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ABSTRACT 

Sg. River is the only raw water source for Yong Peng 2 and 3 treatment 

plants which supply treated water for domestic, institutional, commercial and 

industrial use in Batu Pahat. Between the months of January to May 2005, Sg. 

Bekok registered a low pH of between 2.89 – 3.06.  The acidic water hence, 

escalated the cost for water treatment in Yong Peng. (Southern Water Corporation 

Sdn. Bhd., 1999).  In several extreme cases, the plants were incapable to supply 

sufficient water to the consumers in Batu Pahat area.  The present study attempts to 

investigate the viability of limestone in treating acidic raw water with high 

concentration of iron and manganese.  Sample of water was collected from tributary 

of Parit Ngamarto, Bekok Intake and Semberong Lagoon.  A lab-scale study using 

plug-flow reactor system that consists of four limestone-drains was used to treat the 

raw water.  The pH reading was monitored at inflow, outflow and three intermediate 

points within limestone reactor while effluent was collected for Fe and Mn analysis. 

Parit Ngamarto, Bekok Intake and Semberong Lagoon raw water sample was 

recorded an initial pH of 2.5, 2.89 and 3.12 with acidity of 530 mg/L as CaCO3, 75 

mg/L as CaCO3 and  51mg/L as CaCO3, respectively.  The pH rise gradually as the 

water flow through limestone-drain at different flow rates (88 mL/min, 42 mL/min 

and 21 mL/min).  The rate of pH rise varies depending on the acidity of the water.

The rise of pH was also affected by the amount of limestone used.  As pH increased, 

Fe and Mn concentration was found to decrease.  By using statistical analysis i.e 

Analysis of Variance (ANOVA), a significant increase in pH could be related to the 

quantity of the limestone used, acidity and flow rate (contact time).   



vi

ABSTRAK 

Sungai Bekok merupakan satu-satunya sumber air bagi Loji Rawatan Air 

Yong Peng 2 dan 3 yang membekalkan air terawat untuk kegunaan domestik, 

institusi, komersil dan peindustrian di Batu Pahat.  Di antara bulan Januari 2004 

hingga Mei 2005, Sungai Bekok telah mencatatkan bacaan pH yang rendah di antara 

2.89 – 3.06.  Keadaan air yang menjadi terlalu berasid ini seterusnya meningkatkan 

kos rawatan air di Yong Peng (Southern Water Corporation Sdn. Bhd., 1999).  Kos 

meneutralkan air telah meningkat dan penjadualan rawatan menjadi bertambah 

rumit.  Pada kes-kes tertentu, loji tersebut tidak mampu menyediakan air mengikut 

keperluan penduduk.  Kajian ini dijalankan bagi mengkaji keupayaan batu kapur 

dalam merawat air mentah yang berasid dengan kepekatan unsur Besi dan Mangan 

yang tinggi.  Sampel air diambil dari anak Parit Ngamarto, Intake Bekok dan lagun 

Semberong.  Ujikaji makmal menggunakan sistem reaktor yang mengandungi empat 

parit yang dipenuhi dengan batu kapur digunakan untuk merawat air mentah.  

Bacaan pH dipantau pada salur masuk, salur keluar dan tiga titik pemantauan di 

dalam reaktor.  Efluen dikumpulkan untuk analisis unsur Fe dan Mn.  Air mentah 

dari anak Parit Ngamarto, Intake Bekok dan lagun Semberong di rekodkan dengan 

pH awal 2.5, 2.89 dan 3.12 dan keasidan 530, 75 dan 51 mg/L CaCO3.  Nilai pH di 

dapati meningkat secara perlahan-lahan apabila air mengalir melalui reaktor pada 

kadar alir yang berbeza (88 mL/min, 42 mL/min dan 21 mL/min).  Kadar 

peningkatan pH meningkat secara berbeza bergantung kepada keasidan air.  Apabila 

pH meningkat, kepekatan Fe dan Mn didapati menurun.  Dengan menggunakan 

analisis statistik seperti Analysis of Variance (ANOVA), peningkatan pH dapat 

dikaitkan dengan kuantiti batu kapur yang digunakan, keasidan dan kadar alir (masa 

dedahan).
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CHAPTER I 

INTRODUCTION

1.1 Preamble

The importance of a dependable water supply has been recognized since 

ancient times.  The digging of wells dates back to early Chinese and Egyptian 

history and aqueducts of the ancient Romans are considered today to be remarkable 

engineering achievement.  

Water is a key component of socio-economic systems.  It is the basis for 

agricultural, essential for many industries and for energy production.  Its importance 

for human health and welfare is critical and thus supply of water for drinking and 

sanitation is of major concern everywhere.  

The world of the late twentieth century is a place subject to many dynamic 

forces.  Change is evidenced everywhere and in many different ways.  Global 

population has expanded remarkably.  Figure 1.1 shows the population growth 

projections between year 1950-2025 for Former USSF, Europe, America, Asia and 

Africa.  As the population expands and as living standards rise, albeit unequally in 

different parts of the world, so do the demands for increased exploitation of natural 

resources.  Henceforth, water pollution increase as well as water demand rises for 

fulfilling living necessity. 
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Figure 1.1  Population growth projections 1950-2025 (Data from World population 

prospect 1990,UN.) 

Between the years of 1900-1995, world population has increased two times 

meanwhile water demand increased by six times (WHO, 1993).  Eventhough the 

total amount of water has finite limit, the freshwater portion is limited and 

contaminated by point and nonpoint sources.  As this happen, many countries are 

rapidly reaching condition of water scarcity.

 In Malaysia, water demand was expected to be around 3.8 bilion m3 in 2000 

as compared to 0.8 bilion m3 in  1980 and 3.1m3 in 1998 (Malaysia Water Industry 

Guide 2001).  While water is readily abundance in Malaysia, its quality is 

deteriorates due to human activities and partly, natural phenomena. .  
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1.2 Problem statement 

Stream water contamination from non-point source is currently an important 

issue in river system management of agricultural area.  The sources of the problem 

are normally due to the agricultural activities such as use of fertilizer and pesticide 

which eventually are carried away into the river by surface runoff. 

Additionally, the water quality problem can also be attributed to the natural 

phenomena aggravated further by human activities such as those experienced at Sg. 

Bekok, Batu Pahat.  The Sg. Batu Pahat basin has a total catchment area of 1944 

km2.  It has two main tributaries, namely Sg. Simpang Kiri and Sg. Simpang Kanan.  

Sg. Simpang Kanan is further subdivided into two main tributaries namely, Sg. 

Bekok (catchment area 645 km2) and Sg. Semberong (catchment area 273 km2).

There are about four water treatment plants operating along Sg. Bekok. 

Identified as among the raw water resources to the domestic water supply 

system in the Batu Pahat area, Sg. Bekok supply raw water directly to two water 

treatment plants, namely Yong Peng 2 and 3 Treatment Plant.  Another two 

treatment plants, Sri Gading and Semberong Treatment Plant get raw water 

resources from an artificial lagoon which is also supplied by Sg. Bekok.  The lagoon 

act as a reservoir and also for water quality stabilization before the water is pumped 

into the treatment plant. The Sg Bekok river basin is covering more than 100 km2

area.

Sg. Bekok in recent years is facing severe water quality problem in term of 

pH. Between the months of January 2004 to May 2005, Sg. Bekok registered a low 

pH of between pH 2.89 – 3.06.  The latest monitoring programme conducted by 

Institute of Environmental and Water Resources Management (IPASA), between the 

months of February to May 2006 also confirmed the readings.  This has caused 

operational problems to the water treatment plant that completely depending on the 

raw water supply from the Sg. Bekok.  The acidic water has caused corrosion of 

plant turbine and pipeline.  Burst of pipe line has occasionally been reported 

resulting in water supply disturbance and shortages.  The cost to neutralise the water 

has also increased and treatment scheduling became more complicated.  The high 
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level of acidity in the water has also resulted in higher metals content (Fe, Al and 

Mn) concentrations, which exceeded the allowable limit set by the National 

Standard for Drinking Water Quality.  

Others factor to be considered causing pollution problem to Sg Bekok is 

point and nonpoint sources pollutant created by the land use development adjacent 

to the river.  There are pollution point sources that obviously can be found along the 

river bank such as palm oil industry, paper mill industry and chicken farm.  Besides, 

pollution non point sources such as sediments, pesticides and agricultural fertilizer 

and pathogens transported across the land surface by runoff and through the soil by 

percolating water can also be observed.  These activities may also contribute to the 

presence of heavy metal in river water body. 

The common method of neutralizing pH at the treatment plant is through the 

use of limes slurry.  However, as the pH of the water is too low, the use of lime 

slurry has become too expensive.  Use of limestone has been reported to be one of 

the cheap methods in neutralizing pH (Muslim, 2005).  Thus, this study investigates 

the feasibility of limestone as an in-situ pH treatment. 

1.3 Aim of study 

To provide an alternative solution to the acidic water problem of Sg. Bekok, Batu 

Pahat.

1.4 Objectives of study 

The objectives of the study are: 

i. To determine the effectiveness of in-situ limestone treatment in adjusting the 

pH and reducing the acidity of the acidic raw water. 

ii. To determine the minimum contact time required for the limestone process.  



5

iii. To explore the effect of limestone treatment on the removal of iron and 

manganese. 

1.5 Scope of study 

The study consists of a thorough experimental work using a laboratory scale 

plug flow reactor.  The limestone is of about 30 mm diameter and is obtained 

locally.  Actual raw water from Sg. Bekok is used in the experiment.  The efficiency 

of treatment is evaluated based on pH adjustment and removal of iron and 

manganese.  
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i) To study the effect of aeration on the limestone treatment process. 

ii) To explore the feasibility of using ALD and OLD as the in-situ treatment 

process.

iii) To enhance the surface area of the limestone. 
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