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ABSTRACT 

Water quality of river and reservoir is important to be monitored so that it is not harmful to both human and 

environment. For Batang Ai Reservoir, it is used for aquaculture purpose which could affect the water bodies 

there. Engkari River also needs to be monitored as it is one of the main inflows of the reservoir. Therefore, the 

objectives of this study were to evaluate the impact of aquaculture on the water quality of Batang Ai Reservoir 

and determine the water quality of Engkari River. Five sampling stations were selected consisting of inflow area, 

reservoir and near outflow of reservoir where water sample was taken at sub-surface and bottom of the river. The 

range of results for the waterquality parameters were TSS (1.67 – 37.63 mg/L), BOD5 (2.4 – 7.53 mg/L), Nitrite-

N (0.0113 – 0.0158 mg/L), TP (25.59 - 1140.41 µg/L) and TKN (0.4841 – 2.289 mg/L). Most of the higher 

readings came from the bottom of the station near the aquaculture and residential area. Conductivity ranged from 

19 – 66 µS/cm and was higher at bottom compared to the sub-surface. The highest concentration of heavy metals 

detected was zinc with the range of 0.014 – 0.191 mg/L. 

Keywords: Water quality, aquaculture, Batang Ai Reservoir, inflow 

 

ABSTRAK 

Kualiti air sungai dan empangan adalah penting untuk dipantau supaya ia tidak memberi kesan berbahaya 

kepada manusia dan alam sekitar. Bagi Empangan Batang Ai, ia digunakan untuk tujuan akuakultur dan ia 

boleh menjejaskan air di sana. Sungai Engkari juga perlu dipantau kerana ia adalah salah satu daripada aliran 

utama empangan. Oleh itu, objektif kajian ini adalah untuk menilai kesan akuakultur kepada kualiti air di 

Empangan Batang Ai dan menentukan kualiti air Sungai Engkari. Lima stesen persampelan telah dipilih terdiri 

daripada kawasan aliran masuk, empangan dan aliran keluar berhampiran empangan di mana sampel air telah 

diambil pada permukaan dan dasar sungai. Julat keputusan untuk parameter kualiti air adalah TSS (1.67-37.63 

mg/L), BOD5 (2.4-7.53 mg/L), Nitrit-N (0.0113-0.0158 mg/L), TP (25.59-1140.41 μg/L) dan TKN (0.4841-2.289 

mg/L). Bacaan yang tinggi kebanyakannya dari stesen berhampiran akuakultur dan kawasan perumahan. 

Kekonduksian adalah antara 19 hingga 66µS/cm dan didapati bahawa bacaan lebih tinggi di bahagian dasar 

sungai berbanding dengan permukaan. Kepekatan tertinggi logam berat dikesan adalah zink dengan julat 0.014-

0.191 mg/L. 

Kata kunci: kualiti air, akuakultur, Empangan Batang Ai, aliran masuk 



2 
 

1.0 Introduction 

    Water quality at a river can be evaluated in terms of surface water quality, river 

sediment quality, pollutants in organisms and ecosystem impacts (Povlsen, 2001). Sediment 

load which occurs by erosion of soil also can affect the quality of water (Liu et al., 2008). 

Water Quality Index (WQI) is used to classify the river into different classes and the results of 

water quality parameters were compared with the National Water Quality Standards for 

Malaysia (Department of Environment, 2011). There are a lot of water quality parameters that 

can be used to analyze the water quality such as Total Suspended Solids, turbidity, heavy 

metals, ammonia-N, Total Kjeldahl Nitrogen and Total Phosphorus (Liu et al., 2003). 

   Reservoir is one of the important sources of water in Malaysia as it may provide 

various functions. It can be a part of storage basins for municipal and industrial water supply, 

agriculture and hydropower (Zati & Salmah, 2008). For Batang Ai Reservoir, it is an artificial 

lake and used for electricity supply. It is a Concrete-Faced Rockfill Dam (CRFD) with a 

current output of 108 Megawatt and the height is approximately 85 meter with the crest length 

of 810 meter. Apart from that, it is also used for aquaculture purpose (Nyanti et al., 2012). 

There are also some villages at the inflow region and resort nearer the reservoir which is 

important as tourism area.   

    Pollution in aquatic environment is becoming a problem worldwide and it has 

increased from day to day. There are various sources that can contribute to this water 

pollution. Rapid development in urbanization and socioeconomic activities led to the increase 

of heavy metal pollution within aquatic systems (Ogoyi et al., 2011). Besides, effluent 

discharge from shrimp farm which contribute to high levels of nutrient waste is also one of 
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the source. It may cause eutrophication in receiving water bodies (Bui et al., 2012). For 

aquaculture, excess feed and waste are directly discharged into the water body which can 

contribute to water pollution (Nyanti et al., 2012). The discharge of untreated sewage into the 

river also makes the water quality become poor (Povlsen, 2001). 

1.1       Problem Statement 

 Apart from a hydroelectric generator, Batang Ai Reservoir also acts as an aquaculture 

place. So, by having this kind of activity it may cause several effects to water quality. Besides 

that, inflow (Engkari River) and outflow of Batang Ai Reservoir are two different regions that 

should be studied to indicate the level of water quality there. Since there are villages and 

tourism area at inflow region, it may give different results when compared to outflow region. 

1.2       Objectives 

 The objectives of this study were to evaluate the impact of aquaculture on the water 

quality of Batang Ai Reservoir and determine the water quality of Engkari River. 
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2.0    Literature Review 

2.1      Water Quality 

    Monitoring of water quality in river is done by the Department of Environment (DOE) 

since 1978. Apart from detection of water quality changes in river, DOE has been extended in 

identifying of pollution sources as well. Water quality data were used to determine whether 

the water status is clean, slightly polluted or polluted category. The rivers also can be 

classified in Class I, II, III, IV or V based on Water Quality Index (WQI) and National Water 

Quality Standards for Malaysia. There are six main parameters used for determination of 

Water Quality Index which are Biochemical Oxygen Demand (BOD), Chemical Oxygen 

Demand (COD), Ammoniacal Nitrogen, pH, Dissolved Oxygen (DO) and Suspended Solids 

(Department of Environment, 2011). 

Table 1: Classes of water and their uses (source: EQR, 2006) 

CLASS USES 

Class I   Conservation of natural environment 

  Water Supply I - Practically no treatment necessary 

  Fishery I - Very sensitive aquatic species 

 

Class II A   Water Supply II - Conventional treatment 

   Fishery II - Sensitive aquatic species 

 

Class II B   Recreational use body contact 

 

Class III   Water Supply III - extensive treatment required 

  Fishery III - Common and moderately tolerance aquatic species of   

                       economic value 

Class IV   Irrigation 

 

Class V   None of the above 
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  According to study done by Zhou et al. (2010), the water quality of the Fangbian 

Reservoir should meet grade II of the Environmental Quality Standards for Surface Water 

with a total nitrogen (TN) concentration of 0.5 mg/L and a total phosphorus (TP) 

concentration of 0.025 mg/L. However, the TN and TP concentrations exceed the standard 

value maybe due to non-point source pollution caused by the use of fertilizer, domestic 

sewage from rural villages, livestock cultivation, and aquaculture around the reservoir (Zhou 

et al., 2010). In a study of river quality of Sarawak River and its tributaries,  it is found that 

the water quality in Maong River, Bintangor River, Padungan River, Sekama River and 

Tabuan River were very poor as it falls between the class IV and V based on National Water 

Quality Standard for Malaysia (Povlsen, 2001). 

2.2      Water Quality Parameters 

Parameters such as nutrients, turbidity, conductivity, Total Suspended Solids (TSS), 

Chemical Oxygen Demand (COD) and pH are usually used for the water quality 

determination (Nyanti et al., 2012). Turbidity is measured to indicate the concentration of 

suspended solid and colloidal matter in water while conductivity will measure the ability of 

water to conduct an electrical current (APHA, 1998). Determination of pH is also important 

as it reflects the acidity or alkalinity of water (APHA, 1998). Chemical Oxygen Demand 

(COD) is the amount of a specified oxidant that reacts with the sample under controlled 

condition and it is used to measure the amounts of pollutants in waste water and natural water 

(APHA, 1998). Besides, Biochemical Oxygen Demand (BOD) also important to determine 

the relative oxygen requirement of waste water, effluents and polluted waters with the 

specified incubation period (APHA, 1998). 
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2.3       Aquaculture activity at Batang Ai Reservoir 

In Batang Ai Reservoir, the cage culture industry is growing and has attracted local 

entrepreneurs. State Government of Sarawak has appointedSarawak Land Consolidation and 

Rehabilitation Authority (SALCRA) as the lead agency responsible for the cage culture 

activity at Batang Ai Reservoir. This Batang Ai Integrated Fish Cage Culture Project is a 

large-scale, technology-focused, sustainable and integrated freshwater aquaculture project. 

The target of the project is to produce high value as well as good quality of fresh tilapia fish to 

be supplied to both local and international markets (SALCRA, 2012). Currently, there are 

about 2,696 cages with 500 fish fry in each cage and tilapia is the main fish species cultured 

in thereservoir. In 1993, production was only 22.9 metric tones (mt) and this has increased to 

298.9 mt in 2009, 488.8 mt in 2010 and 744.1 mt in 2011. This shows that the production has 

increased from year to year (Nyanti et al., 2012). 

2.4       Impact of Aquaculture on Environment 

Aquaculture which is the farming of aquatic animals becomes one of the important 

industries nowadays due to demand for fish. However, this activity may give bad impacts to 

the environment. All form of aquaculture has one thing in common which are the utilization 

of natural resources and the manipulation of the biological systems (Midlen & Redding, 

1998). The environmental impact of aquaculture depends very much on species, culture 

method and feed type (Cao et al., 2007). 

The most significant effect of aquaculture is the increasing of nutrient concentration in 

natural water that can lead to increase in plankton and microbial population. The main source 

of this nutrient is from wasted fish feed (Midlen & Redding, 1998). Besides that, aquaculture 
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also contributes substantially to the production of detritus and sediment deposits which if not 

flushed out and dispersed by current, can accumulate and cause pollution problem. The 

pollution will affect the water quality as well as the fish in the cage themselves (Pillay, 2004).  

Nyanti et al .(2012) reported that most of the inorganic nitrogen such as nitrite-N, 

nitrate-N and ammoniacal-N show the higher value at culture stations due to excess feed and 

waste from fish. Water quality studies of the Batang Ai Reservoir also conclude that 

aquaculture has impacted the water quality by showing low pH, higher turbidity, conductivity, 

biochemical oxygen demand (BOD5) and total suspended solid (Nyanti et al., 2012) 

2.5       Source of Pollutants from Household Area 

In Malaysia, individual septic tank is the common form of sewage system in 

residential area and the effluents were directly discharge into the river (Ling et al., 2010). 

Household wastewater can be divided into black water which are urine as well as faeces and 

grey water which are water from kitchen, bathroom and washing machine. Therefore, this 

discharge may produce high Biochemical Oxygen Demand, significant nutrient input, high 

Suspended Solids, ecosystem disturbance and health hazard (Ling et al., 2010). Ling et al. 

(2010) also states that as the population increases, household wastewater discharges also will 

increase.  

Based on the studies of Domestic Wastewater Quality and Pollutant Loadings from 

Urban Housing Areas, the concentration of BOD and TSS at the major housing area exceed 

the values of Effluent Discharge Standard of Environmental Quality Act 1974 (Ling et al., 

2012). Besides water, sediment also important to determine water quality. In the previous 

study at Semariang Batu River, Total Kjeldahl Nitrogen and Total Phosphorus in sediment 



8 
 

shows the higher reading near human settlement (Ling et al., 2012). In another study by Ling 

et al. shows that TSS and BOD5 in water of Santubong River were elevated near residential 

area (Ling et al., 2010). 

2.6       Source of Heavy Metals and Its Implications 

 Heavy metals give a serious problem for human health and for life in general (Bala et 

al., 2008). The sources of heavy metals are from several activities like chemical 

manufacturing, painting, extractive metallurgy, mining and others. Besides, human activities 

such as industrial, municipal effluences and non-point source run off also the main sources of 

metals in river (Sanayei et al., 2009). In one research done at Nigeria, the major source of 

heavy metals pollution is found from industrial effluents discharged from various processing 

industries. The concentration of lead (Pb) was found to be the highest at the area of studies 

may be due to the large number of tanning industries found there (Bala et al., 2008). Sanayei 

et al. also state that industrial, agricultural and municipal wastewater are directly discharge 

into the river of Varzaneh city which cause the water become highly polluted. The minimal 

and maximal concentration of zinc, lead and copper was found to be 69.3-110.7, 1.7-118.3 

and 5.5-70.3mg/l respectively (Sanayei et al., 2008). 

The heavy metals that are of greatest concern are mercury and cadmium (Povlsen, 

2001). The minamata disease caused by mercury contamination from discharge from a 

chemical factory, identified for the first time from Minamata Bay in Japan has received 

considerable attention all over the world.Cadmium is another trace metal that is highly toxic 

to mammals but is not known to have any public health problems in human (Pillay, 2004). 

However, there is significant concern about possible cadmium contamination due to the 
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occurrence in Japan of the ‘itai-itai’ syndrome believed to be caused by the discharge of the 

cadmium rich-effluents from a zinc mine situated adjacent to a river. Another trace metal of 

concern as an environmental contaminant is lead because of its possible effect on children. 

Copper and arsenic also important contaminants of food products but there appear to be no 

reports of any significant bioaccumulation of these in aquaculture product (Pillay, 2004). 
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3.0     Materials and Methods 

3.1       Sampling locations 

Batang Ai Reservoir was located at Lubok Antu, Sri Aman and one of the main 

inflows of the reservoir was Engkari River. There were some villages along Engkari River 

such as Gugu, Mengiling, Setutong, Ukom and Mengkak. Besides, there was also aquaculture 

activity at the reservoir that may provide the source of pollutants to the water bodies. 

Therefore, five different stations had been selected for determination of water quality there. 

The locations of the stations were shown in the Figure 1. 

 

 

Figure 1: Sampling stations at Batang Ai Reservoir 

 

 

Legend 
    : Stations 

    : Villages 

B1 

B2 

B3 

B4 

B5 

N 
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Table 2: Name and GPS readings for sampling stations 

Stations GPS Readings 

 

S1 - Upstream, below Sepaya 

 

N01
ο
17’ 06.25” 

E110
 ο
55’ 50.7” 

S2 - Below Mengiling                   N01
ο
13’ 59.5” 

E111
 ο
55’ 32.9” 

S3 - Upstream of Confluence of Batang Ai  

        and Engkari River 

                  N01
ο
12’ 31.2” 

E111
 ο
55’ 29.4” 

S4 - Cage Aquaculture site                   N01
ο
10’ 42.9” 

E111
 ο
52’ 00.5” 

 

S5 - Near Outflow of reservoir 

 

                  N01
ο
09’ 02.5” 

E111
 ο
52’ 13.8” 

 

 

3.2       Sample collection, storage and analysis 

Two different trips were made for the collection of water samples. The first sampling 

was on 31
st
 November 2012 to 1

st
 December 2012 which was during dry season and the 

second sampling was on 23
rd

 March to 24
th

 March 2013 which was during rainy season. 

Water samples were taken at five selected stations by using Van Dorn water sampler at two 

different depths which were on the sub-surface and at the bottom of the river and reservoir. 

For the bottom, water sample of station 1 was taken at 3 m depth and at 20 m depth for other 

stations. The water was kept in a 1.2 L polyethylene bottle with an addition of a few drops of 

nitric acid (HNO3) for preservation in lab. It was used to prevent microbial activities. In 

general, the shorter the time that elapses between collection of sample and its analysis, the 

more reliable will be the analytical results. If immediate analysis is not possible, preferably 

store at 4
ο
C. For water analysis, three replicates were needed for each parameter and the 

samples were mixed and shaken well before they were being analyzed. 

 

 

S3 

 
 

 

N 
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3.3       In-SituAnalysis 

In-situ parameter for each station such as turbidity, pH, temperature, conductivity and 

dissolved oxygen were measured by using YSI 6600 Multiparameter Water Monitor. A GPS 

Reader was used for determination of coordinates of sampling sites while depth of water was 

measured by using Depth Finder. For each sampling point, Secchi Disc was used for the water 

transparency. 

3.4       Ex-SituAnalysis 

3.4.1    Total Suspended Solids (TSS) 

Whatman glass microfiber filters 0.45 µm were used as the membrane for filtration 

(APHA, 1998). The first step of determining total suspended solids was the preparation of 

membrane filter. The membrane filters were rinsed with distilled water, dried in the oven for 

one hour, cooled in desiccators and then weighted. For filtration of the sample, 1 liter (L) of 

well-mixed water samples was poured into the funnel and vacuum pump was switched on. 

Once the filtration process was completed, the membrane filter was removed and wrapped 

with aluminium foil. The membrane filter was dried in the oven at 105
o
C for at least two 

hours and then weighted by using electronic balance. The formula as shown below: 

 

Where, 

A= weight of filter paper + dried residue (mg) 

B= weight of filter paper 
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3.4.2    Biochemical Oxygen Demand (BOD5) 

  The water sample was diluted with distilled water in the ratio of 1:1. The dilution 

water was shaken vigorously a few times and the initial DO reading was taken by using DO 

meter. Then, the water sample was filled into 300 milliliter (ml) BOD bottle and ensures there 

was no air bubbles trapped in the bottle. The BOD bottle was capped tightly, wrapped with 

aluminium foil and placed in the cupboard at the temperature of 20
о
C. The final readingwas 

taken after five days of incubation (APHA, 1998). The formula as shown below: 

 

Where, 

        D1 = initial DO reading of sample (mg/L) 

        D5 = final DO reading after 5 days (mg/L) 

        P   = decimal volumetric fraction of sample used 

 

3.4.3    Chemical Oxygen Demand (COD) 

Chemical Oxygen Demand was determined by using 5220 C. Closed Reflux, 

Titrimetric Method (APHA, 1998). Firstly, the culture tubes and caps were cleaned with acid 

wash to prevent contamination. Water sample of 2.5 ml and 1.5 ml of digestion solution was 

poured into the culture tube. Then, 3.5 ml sulfuric acid (H2SO4) reagent was carefully run 

inside the tubes so that an acid layer was formed at the bottom of the solution. The tubes was 

capped and inverted to mix completely. After mixing, the tubewas placed into the block 

digester preheated to 150
о
C and refluxed for two hours. The tube was cooled to room 

temperature and the solution was transferred into a beaker. Small TFE- covered magnetic 

stirring bar was put into the beaker and one drop of ferroin indicator was added. The solution 
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was stirred rapidly while titrating with standardized 0.10M Ferrous Ammonium Sulfate 

(FAS). The end point was a sharp colour change from blue-green to reddish brown. The blank 

was prepared with the same steps by using deionized water as the sample. The formula as 

shown below: 

, mL 

Where,  

         A = ml FAS used for blank 

         B = ml FAS used for sample 

         M = molarity of FAS 

         8000 = milliequivalent weight of oxygen x 1000 ml/L 

 

3.4.4    Nitrate-Nitrogen (NO3-N) 

 Method 8192, Nitrate Low Range was used to analyze the concentration of nitrate 

(Hach, 1999). The program number was chosen from the list shown by the spectrometer. 

Mixing graduated cylinder of 25 ml was filled with 15 ml of sample and the content of one 

Nitra Ver 6 Nitrate Reagent Powder Pillow was added to the cylinder. Start timer button was 

pressed and three minutes reaction was begun while shaken the cylinder vigorously during 

this period. After that, the cadmium was allowed to settle in 2 minutes period. Ten ml of the 

sample from the cylinder was transferred into a sample cell and the content of one Nitri Ver 3 

Nitrite Reagent Powder Pillow was added. The sample was shaken gently for approximately 

30 seconds and then start timer button was pressed to begin 15 minute reaction. After 15 

minutes, the second sample cell was filled with 10 ml of sample for the blank and place into 

the cell holder and ‘zero’ button was pressed. Then,the sample cell of prepared sample was 

placed into the cell holder. The reading was displayed. 


