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Abstract: Phenol is a high-risk environmental pollutant even at small concentrations. This study was conducted to 

remove phenol from industrial wastewater by adsorption using sawdust and activated carbon manufactured from 

coconut and comparing phenol removal efficiency using 2 types of adsorbents. The phenol removal efficiency of each 

of the two different types of adsorbents was studied at different factors in terms of the initial concentrations of phenol in 

wastewater (200, 240 and 290) mg/l at contact times (30, 60, 90 and 120) minutes and pH (3.9, 3.5 and 2.4) with 

different doses of activated carbon (0.5, 0.9 and 1.2) g and other doses of sawdust (20, 30 and 40) g. The results showed 

an increase in removal efficiency while increasing the dose of the adsorbent and increasing contact time. The highest 

efficiency using activated carbon is 85.6% when using 0.9 g of activated carbon at contact time of 120 minutes, while 

the removal efficiency is 40.4% if using 40 g of sawdust at the time of contact of 120 minutes 
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1. INTRODUCTION 

Phenol pollution is a significant environmental problem. 

Phenolic compounds are a typical wastewater pollutant. 

Phenol is one of the most important hazardous pollutants, 

according to the U.S. Environmental Protection Agency 

(USEPA) [1].  

 

Fig 1. Approximately how much phenolic waste (in mg/l) can be 

found in various industrial effluents [2] 

According to Fig. 1, phenol is widely employed in a variety 

of sectors, including the paper, plastic, pesticide, petroleum 

and petrochemical, and medicinal ones. Additionally, these 

industries produce a lot of effluents, some of which have 

millions of milligrams per liter more contaminants than 

natural water [3]. Phenol is very soluble in water and is 

detectable as a badly taste and odor in water supplies [4]. 

Due to their toxicity, phenols and their derivatives are 

highly dangerous environmental contaminants. The quantity 

of phenol and the time of exposure essentially determine the 

effects on health. Because phenol is very hazardous even at 

low concentrations, exposure to it by humans is one of the 

risks in any refinery's effluent [5]. Additionally, phenols 

have a number of harmful impacts on the environment, 

including negative effects on soil owing to decreased 

porosity and flocculation, negative effects on plants due to 

decreased seed germination, and negative effects on 

groundwater due to toxic phenol seeping through the soil 

[6]. The World Health Organization (WHO) has established 

a maximum permissible concentration in drinking water of 

0.001 mg/L. Therefore, it is necessary to remove phenol 

from domestic, industrial, and agricultural wastewaters in 

order to reduce the phenol concentration to below the 

acceptable level [7].  

The literature has details about a number of removal 

techniques, including flocculation, membrane separation, 

solvent extraction, oxidation, photodegradation, and electro-

Fenton oxidation [8]. The adsorption method has been 
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found to be extremely popular in the treatment of 

wastewater. Adsorption strategies used to remove phenol 

are often divided into three groups: chemical, physical, and 

biological adsorption [9]. Although useful, chemical 

methods are not accepted since they frequently release 

additional hazardous substances. The biological degradation 

processes are also not investigated, despite the fact that 

temperature has a significant impact on them [10]. Since 

physical adsorption techniques are so effective, they are 

frequently employed in industry [11]. Adsorption using 

various natural adsorbents is likely the most cost-effective 

and efficient treatment method for phenol removal [12]. 

Several researchers are looking for naturally occurring 

adsorbents that are affordable and accessible [13]. However, 

some crucial factors to consider when selecting the finest 

adsorbents include surface area, pore sizes, structural 

features, adsorption performance, straightforward 

regeneration, and a wide range of applications [14]. 

Because they are typically inexpensive, natural materials 

derived from agricultural wastes are frequently chosen as 

effective adsorbents [15]. 

The current study aims to investigate the efficiency of 

industrial sawdust and coconut activated carbon used as 

adsorbents for phenol removal from wastewater, as well as 

to investigate the effects of initial phenol concentration, 

adsorbent dosage, pH value, and contact time on the 

adsorption process, in order to identify the most effective 

conditions.  

2.MATERIALS AND METHODS 

Sample collection 

Samples of refinery wastewater were taken from a local 

petrochemical factory and stored at room temperature in 

dark-colored plastic containers. Three samples were 

collected and each sample was 5 liters. Samples were 

collected at different times through day. The weight used in 

each trial in experimental work was 5 gm (40 ml). The main 

characteristics of the refinery wastewater are given in Table 1. 

TABLE 1. Characteristics of the refinery wastewater 

  Concentration of 

Phenol (mg/l) 

pH 

Sample st1 200 3.9 

Sample nd2 240 3.5 

Sample rd3 290 2.4 

 

Adsorbent preparation 

Two types of adsorbents were used sawdust and activated 

carbon. Sawdust was collected from the local resource. It 

was boiled with distillate water and, then, filtrated and dried 

in an oven at 80o C for 24 hrs. Finally, it was sieved to 

particle size range of 4-6 mm. Activated carbon used in 

experimental work was from coconut. 

Adsorption procedure 

The studies were performed for assessing the adsorption 

efficiency of the phenol from wastewater using sawdust and 

activated carbon. The experiments were carried out with the 

variation of process variable like initial phenol 

concentration, pH, contact time, type of adsorbent and 

adsorbent dose.  

Batch adsorption experiments were carried out by adding an 

amount of adsorbent varied between (20-40) g in case of 

sawdust and between (0.5-1.2) g in case of activated carbon 

with 40 ml of wastewater of different phenol initial 

concentration and pH as mentioned in Table 1 in 250 ml 

stopper conical flasks. These flasks were placed on a 

rotating shaker with constant shaking at 150 rpm to 

maintain the equilibrium condition. For the kinetics study, 

samples were withdrawn at regular intervals and filtered. 

The phenol concentration was then measured using UV 

spectrophotometer equipment (Shimadzu UV/Vis 1601 

Spectrophotometer, Japan). The percentage of phenol 

removal is derived from Eq. (1). 

% 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑓 𝑝ℎ𝑒𝑛𝑜𝑙 =
𝐶𝑜−𝐶𝑡

𝐶𝑜
∗ 100                      (1) 

where Co and Ct are phenol concentrations initially and at 

any given time respectively. 

 

3.RESULTS AND DISCUSSION 

Effect of initial concentration of phenol 

In experimental work, the initial concentration of phenol 

was studied at different doses of activated carbon and 

sawdust. Phenol removal efficiency was tested at various 

concentrations of phenol in wastewater 200, 240 and 290 

mg/l at 120 minutes contact time. Figure 2 shows that the 

phenol removal efficiency increases as the adsorption dose 

of activated carbon increases, but efficiency decreased at the 

initial concentration of 200 mg/l due to the shift from acid 

(pH value 3.9) to base (pH value 7.6). 

Figure 3 shows that phenol removal efficiency using 

sawdust decreases with the increase in the initial 

concentration of phenol. This decrease of efficiency at high 

concentrations is due to the accumulation of phenol particles 

on adsorption surface [16]. 

Figure 4 shows the effect of initial concentration of phenol 

on removal efficiency of phenol at different contact times 

for adsorbent dose 1.2 g activated carbon and Fig. 5 for 

adsorbent dose 40 g of sawdust. The results indicate that 

phenol removal efficiency decreases with increasing of 

initial concentration of phenol.  
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Fig 2. Effect of initial phenol concentration on phenol removal 

efficiency at different doses of activated carbon 

Fig 3. Effect of initial phenol concentration on phenol removal 

efficiency at different doses of sawdust 

 
Fig 4. Effect of initial phenol concentration on phenol removal 

efficiency at different contact times for activated carbon 

Fig 5. Effect of initial phenol concentration on phenol removal 

efficiency at different contact times for sawdust 

 
Fig 6. Effect of adsorbent dose of activated carbon on phenol 

removal efficiency at different initial phenol concentration 

Fig 7. Effect of adsorbent dose of sawdust on phenol removal 

efficiency at different initial phenol concentration 
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Fig 8. Effect of adsorbent dose of activated carbon on phenol 

removal efficiency at different contact times 

 

Fig 9. Effect of adsorbent dose of sawdust on phenol removal 

efficiency at different contact times 

 
Fig 10. Effect of contact time with activated carbon on phenol 

removal efficiency at different initial phenol concentration 

 

Fig 11. Effect of contact time with sawdust on phenol removal 

efficiency at different initial phenol concentration 

 
 

Fig 12. Effect of contact time on phenol removal efficiency at 

different adsorbent dose of activated carbon 

 

Fig 13. Effect of contact time on phenol removal efficiency at 

different adsorbent dose of sawdust 
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Fig 14. Values of pH after adsorption at different adsorbent 

dose of activated carbon 

 

Fig 15. Values of pH after adsorption at different adsorbent dose of 

sawdust 

Effect of adsorbent dose 

Experiments were conducted at different adsorbent doses 

of activated carbon (0.5, 0.9 and 1.2) g as shown in Fig. 6 

and doses (20, 30 and 40) g of sawdust in Fig. 7 to study 

the effect of adsorbent dose on phenol removal efficiency 

at different initial concentrations of phenol in wastewater 

(200, 240 and 290) mg/l at 120 minutes contact time. The 

results indicated an increase in phenol removal efficiency 

with an increase in adsorbent dose due to an increase in 

surface area of adsorbent. The results of removal efficiency 

through activated carbon are almost double the values 

resulting from the use of sawdust as adsorbent. 

Figures 8 and 9 show the same results as above but with 

different contact times and with the initial concentration of 

phenol 290 mg/L where the results show increased phenol 

removal efficiency with increasing of adsorbent dose and 

increasing of contact time. 

 

Effect of contact time 

The results illustrated the effect of contact time on the 

removal of phenol. Figure 10 shows an increase in phenol 

removal efficiency while increasing contact time when 

using an adsorbent dose of 1.2 g of activated carbon with 

varying initial concentrations of phenol. The same effect is 

shown when using an adsorbent dose of 40 g of sawdust 

instead of activated carbon as evident in Fig. 11. 

Both Fig. 12 and Fig. 13 show the same effect with the use 

of different doses of activated carbon and sawdust at the 

initial concentration of phenol 290 mg/l. The increase in 

phenol removal efficiency with increasing of contact time 

is due to the presence of many empty places in the 

adsorbent material that increase the removal 

efficiency[17]. 

 

 

Effect of pH value 

Both Fig. 14 and Fig. 15 show pH values of water after 

adsorption in cases of adsorption by activated carbon and 

sawdust, respectively, with the pH of water varying before 

adsorption and the dose of the adsorbent.  

The results show that the pH of water has shifted from acid 

to base in the case of activated carbon at 1.2 g and a value 

of pH 3.9. The effect of the pH change on the efficiency of 

phenol removal from wastewater is shown as the higher the 

pH value the more efficient the removal until the shift to 

the base occurs and a lack of removal efficiency begins as 

previously indicated. This is due to the competition 

between phenol ions and OH- ions. 

 

4.CONCLUSION  

The efficiency of both activated carbon from coconut and 

sawdust was studied on the removal of phenol from 

industrial wastewater and the various factors affecting the 

removal efficiency such as initial phenol concentration in 

wastewater, the dose used from each adsorbent, contact 

time and the effect of pH of wastewater. The results 

showed that the removal efficiency decreases with the 

increase in the initial concentration of phenol and increases 

with the increase of the adsorbent dose as well as the 

contact time until the equilibrium time of 120 minutes. The 

removal efficiency decreases with increasing of pH value 

than 7 and the shift to a base. The results also show the 

high efficiency of activated carbon compared to sawdust in 

the removal of phenol from industrial wastewater. 
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