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Abstract: Coagulation-flocculation is a commonly used treatment in matured leachate (ML). This
study aimed to remove ammoniacal nitrogen (AN) in ML from the Simpang Renggam Landfill
Site (SRLS), Johor, by using Polyaluminum Chloride (PAC) as the coagulant. The performance of
PAC was evaluated by optimizing the optimal dosage (500 — 4000 mg/L), pH (2 — 8), and settling
time (10 — 60 min). The optimal conditions for coagulation-flocculation by using PAC were
determined to be at the dosage of 2000 mg/L, pH 7, and a settling time of 20 minutes, achieving
29% AN removal. A Sludge Volume Index (SVI) test was conducted, resulting in 98.66 mL/g,
which falls within the good range of SVI values (80-150 mL/g). Compliance with the regulations
was not achieved under Malaysia's Environmental Quality Act (EQA) 1974 since the AN
concentration for the coagulant remained above 5 mg/L. However, the findings demonstrated that
PAC could potentially be effective as a primary mature leachate treatment, as it managed to remove
29% of AN. Thus, this study highlighted the relevance of this method in the treatment of matured

leachate.
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1. Introduction

The speedy rise in population and urbanization has led to
waste management issues in many developing nations, such as
Malaysia. Landfilling is the most popular waste disposal
approach due to its low cost, but it contributes significantly to
environmental contamination, particularly the release of
ammoniacal nitrogen (AN) into water bodies [1]. Landfill
leachate, a highly contaminated liquid created by
decomposing trash and precipitation infiltration, has major
implications for soil and groundwater quality [2]. This
problem tends to be serious in matured leachate (ML), which
contains significant levels of persistent contaminants that must
be effectively treated [2].

Leachate properties vary according to dump age, with
ML (from landfills beyond 10 years) showing decreased
biodegradability and greater pollutant loading [3]. Traditional
biological treatment approaches are frequently insufficient for
ML due to the presence of refractory chemical components
and high AN concentration [4]. Coagulation is commonly
used for ML treatment because it effectively eliminates
suspended particles, organic matter, and heavy metals.
Polyaluminum Chloride (PAC), a pre-hydrolyzed coagulant,

has shown more effective effects because it works efficiently
in a larger pH range and forms more stable flocs, allowing for
better pollutant removal [5][6]. Chemical coagulation with
PAC has emerged as an effective approach for decreasing AN
due to its low dosage, high removal efficiency, and low sludge
generation [7].

Malaysia addresses substantial environmental issues
because of poor landfill management and weak enforcement
of waste disposal laws [8]. Open landfills, combined with
heavy rainfall in tropical climates, contribute to excessive
leachate production [8][9]. The presence of AN in leachate
speeds up eutrophication in water bodies, impairs biological
treatment processes, and generates harmful conditions for
aquatic life [10]. Effective AN removal is critical to
addressing these contaminants. Research has shown that
regulating the pH between 7.6 and 8.3 throughout the
coagulation phase can improve AN removal performance by
up to 75% [11]. PAC has been recognized as a potential
coagulant because of its capacity to minimize chemical
oxygen demand (COD) and total suspended solids (TSS)
while using a lower dosage [12][13].

Coagulation treatment with PAC consists of three
important steps: rapid mixing, which ensures even coagulant
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spread; slow mixing to encourage floc formation; and
sedimentation, which lets pollutant-laden flocs settle [14].
This technique produces cleaner effluent with a much lower
AN level. Furthermore, PAC produces less sludge than other
coagulants, such as Alum, which reduces disposal costs and
environmental concerns [15]. Considering the limitations of
ML treatment, regular evaluation and optimization of
coagulation parameters, such as dose, pH, and settling time,
are required to maximize efficiency and maintain compliance
with Malaysia's Environmental Quality Act (EQA) 1974.

This study attempted to optimize PAC dosage, pH, and
settling time for successful AN removal while also evaluating
the sludge volume index (SVI) for operational success. This
research provides sustainable leachate treatment by enhancing
coagulation performance, which benefits both the
environment and public health.

2. Methodology
2.1 Leachate Sampling and Characterization

Leachate sampling was conducted at the Simpang
Renggam Landfill Site (SRLS) in Johor, Malaysia, to assess
the leachate treatment method. Sampling was carried out at a
designated pond, as in Fig. 1, before chemical treatment, with
samples taken from the effluent of the preliminary treatment
pond. The process was repeated monthly for three months.
On-site measurements of pH, temperature, and dissolved
oxygen (DO) were recorded using calibrated instruments
following APHA standard methods. A pH meter was
calibrated with sodium hydroxide and sulphuric acid (APHA
4500), temperature was measured with a thermometer (APHA
2550), and DO levels were assessed using a DO meter.
Collected leachate samples were transported to the
Micropollutant Research Centre (MPRC) laboratory for
further analysis.

Leachate characterization involves assessing physical
and chemical properties to determine contaminant levels. The
analysis followed the 2017 APHA standard methods for water
and wastewater examination. AN concentration was
determined using the Nessler reagent and HACH Method
8038. Chemical Oxygen Demand (COD) was analyzed using
HACH Method 8000 with potassium dichromate, sulphuric
acid, and a spectrophotometer (DR6000). Biochemical
Oxygen Demand (BOD) was measured using HACH Method
8215, incorporating an incubator, BOD bottles, and nutrient
buffer pillows. Suspended solids were quantified using a
DR6000 spectrophotometer (APHA 2540). Turbidity was
assessed with a turbidity meter (APHA 2130), and the Sludge
Volume Index (SVI) was measured using a cylinder and stirrer
(APHA 2710).

Additional analyses included salinity, conductivity, and
color intensity. Salinity was measured using a salinity meter
(APHA 2520), and conductivity was assessed with a
conductivity meter and deionized water (APHA 2510). These
procedures provided insights into the leachate composition,
supporting the development of optimized treatment strategies.
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Fig.1- Leachate'.isampling pond at SRL'S

2.2 Treatment Optimization

The study optimized the coagulation-flocculation process
for matured leachate treatment using PAC as the primary
coagulant, which consists of varied and fixed operating
parameters. The optimization parameters included pH,
coagulant dosage, and settling time, which were determined
through jar tests. The experimental procedure involved the
varied operating parameters as in Table 1, which are pH (2.0
to 8.0), PAC dosage (500 to 4000 mg/L), and settling time (10
to 60 minutes) [16].

While the fixed operating parameters, jar tests followed
a standard procedure as presented in Table 2: rapid mixing at
200 rpm for 4 minutes, followed by slow mixing at 30 rpm for
15 minutes, conducted at 20°C [16].

Table 1 - Varied operating parameters [16]

Parameter Unit Value
Coagulant dosage mg/L 500 — 4000
pH - 2.0-8.0
Settling time Minutes 10-60

Table 2 - Fixed operating parameters [16]

Parameter Unit Value

Speed of rapid mixing rpm 200

Speed of slow mixing rpm 30

Duration of rapid mixing Minutes 4

Duration of slow mixing Minutes 15

Temperature °C 20
2.3 Svi

SVI was used to analyze sludge formation and assess the
success of the leachate treatment process [17]. The SVI
produced by PAC is evaluated under this treatment. The
optimal range of SVI value is within (80-150 mL/g) [18][19].
Thus, it indicates good settling ability.

The SVI method was carried out according to Feria-Diaz
et al. [20]. Matured leachate samples were placed in 1.0 L
beakers, 3 beakers that were treated by PAC with its optimum
dose and optimum pH, as determined by 4000 mg/L PAC at
pH 7 [16]. As the jar test neared completion, samples ranging
from 20 ml to 30 ml were extracted directly from the beakers
to measure their suspended solid (SS) value. These samples
were then filtered through filter paper no. 40 to retain SS,
followed by a 24-hour drying period in the oven to obtain the
dried sample weight and determine SS in mg/L [16]. After the
jar test was completed, the sample was poured into a 1.0 L
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cylinder without disrupting the formed flocs. The samples
were left to settle for 30 minutes in the cylinder, after which
the settled sludge volume (SSV) was measured to obtain the
SSV value in ml/L. Thus, the SVI value could be calculated
from the obtained SSV and SS values.

3. Result and Discussion

The laboratory findings on SRLS leachate parameters
were thoroughly reviewed and analyzed. The conventional jar
test was performed to fulfill the study's objectives. This
method is conducted to assess the PAC’s efficiency in
removing AN from ML under optimal conditions.

3.1 Leachate Characteristic

Characterization was crucial to understanding its
composition and concentration [21][22]. Six raw leachate
samples were collected between March and May 2024 without
dilution. The pH measured at 8.41 indicated old leachate,
surpassing the 7.5 threshold. Similarly, the COD value of 1900
mg/L confirmed its classification as old leachate (<4000
mg/L) [23]. The BODg/COD ratio, essential for
biodegradability assessment, was 0.02, further supporting this
classification as old leachate [23]. Although the ammoniacal
nitrogen concentration (466.78 mg/L) was lower than previous
findings, it still indicated old leachate (>400 mg/L) [23].
These parameters collectively classified the leachate as old
due to its high pH, low COD, low BOD3/COD ratio and
elevated ammoniacal nitrogen content. Additionally,
temperature, TSS, color, turbidity, and BODg levels exceeded
the Malaysia Environmental Quality Act 1974 discharge limit,
underlining the urgency of effective treatment methods [24].
Table 3 presents the results of the SRLS’s leachate
characterization parameters, emphasizing the need for
immediate action to mitigate environmental risks.

Table 3 — Leachate characteristics from SRLS

Parameter Unit Result
Duration Months March-May 2024
pH - 8.41-8.42
m;‘g:r'laca' mg/L 461.96 — 472.61
CoD mg/L 1900 — 2000
Colour ADMI 5400 — 5500
Turbidity NTU 198 — 203
TSS mg/L 170 -180
Temperature °C 23-31
BODg mg/L 30-45

BODs/COD Ratio - 0.01-0.02

3.2 PAC Optimization

Table 4, Fig. 2, 3, and 4 showed the optimal parameters
for PAC treatment to achieve maximum AN removal, which
were determined based on dosage concentration, pH, and
settling time. The optimum PAC dosage was 2000 mg/L,
achieving a 26% AN removal. Beyond this concentration, the
removal efficiency declined, which is consistent with findings
from previous studies where excessive coagulant dosages led
to charge reversal and floc destabilization, ultimately reducing
treatment efficiency [25]. The influence of pH on AN removal
efficiency was significant, with pH 7 yielding the highest
removal rate of 28%. This optimal pH aligns with other
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research indicating that a neutral pH facilitates the formation
of larger, more stable flocs, enhancing contaminant removal
[21][22]. Deviations from this neutral pH resulted in lower
efficiencies, with pH 4 and 5 showing the least effectiveness
at 14% and 12%, respectively, due to increased solubility of
PAC and inefficient floc formation. Additionally, the optimal
settling time was identified at 20 minutes, resulting in a 29%
AN removal, with longer times leading to decreased efficiency
due to particle re-suspension or floc densification [26] [27].

PAC performed better in terms of AN removal
efficiency, dose needs, and compatibility with the SRLS's
existing leachate pH. PAC had a greater AN removal
effectiveness (29%) at neutral pH (7) and required a lower
dosage (2000 mg/L) with a 20-minute settling time. This
reduced the need for extensive chemical changes, making it a
more cost-effective and practical approach for leachate
treatment [27]. Although PAC treatment did not satisfy the
EQA 1974 criteria (<5 mg/L AN removal) in the provided
conditions, it still showed good AN removal efficiency (26-
29%) than other treatment approaches [28][29]. PAC is the
recommended coagulant for optimizing matured leachate
treatment because of its ability to perform well at the leachate's
natural pH, as well as its lower chemical consumption and
operational expense.

Table 4 - Optimization of PAC under the influence of
dosage, pH, and settling time for AN removal

Parameter  Value AN Eg/:;oval Aol\lp:;zrrnnléyal
(%)
500 2
1000 22
1500 22
PAC dosage 2000 26 26
(mg/L) 2500 23 (2000 mg/L)
3000 24
3500 23
4000 22
2 23
3 24
4 14
28
pH 5 12 (OHT)
6 17
7 28
8 21
10 18
20 29
Settlingtime 30 28 29
(Min.) 40 13 (20 Min.)
50 10
60 1
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Fig. 2 — Optimum dose at 2000 mg/L and 26% AN
removal
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Fig. 4 — Optimum at settling time 20 Min. and 29% AN
removal

3.3 Sludge Volume Index (SVI) by PAC

The obtained SVI value is shown in Table 5, with an
average value of 98.66 mL/g, which falls within the optimal
range (80-150 mL/g). This result indicates stable and
adequate settling performance, aligned with findings from
previous studies [30][31]. The slight variation in SVI value
suggests a marginally higher settling volume, which remains
within the acceptable limit for effective sludge settling.

Table 5 — SVI result produced by PAC

SVI Unit Average
97.40

98.93 mL/g 98.66
99.67

4. Conclusion

In conclusion, this study proved the ability of PAC to
remove AN from ML. The experimental results showed that
PAC had a high AN removal efficiency of 29%, confirming
its effectiveness in treating ML. The SVI reading of 98.66
mL/g indicated that sludge settled well within the optimum
range of SVI (80-150 mL/g). Despite the slightly higher SVI,
PAC's greater AN removal efficiency and low pH adjustment
requirements make it the preferred coagulant for leachate
treatment. These findings give insight into the coagulation-
flocculation process, perhaps leading to better leachate
treatment methods and increased environmental protection.
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