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Water Quality Profiling for Water Supply Dams (Kelalong - Vertical Profile 3) 

Raphael Tingang 

Resource Chemistry 


Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 


ABSTRACT 

A water quality profiling had been done at Kelalong water supply dam, Bintulu, Sarawak, one of a reservoir for a 
water treatment plant in Bintulu. A characterization had been made on the water quality based on its variation along 

its vertical depth, where various parameters were tested, in-situ and ex-situ, including temperature, conductivity, 

dissolved oxygen, color, ammoniacal nitrogen, nitrate, phosphate, pH, dissolved metals (Fe, Mn, Se, Cu, Cr, Ni, Zn, 

Ph and Hg), biochemical oxygen demand (BOD), chemical oxygen demand (COD), turbidity, total suspended solids, 
and total dissolved solids. The objective of this study was to determine the water quality of Kelalong water supply 

dam and its variation with depth. Based on concentration-depth profile, the lake stratification was able to be mapped 
oot, where it is divided into three regions, namely epilirnnion, metalirnnion and hypolimnion. Each layer affects the 

water quality of the reservoir through its properties such as oxygen content, temperature and pH. As the analysis 

results sugge 1, the epilimnion, which is located within the range of 4 m from surface water, has a good water 

quality. It denotes that the reservoir water is still suitable in providing drinking water supply to consumer in 
comparison to National Water Quality Standard for Malaysia (NWQS) and World Organization Health (WHO) 

drinking-water quality guidelines. 

Keywords: water quality profiling, water supply dam, concentration-depth profile, lake stratification, drinking water 

ABSTRAK 

Profil kualiti air telah dihasilkan untuk empangan bekalan air Kelalong, Bintlllu, Sarawak, yang mentpakan salah 
sebuah empallga." untuk loji rawatan air di Bintllill. Pencirian kualili air telah dibuat berdasarkan perubahan 
mengikut kedalaman menegak air, di mana pelbagai parameter telah diuji secara in-situ dan ex-situ, termasllk sllhll, 
tahap kOlldukriviti. oksigen telarllt, warna. nitrogen ammonia. nitrat. JosJat, pH. logam terlarllt (Fe, Mn, Se, CII, Cr, 
Ni. Zn. Ph dan Hg). BOD, COD. kekerllhan, ju. pepejal terampai, dan jllmlah pepejal ter/arut. Objekttf kajian 
ini adalah untuk menentukan kualiti air di empangan bekalan air Kelalong dan variasi mengikut kedalaman air. 
Berdasarkan profil kepekatan-kedalaman, stratijikasi tasik tersebllt dapat ditentukan, di mana ia terbahagi kepada 
tiga lapisan kedalaman iailu epilimnion, meta limn ion, dan hipolimnion. Setiap lapisan berkebolehan dalam 
mempengaruhi kualiti air melalui sifat-sifat air seperti kandungan oksigen, suhu dan pH. Data analisis 
menu,yukkan lapisan epilimnion, yang terletak pada kedalaman dalam linkungan 4 m dari permllkaan air, 
mempunyai kualili air yang baik. Berdasarkan perbandingan antara kllalli air empangan tersebllt dengan National 
Water Quality StandardJor Malaysia (NWQS) dan garis panduan kualiti air minuman World Health Organization 
(WHO). air dari empangan tersebut masih sesllai dalam mellyediakan bekalan air minuman kepada para pengguna. 

Kala kunc;: profil kualiti air, empangan bekalan air, profil kepekatan-kedalaman, stratifikasi tasik. air minuman 
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1.0 Introduction 

In current years, monitoring quality of water body or reservoir has become a malO 

concern for the determination of current condition and long-tenn pattern for future management. 

Assessment on water quality is crucial to provide continuous monitoring, and it is best performed 

via complete time series which assess physical, chemical, and biological parameters. The 

physical content of water differs from region to region, and its content depicts the physical 

features of the land and its atmosphere. In nature, it is rare to fmd chemically pure water on earth 

surface (Hynes, 1970). Water has the chemical characteristic of universal so lvent, and due to this 

feature, it dissolves different type of impurities via gases, solids and liquids. In hydrological 

cycle, water is highly mobile and transport pollutant downstream of the river, either to lake or 

sea (Tanj~ 1979). Thus, the solvent property of water and its mobility are the core reasons why 

we even have the slightest water pollution problem especially in water bodies. 

Sungai Kelalong dam was built upon the establishment of Bintulu Water Supply Stage III 

project. Located approximately 20 km northeast of Bintulu on a right tributary ofSungai Sibiu, it 

is a part ofLAKU Water Treatment Plan to serve Bintulu communities. Water quality of a water 

supply dam is a necessary to be examined to ensure the water is suitable prior to treatment at 

water treatment plant before it is distributed to the consumer. Kelalong water supply dam is 

consist of a lake located at Nyalau, Bintulu, and has the history of rock formation surrounding 

the site, whlch consists of the mixture of mudstone and sandstone (Tajul, 2004). Generally, water 

at a reservoir formed a lake, and it is stratified into horizontal layers or regions, where water can 

be usable and unusable for supply. Water quality study will be done on the Kelalong water 

pply dam due to lack of assessment and monitoring on water quality of it. Besides, the water 

st 'flCation state in the dam also needs to be determined. According to the monitoring result 
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that has been done by Natural Resource and Environmental Board (NREB) Sarawak in 2011, 

Kelalong dam has significantly high level of ammoniacal nitrogen and it has exceeded the Class 

lIB limit ofNational Water Quality Standards for Malaysia (NWQSM). The assessment of water 

quality of Sungai Kelalong water supply dam is crucial to ensure the reservoir can supply 

sufficient water quantity as well as good water quality. 

Vertical water distribution able to describe water quality profile through sampling at 

different depths of water, allows the monitoring of an entire water column (YSI, 2007). Various 

water quality parameters can be applied including Biochemical Oxygen Demand (BOD), 

Chemical Oxygen Demand (COD), nitrates and phosphates content, and others. Apart from in

situ analyses, dam water also needs to be collected to perform further ex-situ analyses in 

laboratory. Upon testing different parameters, the water can be compared with an established 

drinking-water quality guideline such as suggested by World Health Organization (WHO). The 

water quality could be classified based on National Water Quality Standards for Malaysia 

(NWQSM) for further references. 

The objective of this study was to detennine the water quality of Kelalong water supply 

dam and its variation with depth. So, this assessment was essential to ensure the community 

within vicinity can be supplied with a clean and safe drinking water source while providing the 

backbone quality profile of the water bodies for future research ofenvironmental status. 
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2.0 Literature Review 

2.1 Water Quality Analysis 

One of the important natural resources on earth is water, as it is the most basic human 

need and a valuable asset to the country (Akkaraboyina & Raju, 2012). In order to be consumed, 

water quality test need to be conducted so that the water is safe and clean, and especially water 

that comes from a water supply dam. Water quality is a term used to describe the water 

physically, chemically and biologically (Migliaccio & Li, 2010). Generally, water quality in a 

region is principally determined by both natural processes (weathering and soil erosion) and by 

anthropogenic inputs (municipal and industrial wastewater discharge) (G.A. Burton Jr, 2011). 

The municipal and industrial effluents signifies the constant polluting source, whereas, surface 

run-off is one seasonal phenomenon, primarily affected by climate. In China, water is one of the 

most serious environmental problems (Wu et al., 2000). To overcome the issue, the surface water 

environmental quality evaluation has been taken account into environmental management 

through scientific measurement (Guo & Li, 2001). Routinely monitored of water quality in water 

body is vital to curb water pollution in the environment. Analyses of water involve the following 

samples such as surface water from lakes, river and seas, groundwater, drinking water, industrial 

and municipal wastewater and boiler water. There are variety of methods and analytical 

techniques that have been adopted in water industry which is known as standard method. In 

market, there have been various types of in-situ water analysis test kits that mostly based on 

colorimetric and electrochemical methods. The test methods mostly involve the addition of 

reagents in tablet or powder form, and the reagents are usually similar to those used in standard 

method. One of the commonly used test kit is Hach test kit, which contains portable probes for 

pH temperature, conductivity and dissolved oxygen (Radojevic & Bashkin, 1999). Portable 

l 
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probes based on ion selective electrodes are becoming increasingly available for a variety of 

other chemical components. 

2.2 Properties of Lake 

Lake is a dynamic water environment where all chemical, physical and biological properties 

interact and influence with one another. Oxygen concentration in a lake is affected by the water 

sources entering into the lake, transfer from the air above the water's surface and oxygen 

additions by aquatic plants through photosynthesis. Lake water can also lose oxygen through 

outflow, from losses to the atmosphere, through respiration by plant, bacteria and animals 

including the decomposition of organic matter, and by chemical reactions in water and lake 

bottom sediments. Physical properties of lake such as depth, shape and water temperature 

contribute to non-uniform and complex water system. Sediments present in water can be either 

suspended or deposited. Too much of sediments in lake can limit the amount of light penetrate 

through the water which affects aquatic life habitat (Manahan, 1991). Lake can function as a 

water bodies where all types of pollutants and contaminant trap in it. Spreading of pollutant into 

the water system, will end up trapped in pool such as lake and pond, and by tracking its 

dispersion pathways, the state of the environment can be deduced (Lau, 2011). Constructed 

storage reservoir is more resembles lake water, it is stagnant, and in term of stratification, there 

are three regions of the lake which can be defmed: the epilimnion (warm upper layer), the 

thermocline (transition zone) and the hypolimnion (the colder deeper region) (Figure 1). 

Epilimnion is well oxygenated due to dissolution of oxygen at water surface and the point where 

the temperature has a distinct temperature change is known as the thermocline, which acts to 

revent water mixing. Hypolimnion is part where lots of sediments and suspended particles in a 
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cold heavy water, where oxygen become depleted. So each region exhibits and affects the 

reservoir water quality in different way. 

lake surtace 

Figure 1: General schematic of lake stratification (Source: 
http://Iacsam.org/phosphorus/Lake_stratification.htm) 

2.3 Nutrients Content in Lake Water 

Nutrients are crucial to the development of plant and animal life as it nourish and promote 

the growth of aquatic organisms such as algae, bacteria and aquatic plants in a healthy lake. 

Nutrients are usually originates from the sediments and eroded soil, minerals and rocks, or even 

decayed organic matter and sewage discharges. Nitrogen, nitrite, nitrate and phosphorus are 

among common nutrients in lake. According to Manahan (1991), inorganic nitrogen is present as 

N03- in the presence, and NH/ in the absence, of oxygen, whereas toxic nitrite, NOz-, may be an 

intermediate from. Nitrate is an algal nutrient that might contribute to excess algal growth. 

Phosphorus limits the development of algae and plants, but under certain conditions when 

nutrients are abundant, growth of algae and aquatic are in excess. This can lead to high 

respiration rates and decomposition which depletes oxygen in water. For instance, eutrophication 

starts with an addition of plant nutrients from runoff or sewage. When water body is rich in 

nutrient, plant and animal biomass will be greatly produced. Dead biomass will accumulates in 

ttom of the lake, recycling nutrient content in lake, and it promotes high rate of algal growth. 

5 
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2.4 Water Quality Characteristics 

2.4.1 Biochemical Oxygen Demand 

The Biochemical Oxygen Demand (BOD) is among vastly used parameter in the 

evaluation water quality. It gives the status regarding the ready biodegradable fraction of the 

organic content in water (Jouanneau et al., 2014). According to Batram & Balance (1996), BOD 

is a type of empirical test to discover the relative oxygen requirement of wastewater, effluents 

and polluted water. The chemical oxidation of the inorganic matter can also be determined using 

BOD (Fifield & Haines 1995). The BOD will increase when there is too much organic pollution 

in the water, which is due to low content of dissolved oxygen (DO). Most water bodies have the 

natural ability to degrade organic waste, but the problem comes when the receiving water full of 

organic, oxygen-demanding wastes, thus the entire DO may be consumed. According to USEP A 

(2012), among the origin of BOD are leaves and wood debris, decayed organisms, animal's 

manure, paper and pulp mills effluent, wastewater treatment plant, food processing plants, and 

urban stonn water run-off. BOD test was flrstly devised by United Kingdom Royal Commission 

on Sewage Disposal to test the biochemical oxidation rate that might happen in natural water 

body due to pollutant discharged from effluent (Batram & Ballance, 1996) . 

• 
2.4.2 Dissolved Oxygen (DO) 

Dissolved oxygen (DO) concentration can shows the changing condition in the water due 

to its dependent on the physical, chemical and biological activities of water bodies (Batram & 

Ballance, 1996). In a rising temperature, DO levels tend to be low due to an increase in 

biochemical reactions rate. A very high level of DO need to be avoided in domestic and 

lIl4IlStrial water supplies in to minimize corrosion of iron and steel pipes in the distribution 
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system. 00 standard for drinking water is not set for most country, except Russia, which sets a 

maximum allowable concentration (MAC) of 4.0 mg/L (Radojevic & Bashkin, 1999). 

2.4.3 pH 

In water analysis, pH is a type of electrochemical measurement to check the acidity and 

basicity of water nature. It is way of expressing H+ concentration in water and the content of H+ 

ions in natural water is related to quantitative ratio of carbonic acid and its ion. The scale of pH 

(0-14) will classify the water bodies from a strong acidity to strong basicity (Radojevic & 

Bashkin, 1999). Acids d issociates in waters based on: 

and waters that contains a lot of carbon dioxide are more acidic (pH < 7.0). 

2.4.4 Temperature 

Temperature affects several water quality parameters such as dissolved oxygen (DO) and 

biochemical oxygen demand (BOD). High in water temperature decrease the level of DO, and 

thus increase the level of BOD. The temperature decreases as the depth increase. 

2.4.5 Ammonia Nitrogen 

Ammonia nitrogen or total ammonia is a measure for the amount of ammonia. It is very 

soluble in water and toxic to aquatic organism. Ammonia can exist as ammonium ion in a very 

alkaline conditions or unionized ammonia (Wetzel & Likens, 1991). All nitrogen that exists 

either as ammonium ion or ammonia is considered as ammonia nitrogen and the toxicity of 

+ in water i influenced by pH and temperature (Radojevic & Bashkin, 1999).The 
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increase in level of ammonia can become a sign of recent pollution. Among the major source of 

ammonia are sewage, agricultural and industrial activity, and atmospheric decomposition. 

2.4.6 Colour 

Colour analysis is any methods by which an unknown colour is detennined in terms of 

known colour. It is also important in assessing process liquids and measurement of water quality 

for distribution or discharge (AS A Analytics, 2015). The colour and the turbidity of water 

detennine the depth to which light is transmitted. This, in tum, controls the amount of primary 

productivity that is possible by controlling the rate of photosynthesis of the algae present. The 

visible colour of water is the result of the different wavelengths not absorbed by the water itself 

or the result of dissolved and particulate substances present. Color in water or wastewater may 

result from the presence of metals, organic acids, microbiological matter or industrial wastes. 

Natural minerals such as ferric hydroxide and organic substances such as humic acids give true 

colour to water. True co lour can only be measured in a sample after filtration or centrifugation. 

Apparent colour is caused by coloured particulates and the refraction and reflection of light on 

suspended particulates (Chapman & Kimstach, 1996). Polluted water may, therefore, have quite 

a strong apparent colour. 

2.4.7 Phosphate 

Phosphorus occurs in natural waters almost exclusively as phosphates. Phosphates can 

exist in three different fonns, which are orthophosphate, metaphosphate (or polyphosphate) and 

organically bound phosphate, where each compound consists ofphosphorus in different chemical 

arrangement (Oram, n. d.). Low levels of phosphates present in water are non-toxic to human or 

I, where a high phosphates level could lead to digestive problems (Bashkin & Radojevic, 
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1999). Same goes to the environment, living organisms require phosphorus as their nutrient, but 

when present at high concentration under specific environmental conditions, phosphorus can 

become a pollutant. Excessive inputs of phosphate ion in water leads to eutrophication, apart 

from nitrate pollution, and this overproduction of water body cause imbalance in nutrient and 

material cycling process (Ricklefs, et aI., 1993). Phosphorus evaluations involve measuring very 

low concentrations down to 0.01 mg/L or even lower (USEPA, 2012). 

2.4.8 Chemical Oxygen Demand (COD) 

Chemical Oxygen Demand (COD) is a measure of the oxygen equivalent of the organic 

matter in a sample that is prone to oxidation by a strong oxidizing agent. Generally, it tests 

substances that can oxidize chemically. It involves the reaction of the sample with excess 

oxidizing agent under specific duration and the amount oxidizing agent used up is evaluated 

through the difference of initial oxidant concentration. The depletion of oxygen by oxidizing 

process is likely caused by the decaying of organic constituents. Thus, high level of COD might 

be due to higher rate of decaying process (Trivedi & Raj, 1992; Duncan et al., 2009). The 

advantage of COD is that it is fast; only take shorter time to complete. Plus, water that contains 

compound that toxic to microorganism can be analyzed using COD, and COD can produce more 

reproducible results compare to BOD. The disadvantage of COD is that it unable to differentiate 

between biologically oxidisable and biological inert organic matter (Bashkin & Radojevic, 

1999). 

9 



Nitrates 

Nitrate ions can present even in unpolluted water bodies due to natural processes in the 

water body, which is known as nitrification. It is the oxidation of ammonium nitrate by bacteria 

species under aerobic conditions. In the environment, the major source of nitrate pollution is 

come from agriculture, which is due to nitrogen fertilizer utilization and runoff from animal 

feedlots. Another source of nitrate ions in water is from decomposition of atmospheric. The 

~"_1lCe of nitrate ion in water will cause a major concern in the environment because it is 

biJber in concentration; which can cause eutrophication together with phosphorus, and hazard to 

Iu.man body (Radojevic & Bashkin, 1999). Nitrate determination involves complex procedures, 

with a high probability of interfering constituent present and has limited concentration ranges of 

10 Total Suspended Solid (TSS) 

In declining of water quality, total suspended solid (TSS) is one of its major contributor, 

in which leads to a high water treatment cost, deteriorating of aquatic resources, and general 

:amlthetics of water (Bilotta & Brazier, 2008). TSS has becomes an important water quality 

,................. since TSS that in excess d' . ishes dissolved oxygen (DO) in water body (Verma et 

2013). Furthermore, water density increases with an increase of level of solids in it, apart 

decrease water transparency, which eventually increases the bottom sediments of water and 

decrea!;e the water depth. The presence of solid in natural waters is due to water, wind and rain 

III'CISl)ln of soil surfaces (Radojevic & Bashkin, 1999). Thus, in tropical rainforest of Sarawak, 

erosion is likely to occur due to humid and semi-humid regions with heavy storms or 

IIDjlODI~ea wet seasons. 

10 



lSampUng 

Methodology 

Samp6ng Site 

Kelalong dam is a water supply dam for the Bintulu district in Sarawak and is located 

about 20 km northeast ofBintulu (Figure 2). It is located on a right tributary of Sungai Sibiu. The 

main stream is a 10 m wide shallow stream that flows west before turning abruptly south to 

eventually join Sungai Sibiu. The dam site is located at about 600 m south of the above 

mentioned abrupt tum in flow direction. The dam has a reservoir capacity of 33,680 mL at the 

iftdl supply entry level of 30.0 m (Jurutera Jasa, 2007). Sungai Kelalong water dam is located 

the range of3°24'97"N 3°29'40"N latitude and 113°15'09"E 113°21'68"E longitude. 

Sa~ling was done on 20th February 2016 until 22nd February 2016. The locations are 

~.sit1l18tc:d at easternmost part of the reservoir (Figure 3). The stations were divided into two 

i1ransectS, whereby in-situ measurement was done at five different points at each transect, while 

pointsfrom each transect were chosen for sample co llection (Table 1). 

Table 1: Location and coordinates of nts 
Transect 1 Point 1: N 03° 15' 07.3" E 113° 11' 13.2" 

Point 2: N 03° 15' 04.5" E 113° 11' 13.4" 
Point 3: N 03° 15' 01.3" E 113° 11' 13.5" 
Point 4: N 03° 14' 59.2" E 113° 11' 13.9" 
Point 5: N 03° 15' 05.5" E 113° 11' 14.9" 

Transect 2 

measurement 

Point 1: N 03° 15' 05.6" E 113° 10' 41.0" 
Point 2: N 03° 15' 04.2" E 113° 10' 41.8" 
Point 3: N 03° 15' 02.0" E 113° 10' 41.5" 
Point 4: N 03° 14' 58.5" E 113° 10' 42.3" 
Point 5: N 03° 15' 04.2" E 113° 10' 41.1" 

Ex-situ sample Transect 1 Point 1: N 03° 15' 05.5" E 113° 11' 14.9" 
collection Point 2: N 03° 15' 01.5" E 113° 11' 13.4" 

Transect 2 Point 1: N 03° 15' 04.2" E 113° 10' 41.1" 
Point 2: N 03° 15' 00.3" E 113° 10' 41.4" 
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Flgure 2: The map shows the geographic location of the Sungai Kelalong dam, Bintulu (Tajul, 2004) 

Figure 3: Sampling points at Kelalong reservoir site (Source: Google earth) 
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Sample Collection 

A total of 4 points are selected for water sample collection, and it were taken at depth of 

S m, 4 m and 8 m by using water grab sampler. Then, the water samples were stored in 2-liter 

polyethylene bottles and kept in refrigerator at 4 °C for further analysis. For BOD analysis, the 

ater samples are taken at surface water using BOD bottles and wrapped up in aluminium foil to 

block any light entered the bottle. Then, it was stored in cool and dark surroundings for 5 days. 

In-situ measurement 

Several parameters including temperature, conductivity, pH, turbidity, and total dissolved 

are measured in-situ by using a multi-parameter water quality sonde (YSI, 6920 V2-2). 

measurements were taken starting from the deepest level for most ofthe points, which is 8 m 

10m the surface water, and the sonde was gradually pulled up to take measurement at every 

water depth, until the surface, which is 0.5 m. 
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