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1. Introduction

Industrial wastewaters are played one of the most

important roles in environmental pollutions, but discharge 

these wastewater to environment has always with 

irreparable damages. Today, for the treatment of these 

pollutants and its control, various methods have been 

developed. Rubber industrials are among industrials that 

are highly contaminated effluent and need special 

consideration in their treatment [1]. Rubber wastewater 

contribute to suspended solids (SS), dissolved solids, high 

biochemical oxygen demand (BOD), colour, chemical 

oxygen demand (COD), and ammonia nitrogen other 

soluble substances [2]. These highly contaminated water 

has a high environmental impact and therefore needs to 

be treated before being discharged to the environment 

[3,4]. 

Generally, the technologies of wastewater treatment 

of natural rubber processing are based on conventional 

biological processes, such as oxidation ditch, pond 

system, activated sludge and anaerobic digestion [5]. 

Though, these systems are ineffective for the degradation 

of recalcitrant organics and micro-pollutants in rubber 

wastewater. In addition, these systems need large 

treatment area and need a long retention times. Physical 

and chemical methods like coagulation–flocculation, 

ultrasonic irradiation, ozonation and electrochemical 

methods have been applied. Nevertheless, these methods 

have some operational problems like sludge generation, 

reaction rates and low efficiencies, high operative costs 

and phase change of pollutants [6]. 

Adsorption processes using activated carbons are 

widely used to remove pollutants from wastewaters but 

the high cost of activated carbon makes its use limited [7–

10]. This encourages researchers to find a low-cost 

adsorbed materials, One of them is empty palm oil 

bunches or EFB. EFB fibre are easily available in 

Malaysia so the present study was designed to exploit 

these abundantly available agricultural wastes for the 

treatment of natural rubber wastewater to remove 

ammonia nitrogen from wastewater. The study were also 

conducted to optimize process parameters like adsorbent 

dosage, pH, shaking speed and contact time. Meanwhile, 

the adsorption data of ammonia nitrogen were further 

analysed using the two commonly used models, namely 

Langmuir and Freundlich models. 

2. Materials

Empty fruit bunch fibre was obtained from Palm Oil 

factory located at Kluang, Johor state of Malaysia. Then 

EFB fibre was modified with citric acid according to 
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Sajab et al.  [11]. 10 g of EFB fibres was added to 100 ml 

of 0.6M CA at room temperature. The liquid was 

decanted and the wet fibres were dried in an oven at 50°C 

for 24 h. The temperature of the oven was raised to 120 

°C and maintained at this temperature for 90 min. The 

modified EFB fibres were washed with hot water to 

remove excess CA. The fibres were then dried in the oven 

at 50 °C for 24 h and stored in a desiccator.  The chemical 

composition of EFB fibers such as cellulose, 

hemicelluloses and lignin were determined by using the 

following respective standard methods: T 222 om-06, 

Chlorination and Kurschner-Hoffner Methods [12]. 

 

2.1 Wastewater 

Natural rubber wastewater was collected from 

discharge point of a plant located in natural rubber 

factory at Kluang, Johor, Malaysia. The samples 

immediately transferred to the laboratory before being 

preserved in a refrigerator at a temperature of below 4 °C 

to avoid further biodegradation. The characteristic of 

wastewater were analysed according to the Standard 

Methods for Examination of Water and Wastewaters [13]. 

 

2.2 Batch Experiment 

Optimization of important process parameters such 

as adsorbent dose, pH, shaking speed and contact time for 

the maximum removal of colour from natural rubber 

wastewater was carried out by using classical approach. 

The 250-mL conical flasks containing 100 mL of natural 

rubber wastewater with known adsorbent dose were 

shaken in orbital shaker at 150 rpm in 90 min contact 

time. 

 

2.3 Adsorption Study 

Batch experiments were conducted using the batch 

method to determine the range of the process variable 

which includes dosage, pH, shaking speed and contact 

time. Each of the process variables for those need 

optimized was investigated and monitored separately. 

Experiment performed by using EFB fibre as a media and 

100mL of wastewater in a 250mL erlenmeyer flask. The 

flask lid was wrapped with laboratory film (Parafilm M, 

USA) for ensure satisfactory agitating process. The 

prepared flask was agitated with orbital shaker (Sartorius, 

Germany). Then the flask was removed and allowed to 

settle a bit before the supernatant was withdrawn for 

analysis of ammonia nitrogen [14]. The adsorption data 

of ammonia nitrogen by EFB were further analysed using 

the two commonly used models, namely Langmuir and 

Freundlich models to ascertain the favourability of the 

adsorbent. 

 

3. Results and Discussion 

3.1 Characterization of Adsorbent 

Table 1 show the EFB constitutes a lignocellulose 

material which consists of chemical component of 52% 

cellulose, 27% hemicellulose, 17.5% lignin and 3.4 ashes. 

Oil palm biomass is lignocellulose residues composed of 

cellulose, hemicellulose, lignin and ash [15]. The present 

high of cellulose is important; it contribute to the better 

adsorption of oil, heavy metal and other pollutant [16]. 

Besides that, functional groups present in lignocellulose 

materials bind heavy metals by donation of an electron 

pair from these groups to form complexes with the metal 

ions in solution [17]. According to Wong et al., [18], that 

cellulose, hemicelluloses, and lignin contains a large 

number of hydroxyl groups. Hydroxyl groups play as an 

important groups in absorbent and adsorbent process.  

 

Table 1. Chemical composition of oil palm empty fruit 

bunches 

Properties EFB fibre 

Cellulose (%) 52 

Hemicellulose 

(%) 
27 

Lignin (%) 17.5 

Ash (%) 3.4 

 

  

3.2 Characteristic of Wastewater 

Table 2 shows the natural rubber wastewater 

characteristic used in this study. This study is focused on 

only four parameters, namely suspended solids (SS), 

colour, COD and ammonia nitrogen. Table 1 show the 

presence of ammonia nitrogen 40 to 70 mg/L and these 

values are high when compared to Department of 

Environment Malaysia; Environmental Quality (Industrial 

Effluents) Regulations 2009 under standard A and 

standard B [19]. The presence nitrogen component 

consist mainly of ammonia nitrogen in wastewater as a 

result of the use of ammonia in the preservation of the 

latex [20]. It is extremely harmful due to the high toxicity 

of free ammonia at a pH higher than 8 and the high level 

of NH4
+
 and other plant nutrients makes it a good 

medium for algal growth, thus resulting in the 

eutrophication of water bodies [20]. 

 
Table 2. Characteristics of natural rubber wastewater 

 

Characteristics Unit Value 

Biological Oxygen Demand (BOD) mg/L 3350 

Chemical Oxygen Demand (COD) mg/L 5260 

Total Suspended Solids  mg/L 500 

Ammoniacal Nitrogen mg/L 55 

Color Pt.Co 345 

Turbidity NTU 130 

Zinc  mg/L 0.266 

Iron mg/L 0.08 

Cu mg/L 0.05 

pH  9.3 
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3.3 Adsorption Study 

3.3.1 Effect of Adsorbent Dosage  

The effect of adsorbents dose on the ammonia 

nitrogen percentage removal for different dosage EFB is 

presented in Fig.1. As can be seen, removal of ammonia 

nitrogen increased with increasing EFB dosage content 

until it reached a maximum value at 69.8%. Increasing 

adsorbent dosage above optimum dosage had a negligible 

effect on the increase in removal efficiency of NH4+ 

ions. This may be attributed to the formation of 

aggregates at higher solid/liquid ratios or to precipitation 

of particles [21]. According to Kehinde & Aziz [22], the 

pattern of removal with dosage of adsorbent  media may 

be due to higher chances of collision between the 

pollutants and adsorbent (as treatment media are 

increased) and the availability of more surfaces with sites 

for adsorption; in which case the adsorption may be 

physical and controlled by diffusion.  

 

 
 

Fig. 1 Effect of EFB on adsorption of ammonia nitrogen  

 

3.3.2 Effect of pH  

         Ammonia nitrogen removal by EFB was observed 

at pH values ranging between 3 and 12. The results are 

depicted in Fig. 2. The figure shows that as solution pH 

increases in the range of 3 to 6, the removal efficiency of 

NH4
+
 ion increases gradually and reaches a maximum 

value  67.9% using EFB when the pH value is 7. When 

the pH increases to 8, the removal efficiency start to 

decrease for these adsorbent. This finding tallies with the 

observations reported by previous authors [23,24]. 

Explained by Halim et al., [25], the properties of 

ammonia nitrogen in aqueous solution explain the result; 

the existence of two types of elements, ammonia, NH3 

(basic) and ammonium ions, NH4 
+
 (acidic). Therefore, 

the removal of ammonia is supposed to be higher at low 

pH, and vice versa, due to the cation exchange 

mechanism in aqueous solution.    

 Meanwhile, according to Huang et al., [23], this 

behaviour can be explained by the fact that at pH values 

above 8 partial dissolutions of the adsorbent occurs, and it 

is also likely that NH4
+
 is converted into NH3 specimen. 

Though,  at pH values below 8, the NH4
+
 ion 

concentration in solution rises when pH decreases there 

nevertheless results a decline in removal efficiency, as the 

H
+
 ion concentration also increases with the decrease in 

pH and intensifies competition for exchanging sites. 

Thus, the optimum pH value that suitable to be used for 

the experiments was pH 7. 

 
Fig. 2 Effect of pH on adsorption of ammonia nitrogen 

 

3.3.3 Effect of Shaking Speed  

Fig. 3 shows the effect of shaking speed results 

towards the removal of ammonia nitrogen from natural 

rubber wastewater, a specific range of shaking speed was 

assigned in the range of 50 to 175 rpm. As can be seen, 

the removal efficiency of ammonia nitrogen increase 

when shaking speed increases. According to Salman et 

al., [26], at very slow agitation speed the adsorbent 

accumulates at the bottom, reducing the contact surface 

area of the adsorbent with the adsorbate.  

 

 
 

Fig. 3 Effect of shaking speed on adsorption of ammonia 

nitrogen  
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Meanwhile, by increasing the shaking speed, there is 

a further raised in the adsorption due to the binding sites 

are free for further adsorption. With shaking, the external 

mass transfer coefficient raises causing the faster 

adsorption of the ammonia nitrogen [8]. Moreover, at 

very high speed, centrifugal forces operate, resulting in 

desorption of the adsorbate [21]. The optimum shaking 

speed obtained from experiment was 150 rpm with the 

removal efficiency of 71.1%, using EFB. Once reached 

the equilibrium state, if the shaking speed continued to 

increase, the removal rate tends to remain constant. Thus, 

agitation 150 rpm show the most suitable for this study.  

 

3.3.4 Effect of Contact Time  

         The effect of contact time on the absorption of 

ammonia nitrogen on empty fruit bunch was shown in 

Fig. 4. The result showed that the ammonia nitrogen was 

rapidly adsorbed in the first 60 min with the increase of 

contact time from 0-60 min and the ammonia nitrogen 

removal increased to 79.5% using EFB within 120 min. 

After 120 min, the adsorption rate becomes constant and 

the adsorption reach equilibrium. The maximum of 

ammonia nitrogen removal ammonia nitrogen removal 

was 79.5% using EFB at contact time 120 min.  

           According to Auta & Hameed, [27], fast ammonia 

nitrogen adsorption at initial stage with respect to the 

contact time and gradually became slower as equilibrium 

position was approached. Numerous and vacant active 

surface sites of the adsorbents were available at the initial 

stage of the reaction, and as the time lapsed, the vacant 

sites reduced in number thereby slowing down the 

adsorption process. 

 

 
 

Fig. 4 Effect of contact time on adsorption of ammonia 

nitrogen  

 

3.4 Adsorption Isotherm 

       Isotherm study is a basic technique for determining 

the nature of adsorption between the adsorbent and 

ammonia nitrogen. It indicates the distribution of 

ammonia nitrogen in the equilibrium phase. Langmuir 

and Freundlich are the most commonly used models for 

evaluating the experimentally acquired adsorption 

isotherms [28,29,30,31,32,33]. As be seen in Table 3, 

high R
2
 are derived by fitting experimental data into the 

Langmuir isotherm model for EFB (0.9923) as compared 

with the Freundlich isotherm model (0.9450). These 

suggest that Langmuir isotherm model enable generate a 

satisfactory fit to the experimental data, while Freundlich 

isotherm model vise versa. This Langmuir model 

assumes surface containing a limited number of 

adsorption sites and apply monolayer adsorption with no 
transmigration of adsorbate in the smooth of surface [21]. 

 

Table 3. The adsorption isotherm parameters of ammonia 

nitrogen adsorption 

 
Isotherm parameter EFB 

Langmuir  

qm 3.3772 

KL 0.2792 

R
2
 0.9923 

Freundlich  

KF 0.2795 

n 1.2089 

R
2
 0.9450 

 

4. Summary 

From this study, EFB fiber proven as low-cost and 

environmentally friendly and capable to remove ammonia 

nitrogen more than 75% from natural rubber wastewater. 

On the other hand, the adsorption best described by 

Langmuir isotherm model as the R2 was closed to 1. 

However, further research is necessary to see the 

effectiveness of EFB fiber for the removal of other 

contaminants in natural rubber wastewater such as colour, 

suspended solids, COD and others. 
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