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ABSTRACT

Clean water is becoming an urgent need due to increased pollution and exposure to the environment. 
The requirement for chemical coagulants to treat water rises in proportion to the level of impurities, leading to 
many setbacks that negatively impact day-to-day consumer use. Despite the fact that natural-based coagulants 
offer an environmentally friendly alternative, they do not perform better than conventional chemical coagulants. To 
surpass this limitation, the combination of chemical and natural coagulants has been proposed as a viable 
option. In this study, the effectiveness of Aluminium Sulphate (Alum), Cassava Peel Starch (CPS), and a dual 
coagulant system (Alum:CPS) in improving turbidity removal is explored. The objectives are to (i) compare the 
turbidity removal efficiency of chemical and dual coagulants, (ii) determine the optimum coagulant dosage 
through the Jar Test, and (iii) conduct the cost-benefit analysis of the coagulant systems. Sungai Penchala water 
samples were analyzed based on Malaysia’s National Water Quality Standards (NWQS) in considering selected 
parameters for the coagulants effectiveness evaluation. The Jar Test was employed to compare the turbidity 
removal efficiency of Alum, CPS, and Alum:CPS. Results indicated that the optimal doses of Alum, CPS, and 
Alum:CPS were 25 mg/L, 100 mg/L, and 80%:20% (20 mg/L:20 mg/L), respectively. The highest turbidity 
removal efficiencies achieved were 80.22% for Alum, 54.25% for CPS, and 91.25% for the dual coagulant 
system. The Alum:CPS combination exhibited improved turbidity reduction compared to individual coagulants. 
Furthermore, in the water treatment plant being studied, Alum:CPS exhibited both higher cost and 
maximum effectiveness, leading to 1.2 times greater cost-benefit ratio than Alum alone. These findings suggest that 
dual coagulant systems represent an effective approach to enhancing water treatment efficiency without 
compromising economic viability.
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INTRODUCTION

Water is a critical resource for sustaining life, yet only 3% 
of the Earth’s water is fresh, with much of it under threat 
from pollution caused by human activities (Cassardo & 
Jones 2011). The growing scarcity of clean water has 
become a global challenge, as harmful contaminants 
contribute to waterborne diseases and environmental 
degradation (Manisalidis et al. 2020; Agoro et al. 2020). 
This issue is particularly pressing in urban areas, where 
increasing population density and industrial activities 
exacerbate the strain on water resources. According to the 
World Health Organization (WHO), approximately 1.8 

million people suffer annually from illnesses caused by 
unsafe water, underscoring the urgent need for effective 
water treatment strategies.

Water treatment processes play a crucial role in 
ensuring access to clean water by removing physical, 
chemical, and biological contaminants. Among these, 
coagulation is widely recognized as an effective and 
economical method for reducing turbidity and suspended 
particles in water. This process involves the addition of 
coagulants, such as Aluminium Sulphate (Alum), which 
destabilize colloidal particles to form flocs that can be 
removed through sedimentation and filtration (Bratby 
2016). However, chemical coagulants are not without 
limitations; their use is associated with high treatment 
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costs, harmful residues, and potential health and 
environmental risks (de Carvalho et al. 2019; Abdo et al. 
2020).

To address these challenges, natural coagulants have 
gained attention as environmentally friendly and cost-
efficient alternatives. These coagulants, derived from 
plants, animals, or agricultural waste, have demonstrated 
potential for reducing turbidity and improving water quality 
(Kumar et al. 2021; Mohd-Salleh et al. 2019). Cassava peel 
starch (CPS), for example, is a plant-based coagulant that 
has shown promise in water treatment due to its 
biodegradability and low cost. However, natural coagulants 
often underperform compared to chemical coagulants when 
used alone, necessitating their role as coagulant aids rather 
than primary agents (Khalil 2016).

Despite the widespread use of chemical coagulants 
and the growing interest in natural alternatives, the 
potential of combining these two approaches to optimize 
performance while reducing chemical usage has not been 
fully explored. Chemical coagulants like Alum are effective 
in turbidity removal but pose significant health, 
environmental, and economic challenges. Conversely, 
natural coagulants such as CPS offer sustainability benefits 
but lack the efficiency of chemical coagulants when used 
independently. This gap in understanding the synergy 
between chemical and natural coagulants in real-world 
applications highlights the need for further research.

This study aims to evaluate the performance and cost-
effectiveness of dual coagulants comprising Alum and CPS 
in water treatment processes. Specifically, it investigates 
their turbidity removal efficiency, determines the optimum 
dosage for maximum performance, and conducts a cost-
benefit analysis to assess their economic feasibility. By 
addressing these objectives, the study seeks to contribute 
to the development of sustainable and economically viable 
water treatment solution.

METHODOLOGY

FIELD WORK AND SAMPLING

Water sampling took place downstream from Sungai 
Penchala, a river coursing through Petaling District, urban, 
industrial, and population-dense residential areas with 
increasingly high density moving from upstream towards 
downstream. Sungai Penchala is one of the largest 
tributaries of Sungai Klang, which has been proven to be 
a reliable source of water supply to the Rasau Water 
Treatment Plant.

The plant, in its Phase 1 operation, will supply up to 
700 million litres per day (MLD) of treated water to the 
Klang region, which will offset the limitations of the Langat 

2 Water Treatment Plant due to its extensive distribution 
and transmission pipeline system. As Sungai Penchala is 
a significant polluter of Sungai Klang, its water quality is 
a significant parameter to be measured in order to manage 
pollution and water resources. Water samples were 
collected using pre-cleaned sampling bottles with a volume 
of 25 litres. In this study, a single sampling point was 
selected to evaluate the performance of chemical, natural, 
and dual coagulant systems for turbidity removal. The 
chosen location, situated at the most downstream section 
of Sungai Penchala before entering a densely urbanized 
area, was identified through preliminary site assessments 
as having consistently higher turbidity levels. These 
conditions are primarily influenced by upstream activities 
such as residential runoff and small-scale agriculture.

The samples had been analyzed using in situ analysis 
and were immediately sent to the laboratory for further 
examination. To preserve the integrity of samples, measures 
of preservation were taken to reduce biological activity 
and avoid changes in oxygen levels. Even though water 
samples may be valid for up to six months for laboratory 
analysis (Sliwka-Kaszyńska et al. 2003), it was ensured in 
this study that all samples were analysed within a span of 
24 hours to avoid possible inaccuracy in water quality 
determination. In this study, three parameters—pH, color, 
and turbidity—were measured using a pH meter, 
spectrophotometer, and turbidity meter, respectively, before 
conducting further laboratory analysis.

FIGURE 1. Water Sampling Location at Downstream 
Sg.Penchala
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COAGULANT PREPARATION

ALUM COAGULANT

In preparing the alum coagulant, 10 grams of alum was 
added to 1000 mL of distilled water to prepare a 1% 
concentration solution. The alum stock solution was used 
as a reference to prepare different dosage levels of the water 
samples. A millilitre of the alum stock solution contained 
10 mg/L of alum.

For the pretreatment of CPS coagulant, cassava peels 
were first chosen and washed with tap water and then 

distilled water. The peeling peels were sun-dried for about 
12 hours and oven-dried for 30 minutes at 96°C. Dried 
cassava peels were afterward mixed in a blender for 
approximately 3 minutes and lastly sieved to obtain a 
particle size of 465 μm. 100 grams of powder of cassava 
peel were weighed, and the remaining was stored in an 
air-tight container for future use. To prepare the CPS 
solution, 10 grams of cassava peel powder was dissolved 
in 1000 mL of distilled water. The suspension was mixed 
with a Flocculator JLT6 at a speed of 55 rpm for 20 minutes 
to ensure even dispersion. Following mixing, the solution 
was allowed to settle down, thus the undissolved particles 
settled at the bottom of the beaker.

FIGURE 2. Preparation Process of CPS

Both amount of Alum and CPS for specific dosage are 
determined using following equation:

(1)

Where; 
MA = Initial concentration of alum (mg/L)
VA  = Required volume of Alum (ml)
MB = Final Alum solution concentration (mg/L) 
VB = Final volume of alum solution (ml)

JAR TEST

In order to assure the reliability and accuracy of results, 
different quality control was maintained throughout the 
study. For the coagulation experiment, 1000 mL beakers 
were prepared, each filled with 1000 mL of water sample. 
Different doses of coagulant (Alum, CPS, and Alum:CPS) 
were added to each beaker and then underwent a controlled 
mixing. The samples were subjected to rapid mixing at 200 
rpm for 1 minute, followed by 100 rpm for 2 minutes. The 
mixing rate was then reduced to 50 rpm for 3 minutes and 
then further lowered to 25 rpm for 10 minutes to enable 
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slow mixing and adequate settling time. This was 
conducted for all types of coagulants that were used 
throughout the study. Coagulant preparation was precisely 
carried out using accurate volumetric equipment to ensure 
consistent concentrations in all the tests. Water samples 
were thoroughly mixed to ensure homogeneity, and 
samples were taken from the same location under the same 
conditions. Test conditions, i.e., pH, were strictly monitored 
and adjusted to the optimum coagulation range of 5.5–7.5, 
and tests were conducted at a constant temperature of 
20–25°C. The turbidity meter and pH meter were regularly 
calibrated according to the manufacturer’s guidelines to 
ensure accurate readings. There were multiple replicates 
of tests for each coagulant dosage, as well as the blank and 
control tests, to determine consistency and reliability. Water 
samples of treated water were taken after the settling time 
to examine the final turbidity in relation to the effect of the 
various coagulant dosages and settling times. Statistical 
tests were employed to analyse turbidity reduction, pH, 
and colour removal efficiency to determine the validity 
and strength of results. These measures were taken to 
ensure accurate, reliable, and reproducible results in 
determining the performance and economic efficiency of 
coagulants.

TURBIDITY

The turbidity of the water samples was measured using a 
turbidity meter and compared before and after the treatment 
process. The turbidity removal performance was evaluated 
based on the effects of varying coagulant dosages and 
settling times. To ensure accuracy, turbidity measurements 
were conducted in triplicate, and the average value was 
recorded. The removal efficiency was then calculated using 
the following equation:

(2)

Where;
Ti = initial turbidity of the water sample
Tf = final turbidity of the water sample

RESULTS AND DISCUSSION

EFFECT OF ALUM DOSAGE ON TURBIDITY 
REMOVAL 

Upon hydrolysis of aluminium salts in water, they yield 
numerous compounds of which some are cationic species 
that adsorb negative particles and neutralize their charge. 
The dosage of the coagulant is of utmost significance to 

the coagulation process being effective. In order to 
ascertain this effect, the alum was gradually increased in 
dosage, starting with 0 mg/L in Beaker 1 and increasing 
every 0.5 mg/L up to a concentration of 2.5 mg/L in Beaker 
6. Upon dosing, the treated waters were left undisturbed
during the given settlement time before a measurement of
their turbidity could be taken.

FIGURE 3. Effect of Alum dosage on turbidity removal

Figure 3 represents the influence of alum dosage 
towards turbidity removal efficiency. Results indicate a 
close correlation between turbidity removal and coagulant 
dosage, which increased with rising alum dosage. 
Specifically, removal of turbidity was 80.22% when the 
dosage of alum increased from 0 mg/L to 25 mg/L. 25 mg/L 
was the optimal alum dosage towards treatment of Sungai 
Penchala, based on the greatest turbidity removal efficiency 
of 80.22%.

These findings are in agreement with previous study 
that report the recommended alum dosage of 15 mg/L for 
total turbidity removal and removal efficiencies of up to 
85.02% and 85.20% (Mohd Asharuddin et al. 2018). With 
an increase in the dosage of alum, larger flocs were formed, 
which allowed for more sedimentation and removal of 
turbidity. Therefore, effective control of alum dosage is 
imperative to achieve optimum turbidity removal in water 
treatment.

Ahmad et al. (2008) illustrated that alum possesses high 
coagulation efficiency in suspended form, supporting further 
the efficacy of alum in water treatment. Secondly, Shak and 
Wu (2014) highlighted that the primary mechanism driving 
the alum-based coagulation process is charge neutralization, 
confirming the research findings in this study.
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EFFECT OF CPS DOSAGE ON TURBIDITY 
REMOVAL

Figure 4 indicates the effect of coagulant dose on turbidity 
removal efficiency using CPS as a single coagulant. The 
readings, in percentage, indicate the trend of decrease in 
turbidity with varying dosages of CPS. In the experiment, 
CPS was applied at dosages of 0, 100, 200, 300, 400, and 
500 mg/L to determine its function in turbidity removal. 
As shown in Figure 4, turbidity removal efficiency was 
enhanced with the addition of 100 mg/L of CPS, where it 
reached a maximum of 54.25%. Above this dose, however, 
removal efficiency declined to 40.03% when the CPS dose 
was increased from 200 to 500 mg/L. 

FIGURE 4. Effect of CPS dosage on turbidity removal.

The optimum CPS dosage for treatment of Sungai 
Penchala was determined to be 100 mg/L, with the 
maximum turbidity removal of 54.25%. As the CPS dosage 
increased beyond this point (>100 mg/L), the efficiency of 
turbidity removal decreased. This phenomenon, as 
indicated by Figure 4, shows that while higher coagulant 
dosage enhances turbidity removal at the start, high dosage 
destabilizes colloidal particles and leads to performance 
reduction (Sun et al. 2010).

This study corroborates previous research by Khalil 
(2016) that shows alum is more efficient than CPS used 
singly. CPS’s poor coagulant efficacy is likely due to 
electrostatic repulsion among negatively charged molecules 
of CPS and colloidal particles, which averts coagulation. 
Devrimci et al. (2012) also explained that CPS contains 
very few positively charged ions, which may be insufficient 
to effectively neutralize the colloidal particle’s surface 
charge.

The same was observed by Zainol et al. (2020) in a 
study of sago starch, where the incorporation of anionic 

polymers into starch enhanced colloidal stability rather 
than reducing surface charge. Teh et al. (2014) also 
observed that the high molecular weight of starch, when 
blended with metal ions, resulted in permanent precipitation 
with minimal turbidity loss. These findings are consistent 
with earlier work demonstrating that dosages of coagulants 
above the optimal concentration result in reduced turbidity 
removal efficiency.

Therefore, for maximum turbidity removal of water 
during treatment, there has to be proper control of coagulant 
dosage. Overdosing not only reduces the effectiveness of 
treatment but may also cause operation problems, e.g., 
increased sludge generation and reduced water clarity.

EFFECT OF ALUM:CPS DOSAGE ON TURBIDITY 
REMOVAL

Results illustrated in Figure 5, in contrasted with Figures 
3 and 4, along with visual observation during the 
experiment, indicate that turbidity removal was significantly 
enhanced when alum was assisted by CPS as a coagulant 
aid. As shown by Figure 5, the optimum combination of 
20 mg/L alum and 20 mg/L CPS, an 80:20 ratio, resulted 
in the highest turbidity removal at 91.25%. The addition 
of CPS as a coagulant aid had a great impact on the turbidity 
removal since it worked extremely well in floc formation. 
Figure 4, however, shows that CPS alone was not able to 
produce stable flocs, further demonstrating that it did not 
have any appreciable coagulation potential by itself. These 
findings are in strong concurrence with comparable 
research carried out by Abd Rahim et al. (2019), in which 
improved turbidity removal was observed as alum dosages 
reduced from 100% to 70% and CPS dosages increased 
from 0% to 30%.

FIGURE 5. Effect of Alum:CPS dosage on turbidity removal.

According to Abiola (2014), the interaction between 
Al³⁺ and starch molecules is founded on electrostatic 
attraction amid anionic and cationic charges, leading to the 
formation of insoluble aluminium salts. The aluminium 
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salts initially create microflocs, which then grow into larger 
and more stable flocs before settling (Mohd-Asharuddin 
et al. 2018). The study also suggests that amylopectin plays 
an important role in enhancing the water quality by particle 
aggregation, colloidal mass enlargement, and precipitation. 
The variation in the optimum alum dosage in this study 
from that of previous studies can be attributed to the 
variation of water characteristics, which influence the rate 
of contaminant removal percentage. Also, previous 
research has shown that the use of a dual or composite 
coagulant system can improve turbidity removal efficiency 
by augmenting coagulation performance, minimizing 
overall chemical dosage levels, and improving removal 
efficiency.

In order to reach the maximum achievable turbidity 
reduction, it is crucial to optimize the coagulation process 
by exactly controlling the coagulant dosage and 
composition.

EFFECT OF SETTLING TIME ON 
TURBIDITY REMOVAL

Settling time is one of the most important coagulation-
flocculation process parameters whose direct influence 
causes efficiency as well as operational cost. In the present 
research work, 60 minutes was set as the most optimal 
duration by the Jar Test experiment. It was found more 
realistic than 120 minutes yet adequate enough to remove 
turbidity effectively. The result indicates that increasing 
the settling time enhanced turbidity removal efficiency in 
the majority of instances where alum was used as the 
primary coagulant. However, when CPS was used as the 
primary coagulant, and in dual-coagulant system 
(Alum:CPS), turbidity removal efficiency decreased after 
60 minutes.

As reflected in Figures 3, 4, and 5, the highest turbidity 
removal efficiencies were obtained at 60 minutes of settling 
time, in which alum and CPS removed 80.22% and 54.25%, 
respectively. But after this optimal settling time, turbidity 
reduction began to decline, particularly in CPS-based 
treatments. This decrease may be caused by CPS having 
an intensification effect on colors in the water samples, 
thereby leading to increased residual turbidity. In addition, 
when alum and CPS were used together as binary 
coagulants, overall turbidity removal efficiency was 
improved compared to either coagulant alone for any 
settling time. This also agrees with previous findings by 
Subramonian et al. (2014), and from this it follows that the 
cooperative interaction between the alum and the CPS is 
better against colloidal particle interaction, hence the bigger 
and heavier flocs formed that settle better.

FIGURE 6. Effect of settling time of optimum dosage on 
turbidity removal.

Figure 6 also supports these results, demonstrating 
consistency with earlier studies (Abd Rahim et al. 2019; 
Mohd Asharuddin et al. 2018) that validated the alum-CPS 
combination as an effective means of water treatment. 
Moreover, the use of CPS as a coagulant aid in alum 
treatment has been shown to reduce alum dosage 
requirements, hence lowering alum residues, which have 
been associated with potential public health concerns 
(Othman et al. 2018).

To achieve the maximum effect of settling time for 
each coagulant, experimental conditions were a water 
sample pH of 6.87, rapid mixing at 200 rpm for one minute 
and 100 rpm for two minutes, followed by slow mixing at 
50 rpm for three minutes and 25 rpm for ten minutes. The 
optimal dosing rates of their respective amounts were found 
to be 25 mg/L for alum, 100 mg/L for CPS, and 20 mg/L 
alum + 20 mg/L CPS (80:20 ratio) in the dual-coagulant 
system. The outcome emphasizes the critical need for 
settlement time control under strict conditions for 
maximum turbidity removal efficiency of water treatment 
process.

COST BENEFIT ANALYSIS (CBA)

The CBA in this study is only considered alum and alum-
CPS as the single and dual coagulant, respectively, because 
these two coagulants had the highest turbidity removal 
efficiency among the three coagulants experimented with 
in treating Sungai Penchala water. Through laboratory 
experimentation, the optimal doses of alum and alum-CPS 
were determined to be 25 mg/L and 20 mg/L:20 mg/L, 
respectively.
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TABLE 1. Cost Benefit Analysis
Item Alum Alum:CPS

Optimum dosage (mg/L) 25 20:20

Daily coagulant quantity 
(kg)

17,500 14,000 (Alum)
14,000 (CPS)

Purchase price (RM/kg) 120 120 (Alum)
0.02 (CPS)

Purchase price (RM/
day)

2,100,000 1,680,280

Operating cost
    transportation (RM/

day)
oven-dry (RM/day)
blender (RM/day) 

mixing CPS (RM/day)
Jar Test (RM/day) 

85,750
-
-
-

770,000

85,400
16,800
1,148

980,000
770,000

Total cost (RM/day) 2,955,750 3,533,628
Cost Benefit Ratio 1 : 1.2

Table 1 presents the cost-benefit analysis of daily alum 
and alum-CPS dosing according to the 700 MLD capacity 
of the Rasau Water Treatment Plant. The respective daily 
coagulant requirements were calculated as 17,500 kg for 
alum and 14,000 kg:14,000 kg for alum-CPS, according 
to the optimum dosages established in this research. The 
cassava peel used in the CPS coagulant was procured at a 
cost of RM 1 per 50 kg, which provided a purchase price 
of RM 0.02 per kg. Thus, from Table 4.5, the purchase cost 
per kg for alum and alum-CPS was RM 120 and RM 
120.02, respectively. From these unit prices, the purchase 
price of treating 700 MLD of water per day was RM 
2,100,000 for alum-CPS and RM 1,680,280 for alum. The 
percentage difference between both coagulants was 
22.21%, where alum had a higher purchase price per day 
compared to alum-CPS.

Aside from purchase price, operating costs—like 
transport and electricity—were likewise included in the 
cost-benefit analysis. The transportation cost of alum was 
RM 4.90/kg, while that of cassava peel collection, 
including the cost of petrol and toll, was RM 1.20/kg. The 
transportation costs per day, therefore, were RM 85,750 
for alum and RM 85,400 for alum-CPS. Just a Jar Test 
apparatus was required in the alum coagulation process, 
whereas additional equipment like an oven-drying system, 
blender, and flocculator were required in the dual coagulant 
process to convert cassava peel to powder form.

Electricity costs were approximated using the 
Malaysian electricity tariff of RM 0.218/kWh. The cost of 
electricity per day was approximated as RM 770,000 for 
alum (Jar Test equipment only) and RM 1,767,948 for the 
dual coagulant as it comprised energy-consuming 
processing with greater consumption.

The total daily cost, which includes the purchase price 
and operational cost, was RM 2,955,750 for alum and RM 
3,533,628 for alum-CPS. The cost-benefit ratio was 
determined as 1:1.2, which means that the cost of the 
application of alum-CPS was 1.2 times higher than that of 
alum alone. The increased cost of the dual coagulant 
approach was primarily a result of the additional processing 
required to convert cassava peel into a usable powder form, 
which required more equipment and higher energy 
consumption.

In the aspect of cost, the use of alum alone as a 
coagulant has a cheaper overall cost compared to the alum-
CPS combination due to its simpler processing requirement 
and lower electricity consumption. The alum-CPS dual 
coagulant system, nevertheless, exhibited comparable 
turbidity removal efficiency with the additional prospect 
of environmental benefits. The utilization of cassava peel, 
a natural waste product, as a coagulant aid can pave the 
way for sustainable waste management via valorization of 
agricultural waste.

Although the use of the alum-CPS combination was 
1.2 times costlier than using alum alone, the reduction of 
the alum dose by adding CPS could bring about long-term 
advantages. That is, the reduced alum requirement could 
reduce residual aluminum concentrations in treated water, 
averting potential health hazards associated with excessive 
exposure to aluminum. Further, the use of a natural 
coagulant aid like CPS aligns with sustainable water 
treatment strategies by reducing the amount of chemical 
coagulants used.

However, while alum is the more cost-saving option 
in the short term, the alum-CPS dual coagulant system is 
a promising option for sustainable water treatment. Further 
research into process optimization, large-scale feasibility, 
and long-term economic viability could be necessary to 
determine whether the additional cost of dual coagulants 
is offset by the environmental and public health gains.

CONCLUSION

This study evaluated the performance of Alum, CPS, and 
their blend (Alum:CPS) as coagulants in the coagulation-
flocculation process for treating Sungai Penchala water 
samples. The findings revealed that while CPS alone had 
some turbidity removal, it was incompatible with Alum as 
a primary coagulant. However, the dual coagulant system 
(Alum:CPS) showed improved turbidity removal 
performance. Optimal dosages were found to be 25 mg/L 
for Alum (80.22% turbidity removal), 100 mg/L for CPS 
(54.25% turbidity removal), and a mixture of 20 mg/L 
Alum and 20 mg/L CPS in a ratio of 80:20, with 91.25% 
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turbidity removal. Optimal settling time for all the cases 
was determined to be 60 minutes, which is more 
manageable than greater settling times.

A cost analysis compared the financial feasibility of 
the use of Alum and the Alum:CPS coagulant. The double 
coagulant, even though more effective at removing 
turbidity, was 1.2 times more expensive than when using 
Alum in single quantity due to the extra cost involved in 
transforming CPS to powder state. This cost will be lower 
when pre-cooked CPS can be procured, in conformity with 
previous studies that natural coagulants are cost-saving. 
Despite its effectiveness in reducing alum dosage and 
maximising turbidity removal, the cost involved in the use 
of dual coagulant is greater than Alum and therefore less 
economical at a community level.

The study provides excellent understanding of the 
comparative effectiveness of Alum and CPS as coagulants. 
Future efforts should focus on utilizing pre-processed CPS 
for cost-effective applications and evaluating its 
effectiveness as a coagulant aid in other river catchments, 
particularly within the Sungai Klang basin. In addition, 
further studies of alternative natural coagulants could find 
even more effective and affordable alternatives. Broadening 
cost-benefit analysis to social and environmental factors 
would also lead to a better understanding of the broader 
implications of selecting coagulants for water treatment. 
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