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Abstract 

Leachate is a highly complex and polluted wastewater that is produced by the interaction of percolating 

water through the body of a landfill. Treatment of landfill leachate is essential as it could threaten the 

surrounding ecosystem. The aim of this research was to determine the efficiency of polyaluminum 

chloride (PACl) in removing chemical oxygen demand (COD), ammoniacal nitrogen (NH3-N) and color 

from two different landfill sites in Malaysia. The optimum dosage in removal of these parameters was 

determined and found to be lower for Kulim Landfill Site (KLS) than Ampang Jajar Landfill Site (AJLS). 

At optimum dosage of PACl as coagulant, the COD removal for KLS was higher than that obtained for 

AJLS. The removal of color for both sites was almost similar. The removal NH3-N was rather moderate 

for both the landfill sites with KLS exhibiting relatively higher removal rates.  
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Introduction 

Landfilling is one of the most popular methods of 

municipal solid waste (MSW) disposal due to its 

relative simplicity in terms of disposal procedures, 

low cost and landscape-restoring effect on the holes 

from mineral workings
1
. However, there is a 

significant concern associated to this disposal 

method which the generation of highly polluted 

wastewater called leachate. Leachate is produced 

when the rainwater or water inherently present 

within the waste cells leaches out from the body of a 

landfill
2,3

. Leachate may contain large amounts of 

organic matter (biodegradable and non-

biodegradable), ammoniacal-nitrogen, suspended 

solids (SS), inorganic salts and significant 

concentration of heavy metals
4,5

. Thus, the discharge 

of landfill leachate without proper treatment could 

cause harmful effects to the surface and groundwater 

as it could percolate through soils and subsoils
6
. 

Chemical composition of landfill leachate depends 

on several factors including waste composition, site 

hydrogeology, specific climatic conditions, moisture 

routing through the landfill, landfill age as well as 

design and operation of the landfill
7,8

. In general, 

young leachate tends to be acidic due to the presence 

of fatty acids
9
. On the other hand, stabilized or old 

leachate manly consists of high molecular weight 

organics such as humic and fulvic acids and 

relatively low chemical oxygen demand (COD) in 

the range of 500-5000 ppm
10

. Therefore, biological 

processes are considerably effective for young 

leachate but less efficient for older or stabilized 

leachate
5
. 

Coagulation-flocculation is a relatively simple and 

frequently applied technique in water and 

wastewater treatment. This technique could be 

successfully employed for the treatment of stabilized 

landfill leachates
11

. The removal mechanism of this 

process mainly consists of charge neutralization of 

negatively charged colloids by cationic hydrolysis 

products, followed by incorporation of impurities in 

an amorphous hydroxide precipitate through 

flocculation
12

.  

A coagulant is defined as the substance or chemical 

that is added into water to begin and accomplish the 
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coagulation-flocculation process
13

. Studies on the 

coagulation-flocculation process for the treatment of 

landfill leachates have been reported by several 

researchers
9,11,14

. Aluminum sulfate (alum), ferric 

chloride and ferric sulfate were commonly used as 

coagulants. However, in recent years, much attention 

has been paid to hydrolyzing metal salt coagulants 

namely polyaluminum chloride (PACl) due to its 

higher coagulant efficiency and relative low cost 

compared to the conventional coagulants
15-17

. 

Besides, PACI poses a good structure and higher 

charge density which leads to decrease in dosage 

requirements and hence lesser sludge production
16

. 

The application of PACl as a coagulant for the 

removal of color, COD and ammonia from water and 

wastewater has been investigated by several 

researchers
4,9,18-20

 with a conclusion that PACl is 

capable of removing color, COD and ammonia. 

However, the use of PACl as a coagulant is still 

uncommon in leachate treatment.  

This study focused on two different types leachate 

generated from Kulim Landfill Site (KLS) and 

Ampang Jajar Landfill Site (AJLS). KLS is located 

in Kulim, Kedah, Malaysia. It is an open dumping 

site that started operations in 1996 and was upgraded 

to sanitary landfill in 2006. AJLS is located in 

Seberang Perai, Penang, Malaysia. This site is 

administrated by Majlis Perbandaran Seberang Perai 

(MPSP) and is closed for more than 10 years. The 

purpose of this study was to examine the efficiency 

of coagulation-flocculation processes for the 

removal of COD, NH3-N and color from KLS and 

AJLS leachate using PACI. Thus, the results would 

be useful in establishing the removal pattern of each 

parameter in landfill leachate. 

 

Material and Methods 

Leachate: Leachate samples were collected from 

KLS and AJLS between June and December 2010. 

Samples were collected in 25-L plastic containers, 

transported to the laboratory and stored at 4 °C. 

Leachate samples were removed from the 

refrigerator and left under ambient temperature for 

about 2 hrs before the jar test was performed. Then, 

samples were thoroughly agitated for re-suspension 

of settled solids before any tests were conducted
9
.  

The samples were characterized in terms of pH, 

NH4-N, COD, turbidity and color. Table 1 and 2 

show the general characteristics of samples 

determined in accordance with the Standard 

Methods for the Examination of Water and 

Wastewater
21

.  

Coagulation-Flocculation: A hydrolyzed solution 

of PACl with the formula Al(OH)xCly (where x is in 

the range 1.35–1.65, and y=3−x) and pH 2.3–2.9 

(due to the presence of hydrochloric acid) was 

supplied by Hasrat Bestari Sdn Bhd, Penang, 

Malaysia. An 18% solution of PACI was used as a 

stock solution throughout the experiments. 

Coagulation-flocculation experiments were 

performed in a conventional jar-test apparatus 

(VELP-Scientifica, Model:J LT6,Italy) comprising 

of six paddle rotors (2.5cmx7.5cm), equipped with 6 

beakers of 1L each. The time and speed for rapid and 

slow mixing were set with an automatic controller. 

For each experiment, each beaker used for testing 

was filled with 500 ml of sample. Before rapid 

mixing, different dosages of PACl were added to 

each beaker together with a pH adjustment using 

sulphuric acid and sodium hydroxide. For this 

research, the operating parameters were adopted as 

rapid mixing speed 80 rpm, slow mixing speed 30 

rpm, rapid mixing time 2 min, slow mixing time 30 

min and settling time 30 min. 

 

Analyses: After accomplishment of the jar-tests, 

supernatant samples were withdrawn from the 

beaker by using a plastic syringe from the point 

located about 2 cm below the liquid level for the 

analysis. pH value was measured by pH meter 

(CyberScan 20) while turbidity was measured using 

2100N HACH laboratory turbidimeter. COD 

concentration was determined using closed reflux 

and Colorimetric Method (5220D). NH3-N was 

determined using Nesslerization method (4500-

NH3). COD was determined using Colorimetric 

Method (5220-D). Color measurements were 

reported as true color,filtered using GC-50 filter 
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papers (Advantec Toyo Kaisha Ltd., Japan) with 

0.45 µm pore size, assayed at 455 nm using DR2800 

HACH spectrophotometer. Method No.2120C 

reports color in Platinum-cobalt (PtCo), the unit of 

color being produced by 1 mg platinum/L in the 

form of the chloroplatinate ion. The effect of 

filtration on color removal was corrected by means 

of a control sample. Removal efficiency for 

parameters was obtained using the following 

formula. 

 

Removal (%) = [(Ci-Cf)/Ci]* 100        (1) 

 

where Ci and Cf are the initial and final 

concentrations of leachate sample in mg/L, 

respectively.  

 

Results and discussion  

Coagulant dosage plays an important role in the 

removal of target pollutants in coagulation-

flocculation studies. The optimum dosage of 

coagulant is defined as a value above which there is 

no significant increase in removal efficiency with 

further addition of the coagulant
22

. 

 

The coagulant dosages of PACl for both leachates 

ranged from 0 mg/L to 9000 mg/L at varying 

increments. The effect of different dosages of PACI 

on AJLS leachate is shown in Fig. 1 while fig. 2 

shows the effect of various PACl dosages on KLS 

leachate. The removal of COD increased initially but 

a decreasing trend was observed at PACl dosage of 

2700 mg/L followed by an increase when the dosage 

was increased to 3600 mg/L (fig. 1). However, 

beyond this dosage, a consistent increase in COD 

removal was observed and it reached maximum at 

PACl dosage of 7200 mg/L (fig. 1). Interestingly, 

the removal pattern for NH3-N was similar to COD 

removal initially; however, for dosages beyond 3600 

mg/L, the removal pattern varied greatly and reached 

maximum at 5400 mg/L PACl followed by a 

decrease with further increase in PACl dosage (Fig. 

1). As shown in Fig. 1, the removal of color was 

more consistent with increasing PACl dosage and it 

reached maximum when PACl dosage increased to 

8100 mg/L.   

 

According to fig. 2, for KLS leachate, the removal 

trend of COD was different to that of AJLS. A 

smooth decrease in COD was observed with 

increasing PACl dosage and it peaked at a dosage of 

4500 mg/L followed by a consistent decrease with 

further increase in the dosage of PACl (fig. 2). 

Again, NH3-N showed a peculiar trend and its 

removal was not consistent with the increasing 

dosages of PACl as shown in Fig. 2. Although the 

removal of color remained almost same for PACl 

dosages of 900 and 1800 mg/L, it was found to 

decrease drastically when PACl dosage was 

increased to 2700 mg/L. However, it remained 

almost linear for dosages higher than 2700 mg/L 

(fig. 2).      

 

Based on the above results, the optimum dosages of 

PACI for AJLS and KLS were chosen at 7200 mg/L 

and 4500 mg/L, respectively. At neutral pH, these 

optimum dosages gave COD removals of 50% and 

67% for AJLS and KLS, respectively. It is well 

known that COD intensity is due to humic 

substances in the leachate. Therefore, with the 

addition of hydrolyzing coagulants such as PACI, 

humic substances were successfully removed from 

the leachate. The present results agree with those 

described elsewhere
23

. The difference in removal 

rate could be attributed to the age of the landfill 

sites. It should be noted that KLS is currently 

operational and is producing highly polluted leachate 

in comparison to AJLS which has been closed for 

more than 10 years, hence produces 

mature/stabilized leachate with relatively higher 

percent of recalcitrant compounds which are more 

difficult to remove.  

 

The removal of color at optimum dosages was rather 

similar for both leachate types using the optimum 

PACl dosage and it ranged between 70-73% (Figs. 1 

and 2). However, the percentage removal of NH3-N 

was lower with merely 26% and 45% for AJLS and 

KLS, respectively. This is in agreement with the 
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previous findings
4
 whereby the authors used PACl 

as a coagulant for the treatment of semi-aerobic 

landfill leachate. Overall, the percent removal of 

color was higher than that of COD and NH3-N for 

both sites regardless of the PACl dosages (figs. 1 

and 2). 

 

In general, it could be noticed that the percentage 

removal of parameters increased with an increase in 

coagulant dosage until reaching an optimum value. 

This could be attributed to the notion that an 

excessive amount of coagulant caused restabilization 

of colloids and re-dispersion of the colloidal 

particulates
9
. Hence, the process should be 

optimized to reduce both the operational costs and 

improve the removal efficiency. The use of local 

natural polymers as coagulant aid with PACl could 

also be considered to further reduce the overall 

coagulant dosage as reported in earlier works
24,25

. 

Conclusion 

As a comparison, different optimum dosages were 

obtained for PACI at both the locations. Optimum 

dosage for PACI at KLS was lower than AJLS 

indicating lower coagulant requirements and 

possibly less sludge production. It could be 

concluded that treatment of landfill leachate from 

KLS and AJLS by coagulation-flocculation process 

in the presence of PACI as a coagulant was effective 

in the removal of color and COD but poor in case of 

NH3-N removal. Hence, PACl could be used as an 

effective pretreatment step for further biological 

treatment.        
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Table-1: General characteristics of raw leachate from Kulim Landfill Site (KLS) 

Parameter Unit Range 

pH  7.85-8.28 

NH3-N (mg/L) 600-720 

COD (mg/L) 110-300 

Turbidity  (NTU) 11.65-24.9 

Color (PtCo) (mg/L) 279-494 

 

Table-2: General characteristics of raw leachate from Ampang Jajar Landfill Site (AJLS) 

Parameter Unit Range 

pH  7.13-8.25 

NH3-N (mg/L) 258-570 

COD (mg/L) 117-260 

Turbidity  (NTU) 15-20.3 

Color (PtCo) (mg/L) 134-287 
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Figure-1: The effect of coagulant dosage on the removal of COD, NH3-N and color for AJLS leachate 

 

 

Figure-2: The effect of coagulant dosage on the removal of COD, NH3-Nand color for KLS leachate 

 

 


