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ABSTRACT

Agro-waste can be commercialised into another useful product such as natural coagulant for 
wastewater treatment. The purpose of this study was to quantify the ability of agro-waste 
(Manihot esculenta peel extract (MEP)) as an aid alongside the utilisation of chemical 
coagulant (polyaluminium chloride (PAC)) based on the removal percentages of selected 
parameters at the optimum coagulant dosage and pH of stabilised leachate. Series of jar 
tests were used to compare the leachate treatments using single and the dual coagulant of 
PAC and MEP with respective standard methods to analyse the removal parameters, i.e., 
Colorimetric (APHA Method:5220 C, HACH Method:8000) for chemical oxygen demand 
(COD), Conductimetric (APHA Method: 4500-N, HACH Method: 8038) for ammonia 
nitrogen (AN), Nephelometric (APHA Method:2130) for turbidity, Spectrophotometric 
(APHA Method: 2120 B, HACH Method: 8025) for colour, and Gravimetric (APHA 
Method:2540 D, HACH Method:630) for suspended solids (SS). Leachate treatment 
using the application of single PAC coagulant at the optimum conditions of 3,750 mg/L 

dosage and pH 6.0 of leachate managed 
to remove about 54.1%, 28%, 91.1%, 
98%, and 98% for COD, AN, turbidity, 
colour, and SS, respectively. Meanwhile, 
by using dual coagulant at the optimum 
dosages of 3,500 mg/L (PAC) and 250 
mg/L (MEP), and pH 7.0 of leachate, the 
treatment achieved higher removal except 
for the colour parameter. The final removal 
outcomes of this study were 58.3% of COD, 
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34% of AN, 96.9% of turbidity, 92.1% of colour, and 99% of SS. The application of MEP 
as coagulant aid also managed to reduce the aluminium (Al) content in PAC dosage from 
577.5 mg/L to 539.0 mg/L without affecting much of its efficiency.

Keywords: Coagulation-flocculation; jar test; natural coagulant; polyaluminium chloride; removal efficiency

INTRODUCTION

The percolation of rainwater through the degraded solid waste in the open landfill has 
resulted in the generation of leachate (Aziz et al., 2015). According to its classification, 
the composition of leachate may contain loads of toxic elements, which are harmful to 
the environment. The ignorance to treat leachate through proper disposal also could cause 
unpleasant pollution to receiving waters such as ground aquifers (Kamaruddin et al., 
2015). The contents of chemical oxygen demand (COD), ammonia nitrogen (AN), and 
heavy metals are among a few of most environmental threats that become the significant 
considerations for leachate to be treated (Yusoff & Zuki et al., 2015). COD is a chemical 
indicator that indicates the required oxygen to oxidise soluble and suspended organic 
matter. The high concentration of COD signs the degradation of the dissolved oxygen 
levels in water bodies. Meanwhile, the high level of AN can cause toxicity to aquatic life 
and human beings when the leachate leaks to the water resources (Mehmood et al., 2009). 
For instance, the villagers around Simpang Renggam’s landfill site (SRLS) are jeopardised 
due to the exposure of contaminated water sources with high levels of AN. The untreated 
AN also becomes the main factor of reduced performances for biological treatments, 
dissolved oxygen reduction, and speeded up eutrophication in surface water (Aziz et al., 
2015). Meanwhile, the high concentrations of suspended solids (SS), turbidity, and colour 
would eventually result in the poor aesthetic quality of the water (Wang et al., 2017). 

Physical and chemical treatments such as the coagulation-flocculation (CF) process 
using jar test with the help of coagulating agents are favoured for the treatment of stabilised 
leachate due to its characteristics (Syafalni et al., 2012). In the CF treatment, the usage 
of effective coagulants is important. In this study, to tackle the drawbacks of chemical 
coagulant, the raw Manihot esculenta peel extract (MEP) peel is used and recycled as a 
natural coagulant aid to treat stabilised leachate. The peels were obtained from a chip’s 
factory at Parit Raja, Johor, Malaysia. MEP may have been used as a coagulant aid in 
water and wastewater treatment, but MEP is never used for leachate treatment to the 
best of our knowledge. The chemical analysis of MEP has verified its competence as a 
natural coagulant through the existence of polysaccharides form of sugars (holocellulose 
and starch). Besides, the existence of functional groups (carboxyl, hydroxyl, and amino 
groups) from pectin, cellulose, and amino acids may also have cogency as flocculating 
agent (Mohd-Salleh et al., 2020a; Asharuddin et al., 2017). Asharuddin et al. (2018) used 
the same source of coagulant and alum as a dual coagulant to remove turbidity from dam 
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water and achieved 91.47% removal. The MEP as the natural coagulant used in this study 
is made and developed from scratch without any chemical modification. Therefore, the 
purpose of this study was to quantify the ability of agro-waste (MEP) as an aid alongside 
the utilisation of chemical coagulant (PAC) based on the removal percentages of COD, AN, 
turbidity, colour and SS at the optimum coagulant dosage and pH of stabilised leachate. 
Basically, this study attempts to develop a green coagulant aid for the treatment of high-
strength polluted wastewater. The effort of the study is also relevant as the developed natural 
coagulant could emphasise more usage of agro-waste as a natural material and give benefits 
to low social communities. This approach aims to increase the recycling and recovery rate 
of waste while improving the management of landfills to reduce the amount of waste and 
pollution. Furthermore, the findings would be useful for conserving human health and the 
environment as the consequence of the treatment of landfill leachate. In the dimension 
of economic development, this study would assist in sustainable energy for drivers and 
enablers and increasing innovation and productivity to the next level in the imperatives 
by focusing on natural coagulants and landfill leachate. Specifically, this study may also 
be a jumping-off point towards researchers, through the optimisation of leachate pH and 
dosages of PAC and MEP as a guideline to select a suitable condition range for leachate 
treatment with better removal percentages of respective contaminants in the future.

MATERIALS AND METHODS

Leachate Sampling

The leachate sample was taken from the Simpang Renggam landfill site (SRLS) (1°53’41 
“N 103°22’35” E). SRLS is built in 1996 and still operating up to 2019 with 6 hectares 
in total size. As for now, the landfill is closed to focus on the treatment of left leachate. 
Approximately 250 tons of solid wastes were disposed into SRLS daily during its operation, 
which was over the limit practice. Based on the latest leachate characterisation study done 
by Mohd-Salleh et al. (2020b) and Zailani et al. (2018) that used the leachate samples 
taken from the same study area, the landfill was validated to generate stabilised leachate.

Preparation of Manihot Esculenta Extract Peel Coagulant and Stock Solution

Manihot esculenta peels (MEP) were collected from the chip’s factory at Parit Raja, Johor, 
Malaysia. There is no cost to produce this natural coagulant because it is an agro-waste 
taken from the chip’s factory for free. On the same day, upon arrival in the laboratory, the 
peels were separated from the big tubers and washed with tap water to remove the attached 
soils and impurities. The preparation of starch powder from the peels was according to the 
study done by Asharuddin et al. (2017) and Mohd-Salleh et al. (2020a). The brown peels 
were expelled, and only the white flesh from the cortex was scratched using a scratcher. The 
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white flesh was blended using a domestic blender with distilled water. Next, the white flesh 
solution was filtered using a muslin cloth to filter the flesh waste. The blended white flesh 
was settled down for 24 hours, and the excess distilled water was rinsed out. The sticky 
blended white flesh was spread onto a tray and sundried until completely dry. Finally, the 
dried white flesh was smashed into a fine powder and stored in a tight container at room 
temperature. Figures 1 and 2 show the peels and their powder form. The stock solution 
of MEP was made in a concentration of 1% by diluting 1 gram of MEP into 100 mL of 
distilled water. A preliminary study was done to select the optimum concentration of MEP 
between 0.5%, 1%, 3%, 5%, and 7% in treating leachate, of which 1% of MEP had shown 
satisfactory removal (Mohd-Salleh et al., 2020a). Thus, it was used in this study.

Figure 1. Manihot esculenta peels Figure 2. Powder form of MEP extract

Preparation of Polyaluminium Chloride Stock Solution

Polyaluminium chloride (R&M brand) was purchased from the local laboratory supplier 
that cost $15 per bottle. The preparation of PAC’s stock solution was done by following 
the methodology of Mohd-Salleh et al. (2018) and Ni et al. (2015) that used 10% of PAC. 
The coagulant needed to be prepared freshly; thus, it was prepared on the same day as the 
jar test for the CF process. To make a 10% concentration of the stock solution, 10 grams of 
PAC were weighed and diluted into 100 mL of distilled water. The compound formula for 
PAC is Al2Cl(OH) with total 174.75 g/m of molar mass (Al=26.982, O=16, H=1, Cl=35.45).

Experimental Procedure

The CF experiments were performed in a conventional jar-test apparatus (VELP-Scientifica, 
Model: J LT6, Italy) comprising six paddle rotors (2.5 cm × 7.5 cm), equipped with 6 
beakers of 1 L each. The operating conditions of the jar test in this study were according to 
the study of Shaylinda et al. (2014). Two mixing stages were applied, i.e., rapid mixing at 
200 revolutions per minute (rpm) for 4 minutes and slow mixing at 30 rpm for 15 minutes. 
The time and speed for rapid and slow mixings were set with an automatic controller. The 
settling process was set for 30 minutes. The volume of the leachate sample used in the 
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study was 500 mL (Zainol et al., 2011). In the jar test of the CF process, two factors were 
considered in determining the optimum treatment process, i.e., the coagulant dosage and 
leachate pH by dual and single coagulants of PAC and MEP.

In the CF treatment process, by using a single coagulant, a range of coagulant dosages of 
single MEP and PAC would be added into the respective altered pH of the leachate sample, 
right before the rapid mixing started. While for the treatment process using a dual coagulant, 
a range of coagulant dosage of MEP was added in the second stage of flocculation. The idea 
of dual coagulant was similar to the double dosage of different coagulants in one treatment. 
The dosage of PAC was added before the rapid mixing started, while the addition of MEP 
was done before the slow mixing of the jar test. The pH of the leachate sample was altered 
by using 1N hydrochloric acid (HCl) and 1N sodium hydroxide (NaOH) to obtain the 
desired pH 3.0-10.0 range. The experiments were carried out based on the conventional 
optimisation method of the one-factor-at-a-time (OFAT) method, which involved the try 
and error practices (Shaylinda et al., 2014).

Optimisation of Coagulant Dosage and Leachate pH

The selected range of dosages in leachate treatment by using a single PAC coagulant 
was from 2,250 mg/L to 4,500 mg/L (Mohd-Salleh et al., 2018). This dosage range was 
decided based on the preliminary study of dosage optimisation by using macro and micro 
ranges of coagulant dosages. While for PAC application in dual coagulant, the optimum 
dosage obtained from the CF was used as a constant factor while varying the dosage of 
MEP. For the dosage of 1% MEP as a coagulant aid, the dosages used were 50 mg/L-500 
mg/L (Mohd-Salleh et al., 2020a). Again, this range was chosen from a preliminary study 
to decide the appropriate MEP range dosage to aid in the CF process using dual coagulant.

The optimisation of dosage was carried out first by altering the pH of the leachate 
sample into pH 7.0. It was selected due to its neutral properties that are desired in most 
treatments. After the best dosage was obtained, the pH optimisation was taken place by 
adjusting the pH from 3.0 to 10.0. In the first dosage optimisation of PAC and MEP in this 
study, the amount of single optimum PAC at 3,750 mg/L was used as a constant dosage 
following the study of Mohd-Salleh et al. (2018). Consequently, the different MEP dosages 
started from 50 mg/L to 500 mg/L was used as the coagulant aid. To achieve this, the pH 
of the leachate sample and the PAC dosage were remained constant at pH 7.0 and 3,750 
mg/L dosage, respectively. The optimum conditions of these factors and the treatments’ 
efficiency would be determined by the highest removal percentages on COD, AN, turbidity, 
colour, and SS. After accomplishing the jar tests, supernatant samples were withdrawn 
from the beaker by using a plastic syringe from the point located about 3 cm from the 
surface for the analysis and kept into another bottle. The analysis was done within the 
next 5 minutes after the settling process to prevent any changes in the characteristics of 
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the treated leachate samples with respective standard methods to analyse the removal 
parameters, i.e., Colorimetric (APHA Method:5220 C, HACH Method:8000) for COD, 
Conductimetric (APHA Method: 4500-N, HACH Method: 8038) for AN, Nephelometric 
(APHA Method:2130) for turbidity, Spectrophotometric (APHA Method: 2120 B, HACH 
Method: 8025) for colour, and Gravimetric (APHA Method:2540 D, HACH Method:630) 
for SS. The measurement of all parameters was also done in the triplicate analysis by 
following the standard method of water and wastewater (APHA, 2017) to come out with the 
mean readings. The formula to calculate the removal percentage was based on Equation 1.

     [1]

Meanwhile, Equation 2 below is the calculation for the Al content in the PAC dosage.

10%  = (10 g/100 mL) × (1,000 mg/1 g) × (1,000 mL/1 L)           [2]

         = 100,000 mg/L 

         = (100,000 mg/L) (X) = (3,750 mg/L) × (500 mL) 

                                                 X, V1 = 18.75 mL 

Dosage of Al in 3,750 mg/L of PAC 

         = (1.54 g/100 mL) × (1,000 mg/1 g) × (1,000 mL/1 L) 

         = 15,400 mg/L 

         = (15,400 mg/L) (18.75 mL) = (X) × (500 mL) 

                                                    X = 577.5 mg/L of Al

RESULTS AND DISCUSSION

Coagulation-flocculation Treatment Process of Leachate Using Dual Coagulant of 
PAC and MEP

Effect of PAC and MEP Dosages. The ability of MEP as a coagulant aid in the treatment 
of stabilised leachate is carried out first by pairing it with PAC in the first optimisation 
process. Figure 3 shows the outcome of dosages optimisation of PAC and MEP in term 
of removal percentages of respective parameters. Using this combination of a primary 
coagulant of PAC and a coagulant aid, pleasing results were given even though at the 
minimal dosage of MEP. The major removal was done by the PAC coagulant itself since 
the high dosage was added. Based on the observations of Figure 3, the removal outcomes 
were high, especially for turbidity, colour, and SS parameters. Increasing the MEP dosage 
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did not significantly affect the turbidity, colour, and SS removal, but rather it resulted in a 
linearly constant removal pattern.

The removal for colour and SS at all MEP dosages was quite satisfying by achieving 
more than 80% removal. However, there was a bit of fluctuating removal for the turbidity 
parameter, especially at the final dosages range. This might be due to the high dosage of 
MEP that caused the addition of turbidity in the leachate sample. The highest elimination 
obtained by COD, AN, and turbidity was obvious to happen at 250 mg/L of MEP by 
removing 44.5%, 20.9%, and 90.9% removal, respectively. Thus, according to this, 250 
mg/L was decided as the optimum MEP dosage, with the removal of 44.5% COD, 20.9% 
AN, and 90.9% turbidity, 91.7% colour, and 98.8% SS. For the next optimisation, by 
using the reduced optimum amount of MEP dosage at 250 mg/L, the PAC dosage was 
varied again to verify the optimum dosage that happened at 3,750 mg/L. Figure 4 shows 
the removal results using PAC dosage varied from 500 mg/L to 5,000 mg/L, respectively.

Based on the evaluations of Figure 4, the removal of COD, turbidity, colour, and SS 
continued to increase as the dosage increased. However, the removals started to remain 
constant at the PAC dosage of 2,000 mg/L and decreased gradually at the dosage of 4,000 
mg/L. While for AN, the removal was lower compared to another four parameters. It was 
noticeable that the elimination of AN was the highest at the dosage of 3,000 mg/L and 
3,500 mg/L with 33.4% and 33.8%, respectively, just by having a 0.4% difference. For 
other parameters, the high removal could be observed at the dosage of 3,000 mg/L and 
3,500 mg/L as well, with a very close gap. At the dosage of 3,000 mg/L, the removal for 
all parameters was 55.9% of COD, 33.4% of AN, 93.1% of turbidity, 96.3% of colour, 
and 99% of SS. While for 3,500 mg/L, the achieved removals were 57.4%, 33.8%, 95.8%, 

Figure 3. Dual coagulant at pH 7.0 with PAC (3,750 mg/L) and MEP (50-500 mg/L)                                                                             
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96.6%, and 99% for COD, AN, turbidity, colour, and SS, respectively. Thus, based on 
the removals, the PAC dosage of 3,500 mg/L was determined as the optimum PAC for 
dual coagulant, with the aid of optimum MEP dosage at 250 mg/L. Hence, the optimum 
dosages of both PAC and MEP were obtained at 3,500 mg/L and 250 mg/L, respectively, 
by applying the dosages at pH 7.0 of leachate samples.

Effect of Leachate pH Using PAC and MEP Coagulants. The next optimisation was 
carried out to discover the optimum pH condition that worked best for the combination of 
PAC as primary coagulant and MEP as the coagulant aid in this study. The samples’ pH 
was varied from pH 3.0 to pH 10.0 by using 3,500 mg/L PAC dosage and 250 mg/L MEP 
dosage, as shown in Figure 5. Based on the CF process of dual coagulant in Figure 5, the 
removals of colour and SS were started quite high at pH 3.0, but it decreased as the pH 
increased to pH 6.0. However, at pH 7.0, it rose again and became the highest reduction 
with 92.1% and 99% removals, respectively. The turbidity parameter was also observed to 
be effectively removed at pH 7.0 with a 96.9% reduction. The removal for turbidity started 
low at pH 3.0 with 18.8% elimination. Even though the removal for colour and SS at pH 3.0 
was quite satisfying, the turbidity of the treated sample was not well eliminated. The high 
elimination was observed to be at pH 7.0 and pH 8.0 with 58.3% and 57.8%, respectively, 
with less than 5% difference for the removal of COD. Meanwhile, for AN, the elimination 
was high at both pH 6.0 and pH 7.0 with 35.5% and 34% removal, respectively, with less 
than 5% difference. However, most of the highest elimination of parameters happened at 
the neutral pH 7.0 of leachate samples. Therefore, it was decided that the dual coagulant 

Figure 4. Dual coagulant at pH 7.0 with MEP (250 mg/L) and PAC (500-5,000 mg/L)
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worked effectively at pH 7.0 by eradicating 58.3% of COD, 34% of AN, 96.9% of turbidity, 
92.1% of colour, and 99% of SS as the finals results.

Performance Comparison of Dual Coagulant (PAC and MEP) With Previous Studies. 
The performance of dual coagulant in the present study was compared with the capability 
of other studies that utilised primary coagulant with a coagulant aid in treating the leachate 
sample. In dual coagulant practice, the inorganic coagulant such as PAC promotes the 
colloid destabilisation with the key mechanism of charge neutralisation. The addition of a 
polymer would act as the bridging agent in encouraging the small colloids to agglomerate 
together and become bigger and heavy flocs (Mohd-Salleh et al., 2020c; Awang & Aziz, 
2012). The matching pair of PAC and other natural coagulants as dual coagulants were 
investigated based on their performance to remove the respective contaminants in the 
comparison studies. The appropriate teaming would generate good achievements in the 
CF process, which was the highlight point in the significance studies of dual coagulant. 
It was such a good undertaking that many kinds of research had been made on the locally 
grown plants to diverge their function, such as being a sustainable coagulant for water 
and wastewater treatment. 

Al-Hamadani et al. (2011) had studied the capability of PAC and psyllium husk as the 
dual coagulating agent of leachate treatment. They obtained the neutral pH of 7.2 as the 
ideal leachate pH with 400 mg/L of psyllium husk and 7,200 mg/L of PAC dosages with 
satisfying removals, i.e., 64% of COD, 90% of colour, and 96% of SS. The tobacco leaf 
(1000 mg/L dosage) was also used as the coagulant aid by obtaining the apparent COD 
removal at 91% indeed with 1,500 mg/L dosage of PAC at pH 6.0 (Rusdizal et al., 2015). 

Figure 5. Dual coagulant of PAC (3,500 mg/L) and MEP (250 mg/L) at varied pH 3.0-10.0
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The result for the AN parameter (54% removal) was also good enough to initiate the leaf 
as a competitive natural coagulant.

However, a bit lower removal was observed for physical parameters of turbidity and SS 
at 21% and 48%, respectively (Rusdizal et al., 2015). Tobacco leaf could be classified as an 
anionic coagulant with -3.57 mV zeta potential, which had a higher negative charge than 
tapioca starch at -0.56 mV (Azizan et al., 2020; Rusdizal et al., 2015). The attraction of the 
opposite charges in the treated sample using tobacco leaves is possibly stronger than others; 
thus, it succeeded in removing the high percentages of organic contaminants (Rusdizal 
et al., 2015). The same starch source was also reported in the study of Asharuddin et al. 
(2018) to remove turbidity from dam water. The term used for the natural coagulant was 
cassava peel starch (CPS). It was used as an aid with alum and achieved a high turbidity 
removal with 91.47%, at the optimum conditions of pH 9.0, 7.5 mg/L of alum dosage, 
and 100 mg/L of CPS dosage. The addition of CPS in the treatment system also reduced 
about 50% of the alum dosage (Asharuddin et al., 2018). Hence, based on the comparison 
performance, it is proven that natural coagulant extracted from agro-waste like MEP has 
a positive effect on improving coagulation treatment.

Comparison of Treated Leachate Sample with EQA 2009. The final concentrations 
value of evaluated parameters in treated leachate using PAC and PAC+MEP coagulants 
and the Environmental Quality (Control of pollution from solid waste transfer station & 
landfill) Regulation 2009 under the laws of Malaysia Environmental Quality Act 1974 are 
shown in Table 1. The CF treatment on 500 mL leachate sample using a single coagulant 
of PAC managed to remove about 54.1% of COD, 28.0% of AN, 91.1% of turbidity, 
98.0% of colour, and 98.0% of SS, by employing pH 6.0 of leachate and 3,750 mg/L of 
PAC dosage. Meanwhile, for the application of dual coagulant, the combination of 3,500 
mg/L (PAC), 250 mg/L (MEP) and pH 7.0 of leachate achieved better removal except for 
colour parameter, with 57.4% of COD, 33.8% of AN, 95.8% of turbidity, 96.6% of colour, 
and 99.0% of SS. The comparison of removal percentages using PAC and PAC+MEP is 
tabulated in Table 2.

Table 1
Comparison of the final concentration of treated leachate with EQA 2009

Parameter Treated leachate with PAC Treated leachate with PAC 
+ MEP

Malaysia’s EQA 
2009

COD (mg/L) 1,157.6 465.0 400.0
AN (mg/L) 816.3 417.5 5.0
Turbidity (NTU) 12.2 2.3 n.a.
Colour (ADMI) 144.2 191.18 100.0
SS (mg/L) 5.9 1.0 50.0
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Table 2
Comparison of the removal percentages between PAC and PAC+MEP

Parameter Removal (%) using PAC Removal (%) using PAC + MEP
COD (mg/L) 54.1 57.4
AN (mg/L) 28.0 33.8
Turbidity (NTU) 91.1 95.8
Colour (ADMI) 98.0 96.6
SS (mg/L) 98.0 99.0
Optimised conditions pH 6.0 of leachate

3,750 mg/L (PAC)
pH 7.0 of leachate

3,500 mg/L (PAC) + 250 mg/L (MEP)

From this finding, it was observed that the superiority of the treatment possibly 
happened due to the high molecular weight of MEP that helped to stimulate the 
flocculation development. Simultaneously, the adsorption bridging mechanism influences 
the aggregation process due to the interaction of high-molecular-weight coagulant and 
natural polysaccharide composition with impurities in the leachate sample (Mohd-Salleh 
et al., 2020c; Li et al., 2015; Oladoja, 2016). Besides, the removal mechanism of charge 
neutralisation for the treatment using PAC was also expected to be superior to PAC+MEP, 
considering the higher dosage. This was because PAC would encounter hydrolysis activity 
that resulted in amorphous aluminium hydroxide Al(OH)3 (Aljuboori et al., 2015). Based 
on the comparison with local’s regulations, only the SS parameter from both treatments 
complied with the discharge standard. Even though the other parameters did not meet the 
limit set by the local regulations, the outcome was reasonable by considering the sample 
used was the raw leachate, without any prior treatments at the landfill site.                                      

CONCLUSIONS

In conclusion, based on the observations on the effectiveness of single coagulant PAC and 
dual coagulant (PAC + MEP), it could be denoted that the combination of PAC and MEP 
as the primary coagulant and the coagulant aid could enhance the removal of respective 
parameters, which was better than the performance of single coagulant of PAC alone. The 
treatability studies on stabilised leachate using 10% PAC with the optimum conditions 
happened at pH 6.0 and dosage 3,750 mg/L. Meanwhile, the highlight findings were in 
the utilisation of both PAC and MEP, in the optimised conditions of pH 7.0, 3,500 mg/L 
dosage of PAC, and 250 mg/L dosage of MEP, respectively, with a 6.7% reduction of Al 
content dosage from 577.5 mg/L of single PAC coagulant to 539 mg/L in dual coagulant. 
Thus, the new MEP coagulant was verified to offer the full role-play as a coagulant aid by 
producing a good synergistic effect together with the coagulating benefits from PAC. This 
was especially in obtaining the neutral pH and lower chemical dosage content as the ideal 
conditions for the treatment system. Overall, this study concluded a distinctive conclusion 
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that natural coagulants isolated from agro-waste could also enhance the treatment of highly 
polluted wastewater like leachate, which most other scholars did not prefer for a treatment. 
It is desirable to have further research on green natural coagulants to improve leachate and 
wastewater treatments in the future. 
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