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Abstract.  Experiments were carried out using granular activated carbon (GAC) adsorption techniques to 
treat wastewater contaminated with organic compounds caused by diverse human activities. Two techniques 
were assessed: adsorbent GAC prepared from coconut shell (GACC) and adsorbent GAC from palm shell 
(GACP). A comparison of these two techniques was undertaken to identify ways to improve the efficiency 
of the treatment process. Analysis of the processed wastewater showed that with GACC the removal 
efficiency of biochemical oxygen demand (BOD), chemical oxygen demand (COD), turbidity, total 
suspended solids (TSS) and total dissolved solids (TDS) was 65, 60, 82, 82 and 8.7%, respectively, while in 
the case of GACP, the removal efficiency was 55, 60, 81, 91 and 22%, respectively. It can therefore be 
concluded that GACC is more effective than GACP for BOD removal, while GACP is better than GACC 
for TSS and TDS removal. It was also found that for COD and turbidity almost the same results were 
achieved by the two techniques. In addition, it was observed that both GACC and GACP reduced pH value 
to 7.9 after 24 hrs. Moreover, the optimal time period for removal of BOD and TDS was 1 hr and 3 hrs, 
respectively, for both techniques. 
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1. Introduction 
 

In recent years, effluent standards have become more stringent in an effort to minimize the 
impact of aqueous discharges into the environment. This has led to a growing need to improve the 
efficiency of wastewater treatment plants (Ulson de Souza et al. 2009) and increasing focus on the 
removal of those organic substances in wastewater that significantly amplify the risks to the 
aquatic environment. The features of municipal wastewater differ by location depending on a 
variety of factors such as the economic status and food habits of the community, the water supply 
site and the weather conditions of the area. Thus the features of wastewater in Malaysia might be 
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different from those in the USA. An analysis of the physical, chemical and biological features of 
wastewater has been conducted to find means of reducing the various pollutant absorptions 
(Ismaiel et al. 2013). 

The conventional treatments of wastewater include chemical treatment, physicochemical 
treatment, biological treatment, and a combination thereof. However, because of the technological 
limitations and the differences in wastewater, many issues still need to be resolved to develop 
more efficient treatment processes, such as finding a way to reduce the low chemical oxygen 
demand (COD) degradation rate (Song et al. 2009). Also, because of the occurrence of water 
flowback into the water supply, it is essential to develop pollution avoidance methods that can 
reduce biochemical oxygen demand (BOD), pH, and COD. Also, better techniques are needed to 
reduce the proportion of total dissolved solids (TDS) and total suspended solids (TSS). In 
experiments, it has been observed that a considerable proportion of COD and BOD (71.1% and 
75.6%, respectively) can be eliminated by the retting of wastewater by granular activated carbon 
(GAC) adsorption as compared to using jute processing waste (JPW) that results in a reduction of 
13.8% and 33.3%, respectively (Sobhan and Sternberg 1999). To further improve these efficiencies 
in a more environment-friendly way, other solutions for wastewater treatment have been 
developed, one of which is the use of a natural substance, activated carbon (Karanfil and Kilduff 
1999). 

Activated carbon consists of microcrystallines that have blended hexagonal rings of carbon 
atoms, the formation of which is somewhat similar to graphite. There are spaces between the 
individual microcrystallines named micropores and these enable adsorption (Snoeyink et al. 1969). 
Activated carbon can be produced by using a simple technology (Rahman et al. 2013). Granular 
activated carbon (GAC) is a type of activated carbon usually found in the crushed granules of coal 
or in some shells such as coconut and palm (Meng et al. 2010). In fact, this type of carbon can be 
made from a range of carbon-based materials by using a high-temperature process to create a 
matrix of thousands of crevices and microscopic atoms. An amount of 1 lb of activated carbon has 
a surface area of 500–1500 m²/g. The pores catch organic molecules and microscopic atoms at the 
same time as the activated surface area adsorbs or sticks to the organic molecules (Bhandari and 
Nayal 2008). Granular activated carbon adsorption has been used in the third-stage treatment of 
municipal and manufacturing wastewater (i.e., as a physicochemical treatment after second-stage 
treatment) or as a step in a physicochemical treatment series (coagulation, settling, filtration, GAC 
adsorption) in the place of biologic treatment. If it is used as a third treatment, GAC chiefly 
adsorbs the organic molecules that have not been removed by biologic treatment (Snoeyink et al. 
1969, Weber et al. 1970). 

Adsorption is considered one of the more efficient methods to treat wastewater and researchers 
have recognized that activated carbon can adsorb the compounds in wastewater effectively 
(Vyrides and Stuckey 2009). Rouabeh and Amrani (2012) reported the equilibrium modeling for 
adsorption of NO3¯ from aqueous solution on activated carbon. GAC adsorption is currently the 
most common method for treating wastewater; however, this type of treatment is costly (Hameed 
et al. 2008). Carbon adsorption is one of the most commonly used and well-established techniques 
for home water treatment as it can eliminate unpleasant tastes and smells, including chlorine. 
Although activated carbon filters consist of a single piece of equipment, they are considered to be 
the best type of purification apparatus because they can remove many chemicals and gases. 
Moreover, sometimes they can also remove microorganisms. In addition, some activated carbon 
filter systems are considered the best way to remove lead, asbestos, volatile organic compounds 
(VOCs), cysts, and coliform (Çeçen and Aktaş 2011). For instance, the efficiency of a pilot plant 
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in removing BOD was found to be 60.8%, where the BOD of the inlet sample ranged from 150 to 
200 mg/l. Activated carbon reduced the BOD of the final tank to 50-90 mg/l (Gao et al. 2008). 
Moreover, the GAC technique has been found to remove a very high proportion of phenols (96%), 
turbidity (99%) and color (99%) from wastewater (Cyr et al. 2002). 

Depending on the activation process and the raw material, a wide range of pore structures in 
activated carbon can remove multi-pollutants from surface water, groundwater, wastewater and 
industrial effluents including pesticides, nitrate and endocrine disrupting chemicals (EDC) such as 
nonylphenol, amitrol and bisphenol-A (Brennan et al. 2002, Choi et al. 2005, Ioannidou and 
Zabaniotou 2007). Besides wastewater, the landfill leachate can be treated by activated carbon and 
electrolysis (Rada et al. 2013, Fernandes et al. 2014, Ahsan et al. 2014, Rahman et al. 2014, 
Kabuk et al. 2013). 

In light of the foregoing potential of GAC, in this paper, the results of experiments utilizing 
GAC prepared from coconut shell (GACC) and GAC from palm shell (GACP) were presented to 
reduce BOD, COD, turbidity, TDS, TSS and pH in wastewater. A comparison of these two 
techniques was undertaken to identify ways to improve the efficiency of the treatment process. 

 
 

2. Materials and methods 
 

2.1 Materials 
 

The raw wastewater was sampled from a treatment plant (small-scale) in Putra University, 
Malaysia. This water is the used for various activities by several parts of the university such as 
administrative buildings, the restaurant, dormitories and laboratories, all of which produce 
different organic and inorganic pollutants. In addition, the water also contained a chemical 
contaminant discharged on occasion from the laboratories, which makes the water more difficult 
and complex to treat. The details of the raw wastewater quality are shown in Table 1. 

The pilot plant is a laboratory experimental scale model for treating wastewater. As shown in 
Fig. 1, it consists of a storage tank, a sand filter, a GAC filter and final tank. The storage tank is 30 
cm in depth, 60 cm in length and 30 cm in width. The waste matter is gathered from the existing 
plant and it can store about 10 L of wastewater. The sand filter container is made of fiber glass and 
measures 35cm deep and 40 cm in diameter and contains seven graded layers of gravel (14 mm, 8 
mm, 4.75 mm, 2 mm, 850 µm, 600 µm) each having a thickness of 5 cm. A GACC filter and a 
GACP filter are used in the pilot plant. The size of the activated carbon tank is 20 cm long, 20 cm 

 
 

Table 1 Concentration of the wastewater constituents 

Parameters Raw WW Sand filter GACP (CT = 0.1 hr) GACC (CT = 0.1 hr)

BOD (mg/l) 300 275 240 195 

pH 7.35 6.76 8.41 9.27 

Total dissolved solids (ppm) 230 230 560 2290 

Total suspended solids (ppm) 22 4.4 18 47 

Turbidity (NTU) 35.78 7.83 6.76 25.67 

Salinity (ppm) 150 160 400 1630 

Electrical conductivity (µs/cm) 345 327.4 806 3290 

*Note: WW = Wastewater; CT = Contact time 
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 GAC
 Palm 
contactor

  GAC
Coconut 
contactor

Gravel 14mm.

Gravel 8mm.

Gravel 4.75mm.

Gravel 2mm.

Sand 0.85mm.

Sand 0.60mm.

   Westeater  
tank 10L

Sand filter

 

Fig. 1 Experimental setup of GAC contactor 
 
 

in wide and 30 cm high. The final tank is 20 cm in depth and 15 cm in diameter. The treated water 
is gathered as the sample in the final tank. 

 
2.2 Methods 
 
An experiment was performed at room temperature using the setup shown in Fig. 1 and 

adsorption using the batch mode was carried out. First, wastewater was injected into the sand filter 
system to pass through the several gravel layers and was then split between the two activated 
carbon tanks; the first tank was used to test the GACC technique and the second was used to test 
the GACP technique. Detention periods of 0.1, 1, 2, 3 and 24 hrs were selected to allow the 
effluent sufficient processing by the two separate techniques. Analyses of the treated samples of 
wastewater gathered in the final tank after these periods were conducted to assess the removal 
efficiencies for BOD, COD, turbidity, TDS, TSS and pH. 

The adsorption process consists of three stages. The main stage, macrotransport, involves the 
movement of the organic objects through the water to the liquid-solid interface by advection and 
diffusion. Microtransport engages the dispersal of the organic objects through the micropore 
system of GAC to the adsorption positions in the micropores and submicropores of the GAC. 
Adsorption happens at the surface of the granule and in the micropores as well as mesopores. 
Nonetheless, in comparison with the surface area of the micropores and submicropores, the surface 
area of these elements of GAC is very small. 
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One can define sorption as the addition of organic objects to GAC. As it is difficult to 
distinguish between chemical and physical adsorption, researchers use sorption. As soon as the 
rate of sorption equates to the rate of desorption, balance is achieved and the capacity of the 
carbon is reached. The results of studies on pilot plants using GAC indicate that it is possible to 
remove TDS by using activated carbon in filters. However, it should be noted that the size of the 
activated carbon is very important in decreasing TDS. Previous research has found that when the 
particle size of the activated carbon is reduced, its efficiency is augmented as the surface area is 
increased and therefore TDS can be decreased substantially. However, using a very fine powder of 
activated carbon is not efficient enough while the porosity is augmented to a large extent (Kim 
2002). 

 
 

3. Results and discussion 
 

3.1 pH 
 
The initial pH was 7.35. In experiment, the pH value increased to 9.27 and 8.41 by GACC and 

GACP, respectively. Then, after 24 hrs, a reduction of the pH value to 7.9 for both GACC and 
GACP was observed, as shown in Fig. 2. Laboratory studies suggest that this rise in pH occurs 
when wastewater is treated by activated carbon because there is as an interaction between the 
naturally-occurring protons and anions in the wastewater and the carbon surface. This interaction 
can be described as an ion-exchange type of phenomenon in which the carbon surface sorbs the 
corresponding hydronium ions and anions from the water. Researchers have emphasized that the 
increment of the pH value is due to anion sorption. However, an increase of pH value is 
independent of the raw material that is used for the activated carbon whether it is sub-bituminous 
or produced, e.g., bituminous, coconut, wood or peat (Banerjee and Dastidar 2005). 

 
3.2 BOD removal 
 
The value of BOD in the inlet sample was 300 mg/l. At 0.1 hr, the BOD value was 195 mg/l by 

GACC and 240 mg/l by GACP as shown in Fig. 3. However, after 1 hr, BOD was 258 mg/l and 
162 mg/l by GACC and GACP, respectively. A wide variation is observed between them due to 
the use of different properties of the carbon materials. This indicates that the GAC adsorption of 

 
 

 

Fig. 2 Commercial GACC and GACP effect on pH 
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Fig. 3 Commercial GACC and GACP effect on BOD 
 
 

 

Fig. 4 Percentage removal of BOD5 by using commercial GACC and GACP with different contact times 
 
 

wastewater can be classified into three stages: first, a rapid adsorption process, then a gradual 
slowing down of adsorption and, finally, a balanced adsorption. These stages could be attributed to 
adsorbent surface adsorption, internal diffusion adsorption and adsorption equilibrium in turn. The 
time at which equilibrium was reached was almost 1 hr. 

After 2 hrs, the value of BOD for both GACC and GACP was similar. At the end of 24hr 
experimental period, substantial removal of BOD (65%) was achieved by GACC, while 55% was 
removed by GACP, as shown in Fig. 4. Furthermore, it can be seen that no change occurred during 
the 3-24hr period. Therefore, it can be concluded that GAC reached saturation point at 3 hrs and 
was unable to reduce the BOD value further. In other words, the adsorption equilibrium of BOD 
approximately approached the same value during the 3-24hr period. Hence, the optimum time was 
3 hrs for BOD removal. 

 
3.3 COD removal 
 
Fig. 5 illustrate that the COD for the inlet sample was 80 mg/l and this was reduced to 56 mg/l 

and 70.4 mg/l by GACC and at GACP techniques at 0.1 hr, respectively. However, the lowest 
value recorded for COD was 16 mg/l and 42 mg/l by GACC and GACP, respectively at 1 hr. The 
initial COD value was 64 mg/l in both GACC and GACP. This can be attributed to the dynamic 
equilibrium between desorption and adsorption. It is part of the organics (during the second and 
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the third hour), which was adsorbed and then after saturation was desorbed, to lead to a slight 
reduction after the removal rate reached the maximum. The organics in wastewater diffused from 
activated carbon surface to inner pores as time went by and gradually became stable. This process 
could due to the stages of adsorbent surface adsorption, internal diffusion adsorption and 
adsorption equilibrium in turn. The time to reach equilibrium was between 2-3 hrs for GACC, 
whereas for GACP it was at the third hour. Bian et al. (2011) found the similar results. Thus, the 
kinetics of adsorption is affected quickly (up to 1 hr). After 24 hrs, the COD removal efficiency 
was 60% for both GACC and GACP (Fig. 6). 

 
 

 

Fig. 5 Commercial GACC and GACP effect on COD 
 
 

 

Fig. 6 Percentage removal of COD by using commercial GACC and GACP with different contact times 
 
 

 

Fig. 7 Commercial GACC and GACP effect on turbidity 
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3.4 Turbidity removal 
 
The turbidity of the inlet sample was 35.78 NTU. Figs. 7 and 8 show the measured turbidity of 

the effluent samples and the turbidity removal efficiency, respectively. The turbidity values were 
25.76 NTU and 6.76 NTU by GACC and GACP techniques, respectively at 0.1 hr, respectively. 
However, the lowest value of turbidity was 6.44 NTU by GACC at 1 hr. At 24 hrs, the removal 
efficiency for turbidity was 72% and 48% by GACP and GACC, respectively. 

 
 

 

Fig. 8 Percentage removal of turbidity by using commercial GACC and GACP with different     
contact times 

 
 

 

Fig. 9 Commercial GACC and GACP effect on TSS 
 
 

 

Fig. 10 Percentage removal of TSS by using commercial GACC and GACP with different contact times 
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Fig. 11 Commercial GACC and GACP effect on TDS 
 
 

 

Fig. 12 Percentage removal of TDS by using commercial GACC and GACP with different contact times 
 
 
3.5 TSS removal 
 
The initial value of TSS was 22 ppm. The TSS increased to 47 ppm by GACC because of the 

impurities in the sample and limited treatment time. However, the value of TSS decreased to 18 
ppm at 0.1 hr by GACP (Fig. 9). After 24 hrs, it was observed that the value of TSS decreased to 4 
ppm and 2 ppm by GACC and GACP, respectively. The highest removal efficiency for TSS was 
82% by GACC and 91% by GACP, respectively as illustrated in Fig. 10. 

 
3.6 TDS removal 
 
The initial value of TDS was about 230 ppm. The TDS reached to 2290 ppm and 560 ppm by 

GACC and GACP, respectively as shown in Fig. 11. This result is due to the impurities and salts 
in GAC. However, after 1 hr, the value of TDS reduced to 210 ppm and 180 ppm by GACC and 
GACP, respectively. The highest removal efficiency for TDS was 8.7% and 22% by GACC and 
GACP, respectively (Fig. 12). 

 
 

4. Conclusions 
 
The results of this part of the study show that the GACC technique is better than the GACP 

technique in removing high ratios of BOD, turbidity and TDS from wastewater. However, both of 
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these techniques have the same efficiency in removing a high proportion of COD. On the other 
hand, GACP is more efficient than GACC in removing a high proportion of TSS. Our experiments 
showed that high removal efficiency for BOD and TDS occurred at 1 hr and 3 hrs for both 
techniques. The pH range was 7.9-9.27 using the GACC technique, whereas it was 7.9-8.41 using 
the GACP technique. A simple pretreatment (e.g., electrolysis) can be applied for wastewater and 
landfill leachate prior to activated carbon filtration to get high removal efficiency for various 
pollutants. 
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