routinely used to 

measure salinity. Normally, conductivity in the water is affected by the inorganic 

dissolved solids such as calcium, chloride, nitrate, sulphate, aluminium and sodium. The 

presence of these cations in the river also affected the conductivity concentration.  

Contamination discharges can change the water‘s conductivity in various ways such 

as an oil spill would lower the conductivity while the discharge of heavy metals can 

raise it. The use of boat by the fisherman in all of the sampling stations affected the 

conductivity as the oil spill can be seen from the boat‘s engine when they moved about 

from station 1 to station 5. There is no significant difference (p>0.05) among the 

sampling stations. However, there is a significant difference (p<0.05) found in between 

the sampling months. This can be related to the rainfall occurrence which led to soil 

runoffs and the presence of the nutrients which is different for every month. 
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 The range of the conductivity levels obtained is from 16.29 µs/cm to 63.18 µs/cm 

which can be considered as in the same levels as in Semenyih river with 13 µs/cm -124 

µs/cm by Al-Badaii et al., (2013) and also in Kenaboi River with the mean of 35.67 

µs/cm reported by Othman  et al. (2012). The conductivity of Sepang River fell into 

class I and can be classified as low when referred to the NWQS levels. Most of the 

freshwater conductivity ranged from 10-1000 µs/cm but the value can exceed for about 

1000 µs/cm in the water that receiving pollution. 

Table 4.1 clearly shows that the trend of salinity concentration was decreasing 

starting from station 1 (31.99ppt) to station 5 (18.29ppt) from the downstream to the 

upstream. The overall mean was 25.82 ppt. Based on table 4.2, the lowest salinity 

recorded was in September while the highest was in July with 14.52 ppt and 42.68 ppt 

respectively. Salinity has been identified as a ―keystone‖ parameter because it 

differentiates freshwater from the brackish and marine systems and so significantly 

influences plant and animal assemblages and wetland‘s structure and functions. Based 

on Table 4.1, it clearly shows that the trend of salinity is decreasing starting from station 

1 to station 5. This is due to the distance of the stations with the sea as station 1 is near 

to the estuarine part. This river salinity was high and similar as the salinity in the sea 

area of Bagan Lalang due to a result of mixing saltwater and freshwater in the estuary 

area (Piah et al., 2008). 

The statistical analysis proved that there is a significant difference (p<0.05) of 

salinity in between the stations and also months. Various actions, often but not 

exclusively anthropogenic can cause salts to build up in the water. These include the 

agricultural drainage from the high salt soils, groundwater discharge from oil and 

various industrial activities which mostly come from station 1. These activities may 

increase the salt loading and also alter the natural salt balance. The salinity levels 
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recorded in all stations and months are still within the acceptable levels of NWQS for 

Malaysian river. In addition, the salinity level of the Sepang River is high when 

compared to other river such as in the Kenaboi River reported by Salleh et al. (2009) 

with 11.6ppt. This is not surprising as the Sepang River is located near the sea, hence, 

the value will be much higher when high tide occurs.  

The mean of the turbidity recorded at the five stations was 19.41 NTU. The values 

kept on fluctuating from the downstream of the river to the upstream. The highest 

turbidity that can be seen in table 4.1 was at station 5 with 23.71 NTU while the lowest 

recorded turbidity was 16.51 NTU from station 3. In July, the reading dropped 

drastically from 16.90 NTU to 5.98 NTU. Table 4.2 also shows that the highest 

turbidity recorded was in the month of February 2015 with 31.46 NTU and the overall 

turbidity ranged from 5 NTU to 32 NTU. 

According to Table 4.1 and Table 4.2, station 5, November 2014 and February 2015 

are among the highest turbidity levels recorded.  These depend on the activities done at 

the surrounding area of the sampling station including the time and seasons of the year. 

A higher turbidity detected at station 5 was perhaps because of the discharge sources 

due to the anthropogenic activities done near the station. The discharge from the boats, 

waste from the bait, rubbish thrown by the tourists during the fishing activities at the 

jetty provided increased the chances of the water near the station to be polluted. Sewage 

from the area was dumped directly into the river resulting in high turbidity (Piah et al., 

2008). Substances that reduce the water‘s clarity can also originate from the natural, 

developing and develops areas within water shed.  

In both November 2014 and February 2015, a higher turbidity detected was 

maybe because of the soil erosion, river flow, presence sources of organic pollution and 

run off factors. Both of the sampling months were done during the intermediate and wet 
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seasons where the rainfall amount is high. Therefore, the soil erosions from both sides 

of the river affected the levels of the water‘s clarity. In all cases, sand, silt, clay and 

organic particles may be dislodged from the land surfaces by the rainfall and carried by 

the overland flow. 

 On the other hand, based on the statistical analysis, turbidity showed no 

significant difference (p>0.05) in between the stations. However, there is a significant 

difference (p<0.05) in between the sampling months. The turbidity levels of Sepang 

River are much lower when compared to the Semenyih River as their range has 

exceeded 200 NTU as reported by Al-Badaii et al., (2013). Therefore, it can be 

concluded that the levels of turbidity in Sepang River can be classified in class II when 

referred to NWQS. 

Apart from that, the highest recorded SS can be seen at station 1 while the lowest 

was at station 4. The value kept on decreasing from the downstream to the upstream and 

stopped at station 4. Then the value increased again in station 5 which was the highest 

upstream station. Table 4.1 above shows that all the values were quite high especially 

for station 1, 2 and 3. The mean of all the five stations was 40.65 mg/L. Furthermore, 

wide range of values was recorded between the ten months of data which is from 27.60 

mg/L in January 2015 to 62.80 mg/L in August 2014.  

In this study, higher concentration of suspended solid (SS) recorded from the middle 

to the downstream stations are probably due to the discharges of wastes from the 

municipal, agricultural and aquaculture activities. Besides that, construction activities 

by doing the renovations of the jetty near station 1 have probably caused the soils of the 

river bank to become looser and easily eroded. As a result, the suspended solid 

concentration is higher at this station. Peng et al. (2002) describes that coprostanol is the 

major sterols (approximately 60%) in human faeces. The concentration of coprostanol 
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may be used to indicate contamination of the river by human faeces. According to Isobe 

et al. (2002) the concentration of sterols in the sediment depends on the organic carbon 

content. The highest concentrations of coprostanol in the uppermost stream area are 

affected by the untreated sewage (Piah et al., 2008). This is because the area receives 

fresh water input from the three nearby rivers namely Linau River, Kelembai River and 

Rambai River. The presence of a high coprostanol in rural areas was derived from 

domestic animals (Isobe et al., 2002). It is probable that the untreated sewage in the 

upstream comes from the residential areas of Kampung Baru Sepang and Taman Seri 

Sepang (Piah et al., 2008). 

Downstream area shows that the area was also severely contaminated with sewage 

(Piah et al., 2008). The compact settlements at Bagan Lalang village also contributed to 

the sewage resources. Bagan Lalang beach which is a famous tourist spot is full of 

rubbish that were thrown into the sea and there are also fishermen‘s jetty, seafood 

restaurants and food stalls that are located close to the coastal area (Piah et al., 2008). 

Furthermore, tidal effects and mangrove vegetation on both sides of the river made the 

concentration of this parameter to increase when there is a rainfall. As level of SS 

increases, a water body begins to lose its ability to support a diversity of aquatic life. 

Suspended solids absorb heat from the sunlight, which increases water temperature and 

subsequently decreases the levels of dissolved oxygen. Trebitz et al. (2007) found that 

turbidity could serve as a possible surrogate for SS.  

The suspended solids of all of the stations are classified in class II of NWQS and 

the range of the suspended solid is small. However, the suspended solid levels for July 

2014 is in class I while August 2014 is classified under class III. Based on the NWQS, 

the maximum threshold limit of suspended solids for Malaysian Rivers which support 

the aquatic life is 150 mg/L (Rosli et al., 2010). According to the statistical analysis, 
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there is no significant difference (p>0.05) in SS between the stations but for the months, 

the results is vice versa. There are other reports which show a higher range of suspended 

solid when compared to this study which includes the Semenyih River with 10.3-446 

mg/L by Al-Badaii et al., (2013), the Juru River with 51.33-124 mg/L by Al-Shami et 

al. (2011) and lastly the Langat River with 4.50-534 mg/L reported by Azrina et al. 

(2006). 

According to Table 4.1, the TDS value recorded the highest at station 1 and the 

lowest can be seen at station 5 with 29.97mg/L and 26.06 mg/L respectively. The values 

kept on declining from the downstream to the upstream. Besides that, there was a 

sudden increase of the TDS value from September to October 2015 where the value 

jumped from 18.84 mg/L to 39.00 mg/L. The values of TDS also ranged between 18 to 

39 mg/L. 

Total dissolved solid (TDS) is a measure of those solids in water that pass 

through a 2.0µm filter and include ions such as sodium, chloride and calcium. While 

effects of elevated TDS on water quality are mostly related to the impacts on the 

domestic and industrial use, there should be physiological implications for freshwater 

organism if the levels become sufficiently elevated. The highest recorded TDS was in 

October 2014 which is due to the heavy rainfall which occurred a day before the 

sampling day. TDS also is higher in a dry weather rather than in wet periods and this 

has led to soil erosion of the mangrove forest located on both sides of the river. The 

high TDS concentration in the rivers is attributed to the presence of the extreme 

anthropogenic activities along the river course and runoff with high suspended matter 

(WHO UNESCO, 2001). Dissolved solids from sewage that polluted the river may 

come from the house squatters, farm animals, industrial factories, private sewage plant 

or premises using an uncleared septic tank (Piah et al., 2008). 
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In this study, the concentration of TDS was less than those reported by Al-

Badaii et al., (2013) in the Semenyih River that reached 80 mg/L as the highest 

concentration. Besides that, the range of concentration of 57-120 mg/L was recorded by 

Gasim et  al. (2012) in the Bebar River which is also quite high when compared to the 

Sepang River. The TDS results obtained are within the standard allowable levels of 

Malaysian rivers and are classified as class I based on NWQS.  Apart from that, 

ANOVA result showed that there is no significant difference (p>0.05) in TDS between 

the stations but they are significantly different (p<0.05) in between the sampling 

months. 

The lowest BOD value of Sepang River was recorded at station 5 while the highest 

BOD value was detected at station 3. In table 4.2, it shows that November 2014, 

January and February 2015 showed similar reading of 3.5 mg/L which were among the 

highest recorded BOD values. On the other hand, July 2014 recorded the lowest BOD 

value. The mean for the overall reading of 10 months was 2.95 mg/L. The high 

concentration of BOD implied that the biodegradation process caused by the 

microorganism occurred in the river especially at station 3 whereas at station 2 and 4 the 

concentration may be contributed by the nearest anthropogenic activities such as the use 

of boats to transfer the motorcycle to the other part of the river. Furthermore, the BOD 

concentration continuously increased because of the natural plant decaying process and 

other contributors that increased the total nutrient in water bodies such as the fertilizer, 

construction effluent, animal farm, and septic system (Piah et al., 2008).  

BOD concentration is directly associated with DO concentrations. High value of 

BOD shows a decline in DO. This phenomenon is common as identified in many 

previous researchers (Rosli et al., 2012). BOD also accounts the oxygen that is required 

in organic matter decomposition (Amadi et. al., 2010). In addition, BOD value will rise 
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when there is more organic matter such as leaves, wood, wastewater or urban storm 

water runoff took place at the river water. 

The BOD variation in between the stations were not significantly different (p>0.05) 

based on the statistical analysis but significantly different (p<0.05) in terms of months. 

Additionally, the BOD values of this river water are within the recommended 

permissible limit by NWQS and they are categorized in class II and class III. The BOD 

range of this river is similar to most of the reported BOD data such as in Semenyih 

River by Al-Badaii et al., (2013), Juru River by Al-Shami et al. (2011), and Langat 

River by Azrina et al. (2006) with the value of 0.32-4.56 mg/L, 1.51-6.31 mg/L, and 

1.29-2.55 mg/L respectively. 

The COD concentrations of the water samples in the Sepang River showed a 

narrow range of values where the highest concentration recorded was at station 1 with 

14.9 mg/L and the lowest was at station 4 with 14.1 mg/L. The COD concentration 

dropped from the downstream until it approached the upstream at station 4. Then the 

value increased again at station 5. In terms of the monthly data, Table 4.2 shows that 

June and September 2014 has the same lowest value of 14 mg/L. There were also 

another two months which recorded the same highest value of 15.2 mg/L which were 

May and August 2014. The values of COD were mostly in the range of 14 mg/L to 15 

mg/L.  

Generally, the lower COD level indicates a low level of pollution, while the high 

level of COD points out the high level of pollution of water in the study area (Waziri & 

Ogugbuaja, 2010). Higher concentration of COD at station 1 is due to the higher 

decomposition of organic and inorganic contaminants, dissolved or suspended in water 

that came from the jetty which is also near to the fish market. The concentration of 

COD is expected to be higher if the sampling is done at the exact point source. 
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Besides that, these results were within the standard allowable limit of NWQS which 

is classified under class II. Based on the statistical analysis, there are no significant 

difference (p>0.05) found in between the stations and months. A low range of COD can 

be seen when compared to the other reported river. For example, in Semenyih River by 

Al-Badaii et al., (2013), the range is in between 8.6-63 mg/L. A higher ranged were also 

found in Juru river by Al-Shami et al. (2011) with 27.67-164 mg/L and also in Langat 

river with 52.3-233 mg/L reported by Azrina et al. (2006). In addition, a wide usage of 

chemical and organic fertilizer and discharge of sewage affects the COD level, while the 

high COD pointing to a deterioration of the water quality attributed to the discharge of 

municipal effluent (Eisakhani & Malakahmad, 2009).  

Based on Table 4.1, the Ammoniacal nitrogen reading shows that most of the 

values were similar to 0.42 mg/L and 0.44 mg/L which were recorded at station 1, 3, 4 

and station 2, 5 respectively. Overall, the values do not show much difference from the 

downstream to the upstream. In Table 4.2, the highest value can be seen in January 2015 

with 0.52 mg/L and the overall mean for the ammoniacal nitrogen in 10 months was 

0.425 mg/L. Other form of nitrogen detected in the river water is ammoniacal nitrogen 

which indicates nutrient status, organic enrichment and health of water body. 

Ammoniacal nitrogen concentrations started with a higher amount in the downstream 

and then dropped in a small amount before obtaining back a higher amount of ammonia 

at the end of the upstream. In terms of month, the values were fluctuating in the dry 

season and showed an increase in concentration at the end of the wet season. Overall, 

the range of ammoniacal nitrogen for this river is in between 0.42-0.44mg/L for the 

stations and 0.35-0.52 mg/L for the monthly data.  

Ammonia acts as an indicator of the pollution from the excessive usage of ammonia 

especially from the fertilizers. Station 2 at the downstream and station 5 at the upstream 
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recorded the highest ammonia concentration due to the distance of these stations with 

the sullage produced from the fisherman household which goes through a small drain 

and eventually ends up in the river. A high concentration of nutrients in sullage is a 

critical issue which can cause algal blooms in the water bodies. Although the 

concentration of ammonia in the sullage is less than that in the typical sewage, if 

excessively high, it can degrade the aquatic status of the river. Discharge of untreated 

sullage adds oxygen demanding substances, nutrients and toxic elements such as 

ammoniacal nitrogen into the water, which in turn make the streams unsuitable for 

aquatic flora and fauna (Idris et al., 2003). 

 According to the NWQS, the concentration of ammonia in this study is low and 

can be classified in class III. The value found still below the permissible limit where 

ammoniacal nitrogen level for aquatic life in river of Malaysia is 0.90 mg/L (DOE, 

2006). In addition, there were no significant differences (p>0.05) in ammoniacal 

nitrogen in between the five stations but the results were significantly different (p<0.05) 

according to months. The ammonia concentration of this river was low when compared 

to the other river basin as the concentration exceeded 1.0 mg/L reported by Al-Badaii et 

al., (2013 ) in Semenyih River, 4.0 mg/L in Juru river by Al-Shami et al. (2011)  and 5.0 

mg/L in Langat river reported by Azrina et al. (2006). Besides, the concentration in all 

stations of this river is low when compared to the concentration of ammonia in the clean 

river of Kenaboi reported by Salleh et al. (2009) with 0.48 mg/L. 

The value of chlorophyll a in Table 4.1 shows a small range which was from 

0.45µg/L to 0.57µg/L where the lowest value could be seen at station 5 while the 

highest value was at station 1. The values fluctuated from the upstream to the 

downstream in a small range. According to table 4.2, the concentration of chlorophyll a 
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increased suddenly from July to August 2014 from 0.3µg/L to 0.76µg/L. The mean of 

chlorophyll a in the ten months of sampling was 0.52µg/L. 

They fluctuated unevenly from the May 2014 to February 2015 with the values 

slightly higher starting from the end of the dry season until the transition to the wet 

season. Besides that, the amount of chlorophyll in water is the higher after the rainfall, 

particularly if the rain has flushed away the nutrients into the water. The concentration 

also comes mostly when there is an increase in the phytoplankton density and biomass 

in the river itself. 

 Furthermore, ANOVA results showed that there is no significant difference 

(p>0.05) in chlorophyll a in between the stations. However, there is a significant 

difference (p<0.05) of chlorophyll a in between the months. Additionally, the 

concentrations were within the recommended permissible limit but the range of values 

can be considered as high when compared to the chlorophyll a values reported by Salleh 

et al. (2009) in Kenaboi River with 0.36µg/L. 
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4.2 Anion analysis 

Table 4.4: Anion analysis of Sepang River measured using ion chromatography according to station. 

Station 
Nitrate Nitrite Fluoride Chloride Bromide Phosphate Sulphate 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

1 39.00 Not detected 0.07 Not detected 15.90 0.42 897.5 

2 2.14 3.01 2.70 156.00 4.37 17.30 283.9 

3 1.55 2.30 0.91 124.9 12.50 Not detected 314.6 

4 0.88 0.942 0.68 65.30 1.08 2.54 441.7 

5 0.76 Not detected 0.26 52.50 2.26 6.03 117.5 

5
4
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From Table 4.4, the values of nitrate ranged between 0.76 mg/L and 39 mg/L. The 

values were declining from the downstream to the upstream. For nitrite, the highest 

concentration was at station 2 with 3.01 mg/L and the lowest was at station 4 with 0.94 

mg/L. Nitrite also has the same trend as nitrate. The values kept on dropping as they 

approached the upstream which was until station 4. The mean concentrations for both 

nitrate and nitrite were 8.87 mg/L and 2.08 mg/L respectively.  

The highest concentration at station 1 is due to the runoff of fertilizer sourcing 

from the residential area and wastes thrown at the surrounding of the aquaculture port. 

At station 2, there is also a small farm which was planted by the villagers. Most of the 

researchers reported that contamination by nitrate is primarily attributed to non-point 

agricultural sources (Feleke & Sakakibara, 2002). Nitrate originated from agriculture is 

increasingly growing due to the extreme use of fertilizers. Nitrate salts reach the 

groundwater as they percolate through the soil. Some other sources of nitrate in ground 

and surface water are from uncontrolled land discharges of treated or raw wastewater 

from domestic and industrial wastes, landfills (Islam & Suidan, 1998) and animal 

wastes particularly from animal farms (Hibiya et al., 2003).  

According to the NWQS, the concentration of nitrate in this study is low and can 

be classified in class 1. Apart from that, the nitrate concentration of this river is high 

when compared to the other river as reported by Al-Badaii et al., (2013) with 1-8.53 

mg/L in Semenyih River, 0.55-2.57 mg/L in Juru river by Al-Shami et al. (2011)  and  

0.61 mg/L in Kenaboi river reported by Salleh et al. (2009). River water which has a 

high nitrate level is potentially harmful to humans‘ and animal‘s health, in freshwater or 

estuarine systems close to land; nitrate can reach high levels that can cause death of 

aquatic life. However, nitrate is much less toxic than ammonia and nitrite (Romano & 

Zeng, 2007a). On the other hand, nitrite concentrations decreased as they approached 
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the upstream. Nitrite comes through the conversion of ammonia and nitrate. Hence, the 

sources of contamination from nitrite are the same as nitrate. Nitrite can be classified in 

class 1 based on NWQS. 

Apart from that, the concentration of fluoride ranged from 0.067 mg/L to 2.70 

mg/L. The concentration of the fluoride rose as it went upstream until station 2 and then 

decreased when it reached the upstream. The overall mean of the fluoride‘s 

concentration was 0.92 mg/L. The mean values generally occurred in a natural level 

which falls under class I according to NWQS. The sources of fluoride came from the 

fertilizers and factories. Similar to nitrate and fluoride, chlorides also kept on decreasing 

as it approached the upstream. Higher concentration in the lower stream is due the 

distance between the station and seawater. In the wet season, the rainfall will increase 

the tides and this will increase the chloride concentration in the middle stream. 

The range of the chloride was between 52.50 mg/L to 156 mg/L and the mean was 

99.7 mg/L. Table 4.4 also shows that the chloride‘s concentrations were decreasing 

from the downstream to the upstream. Chlorine has pungent, noxious odor that some 

people can smell at concentrations above 3.0mg/L. Because chlorine is an excellent 

disinfectant, it is commonly added to most drinking water supplies. Free chlorine is 

toxic to fish and aquatic organisms even in a very small amount. The concentration of 

chloride for this study is considered high when compared to Juru river basin by Al-

Shami et al. (2011) with 2.12-22 mg/L. 

The concentration of phosphate ranged from 0.42 mg/L to 17.3 mg/L. The 

fluctuation of phosphate can be seen as the concentrations firstly increased from the 

downstream to the upstream and then decreased again as it approached the upstream.  

The highest value recorded was at station 2. The reason of the high concentration in 

certain stations is because of the effluents coming from the residential areas. Effluent of 
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detergents and fertilizers are among the examples of things which consist of phosphate 

ion. These values generally exceeded the normal level of NWQS for Malaysian rivers 

which is 0.2 mg/L, hence, they fell in class V. In addition, the results are high if 

compared to the results of the other river basin recorded by Al-Badaii et al., (2013) with 

0.08-1.9 mg/L in Semenyih River. Overall, high concentrations of phosphates are 

generally an indication of pollution associated with eutrophication condition (WHO, 

1998). Moreover, domestic effluents particularly which contain detergents, fertilizer 

runoff and industrial wastewater are the main reasons of high phosphate levels in 

surface water such as rivers and lakes (Gasim et al., 2012). Rainfall is also significant 

contributor of phosphorus level in a water body (Cheng et al., 1990).  

Sulphate concentration varied from 117.5 mg/L to 897.5 mg/L which indicated a 

high concentration values. The mean of the sulphate‘s concentration for the five stations 

was 411.04 mg/L. The sulphate ion is one of the major anions occurring in natural 

waters. The values of sulphate are relatively high in the downstream when compared to 

the upstream. Waste discharge from the residential area is one of the main contributors 

to the high concentration of sulphate in river water. In the absence of dissolved oxygen 

and nitrates, sulfates serves as a source of oxygen for biochemical oxidation produced 

by anaerobic bacteria. The mean value of sulphate which was 411.04 mg/L lies in class 

V which can be considerd as bad. Besides that, the value of sulphate in this river is 

considered high when compared to Juru river basin by Al-Shami et al. (2011) with 20-

197 mg/L and also in Semenyih River with 1.67-61 mg/L reported by Al-Badaii et al., 

(2013). According to Hem (1985), the major sources of sulphate in rivers are rock 

weathering, volcanoes, and human activities such as mining, waste discharge and fossil 

fuel combustion process. 
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In addition, the concentrations of bromide were the highest at station 1 and the 

lowest is at station 4 with 15.90 mg/L and 1.08 mg/L respectively. The overall mean 

was 7.22 mg/L. The concentration of bromide was the highest in the downstream and it 

fluctuated and became low in the uppermost stream. This is because bromide is present 

in typical seawater with the concentration of around 65 mg/L which is around 0.2% of 

all dissolved salts. Bromide ion is also heavily concentrated by some species of ocean 

algae which construct methyl bromide and a great number of bromoorganic compounds 

with it. The throwing of rubbish by the villagers and tourists that consists of bromide 

such as plastics, soft drinks, pesticide and medication also increase the concentration of 

bromide in the river. Activities such as loading and unloading fishes from fisherman and 

cleaning of boats and maintenance maybe also contribute to higher enrichment factor 

(Kumar et al., 2014). 
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4.3 Phytoplankton analysis 

Table 4.5: The presence of phytoplankton of each species found according to station 

Species 
Station 

1 2 3 4 5 

Cyanobacteria (Blue-green algae)           

1. Oscillatoria limosa Roth     + +   

2. Oscillatoria tenuis Roth     +     

3. Anabaena sphaerica (Born) Bory     + +   

            

Pyrrophyta (Dinoflagellate)           

1. Peridinium cinctum Ehrenberg   + +     

2. Peridinium willei Huitfeld-Dass   +       

3. Protoperidinium divergens (Ehr) Balech +   + +   

4. Ceratium lineatum (Ehr) Cleve     + +   

            

Euglenophyta (Euglenoids)           

1. Euglena acus (Muller) Ehr.     +     

2. Phacus longicauda (Ehr) Dujardin     +     

            

Chrysophyta (Chrysophytes)           

1. Dinobryon cylindricum Imhof     +     

            

Chlorophyta (Green algae)           

1. Chlorella sp. Ehrenberg + + + + + 

2. Crucigenia quadrata Morren   + + + + 

3. Closterium juncidum Ralf + + + +   

4. Closterium moniliferum (Bory) Ehr     + +   

5. Closterium parvulum Naeg   + + +   

6. Closterium tumidum Johnson   +       

7. Closterium turgidum Ehrenberg   + +   + 

8. Coelastrum microsporum Nageli     + +   

9. Cosmarium undulatum Cord + + +     
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10. Mougeotia sp. Hassal     +     

11. Oedogonium sp. Agardh   + +     

12. Pediastrum duplex Meyen + + + + + 

13. Scenedesmus acuminatus (Lagerheim) 

Chodat + + + + + 

14. Scenedesmus quadricauda (Turpin) Breb + + + +   

15. Staurastrum anatinum Cooke & Wills + + +     

16. Staurastrum cuspidatum Breb   + +     

17. Ulothrix aequalis Kutzing   + +     

18. Zygnema sp. C. Agardh       +   

            

Bacillariophyta (Diatom)           

1. Bacillaria paradoxa Gmelin +   +     

2. Bacteriastrum delicatulum Cleve       +   

3. Biddulphia dubia Cleoe + +       

4. Biddulphia longicruris Greville + + +     

5. Biddulphia reticulum (Ehr) Boyer + + +     

6. Biddulphia heteroceros Grunow   + +   + 

7. Chaetoceros decipiens Cleve + + + + + 

8. Chaetoceros lorenzianum Grunow + + + + + 

9. Chaetoceros diversum Cleve + + + +   

10. Chaetoceros didymum Ehr + + + + + 

11. Chaetoceros curvisetus Mangin + + + + + 

12. Chaetoceros constrictum Gran + + + + + 

13. Cymbella ventricosa Kutzing     +     

14. Diatoma elongatum Agardh + + + + + 

15. Diatoma vulgare Bory + + + + + 

16. Fragilaria capucina (Lyng) Desm     + +   

17. Fragilaria vaucheriae (Lyng) Kutzing     +     

18. Gomphonema acuminatum Ehr.   + + +   

19. Gomphonema gracile Ehr.     +     

20. Hyalodiscus sp. Greville     +     

21. Lauderia borealis Cleve       +   

22. Lauderia annulata Cleve   + +     
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23. Leptocylindrus danicus Cleve   +       

24. Melosira moniliformis (Muller) Agardh         + 

25. Melosira sulcata (Ehr.) Kutzing     +     

26. Nitzschia closterium W.Sm   +       

27. Stauroneis anceps Ehr.   + + +   

28. Synedra ulna Ehr.   + + +   

29. Tabellaria fenestrate (Lyng) Kutz   +       

30. Thalassionema nitzschioides Grunow   + +     

31. Triceratum favus Ehr.     + +   
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Table 4.6: The presence of phytoplankton of each species found according to month 

Species 

Month 

May June July Aug Sept Oct Nov Dec Jan Feb 

Cyanobacteria (Blue-

green algae) 

          1. Oscillatoria limosa 

Roth 
+ 

  
+ + + 

 
+ 

  

2. Oscillatoria tenuis 

Roth       
+ 

   

3. Anabaena sphaerica 

(Born) Bory    
+ 

 
+ 

  
+ 

 

  
          

Pyrrophyta 

(Dinoflagellate)           

1. Peridinium cinctum 

Ehrenberg 
+ 

   
+ + + 

   

2. Peridinium willei 

Huitfeld-Dass     
+ 

     

3. Protoperidinium 

divergens (Ehr) Balech        
+ + 

 

4. Ceratium lineatum 

(Ehr) Cleve   
+ 

    
+ 

  

 
          

Euglenophyta 

(Euglenoids)           

1. Euglena acus (Muller) 

Ehr.       
+ 

   

2. Phacus longicauda 

(Ehr) Dujardin       
+ 

   

  
          

Chrysophyta 

(Chrysophytes)           

1. Dinobryon 

cylindricum Imhof  
+ 

   
+ 

    

  
          

Chlorophyta (Green 

algae)           

1. Chlorella sp. 

Ehrenberg 
+ + 

  
+ 

  
+ + 

 

2. Crucigenia quadrata 

Morren 

 
 

+ + 
 

+ 
  

+ + 
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3. Closterium juncidum 

Ralf  
+ + + + 

 
+ + + 

 

4. Closterium 

moniliferum (Bory) Ehr  
+ 

  
+ 

   
+ 

 

5. Closterium parvulum 

Naeg    
+ + + + 

 
+ 

 

6. Closterium tumidum 

Johnson      
+ 

    

7. Closterium turgidum 

Ehrenberg    
+ 

      

8. Coelastrum 

microsporum Nageli       
+ 

   

9. Cosmarium undulatum 

Cord       
+ + + 

 

10. Mougeotia sp. Hassal 
     

+ 
   

 

+ 

 

11. Oedogonium sp. 

Agardh    
+ 

      

12. Pediastrum duplex 

Meyen 
+ + + + 

 
+ + + + 

 

13. Scenedesmus 

acuminatus (Lagerheim) 

Chodat 

+ + + 
 

+ + + + 
  

14. Scenedesmus 

quadricauda (Turpin) 

Breb 

+ 
    

+ + + 
  

15. Staurastrum 

anatinum Cooke & Wills  
+ 

   
+ + + 

  

16. Staurastrum 

cuspidatum Breb  
+ 

     
+ 

  

17. Ulothrix aequalis 

Kutzing 
+ 

    
+ 

 
+ 

  

18. Zygnema sp. C. 

Agardh    
+ 

 
+ 

    

  
          

Bacillariophyta 

(Diatom)           

1. Bacillaria paradoxa 

Gmelin     
+ + 

 
+ 

  

2. Bacteriastrum 

delicatulum Cleve     
+ 

     

3. Biddulphia dubia 

Cleoe 

 
   

+ 
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4. Biddulphia longicruris 

Greville     
+ + 

    

5. Biddulphia reticulum 

(Ehr) Boyer 
+ 

  
+ 

     
+ 

6. Biddulphia 

heteroceros Grunow 
+ 

        
+ 

7. Chaetoceros decipiens 

Cleve 
+ 

  
+ 

 
+ + + + 

 

8. Chaetoceros 

lorenzianum Grunow       
+ 

 
+ + 

9. Chaetoceros diversum 

Cleve  
+ 

   
+ + + + + 

10. Chaetoceros 

didymum Ehr  
+ 

  
+ + + + + + 

11. Chaetoceros 

curvisetus Mangin  
+ 

  
+ 

  
+ + + 

12. Chaetoceros 

constrictum Gran   
+ + 

    
+ 

 

13. Cymbella ventricosa 

Kutzing     
+ 

    
+ 

14. Diatoma elongatum 

Agardh 
+ + + + + + + + + 

 

15. Diatoma vulgare 

Bory 
+ + 

      
+ 

 

16. Fragilaria capucina 

(Lyng) Desm       
+ 

 
+ 

 

17. Fragilaria 

vaucheriae (Lyng) 

Kutzing 
   

+ 
      

18. Gomphonema 

acuminatum Ehr.   
+ 

  
+ + 

   

19. Gomphonema gracile 

Ehr.      
+ 

    

20. Hyalodiscus sp. 

Greville 
+ 

  
+ 

      

21. Lauderia borealis 

Cleve      
+ 

    

22. Lauderia annulata 

Cleve      
+ 

    

23. Leptocylindrus 

danicus Cleve 

 

+ 
        

+ 

24. Melosira 

moniliformis (Muller) 

Agardh 
  

+ 
   

+ 
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25. Melosira sulcata 

(Ehr.) Kutzing    
+ 

      

26. Nitzschia closterium 

W.Sm      
+ 

   
+ 

27. Stauroneis anceps 

Ehr.          
+ 

28. Synedra ulna Ehr. 

  
+ + 

     
+ 

 

29. Tabellaria fenestrate 

(Lyng) Kutz   
+ + 

      

30. Thalassionema 

nitzschioides Grunow 
+ 

        
+ 

31. Triceratum favus 

Ehr.        
+ 
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In Sepang River, 6 main division of phytoplankton were found at the five sampling 

stations which were Bacillariophyta (Diatom), Chlorophyta (Green algae), Chrysophyta 

(Crysophytes), Euglenophyta (Euglenoids), Pyrrophyta (Dinoflagellate) and 

Cyanobacteria (Blue-green algae). A total of 59 species in 6 divisions with a total of 

3125 cell/ml individuals were recorded from all the sampling stations. Based on table 

4.5 and table 4.6, phytoplankton community of the ecosystem were dominated by 

division Bacillariophyta (diatoms) and then followed by Chlorophyta (green algae). 

Species such as Diatoma elongatum, Chaetoceros decipiens, Chaetoceros lorenzianum, 

Chaetoceros diversum, Chaetoceros didymum, Chaetoceros curvisetus, Chaetoceros 

constrictum, Pediastrum duplex and Scenedesmus acuminatus were found in most of the 

stations. The highest number of phytoplankton species and cell abundance were found 

in the middle stream and also during the wet season. 

Generally, phytoplankton community was dominated by diatoms. Diatoms are 

represented by a single cell, or short chain forming series of cells that represent a major 

food source to the various faunal components in these waters. They are unique in having 

their cells enclosed within a cell wall of silica called frustules which is composed of two 

interblocking halves. The dominant diatoms are Diatoma elongatum, Chaetoceros sp. 

The pH in itself is probably of little direct importance in determining algal distribution. 

However, it can be used as a ―flag‖ to reflect chemical conditions which are critical in 

an aquatic environment. The pH value range in all stations was found to be conducive 

for the growth of algae particularly in the division of Bacillariophyta. The dominance of 

diatoms in the middle stream of station 3 indicated that the station is clean. 

The next abundance division is the chlorophytes with the most common species 

including Pediastrum duplex, Scenedesmus acuminatus, Crucigenia quadrata, and 

Closterium juncidum. Chlorohytes are common freshwater species commonly known as 
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green algae. Next is Pyrrophyta (dinoflagellate) where most of them were found in the 

upperstream. Some of the species found were Protoperidinium divergen, Peridinium 

cinctum, Peridinium wille, and Ceratium lineatum. Dinoflagellate are mainly unicellular 

species possessing flagella that allows movement in the water column. Many of these 

are autotrophic containing necessary pigments to allow the occurrence of 

photosynthesis; others lacking these pigments are heterotrophic and capable of 

engulfing prey. Some of the species found are Protoperidinium divergen, Peridinium 

cinctum, Peridinium wille, and Ceratium lineatum. 

The next division is Cyanobacteria or blue green algae which most of them can be 

found in station 3 and 4 in the middle stream. The most common and abundant species 

of cyanobacteria found were Oscillatoria limosa and Anabaena sphaerica. The least 

common species found were euglenoids and chrysophytes which the species found were 

Euglena acus, Phacus longicauda and Dinobryon cylindricum. Among the observed 

Cyanobacteria, some species are known for their potential toxic proliferation such as the 

Oscillatoria limosa, though no blooms were recorded during the study period. The most 

common and abundant species of cyanobacteria found are Oscillatoria limosa and 

Anabaena sphaerica. The least common species found are the euglenoids and 

chrysophytes with the species found are Euglena acus, Phacus longicauda and 

Dinobryon cylindricum. 
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Plate 4.1: Biddulphia dubia Cleoe 

 

Plate 4.2: Chaetoceros curvisetus Mangin 

 

Plate 4.3: Chaetoceros didymium Ehr 
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Plate 4.4: Chaetoceros diversum Cleve 

 

Plate 4.5: Diatoma elongatum Agardh 

 

Plate 4.6: Pediastrum duplex Meyen 
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Table 4.7: Shannon–Wiener diversity index (H‘) values in Sepang River in five stations  

Station Shannon–Wiener Diversity Index 

1 2.519 

2 2.906 

3 2.956 

4 2.684 

5 2.241 
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Table 4.8: Shannon–Wiener diversity index (H‘) values in Sepang River from May 

2014 to February 2015 

Year Month Shannon–Weiner diversity index 

2014 

May 2.332 

June 2.379 

July 1.927 

August 2.174 

September 2.276 

October 2.514 

November 2.492 

December 2.595 

2015 

January 2.483 

February 2.231 

  

Based on Table 4.7, there was an increased in Shannon–Wiener index values starting 

from station 1 at the downstream until station 3 and the index then drops when reaching 

the upstream. On the other hand, in table 4.8, the index fluctuates in a small range from 

May 2014 to February 2015. Starting from July 2014, the index values increased 

gradually with the highest value was recorded in December 2014 but then they were 

slowly decreasing by the time it approaches February 2015. High species richness is 
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assumed to indicate high biotic integrity because many species are adapted to the 

conditions present in the habitat. Species richness is predicted to decrease with 

increasing pollution because many species are stressed. However, many habitats may be 

naturally stressed by low nutrients, low light and other factors. A slight increase in 

nutrient enrichment can increase species richness in headwater and naturally 

unproductive, nutrient-poor streams (Bahls et al., 1992).  

The mean of all the station is 2.661 and based on the study of Salusso and Morana 

(2002), these means that this river contains moderate contaminants. Bahls et al. (1992) 

also used Shannon diversity because of its sensitivity to water quality changes. The 

composition of algal species is diverse in the middle stream as the water is much cleaner 

than the downstream and the upstream.  
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4.4 Correlation between phytoplankton with parameters and anion 

Table 4.9: Correlation analysis of phytoplankton with physico-chemical parameters and 

anion  

Parameter 

Pearson Correlation 

r-value p-value 

Temperature (°C) .644 .241 

DO (mg/L) .148 .812 

pH .431 .469 

Conductivity (µS/cm) .420 .481 

Salinity (ppt) .299 .625 

Turbidity (NTU) -.765 .131 

SS (mg/L) -.035 .956 

TDS (mg/L) .442 .456 

BOD (mg/L) .791 .111 

COD (mg/L) -.148 .813 

NH3-N (mg/L) -.430 .470 

Chlorophyll a (µg/L) .102 .871 

Nitrate (mg/L) -.242 .695 

Nitrite (mg/L) .666 .220 

Fluoride (mg/L) .260 .673 

Chloride (mg/L) .581 .304 

Bromide (mg/L) .426 .475 

Phosphate (mg/L) -.226 .715 

Sulphate (mg/L) -.098 .875 

* Correlation is significant at the 0.05 level (2-tailed). 
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Based on the statistical analysis of Pearson‘s correlation between phytoplankton 

density and water quality parameters, there was a positive relationship shown by 

parameters such as temperature, DO, pH, conductivity, salinity, TDS, BOD, 

Chlorophyll a, Nitrite, Fluoride, Chloride and Bromide. On the other hand, there was a 

negative correlation between the number of phytoplankton with turbidity, suspended 

solids, COD, Ammoniacal nitrogen, Nitrate, Phosphate and Sulphate.  

Temperature has a major influence on the chemical and biological processes 

including reaction rates, saturation constants of dissolved gases, water density and 

metabolic rates of the animals. Warm waters are more susceptible to eutrophication 

which is a build-up of nutrients and possible algal blooms because photosynthesis and 

bacterial decomposition both work faster in higher temperatures. There are both direct 

and indirect effects of temperature in the growth and distribution of phytoplankton. In 

general, changes in temperature may produce marked alterations in the balance of the 

major anabolic processes in phytoplankton. For each species, there is an optimum 

temperature range at which metabolism occurs. The high water temperature of the river 

seems to provide a favourable environment for growth and survival of some species of 

phytoplankton. Palleyi et al. (2008) reported that in the Brahmany estuary of Orissa, 

India, the phytoplankton abundance increase with the increase of salinity level.  

Oxygen is less soluble in warmer water and this can affect the aquatic life. By 

contrast, salts are more soluble in warmer water, so temperature can affect the water‘s 

salinity. Temperature directly affects the metabolic rates of plants and animals. Aquatic 

species have evolved to live in water of specific temperatures. If the water becomes 

colder or warmer, the organisms do not function effectively and become more 

susceptible to toxic wastes, parasites and diseases. If temperature suddenly changes 
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extremely, many organisms will die. Algal photosynthetic rates are influenced by 

temperature because the cellular processes are temperature dependent (Khan & Ansari, 

2005). Temperature and photon flux density are important factors for quantifying 

growth as well as photosynthesis (Coles & Jones, 2000), with rates accelerating with 

increasing temperature between 25°C and 45°C. Most algae probably reach their 

optimal growth rate in the range of 20°C to 25°C and a few common freshwater algae 

grow at temperatures above 25°C to 30°C. The highest number of phytoplankton 

species recorded was in October which is mainly diatoms and green algae while the 

lowest was in July. Each phytoplankton species has a definite temperature tolerance 

range and blue green and green algae prefer high temperatures (Campbell & Edward, 

2011). Shen (2002) reported that the most favourable temperature for phytoplankton 

growth is 30°C. Two species of phytoplankton which are Pediastrum duplex and 

Oscillatoria limosa have a very similar response to high temperature. 

In some circumstances, water can contain too much oxygen and is said to be 

supersaturated with oxygen. This can be very dangerous to the aquatic life. 

Supersaturated conditions occur in highly turbulent waters because of aeration and also 

in waters experiencing algal blooms or with many aquatic plants because of 

photosynthesis. Aquatic organisms depend on dissolved oxygen to live and the amount 

of oxygen taken out of the system by respiring and decaying organisms, stream flow 

and aeration (Ostrander, 2000). Phytoplankton produces 90% of total oxygen produced 

by plants (Kamat, 1982). This is one of the important roles of phytoplankton in 

maintaining the proportion of the oxygen in the air. 

A fluctuation pattern of DO gives an idea about the variations of distribution of 

algae throughout the 10 months. The phytoplankton can use up the dissolved carbon 

dioxide in the water and releases oxygen which is essential for all living organisms 
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(Ismail, 1994). Temperature will affect things through the production of oxygen by 

phytoplankton and other plants over the course of a day. Chambers and Mill (1996) 

indicated that DO levels are closely related to water temperature, DO levels increases as 

water temperature decreases. Oxygen is produced during photosynthesis and consumed 

during respiration and decomposition. Increased temperature or excess nutrients may 

result in higher algal and plant growth, causing DO levels to decrease. 

The pH of a water body varies during the course of the day as the balance 

between photosynthesis and respiration changes with the light intensity and 

temperature. Inflowing water may affect pH as well as rainfall is naturally slightly 

acidic because of carbon dioxide dissolved in it. Changes in pH may also influence 

other water quality parameters such as ammonia, phosphate, iron and other trace metals. 

There was a positive correlation between the number of phytoplankton and pH 

based on Pearson‘s correlation analysis. The value of the correlation coefficient is 

r=.431, p>0.05 with an average strength. This is maybe due to the presence of diatom 

species as the dominant species that is tolerant to the high value of pH. If the value is 

too acidic, then these diatoms might not be able to survive. Most aquatic organism 

prefers a pH ranges between 6.5 to 8.0. Rivers with a pH of 5.5 and below are 

particularly at risk (Mitsch & Gosselink, 1993). A pH value outside this range reduces 

the diversity in the water body because it stresses the physiological systems of most 

organisms and can reduce reproduction. In addition, David et al. (2003) reported that 

when there is more aquatic life during the warmer months, there is also an increase in 

DO which in turn can lower the value of pH. 

The risk of contributing turbidity to aquatic systems is highest when the land 

surfaces are bare and rainfall events occur. Turbidity may also result from the formation 

of algal blooms. In many aquatic systems, water clarity is determined by the abundance 
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of suspended algae. Eutrophic systems support large algal populations which reduce the 

clarity of water and increase its colour. Suspended particles absorb heat, so water 

temperature rises faster in turbid water than it does in clear water. Then, since warm 

water holds less DO than cold water, the concentration of DO decreases. If penetration 

of light into the water is restricted, photosynthesis of green plants in water is also 

restricted. This means less food and oxygen is available for aquatic animals. Plants that 

can either photosynthesize in low light or control their position in the water, such as the 

blue green algae, have an advantage in highly turbid waters. 

SS can also be an indicator for eutrophication. Elevated levels of suspended 

material in the water column can reduce light availability and lead to elevated water 

temperatures due to increased absorbance of thermal radiation. Light availability and 

temperature affect bacterial, algal and zooplankton physiology as well as the feeding 

and movements of macroinvertebrates and fish. In addition to impacting submersed 

plant communities and productivity, suspended solids may clog the filtering apparatus 

and digestive tracts of planktonic organisms (Schueler et al., 1997). 

As level of SS increases, a water body begins to lose its ability to support a 

diversity of an aquatic life. Suspended solids absorb heat from sunlight, which increases 

water temperature and subsequently decreases levels of dissolved oxygen. Besides that, 

photosynthesis will also decrease since less light penetrates the water and less oxygen is 

produced by plants and phytoplankton which will eventually cause a drop in the amount 

of dissolved oxygen. 

High conductivity is associated with the presence of high concentration of the 

anions and cations which are essential for the growth and distribution of phytoplankton. 

These elements are needed in biological activities involving the photosynthesis, 

respiration and nitrification (Reynolds, 1984). Increase conductivity levels in a water 
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body can affect a high growth of phytoplankton.  In fact, Egborge (1974) found out that 

phytoplankton production is strongly correlated with conductivity. 

Chlorophyll a is the green pigment found in plants and algae. Plants and algae 

use this pigment to trap the energy from the sun so that they can grow. Chlorophyll a is 

the most common out of the six types present in every plant that perform 

photosynthesis. During photosynthesis, the green pigment chlorophyll absorbs light and 

produces organic carbon (carbohydrates) from carbon dioxide and water. The amount of 

organic carbon produced by plants is called primary productivity. In addition, the 

growth of planktonic algae in a water body is related to the presence of nutrients, 

principally nitrogen and phosphorus as well as temperature and light. Besides, the green 

pigment is present in most photosynthetic organisms and provides an indirect measure 

of algal biomass and an indication of the trophic status of a water body. It is usually 

included in assessment programme for lakes and reservoirs, since excessive algal 

growth makes water unsuitable or more difficult to treat (Kuo et al., 2007). 

Apart from that, the results from the correlation test between the number of 

phytoplankton and chlorophyll a value showed a positive correlation with value r= .102, 

p>0.05 which indicated that the number of phytoplankton increased when chlorophyll a 

increased. This also has to be related with the relationship of nutrient and chlorophyll a. 

When nutrient is high, the concentration of chlorophyll a is low. Thus the number of 

algae is low. The high concentration does not affect the growth of phytoplankton that 

can cause bloom. The other factors which can cause this are the wind speed and water 

temperature. wind induce internal waves and colder water temperatures induce mixing 

of the epilimnion and when these two processes are combined, nutrient rich water is 

supplied to the surface, providing the phytoplankton with nutrients. This is supported by 

Hecky et al., (1981) said high winds and cold temperature cause less stratified water 
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which allows epilimnion to mix, bringing nutrients to the surface and raising 

chlorophyll a values. 

Furthermore, higher levels of phytoplankton were associated with lower levels 

of nutrients. Nitrate is often a limiting factor affecting the growth of algae and other 

aquatic organisms. The number of individual species of phytoplankton is high in high 

oxygen concentration water and vice versa. At all events, higher ammoniacal nitrogen 

values can be toxic to fish, but in small amount of concentrations, it could serve as 

nutrients for excessive growth of algae (Corwin et. al., 1999).  

Among the phytoplankton species, cyanobacteria are known to be the better 

competitor for nitrogen (Tilman et al., 1986, Michard et al., 1996, Giani and Delgado, 

1998). Limiting nutrients such as phosphorus and nitrogen are often the factors that 

limit the activity of cyanobacteria in freshwater ecosystem. Phosphorus is an essential 

nutrient for living organisms and exists in water bodies as both dissolved and particulate 

species. It is generally the limiting nutrient for phytoplankton growth and therefore 

controls the primary productivity of a water body. Phytoplankton species such as 

Cymbella lanceolata, and Tabellaria fenestrate were less tolerant towards the 

phosphorus as the species require just a small amount of phosphorus. Overall, high 

concentrations of phosphates are generally an indication of pollution associated with 

eutrophication condition (WHO, 1998). 
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4.5 Water quality index analysis 

Table 4.10:  Water Quality Index (WQI) value for each station of Sepang River  

Station WQI 

1 84.5 

2 83.9 

3 84.9 

4 85.4 

5 84.8 

 

Table 4.11:  Water Quality Index (WQI) value for each month of Sepang River from 

May to October 2014 

Year Month WQI 

2014 May 84.4 

June 83.8 

July 87.2 

August 84.5 

September 85.6 

October 84.6 

November 81.0 

December 84.4 

2015 January 85.0 

February 84.5 
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Water quality index (WQI) of Sepang River was determined by Malaysia 

Department of Environment formula based on six parameters including DO, BOD, 

COD, Ammoniacal nitrogen, SS and pH.  Based on the above Table 4.10, the WQI 

values are slightly higher and can be considered cleaner in the middle and the upstream. 

Water and sewage from the premises concerned are distributed directly to the sea and 

polluting the coastal areas of Bagan Lalang (Piah et al., 2008). This can be seen in 

station 1 and 2. The middle stream (station 3) is not contaminated with sewage and rich 

in marine life. Besides, it is confirmed that the area was indeed rich in terrestrial plants 

(Piah et al., 2008). 

Besides that, Table 4.11, in terms of month, a high WQI are recorded in the earlier 

month of sampling starting in July 2014 until the end of sampling but slightly lower 

value is obtain during the wet season. The overall mean of stations and monthly WQI of 

Sepang River was 84.6 and it falls under class II where conventional treatment is 

required for water supply and only sensitive aquatic species can tolerate the fishery 

industries. The water also can be used for recreational activities with full body contact 

without worries. 

 This water quality rating clearly shows that the water body is classified under a 

clean range and suitable for human use. It is also found that the pollution load is 

relatively low and has less effect to the quality of the river. 
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CHAPTER 5 

GENERAL DISCUSSION 

Rivers play a significant role in providing water resources for human and 

ecosystem survival and health. Hence, river water quality is an important parameter that 

must be preserved and monitored.  Good quality of water is more essential for the 

aquatic flora and fauna. The water quality criteria should be more stringent for their 

survival and ecological balance. For holistic and sustainable use of water and other 

appropriate indices such as SCI diversity index, index of biotic integrity (IBI), index of 

saprobic condition (S) and others could be considered (DOE, 1994). This is normal 

because the normal monitoring program cannot evaluate the river‘s ecological status. At 

least biannual or quarterly sampling of planktons, macrophytes, invertebrates, fish and 

other aquatic flora and fauna should be done to determine the biological integrity of the 

rivers in various seasons (Al-Mamun & Zainudin, 2013). 

Water quality index provides a single number that expresses the overall water 

quality based on several water quality parameters. The calculated WQI can be used as 

an indicator for the river whether it is in a good condition or not .There are many other 

water quality parameters that are not included in the index. However, a water quality 

index based on some very important parameters can provide a simple indicator of the 

water quality. Most of the rivers in the state of Selangor are undergoing tremendous 

development and they are subjected to pollution from both point and non point sources. 

For the Sepang River, the results of mean WQI from all the stations are 84 which has 

been classified as clean and received a minimum anthropogenic pollution in relation to 

the WQI. This index results showed that the river water of Sepang River is clean and it 

is suitable for human use. Besides that, it is also found that pollution load is relatively 

low and has no significant effect to the quality of this river. Results of this study also 
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showed that the present policy on managing the river water quality has produced 

encouraging results. Nevertheless, water quality is highly variable over time due to both 

natural and human factors (Ahmad et al., 2009). 

Physico-chemical and anions analyses are one of the important parts of the water 

quality monitoring process. However, these parameters showed that there is no fixed 

pattern values obtained and no major changes were detected in every station and month, 

thus contributing to a quite similar reading for WQI and NWQS. This is maybe due to 

the same land use pattern of station chosen as well as limited sampling time of the 

study. The density and composition of phytoplankton obtained are low and the results 

can be strengthen if the phytoplankton count is more. The species detected are mostly 

common and can be found both in clean and polluted water. Hence, the phytoplankton 

community could not be used solely as a guide in assessing the water quality of this 

river based on species found. Therefore, the findings in this study are inconclusive but 

some data can still be useful for the river basin management. Thorough analysis needs 

to be done in the future to classify the water quality status of Sepang River. 
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CHAPTER 6 

CONCLUSION 

This water quality of Sepang River shows a similar pattern in between the sampling 

station and month. According to the INWQS for Malaysian rivers most of the water 

quality parameters (temperature, DO, turbidity, suspended solid, BOD, COD and 

ammoniacal nitrogen) were within the range of moderate condition. Only pH was within 

good condition range when compared to NWQS class. Based on the NWQS, chloride, 

sulphate and nitrite concentrations were high whilst nitrate, bromide, and fluoride 

concentrations were low. The total number of species and the total number of individual 

phytoplanktons for all the stations and months were 59 and 3125 cell/ml respectively. 

They were found most in the middle stream. The divisions Bacillariophyta and 

Chlorophyta were highest in terms of number of species and individuals. Species such 

as Diatoma elongatum, Chaetoceros decipiens, Chaetoceros didymum , Chaetoceros 

curvisetus, Pediastrum duplex and Scenedesmus acuminatus were found in most of the 

stations and months. Some of the parameters such as temperature, DO, pH, 

conductivity, salinity, TDS, BOD and chlorophyll a shows a positive correlation with 

phytoplankton. Shannon–Wiener values obtain from the results also indicate that this 

river has a high diversity of phytoplankton. The WQI of Sepang River can be classified 

as clean and falls within Class II.  This water quality rating clearly shows that the water 

body was clean and suitable for human use. The chemical, physical and biological 

aspects of water quality are interrelated and must be considered together. Continuous 

monitoring of water quality of the river water at the area also should be done to monitor 

the water quality status. All agencies involved include the local communities‘ plays an 

important role and should be more effective to prevent the deterioration of the river 

water quality. 
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