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 This study was focused to investigate the adsorptive behavior of activated carbon prepared 
from wheat straw treated with acid and base for the removal of 2, 4-dichlorophenoxy acetic 
acid (2,4-D). The morphology of the adsorbent was characterized using infrared spectroscopy 
and scanning electron microscopy. Compared with acid activated wheat straw, base activated 
wheat straw has provided lower ash content, moisture and volatile matter. However, it has 
higher iodine number than acid activated wheat straw. The removal of 2,4-D from aqueous 
solution was investigated at various physicochemical parameters such as pH (2–10), contact 
time (5–60 min), temperature (20-80 oC), amount of adsorbent (0.1-1.4 g) and initial 
concentration of 2,4-D (1.0-25 mg/L). The removal efficiency of 2,4-D in aqueous solution 
was found to be 92.02%. The equilibrium data were analyzed using Langmuir and Freundlich 
isotherm and the Langmuir model better describes that the active adsorption sites were 
homogeneously distributed on the surface of the adsorbent. Therefore, the activated carbon 
prepared from wheat straw treated with base can be used as efficient and cost-effective method 
to remove 2,4-D from aqueous solution. 

© 2021 Growing Science Ltd.  All rights reserved. 
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1. Introduction 
      

       Currently, water pollution is one of the most important environmental problems in the world. It 
may be contaminated by natural sources or by industrial effluents.1Pesticides prevent or reduce loss of 
products caused by pests and can also improve yield as well as quality of agricultural products. The 
derivatives of urea, pyridazinone, phenoxy acetic acid, tryazin and group of chlorinated pesticides are 
most frequently types of pesticides found in water bodies.2 In spite of their extensive uses; pesticides 
are recognized as potential source of pollutants to soil and water due to their mobility and degradation 
and are serious concerns of health risks.3, 4 
       2,4- dichlorophenoxy aceticacid (2,4-D) is a selective phenoxy herbicidecommonly used 
throughout the world to control broad-leaf weeds for the last 50 years due to its low cost, effectiveness 
even at low doses and good water solubility (Fig. 1). However, several reports have shown that 2,4-D 
is carcinogenic and mutagenic agent. Owing to its poor biodegradability, 2,4-D has been frequently 
detected in water bodies. There are several methods such as adsorption, photo-catalytic degradation, 
combined biological oxidation, advanced oxidation processes, aerobic degradation, coagulation, fluid 
extraction, and solid-phase extraction used for the removal of 2,4-D from water. Adsorptions of 2,4-D 
from aqueous solution using agricultural byproduct, wood and animal manure have been reported as 
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effective, economical and practical method.5,6Due to its high surface area and porosity caused by 
heterogeneous structures, activated carbon was found to be the most promising material for the removal 
of 2,4-D from contaminated water and waste water.7 The removal efficiency of adsorption process is 
mostly affected by various factors, including pH, contact time, initial concentration of the contaminant, 
adsorbent dose and temperature.8 
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Fig. 1. Chemical structure of 2,4- dichlorophenoxy acetic acid 

 
     Adsorption is a surface-based process in which adsorbate is held onto the surface of adsorbent by 
Van der Waals forces, electrostatic attraction and chemical bonding. Several authors have successfully 
studied variety of low-cost and locally available adsorbents such as wood, coconut, Jatropha Curcas, 
sugar cane bagasse, orange peels, tomato processing solid waste and macadamia nutshell9,10 for the 
removal of different types of pesticideslikeoxamyl11, chloropyriphos and cypermethrin 12, carbofuran13, 

diazinon14 and phenoxyacid 7 from water. Adsorption is the most efficient and promising approach in 
the removal of hazardous compounds from polluted waters.15 Thus, the aim of this study was to prepare 
activated carbons from wheat straw and to investigate optimum conditions for the removal of 2,4-D 
from aqueous solution. 

2. Results and Discussion 
2.1. Characterization of activated carbon 
2.1.1. Scanning electron microscope (SEM) 
      Since adsorption is a surface phenomenon, the rate and the extent of adsorption of a given adsorbent 
are influenced by the physico-chemical characteristics (surface area, pore size and surface 
morphology.) of the adsorbent. Scanning electron microscope (SEM) was used to investigate the 
surface morphology of the adsorbents. The SEM images of AC before treatment and after treatment 
with KOH are given in Fig.2A and 2B, respectively. The image after treatment showed thick wall non-
uniformly distributed onto the surface of activated carbon along with wider porosity and different 
shapes, indicating that the external surfaces of the adsorbent materials are full of cavities. Owing to 
this, the material to be adsorbed can be diffused to the cavities of AC. 

  
(A) (B) 
        

Fig. 2. SEM images before treatment (A) and after treatment (B) of AC with KOH 
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2.1.2. FTIR characterization of AC  
 
      Fourier transform infrared (FTIR) spectroscopic analysis was used to study the surface chemistry 
of activated carbon (WSB) before and after adsorption of 2,4-D (Fig.3). Before adsorption, a sharp 
absorption band around 3420 cm-1is assigned–OH groups. A band around 2950 cm-1 is attributed to the 
asymmetric C–H stretching vibration of aliphatic acids, while a very weak peak observed around 
2850cm-1 may be ascribed to the symmetric C–H stretching vibration of methyl groups.10, 16The 
absorption band located about 1597 cm-1are assigned to the C=C vibration in aromatic rings. The peaks 
between 1250 and 1111 cm-1are associated with C-O stretch. 
      After adsorption, there were change in peaks or spectra position after 2,4-D was adsorbed. For 
instance, strong broad bands at 3421 cm−1 corresponds to -OH group vibration, which was due to the 
overwhelming effect of hydrogen bonding on the OH groups. A peak around 1730 cm-1 may be assigned 
to the presence of carbonyl C-O group. The peak around 1597 cm-1slightly shifted to 1624 cm-1.15 This 
shift in peak position and intensity may be due to the formation of chemical bond between functional 
groups present on wheat straw with the analyte.17 

.  
(A) 

 
(B) 

Fig. 3. FTIR spectra of wheat straw activated with KOH before (A) and after (B) 2, 4-D adsorption 
 
2.2. Proximate Analysis 
      As it can be seen in Table 1, there are differences in moisture content, ash content, volatile matter, 
iodine number and pH of raw; acid activated (WSA) and base activated carbons (WSB). It was found 
that the moisture content, ash content and volatile matter decreased in the order of WSR<WSA<WSB.      
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The basic activating agent (KOH) significantly decomposed the tissue of carbon precursor and also 
created some new pores and voids, which increased the contact area between the activating agent and 
the carbon precursor.16 During activation step, volatile matter was released as gas and liquid products 
which evaporated off by leaving a material with high carbon content.17High ash content is undesirable 
for activated carbon since it reduces the mechanical strength of carbon and affects adsorptive capacity. 
However, the iodine number is maximum for WSB and minimum for WSR, which could be attributed 
to degradation of more extensive volatile matter, increased reaction of KOH and increased the release 
of CO2in the presence of high porosity in the carbonsurface.18Therefore, WSB has best sorption 
capacity towards 2,4-D. A similar trend has been reported in the literature.17, 19 

     Proximate analysis clearly indicates that the activation process has successfully increased the iodine 
number and decreased the volatile matter, moisture and ash content. Therefore, wheat straw was a good 
precursor for the production of activated carbon with high removal efficiency. The pH of WSR, WSA 
and WSB was found to be 7.09, 6.96 and 7.02, respectively. Generally, pH of carbon between 6 and 8 
is acceptable for most removal application such as sugar decolourization, water treatment, etc. 20 
 
Table 1. Physicochemical characteristics of raw wheat straw (WSR), acid activated wheat straw (WSA) 
and base activated wheat straw (WSB) 

Properties WSR WSA WSB 
Moisture content (%) 9.080.40 5.78 ±0.03 4.120.06 

Ash content (%) 13.710.47 8.520.49 5.530.50 
Volatile matter (%) 37.450.03 33.970.50 20.810.50 
Iodine No.(mg/g) 92.240.05 169.18 ±0.20 194.290.050 

pH 7.020.03 6.69 ±0.02 7.10.03 
 

2.3. Effect of pH 
      The pH is one of the most important parameters which significantly affects the adsorption of 
adsorbate on the adsorbent, because it affects adsorbent surface charge. The electrostatic interactions 
between adsorbent and adsorbate are controlled with pH. The influences of pH on the adsorption of 
2,4-D were studied at different pH values (2-10) at contact time of 25 min, initial concentration of 10 
mg/L of 2,4-D, adsorbent dose (AC) of 1.0 g at 25oC.  
      As it can be seen from Fig. 4A, the removal of 2,4-D decreased with increased pH. High removal 
efficiency at lower pH is attributed to the formation of oxygen-containing species at the surface of 
activated carbon. In the pH range greater than pKa value (2.73) of 2,4-D, the surface charge of 2,4-D 
in the aqueous solution is always negative and as a consequence the electrostatic repulsion force or 
diffusion of the 2,4-D ions at the surface of granular activated carbon was increased. A similar trend 
has also been reported in literature.8 
2.4. Effect of temperature 
       The effect of temperature on the adsorption of 2,4-D was studied by varying the temperature (200c-
800C) at contact time of 25 min, initial concentration of 10 mg/L of 2,4-D and adsorbent dose (AC) of 
1.0 g. As shown in Fig. 4B, it was found that the removal efficiency of 2,4-D increased from 20˚C to 
60˚C, which may be attributed to the endothermic nature of adsorption of 2,4-D onto AC. After 60˚C, 
the removal efficiency decreased, suggesting that adsorption process was carried out by releasing of 
activation energy and increasing the solubility and it was less retained by the adsorbent.21 
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Fig. 4. Effect of (A) pH and (B) temperature on the removal of 2,4-D 

2.5. Effect of adsorbent dose  

     In the present study, the effect of adsorbent dose on the removal of 2,4-D (10 mg/L) from aqueous 
solution was determined by changing the doses from 0.1-1.4 g at the optimal conditions. As shown in 
Fig.5A, the removal efficiency of 2,4-D increased from 84.0 to 91.3% as the AC dose increased from 
0.1 to 1.0 g, which attributed to the availability of large surface area as well as abundant active sites 
entirely exposed for adsorption. While, decreased in adsorption after 1.0 g could be ascribed due to the 
fact that higher adsorbent dosage may cause aggregation, which resulted in decreasing the total surface 
area of adsorbent and increasing in the diffusional path length.22 
 
2.6. Effect of contact time  
      Appropriate contact time can improve the treatment efficiency and provide cost-effective route for 
removal of chemical species. As can be seen from Fig.5B, the amount of 2,4-D adsorbed increased 
speedily in the first stage of adsorption, then slowly increased with contact time and almost remained 
constant above 30 min. The rapid increment at the beginning of the process can be attributed to the 
availability of active sites on the exterior surfaces as well as the weak internal diffusion resistance 
during early adsorption stage. After saturation of those active sites, 2,4-D entered to the pores of the 
adsorbent with a slower rate to reach the equilibrium time 23, which ascribed by an increase in repulsive 
forces due to the presence of adsorbed ions making the remaining sites more difficult to access.23 The 
percentage removal of 2,4-D at the optimal adsorbent time was around 90.6%. Further increase in 
contact time did not bring any substantial improvement on the removal efficiency 
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Fig. 5. Effect of (A) adsorbent dose and (B) contact time on the removal of 2,4 –D 

 
2.7. Effect of initial concentration 
     The effect of initial concentration of 2,4-D on the adsorption efficiency of AC was investigated in 
the concentration range of 1.0–25 mg/L at 1.0 g of AC, temperature of 60oC, pH of 4 and contact time 
of 30 min. As shown in Fig.6, the amount of adsorbed 2,4-D increased until the initial concentration 
reached to 15 mg/L and then reaching a plateau with a relative slow rate. This is attributed to the 
utilization of all available active sites for adsorption of 2,4-D by increasing number of collisions with 
the adsorbent.11 However, the sites were saturated with increased 2,4 –D concentration.  

 
Fig. 6. Effect of initial concentration of 2,4-D 
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2.8. Adsorption Isotherms 

      As shown in Table 2, best fit was obtained for Langmuir isotherm model, which has a regression 
coefficient (R2) of 0.996 as compared to Freundlich isotherm, R2 of 0.940. Langmuir isotherm model 
was also expressed in terms of the dimensionless separation factor, RL and it was found to be 0.15, 
indicating that the adsorption of 2,4-D on AC was favorable. Langmuir model assumes that all the 
available adsorption active sites are homogenous, the adsorbed species do not interact and a monolayer 
is formed during adsorption.24However, the Freundlich constant n was found to be less than 1, which 
indicating that the adsorption of 2,4-D onto AC is not favorable physical process.11, 22 Similar results 
have been reported in literature for the adsorption of 2,4-D from aqueous solution by activated carbon.8, 

25,26 

Table 2. Adsorption isotherm parameters for 2,4-D removal by activated carbon 

isotherms Parameters value 
 

Langmuir 
qm/mg/g) 1.015 
b (L/mg) 0.367 

R2 0.996 
Freundlich kf(mg/g)) 0.974 

n 0.760 
R2 0.940 

 

3. Conclusion 
 
     A 2, 4-dichlorophenoxy acetic acid is widely used herbicide due to its low cost and good selectivity. 
It is toxic to broad-leafed plants, animals and humans; and it has poor biodegradability which leads to 
contaminate surface and ground water. In this study, a low-cost and easily available agricultural waste 
material (wheat straw) was employed for the removal of 2,4-D from aqueous solution. The removal 
efficiency of 2,4-D has been examined by varying parameters such as activated carbon dose, 
temperature, pH and contact time. Adsorption capacity of adsorbent increased with increasing initial 
concentration of 2,4-D, temperature, contact time and adsorbent dose until it reached to the optimal 
value. However, the percentage removal of 2,4-D decreased with increase in solution pH. Due to high 
removal efficiency of activated carbon for 2,4-D from aqueous solutions at the optimal conditions, 
wheat straw is an alternative material and effective biosorbent for 2,4-D.  

4. Materials and Methods 
4.1. Apparatus and instruments 
    Drying oven (DHG- 9030, Japan), electronic balance (ESJ- 200-4, Japan), grinding mill, electrical 
furnace (91E, England), thermometer, heating mantle with stirrer, UV-Visible spectrophotometer 
(Perkin Elmer Lambda 950, UK), FT-IR (PerkinElmer, USA) spectrometer, field-emission scanning 
electron microscope (FESEM, ISM 6500F, JEOL, Japan), pH meter (model E 520, Switzerland), 
crucible and analytical balance (0.001 g) were the instruments used in this study.  
4.2. Chemicals and Reagents 
    Potassium hydroxide (0.1 M) and sulphuric acid (0.1 M) were used for impregnation. Sodium 
hydroxide crystals (0.1 M) and hydrochloric acid (0.1 M) were used to adjust the pH of solution. Iodine 
crystal, potassium iodide, standard solution of iodine, standard sodium thiosulphate, 2,4–D (95 % 
purity) were also the chemicals used in this study. All chemicals and reagents used in the present study 
were of analytical grade. 
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4.3. General procedure 
4.3.1 Sample collection and carbonization 
    Wheat straw (WS) free from pesticide residue was collected from wheat farmland of Kulumsa 
agricultural research center, Arsi Zone, Ethiopia. The wheat samples were prepared first by washing 
thoroughly with distilled water to avoid adhered impurities. Then, the dried wheat straws were 
pulverized and sieved to get appropriate sized adsorbent.  
    50 g of wheat straw sample was weighed into a crucible and introduced into furnace with a limited 
supply of air at temperature of 3300C for 40 min. The heated wheat straw was cooled at room 
temperature and transferred into a beaker filled with distilled water. The excess water dried in oven at 
1200C to constant weight for 24 h. This process was repeated until substantial amount of carbonized 
samples were obtained. The resulting sample labeled as wheat straw raw sample (WSR) and stored in 
sealed plastic container for further activation. 
    The water samples were collected from Boneya River and Gonde River, Arsi Zone, Ethiopia in 
cleaned polyethylene bottles and filtered through a 0.45 mm pore size nylon filter. The amount of 2,4-
D recovered was determined using UV–Vis spectrophotometer at a wavelength of 430 nm. 27, 28 
4.3.2 Activation of the carbonized samples 
    A 20 g of the carbonized sample (WSR) was mixed with 40 mL of 0.1 M KOH and 0.1 M H2SO4 for 
activation. The content of the beaker was carefully homogenized and allowed to stand for 24 h. The 
activated sample was diluted with 200 mL of distilled water to rinse-off activating agents. The process 
of washing was repeated until the pH failed between 6.5 and 7.05. The activated carbon oven dried at 
120 0C for 2 h was sieved to obtain fine powdered wheat straw activated carbons (WSA and WSB). 
The activated carbons were stored in a sealed plastic container until used for further analysis. 
    The prepared activated carbons were characterized by proximate analysis, Fourier transform infrared 
(FTIR) and scanning electron microscopy (SEM). The effects of various operational parameters which 
affect adsorption efficiencies of activated carbons were also investigated. The adsorption process was 
tested by Langmuir and Freundlich isotherms models. 

4.3.3 Proximate analysis 

    The proximate analyses as (ash content, moisture, volatile matter, etc) help to determine the 
distribution of products obtained when activated carbon is heated under specified conditions. Most 
often it used for characterizing a material in connection with their utilization. Proximate analysis was 
carried out using gravimetric method.29 

4.3.4 Iodine number test 
    The adsorption capacity and the quality of activated carbon can be determined with iodine number. 
It also measures the micropores content of activated carbon which are created during activation and the 
activity level of the adsorbent.30 The iodine number of activated carbon were obtained by adopting the 
procedure of Vunain et al. 19 Briefly, a 0.5 g of activated wheat straw was mixed with 10 mL of 0.1 M 
HCl. Then, 100 mL of iodine stock solution prepared from 2.7 g/L of iodine crystal and 4.19 g/L of 
potassium iodide was added and agitated with high speed using an electric shaker for 50 min. The 
mixture was filtered through Whatman (No. 41) filter paper and an aliquot portion (20 mL) was titrated 
with 0.1 M sodium thiosulphate using 2 mL starch as an indicator until a colorless solution was 
produced.17, 31 
4.3.5 Moisture and ash content 
    The moisture content was determined by drying 10 g of raw (WSR) and activated carbons (WSA 
and WSB) in an oven continuously at 100 oC for an hour. Then, the carbon was cooled and reweighed 
again. Similarly, the ash content was also determined by heating the wheat straw and activated carbon 
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to 550 oC for 8 h until a white ash was obtained. The results of the proximate analyses of the wheat 
straw and activated carbons are given in Table 1.  
4.3.6 Adsorption and desorption experiments 
    For adsorption experiments, a definite amount of adsorbent was added to the standard 2,4-D solutions 
prepared using distilled water and then subjected to various adsorption conditions like pH, temperature 
and contact time. At the end of the experiment, the solution was filtered through a filter paper and the 
concentration of remaining 2,4-D in liquid phase was analyzed with UV-Vis spectrophotometer. The 
amount of 2, 4-D adsorbed on the material, qe (mg/g) was calculated as: 
 

 
m

CeCovqe 
  

(1) 

where Co and Ce are the initial and equilibrium 2,4-D concentration (mg/L), respectively, qe is the 
amount of 2,4-D adsorbed (mg/g), m is the mass of the adsorbent (g), v is the volume of the solution 
(L). 
    The percentage of 2,4-D removed was calculated using the equation.32 

% 100co ceremoval
co


   
(2) 

     The pH level is one of the most important parameters for determining the adsorption of pesticides 
from aqueous solutions. The effect of solution pH on the adsorption of 2,4-D was investigated by 
varying the pH from 2 to 10. 
    The effect of adsorbent dose was studied by varying the dose of activated carbon (0.1-1.4 g). The 
experiment was carried out by measuring 10 mg/L of 2,4-D solution in to a 100 mL conical flask and 
the required adsorbent dose was transferred into this conical flask followed by agitation for 20 min. 
After the mixture was filtered through a Whatman filter paper (No. 41) and the filtrate was used for 
spectrophotometric test. Finally, the concentration of the residual pesticide remaining in the solution 
was determined using UV-Vis spectrophotometer.  
    Effect of contact time is very important to determine maximum amount of pesticide adsorption. In 
this study, 1.0 g of adsorbent was added to 20 mL of 10 mg/L of 2,4-D solution in a 100 mL conical 
flask and the solution was stirred with a magnetic stirrer in a water bath at 25 oC at different contact 
time (5-60 min). The mixture was filtered immediately through a Whatman filter paper and the 
concentration of the remaining residue in solution was determined using UV-Vis spectrophotometer. 
4.3.7 Adsorption isotherms 
    Adsorption isotherms gives qualitative information about the nature of solute–surface interaction as 
well as the specific relation between the concentration of adsorbate and its degree of accumulation onto 
the surface at a specified temperature.24 In the present study, equilibrium adsorption data were analyzed 
using the Langmuir and Freundlich isotherm models. The results of isotherms analyses were used to 
describe the experimental adsorption data, and result which provided a better correlation coefficient 
(R2) was chosen to describe the experimental adsorption data.  
    The Langmuir isotherm is valid for monolayer adsorption onto a surface containing a finite number 
of identical sites. The model assumes that adsorption occurs uniformly on the active sites of the 
adsorbent, and once an adsorbate occupies a site, no further adsorption can take place at that site.24 The 
Langmuir isotherm is given by: 

1 1
e m

Ce Ce
q q b qm

 
   

 
. (3) 
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where qe (mg/g) and Ce (mg/L) are the equilibrium amount adsorbed per unit mass of adsorbate and 
equilibrium concentration of the adsorbate, respectively, qmis the monolayer adsorption capacity of the 
AC, b (L/mg) is Langmuir constant or adsorption coefficient for binding of adsorbate on the adsorbent 
sites. 
    
     The affinity between the adsorbate and adsorbent can be expressed in terms of the dimensionless 
separation factor (RL), which is given as follows:  
 

CoK
R

L
L 


1
1 , (4) 

 
where Co is the initial adsorbate concentration in the solution (mg/L). If the value of RL is between 0 
and 1, the adsorption is favourable, while if RL = 0 and RL>1 indicating that the adsorption is irreversible 
and unfavorable adsorption isotherms, respectively.11, 22 
     Freundlich isotherm can be applied to non-ideal adsorption on heterogeneous surfaces as well as 
multilayer adsorption.31 The linear form of Freundlich equation is expressed as: 
 

1log log log ,e fq k Ce
n

   
(5) 

where, kf (mg/g) and 1/n (g/L) are the Freundlich constants related to adsorption capacity and intensity 
of adsorption, respectively. 
4.3.8 Method validation 
    The reliability of analytical method was evaluated by spiking known concentrations of 2,4-D 
standards (10 and 15 mg/L) to run-off water (Boneya and Gonde rivers) from agricultural fields sprayed 
with 2,4-D. The percentage of recovery values for 2,4-D removal were found in range of 99.86 to 
101.7%, which indicated the good accuracy of the used method. Therefore, the method was applicable 
for the determination 2,4-D in water samples. 
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