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Abstract. Coagulation/ flocculation is one of the treatment method for 
highly polluted leachate. One of the main affecting factor for this process 
is the coagulant used. Coagulant is divided into natural and chemical 
coagulant. In the current study, Alum (chemical coagulant) and barley 
(natural coagulant) were used as dual coagulant. The aim of this study is to 
examine the effectiveness of dual coagulant made from alum and barley in 
removing colour from the effluent of Simpang Renggam landfill leachate 
aeration lagoon through coagulation/flocculation method. 
Coagulation/flocculation process with single alum coagulant, single barley 
coagulant and dual coagulant (alum+barley) were examined by evaluating 
the optimum values of pH and dose. Optimum dose and pH for alum and 
barley as single coagulant were; 3 g/L & pH 5; 0.8 g/L & pH 6. Higher 
removal of colour was recorded for alum compared to barley. Application 
of alum and barley as dual coagulant had higher colour removal than alum 
and barley as single coagulant. The optimum pH and dose for dual 
coagulant were at pH 6, 3.0 g/L of alum and 0.8 g/L of barley respectively. 
However, at pH 6, 2 g/L alum and 1.6 g/L barley, the removal of colour 
was similar to alum at 3 g/L. It can be concluded that barley as coagulant 
aid able to reduce 33 % usage of alum at par removals of colour. Thus, the 
dual coagulant consist of alum and barley has the potential to be applied as 
a coagulant for leachate treatment.  

1 Introduction  
Increased number of population had causing enormous pressure on the local environment 
especially in solid waste management. The fast development in industrial sector and 
improved standard of living produces huge volume of solid waste. In Malaysia, it is a 
common practice that most of solid waste are disposed by using landfilling method. 
However the negative outcomes of landfilling is the production of leachate. Leachate is 
characterised as a highly polluted liquid waste that contains high value of polluted matters 
such as ammonia, chemical oxygen demand, suspended solid, colour and etc. [1]. Thus, 
proper treatment of leachate is crucial to maintain a healthy surrounding for living 
organism.  
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There are many methods that can be used to treat this highly contaminated liquid. 
Basically the treatment of leachate consists of physical, chemical or biological methods. 
The selection of this treatment method is depending on the maturity of the leachate. One of 
the treatment methods used is coagulation, which is suitable for intermediate and old 
leachate [2]. Operation of coagulation is simple yet effective and required small area [3].  
One of the main factors that affect coagulation effectiveness is coagulant type. Coagulant 
used consists of chemical (alum, ferric chloride, poly aluminium chloride) and natural 
(moringa oleifera, starch, cactus, guar gam) coagulant [4]. It is well known that chemical 
coagulant is better than natural coagulant. However application of chemical coagulant is 
exposed to after used effects such as Alzheimer and neuro-degenerative diseases [5].  
Furthermore, the cost involved in coagulation is quite expensive for chemical coagulant. 
Thus, there’s a need in finding less expensive and less health effect coagulant. Application 
of dual coagulant made from natural and chemical coagulant is able to reduce the dose of 
chemical and reduce the toxicological effect [4]. Successful application of combination 
coagulant made from natural and chemical coagulant for leachate  treatment were proven 
by Ong, Ramli, Kamaluddin, and Zin et al, [6-9]. 

Barley is recognised as one of the major crops in daily diets of people [10]. Barley 
commonly used as animal feed, production of alcoholic beverages and food for human. 
Barley grain contains starch, fat and fibre components [11].  The starch in barley indicates 
good coagulant properties and known as natural polymer coagulant [4]. This natural 
polymer coagulant contains mixture of amylose and amylopectin [12]. The polymer chain 
structure of the starch, especially the amylopectin improved the coagulation/flocculation 
ability through bridging mechanism between the branched of the polymer chain [13-14]. 
However, application of natural polymer as main coagulant is limited by its efficiency in 
treating high strength wastewater. Thus, the addition of barley as a coagulant aid is seen 
able to increase the coagulation of the dual coagulant in this study. 

Current treatment of Simpang Renggam landfill (SRL) involved aerated lagoon. 
However, the current treatment is not sufficient to treat the leachate. In order to improve the 
effluent quality of SRL, this study aimed to examine the effectiveness of dual coagulant 
made from alum and barley as a coagulant for Simpang Renggam landfill aeration lagoon 
effluent. The effectiveness of this dual coagulant was measured by determining the 
percentage removal of colour from SRL aeration lagoon effluent. The optimization of pH 
and coagulant dose were tested in this study. 

2 Methodology 

2.1 Study area and sampling 

Samples of leachate were collected from Simpang Renggam landfill site (SRL) located in 
Simpang Renggam, Johor, Malaysia. SRL is located at latitude 10 53’41.64” North and 
longitude 1030 22’34.68” East in Kluang district. The treatment process of leachate in SRL 
is an aeration lagoon. The leachate samples were taken at the last outlet after leachate was 
treated by aerated lagoon. Sampling and analytical procedures were conducted in 
accordance with the American Public Health Association (APHA) Standard Method [15]. 
Age of SRL is 10 years old and is categorised as an old leachate.  

2.2 Preparation of coagulant 

The alum (Al2 (S04)3) (3 % concentration) was used as the primary coagulant, while barley 
(1 % concentration) as coagulant aid. Preparation of barley as coagulant was based on 
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modification of Okuda et.al study [16]. Dry barley seeds were blended using dry blender. 
Then, the barley powder was sieved and weighed according to concentration needed (1% 
concentration). The barley powder were then added in the beaker containing distilled water. 
The beaker were stirred using magnetic stirrer and heated up to 90°C for 30 minutes. After 
that, the solution was used as the coagulant aid.  

2.3 Jar test 

Coagulation tests were carried out using a jar test (Flocculator JTL5) apparatus. For this 
study, only pH and dose were considered in jar test process. While the factors listed in 
Table 1 were kept constant. The dose of alum and barley was calculated in g/L. NaOH and 
HCL were used to adjust the pH of leachate. A 1 L beaker was filled with 500 mL of 
effluent sample of SRL aeration lagoon, followed by the addition of alum under rapid 
stirring and addition of barley at the start of slow mixing. Then, the leachate was allowed to 
settle. Finally, 50 mL supernatant was collected 3 cm from the surface of the leachate for 
analysis of the color removal. The control sample was tested in each optimization test. The 
removal percentage was calculated based on the following formula: 
 

Percentage removal= (Ci –Cf) x 100                            
                                  Ci 

(1)   

 
where Ci (mg/L) and Cf (mg/L) are the initial and final parameter concentration respective. 
 

Table 1. Constant jar test factors. 

Factors Value 
Rapid mixing (rpm) 200 

Rapid mixing duration 
(minutes) 4 

Slow mixing (rpm) 30 
Slow mixing duration 

(minutes) 15 

Settling time (minutes) 30 
 

Efficiency of dual coagulant (alum+barley) was analysed based on percentage removal of 
colour from SRL leachate. At the same time, comparison of removal percentage of colour 
between single alum coagulant, single barley coagulant and dual coagulant was also made. 

3 Results and discussions  

3.1 Effect of dose  

In this study, colour efficiency of leachate effluent treated by single alum coagulant, single 
barley coagulant and dual coagulant were compared. As shown in Fig. 1, the colour 
removal ability of barley is the lowest indicates barley as single coagulant is not effective in 
removing colour. While alum, as single coagulant records 88% colour removal at 3.5 g/L. 
Application of dual coagulant increased the removal ability. Alum 3 g/L+barley and barley 
1.6 g/L+alum, show higher trends compared to single barley and alum. Thus, addition of 
barley improved the coagulation process. Barley as coagulant aid, produce better strength 
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of floc and increased the weight of the floc and finally increased the colour removal ability 
[4]. In comparison with Alum 3 g/L+barley and barley 1.6 g/L+alum, alum 3 g/L+barley is 
better as higher colour removals are recorded. At 3 g/L alum and 0.8 g/L barley, 98 % 
colour removal was achieved. At 3 g/L alum as single coagulant, just 85% colour removal 
was obtained. Therefore, addition of barley increased the colour removal ability.  Reduction 
of alum dose at 1.6 g/L barley, achieved slightly low colour removals. However, based on 
Fig. 1 lower alum dose from 2-2.5 g/L with 1.6 g/L barley, has better colour removal 
compared to alum as single coagulant. Dual coagulant consist of alum 2 g/l and barley 1.6 
g/L, achieved 85% colour removal with alum dose less than 33% to alum (3 g/L) as single 
coagulant. Based on the results mentioned above, the addition of barley is able to reduce the 
dose of alum used and improve the coagulation ability. Besides, reduction dose of alum 
used indicate possible reduction cost of treatment and toxicity effect of the chemical 
coagulant. 

 
Fig. 1. Effect of dose on color removal. 

3.2 Effect of pH  

The subsequence experiments were designed to find the optimal pH of dual coagulant 
(alum 2.5 g/L+barley 1.6 g/L) and compare with single alum (3g/L) and single barley (0.8 
g/L). Ability of barley as single coagulant is still the lowest compared to alum and 
alum+barley. Decolourization of leachate under the influence of pH at acidic condition, 
resulted on similar trend for alum, barley and alum+barley. However alum, showed higher 
removal compared to barley and alum+barley at pH range 3-5. The amount of alum added 
was more than amount of barley, so most of the coagulation optimum condition will 
favoured the optimum condition of alum as a single coagulant. Thus, the difference of 
percentage removal ability of alum and alum+barley were not too far and this is in line with 
Chen et. al (2015) study [17].  However, at pH 6 alum+barley, recorded slightly higher 
removal compared to alum and this indicate a point where the pH condition is suitable for 
alum and barley as dual coagulant. Optimum pH for maximum colour removal efficiencies 
of alum+barley, alum and barley were at 6, 5 and 5, respectively. The colour removal 
recorded at this optimum pH for alum+barley, alum and barley were 92%, 93% and 22%, 
respectively. Lower removals are recorded at alkaline condition for all the coagulant tested 
as shown in Fig. 2.This instances was in good agreement with the previous finding [9]. The 
results above indicate that dual coagulant and single alum performed better in acidic 
condition. 
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Fig. 2. Effect of pH on color removal. 

4 Conclusions 
Single alum coagulant, single barley coagulant and dual coagulant (alum+barley) were 
comparatively investigated in terms of colour removals under the influence of dose and pH. 
Higher removal of colour was achieved by dual coagulant compared to single alum and 
barley under the influence of dose. All three coagulants, performed better at acidic 
condition.  However, the best performance was recorded by dual coagulant (alum+barley) 
at pH 6, alum 3 g/L and barley 0.8 g/L with 98% colour removal. The best color removal of 
single alum at pH 4, dose 3 g/L was 93 %. Thus, barley as coagulant aid is able to improve 
coagulating ability of alum at better pH and produced higher removal of colour. 
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