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ABSTRACT 

This study was carried out in the months of November 2008 and January 2009 to assess the water quality and phytoplankton 

composition in Batang Ai Hydroelectric Dam, Sarawak. A total of 15 water quality parameters were recorded at 5 sampling 

stations; S1, S3, S4 (areas with cage culture), S2 (area without cage culture) and S5 (inflow to the reservoir) at three different 

depths (surface, 14m, 27m). Assessment of phytoplankton was conducted by collecting water samples and sieving it through a 

20µm sieve. Results for nutrients show that the range of ammonia (mg/L) was 0.000 to 0.833, for nitrate (mg/L) was 0.010 to 

0.053, for nitrite (mg/L) 0.001 to 0.013, for orthophosphate (mg/L) 0.04 to 1.28 and silica (mg/L) was 1.47 to 14.27.  

orthohosphate was highest at S2 (1.28 mg/L) in November 2009. This was due to the phosphate found in feed where the water 

flows from cage culture are to S2. High silica content in November 2008 was due to the washing of aluminosilicate by rain 

from the water shed. Range for BOD5 (mg/L) was from 2.68 to 11.03, COD (mg/L) 2.0 to 19.7, TSS (mg/L) 2.667 to 23.533 

where highest concentration was at S4 and chlorophyll-a (mgm-3) 0.246 to 2.629. The highest BOD5 content was recorded in 

S3 at 27m depth where the high decaying matter was due to the presence of cage culture. COD was generally lower in January 

2009 due to the dilution from raise of water level. Chlorophyll-a was high at 14m depth as phytoplankton was reported to 

prefers thermocline. A total of 40 genera of phytoplankton were identified from the area. The lower amount of cyanobacteria 

genera in the water indicates that the water is clean and the reservoir is oligotrophic. 

 

Key words: Water quality, phytoplankton, hydroelectric dam 

 

 

ABSTRAK 
 
Kajian ini telah dijalankan pada bulan November 2008 dan Januari 2009 untuk menilai kualiti air and komposisi fitoplankton 

di Empangan Hidroelektik Batang Ai, Sarawak. Sejumlah 15 parameter kualiti air telah dianalisa  di 5 stesen kajian; S1, S3, 

S4 (tempat yang mempunyai sangkar ikan), S2 (tempat yang tiada sangkar ikan) dan S5 (tempat air memasuki empangan) di 

3 kedalaman berbeza (permukaan, 14m dan 27m). Kajian fitoplankton telah dilakukan dengan mengambil sampel air dan 

menapisnya menerusi penapis 20µm. Keputusan nutrien menunjukkan bahawa kepekatan ammonia (mg/L) adalah di antara 

0.000 hingga 0.833, nitrat (mg/L) 0.010 hingga 0.053, nitrit 0.001 hingga 0.013,ortofosfat (mg/L) 0.04 hingga 1.28  manakala 

silikat (mg/L) 1.47 hingga 14.27. Ortofosfat adalah tinggi di S2 (1.28mg/L) pada November 2009. Ini disebabkan oleh fosfat 

yang terdapat dalam makanan ikan di mana ia disebarkan dari sangkar ikan ke S2. Silica tinggi pada November 2008 kerana 

hakisan aluminosilikat oleh hujan di kawasan tadahan air. BOD5 (mg/L) dicatat diantara 2.68 hingga 11.03, COD (mg/L) 

dari 2.0 hingga 19.7, jumlah pepejal terampai (TSS) (mg/L) 2.667 hingga 23.533 dimana S4 mempunyai catatan tertinggi dan 

klorofil-a (mgm-3)  0.246 hingga 2.629.  Pada Januari 2009, BOD5 tertinggi dicatatkan di S3 di kedalaman 27m dimana 

kereputan bahan organik adalah tinggi akibat kultur ikan. COD adalah rendah pada Januari 2009 disebabkan oleh 

pencairan hasil daripada kenaikan paras air. Klorofil-a adalah tinggi pada kedalaman 14m dimana fitoplankton lebih 

cenderung kepada termoklin. Sebanyak 40 genera fitoplankton telah dikenalpasti di kawasan ini. Kewujudan genera 

cyanobakteria yang rendah menunjukkan air adalah dalam keadaan yang bersih dan empangan tersebut bersifat oligotrofik. 

 

Kata kunci: Kualiti air, fitoplankton, empangan hidroelektrik 
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CHAPTER I 

1.0 Introduction 

 

Batang Ai Hydroelectric Reservoir is located in the district of Lubok Antu, Sri Aman Division 

in the state of Sarawak. In 1994, Batang Ai Reservoir was formed by the means of flooding 

after the complete construction of Batang Ai Hydroelectric Dam. The production of 

hydropower is generated from the release of water from the middle of the dam. 

 

Presently, activities surrounding the reservoir include eco-tourism and cage cultures. Eco-

tourism is prominent in Batang Ai Reservoir with the existence of Hilton Batang Ai Resort. 

The Batang Ai National Park is also situated upstream of the lake area. For cage culture, there 

are currently 2,696 fish cages in Batang Ai Reservoir and the main cultured species is red 

tilapia (DOA, 2007). Activities such as eco-tourism and aquaculture may result in the 

deterioration of water quality and subsequently the succession of many species of 

phytoplankton. 

 

With the setting up of many cage cultures since 1993, water quality in the reservoir is 

therefore important to document. This is to ensure that the fish cultured in the cage culture 

area are in its best quality. Other than that, the monitoring also allows other future 

development such as expansion of the aquaculture activities. Parameters such as nutrients, 

dissolved oxygen (DO), pH, conductivity, total suspended solids (TSS) and total dissolved 

solids (TDS) are part of the water quality assessment. Almost every parameter of the water 

must be analyzed to ensure that fish survival and growth are optimum.  
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Red tilapia is known to be a very hardy species of tilapia. It can tolerate high range of salinity 

and temperature when compared to other species. For red tilapia, the ideal temperature to 

ensure optimal growth is 27 °C to 32 °C, at salinity of 0 ppt and 32 °C at salinity of 18 to 36 

ppt (Watanabe et al., 2006). As for salinity, red tilapia grows normally up to 36.2 ppt of 

salinity. Tilapia can withstand low dissolved oxygen but the overall growth and health of this 

species will be affected if exposed to a long period of low dissolved oxygen (Shelton & 

Popma, 2006). Ammonia toxicity to tilapia can have a negative effect on its growth. However, 

the toxicity of ammonia is dependent on the content of dissolved oxygen, carbon dioxide and 

pH (Shelton & Popma, 2006). 

 

Phytoplankton general taxonomy is also important in the culture of tilapia. Tilapia is known to 

have off-flavours in its flesh which is caused by the odorous compounds released by blue-

green algae (Boyd, 2006). The reason the odorous compound can be found in tilapia is that the 

feeding habit of tilapia consist mainly of macrophytes, blue-green and green algae (El-Sayed, 

2006). The general taxonomy of phytoplankton must be known to ensure that the culture 

environment is at a healthy state to maintain the quality of fish flesh for mass aquaculture.  

 

The objectives of this study were to assess the water quality of the reservoir and also to study 

the taxonomy of phytoplankton present in the reservoir so that it does not affect the cage 

culture industry in that area. 
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CHAPTER II 

2.0 Literature review 

2.1 Reservoir  

2.1.1 Characteristics 

Lakes are fundamental to the hydrological system of the earth and are in direct contact with 

the atmosphere, groundwater and surface water. All these factors affect the lakes in the form 

of surface currents, precipitation, evaporation and groundwater movement (Winter, 2004). 

Reservoirs are also being considered as lakes; therefore the studies done on it are similar to 

those of natural lakes. It is similar in the context of primary production, gas exchange, nutrient 

uptake and redox reaction (Thornton, 1990).  

 

Although lakes and reservoirs share some similar limnological features, nevertheless there are 

essential differences between them. Both types of water bodies are receptive to changes in 

terms of hydrology and chemical through the river system. However, the changes experience 

by both types varies. For reservoirs, it is affected by the hydroelectric, water supply or flood 

control whereas for natural lakes, it is affected by the seasonal variation and also the climate 

(Melack, 2005). 

 

The trophic state of the lake is influence greatly by its biological production especially on 

algae. There are three trophic level of lakes which are oligotrophic, mesotrophic and 

eutrophic. Oligotrophic lake indicates that the lake is clear and has relatively low nutrient 

concentration. This is from the interaction between low nutrients which leads to decrease in 

algal growth therefore increases water clarity. Eutrophic is the opposite of oligotrophic 

whereby the water is generally cloudy where there might be potential algal blooms due to the 
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increase in nutrient. Mesotrophic lake falls in the middle of the category of eutrophic and 

oligotropic (Kalff, 2002). 

 

In deep freshwater water bodies, stratification separates the water into three zones which are 

epilimnion, metalimnion and hypolimnion. In deep water zones, hypolimnion is a water layer 

that is nonturbulent and it is separated with the atmosphere. Respiratory processes that utilize 

the organic matter derived from the epilimnion (surface layer) dominate in the hypolimnion. 

Surface layer or epilimnion is in direct contact with the atmosphere thereby it is more 

turbulent. Primary production which dominates on the epilimnion provides the energy needed 

for the whole system. Metalimnion is the transitional zone between the epilimnion and the 

hypolimnion. It is characterized by the thermocline (Kalff, 2001). 

 

2.1.2 Water Quality 

2.1.2.1 Temperature 

The temperature difference between the epilimnion and hypolimnion is much smaller for 

tropical water bodies. Therefore, only modest change in temperature is needed to mix tropical 

water bodies. The stability of thermal stratification depends on the wind mixing of the water 

column whereby it is closely link to maximum or mean depth of the water body. Tropical 

lakes are on a seasonal basis less strongly stratified (Kalff, 2002). In deep water reservoir, 

thermocline exist when the water retention time is more than a certain period of time (Henry, 

1999; Straškraba, 1999) or in the case for hydroelectric dam, by the water outlet for the 

turbines (Henry, 1999).  
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2.1.2.2 Dissolved Oxygen (DO) 

Thermal stratification affects DO in deep water bodies. Photosynthetic organisms thrive on 

epilimnion therefore there is high DO level. However, at the hypolimnion layer, there is less 

DO which is due to the decrease of photosynthetic organisms as light does not penetrate in 

hypolimnion. So, less oxygen is being produced in hypolimnion compared to epilimnion. The 

large deficit of DO at the hypolimnion is also due to oxygen being used up by decomposers 

and respiration by bottom layers organisms (Townsend, 1996). 

 

2.1.2.3 pH 

The usual surface water pH is between 6.0 to 6.8 which is due to the presence of carbon 

dioxide. However, because of the consumption of carbon dioxide during intense 

photosynthesis by phytoplankton, periphyton or submerged macrophytes can lead to upward 

pH drift, perhaps to pH 9 to 10 in shallow reservoirs (Straškraba, 2005). 

 

2.1.2.4 Nutrients 

Reservoirs are subject to higher element loading compared to natural lakes because of the 

greater catchment area and higher inflow rates (Straškraba, 1999). Reservoir level changes 

influence nutrient conditions. The organic carbon and total phosphorus concentration are 

proportionately higher in a hypolimnetic discharge reservoir than in epilimnetic discharge 

reservoir. If nutrient accumulates in the reservoir’s hypolimnion, then hypolimnetic discharge 

during hydroelectric generation result in nutrient losses from the reservoir (Kennedy and 

Walker, 1990). 
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The nitrogen and phosphorus concentration in lakes and reservoirs are important as it 

correlates with chlorophyll-a. The most common forms of nitrogen are ammonia, nitrite and 

nitrate. Ammonia is the result from decomposition of organic matter whereas nitrate is the 

intermediate compound in the oxidation or nitrification of ammonia to nitrate. Nitrate is the 

stable oxidation state of nitrogen (USACE, 1987; Kalff, 2002). Nitrogen becomes limiting in 

the water body once there is eutrophication (Melack, 2005). 

  

Reservoirs have a higher capacity of retaining phosphorus (Straškraba, 1999). The regional 

differences in land use and geochemistry can lead to ample supply of phosphorus (Melack, 

2005). Naturally, phosphorus originates from the weathering of rocks. Other than that, the 

internal loads of phosphorus are from the sediments under anoxic condition and plants 

decomposition (USACE, 1987).  

 

Silica present in natural water system in the form of dissolved silicic acid and particulate silica 

(Wetzel, 2001). Silica is important for diatoms as it constitute in their frustule or cell wall. 

Silica uptake by diatoms can reduce silica concentration at the epilimnion (USACE, 1987). 

 

2.1.2.5 Chlorophyll-a  

According to Melack (2005), chlorophyll-a ranged from less than 1 µg/L to 2500 µg/L in 

polluted waters. In an oligotrophic reservoir, the phytoplankton patchiness is physically 

controlled by turbulent mixing and light climate and biologically determined by the 

hydromechanical characteristics of each microalgae functional group (Moreno et al., 2006). 

Phytoplankton finds thermocline an appropriate site for growth when light levels are adequate 
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for photosynthesis because nutrients from the hypolimnion are always getting into the 

epilimion and the stability at the thermocline is large (Moreno et al., 2006). 

 

2.2 Phytoplankton 

Phytoplankton observation has been limited to only various description and provision of it 

even after 200 years of the first discovery of marine microorganisms by Anthony van 

Leeuwenhoek in 1676 (Taylor, 1980). General works carried out to study phytoplankton 

became more extensive only during the early 19
th

 century. In the 1930’s, scientist had found 

out that the amount of phytoplankton in the waters is in concurrent with the physio-chemical 

parameters of the water which led to the search of new methods and means for investigating 

phytoplankton ecology (Taylor, 1980). The physio-chemical parameters that affect the 

community of phytoplankton are light, temperature and nutrient regimen (Wetzel, 1983). 

However, these parameters are not the only factors contributing to the abundance of 

phytoplankton species in lakes, but the groupings of species changes spatially and seasonally 

in correlation with the water body change in biological, physical and chemical (Wetzel, 1983). 

 

2.3.1 Basic Biological Characteristic 

Not all phytoplankton are eukaryotic even though most of the phytoplankton species 

architecture of the cells is more like eukaryotic plants (Reynolds, 2006). There are some 

discussion whether a certain group are truly algae because algae such as blue-green algae are 

physiologically similar to bacteria hence the name cyanobacteria. However, the most 

important characteristics that all phytoplankton possess are the ability to photosynthesize 

autotrophically as its primary means of nutrition (Wetzel, 1983). 
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Since its most important characteristic is autotrophic photosynthesis therefore phytoplankton 

possesses photosynthetic pigments which are chlorophylls, caretonoids and biliproteins. The 

primary photosynthetic pigment is chlorophyll a which is present in all algae (Wetzel, 1983). 

Chlorophyll a has two in vitro absorption bands (which other chlorophyll a also has) that 

consist of the red light region (approximately 660 to 665 nm) and the lower wavelengths 

(approximately 430 nm) (Wetzel, 1983). During analysis of the amount of chlorophyll a, other 

chlorophylls such as chlorophyll b and c may interfere with the measurement. Therefore, 

chlorophyll a is being measured at three different wavelengths to produce a more accurate 

result which use trichromatic method (Taylor, 1980). 

 

The different phytoplankton species can generally be distinguished by the architecture of its 

cell. Some phytoplankton is enclosed with plasmalemma which consists of three to four 

different layers. Other species have deposits of either silica or calcium carbonate in their 

frustule or their body ‘scale’. Some species have no polymer wall at all which is then term as 

‘naked’ (Reynold, 2006). The most distinguished of phytoplankton are the cyanobacteria. 

Even though it contains a plasmalemma wall, however its cell lacks a membrane bound 

nucleus and plastids (Reynolds, 2006). The phytoplankton therefore has bacteria like cells.  
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2.3.2 Nutrient Requirement of Phytoplankton 

Inorganic macro and micronutrient are crucial to the health of phytoplankton especially 

macronutrients such as phosphorus and nitrogen (Wetzel, 1983). Micronutrients which include 

manganese (Mn), iron (Fe), boron (B), copper (Cu), vanadium (V), silica (Si) and zinc (Zn) 

are also being uptake by phytoplankton. However it is only in a minimal amount (Reynold, 

1984). Silica is true as micronutrient for most of the algae species where it is most important 

to the group of Chrysophyta and diatom because it is the major component of its cell wall. 

Therefore, it is also term as macronutrient (Reynolds, 1984). 

 

The concentration of nitrogen in freshwater varies as it is influenced by the loading of 

wastewater, agricultural run-off and also groundwater input (McCarthy, 1980). Sources of 

nitrogen being uptake by phytoplankton are nitrate, nitrite, ammonium, urea and amino 

nitrogen. Nitrogen is required for the synthesis of amino acids and proteins (Reynold, 1984). 

Certain cyanobacteria are also known to fix atmospheric nitrogen that has been dissolved in 

the water (Reynolds, 1984). 

 

Phytoplankton prefers to take phosphorus in the form of phosphate. Phosphorus is needed in 

phytoplankton where it is present in the vacuoles and cytoplasm which serves as a storage 

product (Nalewajko & Lean, 1980). Other than that, phosphorus is also essential in adenosine 

phosphate transformation and is present in nucleic acid which is important in protein synthesis 

(Reynolds, 2006). In natural waters, phosphorus is preferred in the form of orthophosphate by 

all organisms (Nalewajko & Lean, 1980). In freshwater, blue-green algae tends to be dominant 

due to cultural eutrophication as there is an increase in phosphorus levels and also the decline 
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in phosphorus to nitrogen ratios. It was also found that with an increase in phosphorus, there 

was an increase in diatoms and reduction in the amount of silica in the water.   

 

Silicon is present in natural waters in the form of orthosilicic acids which is transformed to 

amorphous silica by phytoplankton (Paasche, 1980). The most apparent use of silica in the 

water is diatoms. Silica is used for the development of diatom basic wall structure which is the 

valves. Silicon deficiency in the water may result in the incomplete development of the wall 

structure of diatoms. The walls also tend to be much thinner (Paasche, 1980) therefore making 

the diatom more fragile.  
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CHAPTER III 

3.0 Materials and Methods 

3.1 Study Site 

Batang Ai Hydroelectric Dam is a man-made reservoir with a surface area of 84 km² and 

water volume of 750 million m³. The reservoir’s main water resources are from Batang Ai 

River, Engkari River and precipitation.  

 

Water quality and phytoplankton samples were taken from five stations through out the 

reservoir. Locations and coordinates of sampling stations are shown in Figure 1 and Table 1 

respectively.  

 

Area surrounding station 1, 3 and 4 consisted of cage culture with its main cultured species 

being tilapia. Location of station 2 was near to an impoundment area on the west side of the 

reservoir and station 5 was where water flows into the reservoir from the two rivers.  

 

Table 1: GPS reading of sampling stations 

Station GPS 

1 N 01° 09' 02.6" E 111° 51' 08.8" 

2 N 01° 10' 42.6"  E 111° 50' 30.0" 

3 N 01° 10' 41.3" E 111° 52' 00.3" 

4 N 01° 10' 34.1" E 111° 53' 09.3" 

5 N 01° 10' 14.2" E 111° 55' 07.2" 
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Figure 1: Map showing sampling stations in Batang Ai Reservoir (Source: Google Earth) 
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3.2 Method  

3.2.1  Water Sampling 

At each station, water quality parameters such as DO, temperature, pH, transparency, TDS, 

conductivity and water depth were measured in-situ in triplicates. TSS, BOD5 and chlorophyll-

a were analyzed using methods of APHA (1998). Nutrients and COD were analyzed in 

laboratory using HACH Kit DR/2010.  

 

3.2.1.1 Temperature, DO, pH, electrical conductivity, and TDS 

These parameters were sampled in-situ using YSI 6600 Multiparameter Water Quality 

Monitor. 

 

3.2.1.2 Transparency 

Water transparency was measured using secchi disk model KAHLSICO No. 281 WA 1088, 

WAP – 4669 at each station.  

 

3.2.1.3 Depth 

Depth at each station was measured using depth finder. 

 

3.2.1.4 Water sample 

Water samples were taken in triplicate at three different depths; at the subsurface, 14m and 

27m depth by using Wildco 2.2 L Horizontal Alpha Water Sampler. Water samples for 

nutrients, TSS, chlorophyll-a, and COD were stored in 2 L polyethylene water bottles which 

were then stored in cooler box filled with ice to prevent oxidation of the samples whereas 

water samples for BOD5 were filled in 300 ml BOD bottles. 



 14 

3.2.2 Laboratory Analysis 

3.2.2.1 Ammonia-nitrogen (NH3
-
 – N) 

The concentration of ammonia-nitrogen was determined by using method 8038, Nessler 

Method. Mineral stabilizers was used as it complexes hardness in the sample. Polyvinyl 

Alcohol Dispersing Agent was then added to serve in forming colours in the reaction of 

Nessler Reagent with ammonium ions. Yellow colour was formed in proportional to the 

ammonia concentration which was then measured by using DR/2010 Spectrophotometer 

(HACH, 2000). 

  

3.2.2.2 Nitrate (NO3
-
)  

Concentration of nitrate was determined using method 8192, Cadmium Reduction Method. 

Nitrate in the sample was reduced to nitrite by cadmium metal where the nitrite ions reacted 

with sulfanilic acid in an acidic medium to form intermediate diazonium salt. The salt was 

then coupled to chromotropic acid which formed a pink-coloured product measured using 

DR/2010 Spectrophotometer (HACH, 2000). 

 

3.2.2.3 Nitrite (NO2
-
) 

The concentration of nitrite was determined using method 8507, Diazotization Method 

(Powder Pillows). Nitrite in the sample reacted with sulfanilic acid to form intermediate 

diazonium salt. The salt coupled with chromotropic acid produced pink coloured complex 

which is in proportion to the amount of nitrite present. Amount of nitrite was then measured 

using DR/2010 Spectrophotometer (HACH, 2000). 
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3.2.2.4 Orthophosphate (PO4
3-

) 

Method 8048, PhosVer3 (Ascorbic Acid) Method was used to determine the concentration of 

orthophosphate in the samples. Molybate that was added to the samples reacted with 

orthophosphate in an acid medium to produce phosphomolybate complex. Ascorbic acid then 

reduced the complex to give molybdenum blue color. Concentration of orthophosphate was 

then measured using DR/2010 Spectrophotometer (HACH, 2000).  

 

3.2.2.5 Silica (SiO4) 

Method 8186, Heteropoly Blue Method was used to determine the concentration of silica. The 

formation of silicomolybdic acid complexes was due to the reaction of silica with molybate 

ion under acidic condition. Acid reduced the yellow silicomolybdic acid to an intense blue 

colour. DR/2010 Spectrophotometer was used to measure the concentration of silica (HACH, 

2000). 

 

3.2.2.6 Chemical Oxygen Demand (COD) 

Concentration of COD was determined using method 8000, Reactor Digestion Method. 

Samples were heated for two hours with potassium dichromate (a strong oxidizing agent). The 

oxidizable organic compound in the sample reacted with the dichromate ion by reducing it to a 

green chromic ion. After heating, the vials were then cooled to be measured using DR/2010 

Spectrophotometer (HACH, 2000). 

 

 

 

 


