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Abstract: Organic Pesticides are toxic to humans on consumption if disposed with inefficient treatment facilities in water 

bodies or on land. The present study is aimed to investigate the removal of agricultural pesticides including three herbicides 

Trifluralin, Glyphosate and 2,4 Dichlorophenoxyacetic acid from aqueous solution by carbon nanoparticles synthesized from 

pomegranate. The synthesized nanoparticles provide high specific surface area, more capacity and faster uptake kinetics. 

nanoparticles have an average size of approximately 30-50 nm. Particle size distribution is equal and homogeneous and shows 

the good synthesis of nanoparticles with the same size. Various physico-chemical parameters such as pH (5-9), initial 

concentration (50-250 mg/L), and adsorbent dosage (0.1-0.5gr) level and equilibrium contact time (0-40 min) were studied. 

The results showed that removal of the agricultural pesticides Trifluralin, Glyphosate and 2,4D depends on pH such that the 

optimal removal efficiency observed for pesticides Trifluralin, Glyphosate and 2,4D in pH=9 was 92.6, 78 and 92% 

respectively. Optimal adsorbent weight was 0.5 g for pesticides Trifluralin, Glyphosate and 2,4D so that the removal efficiency 

was equal to 97, 98.8 and 98.4% within 20 minutes. In the initial concentration of 50 mg/L, the removal efficiency was 

respectively equal to 88, 94 and 92% for Trifluralin, Glyphosate and 2,4D.  
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1. Introduction 

Presence of organic contaminants in the environment, 

especially in the groundwaters and surface waters has very 

harmful effects on the public health. Removal of the organic 

contaminants from the industrial wastewaters is a necessary 

task which has attracted the researchers’ attention. Due to the 

existence of various industries, large volumes of pollutant 

chemical wastewaters annually enter into the environment. 

Contamination of water with toxic metal ions (Hg(II), Pb(II), 

Cr(III), Cr(VI), Ni(II), Co(II), Cu(II), Cd(II), Ag(I), As(V) 

and As(III)) is becoming a severe environmental and public 

health problem [1-2]. To avoid contamination of the 

environment by these wastewaters, providing a suitable 

strategy to remove these contaminants could be of great 

importance in maintaining a healthy environment. In order to 

achieve environmental detoxification, various techniques like 

adsorption, precipitation, ion exchange, reverse osmosis, 

electrochemical treatments, membrane filtration, evaporation, 

flotation, oxidation and biosorption processes are extensively 

applied [3-5]. Among these, adsorption is a conventional but 

efficient technique to remove toxic metal ions from water. 

Development of novel and cost-effective nanomaterials for 

environmental remediation, pollution detection and other 

applications has attracted considerable attention. Recent 

advances suggest that many of the issues involving water 

quality could be resolved using nanoparticles, nanofiltration 

or other products resulting from the development of 

nanotechnology [6-7]. Many studies have been done in this 

field using artificial neural networks and nanoparticles. 

Adsorption applications for removal of pesticide pollutants 

were conducted. The optimum conditions, including 

adsorbent dose, agitating time, initial concentration of 

pesticide and pH on the adsorption of pesticide by chitosan 

loaded with zinc oxide nanoparticles beads were investigated. 

Results showed that 0.5 g of the bionanocomposite, in room 

temperature and pH 7, could remove 99% of the pesticide 

from permethrin solution (25 ml, 0.1 mg L−1), using UV 
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spectrophotometer at 272 nm. Then, the application of the 

adsorbent for pesticide removal was studied in the on-line 

column. The column was regenerated with NaOH solution 

(0.1 M) completely, and then reused for adsorption 

application. The CS–ZnONPs composite beads appear to be 

the new promising material in water treatment application 

with 56% regeneration after 3 cycles [8]. 

Adsorption on active carbon is an effective means for 

removing organic pesticides from water. Capacities ranging 

from approximately 40-53% by weight of the active carbon 

have been realized. Capacities of this magnitude make 

adsorption attractive from the standpoint of economics and 

effectiveness of removing trace quantities. Rates of removal, 

as well as total capacities, are remarkably similar for a broad 

spectrum of classes of organic pesticides including 

thiophosphates, carbamates, dinitrophenols, and 

chlorophenoxy acids. Thermodynamic studies indicate that 

the rate of removal of organic pesticides by porous carbon is 

an endothermic process, in accord with a postulated 

intraparticle transport rate-control mechanism while the 

equilibrium position is controlled by an exothermic reaction, 

as is expected for adsorption [9]. 

Dehghani et al.[10] studied the applicability of the 

adsorption process for the removal of organophosphorus 

pesticide malathion 57% from water by using multi-walled 

carbon nanotubes (MWCNTs). The impact of various 

experimental conditions such as pH, quantity of adsorbent, 

concentration of pesticides, contact time and temperature was 

studied and optimized for the maximum removal of 

malathion. Unlike conventional optimization, a limited 

number of experiments (26 steps) were performed in a cost-

effective manner for different independent variables such as 

MWCNTs concentration (0.1–0.5 g/L), the malathion (57%) 

concentration (6 mg/L and 10 mg/L), contact time (2–30 

min) and pH (neutral range). Based on the experimental data 

obtained in a lab-scale batch study, a three-factor response 

surface modeling (RSM) approach was implemented in order 

to optimize the conditions for maximum removal of 

malathion, and compare experimental results with 

standardized malathion samples. The optimized conditions to 

achieve the maximum removal of malathion (100%) were 

determined to be a malathion concentration of 6 mg/L, an 

initial MWCNTs concentration of 0.5 g/L, and a contact time 

of 30 min. Findings of this study clearly indicated that 100% 

of the malathion could be cost-effectively removed by 

MWCNTs in conditions predicted by the proposed 

optimization methodology. 

In the present study, removal of organic pesticides by 

carbon nanoparticle synthesized from pomegranate peel and 

prediction of the data using artificial neural networks have 

been investigated. Since pomegranate peel contains organic 

compounds such as 4,6- gallagylglucosellagitannins (Ets), 

gallic acid, polyphenols and so on, it can be used to produce 

activated carbon with an average pore diameter and high 

volume that has the ability to adsorb organic contaminants 

affectively. Easy access to vast resources of pomegranate 

makes the production of activated carbon from pomegranate 

peel with low cost possible. 

2. Materials and Methods 

2.1. Synthesis of Carbon Nanoparticles Adsorbent 

First pomegranate peel was thoroughly washed with 

distilled water 10 times, and then for 24 hours was heated in 

an oven at 80°C. Finally it was powdered and sieved by a 

sieve with mesh number 50. Then, 100 g of raw material was 

put in the oven with a temperature of 650°C for 3 hours and 

was cooled in a desiccator. The obtained carbon particles 

mass was 21.600 g. Then the obtained carbon was sieved 

using a sieve with mesh number 150. Figure 1 represents the 

synthesized carbon nanoparticles and used pesticides. 

 

Figure 1. a) Samples of carbon nanoparticles synthesized from pomegranate 

peel, b) Use of pesticides. 

Full characteristics of the chemicals used in this study are 

represented in Table 1. 

Table 1. Full characteristics of the used chemicals. 

Manufacturer Molecular Mass Grade Chemical Formula Material 

Iprochem Company Limited 335.28 - C13H16F3N3O4 Trifluralin, 
Iprochem Company Limited 228.2 - C6 H17 N2 O5 P Glyphosate 

Iprochem Company Limited 221.04 - C8H6Cl2O3 2,4D 

 

2.2. Adsorption Experiments 

Initially, 0.1 gr of carbon nanoparticles was added to a beaker 

containing 100 cc of trifluralin solution with the concentration of 

50 mg in 100 cc of water. At the same time that the contents 

were stirred by the agitator, sampling was done in intervals 0, 

10, 20, 30, 40 minutes and during sampling 5 cc of sample was 

removed by pipette and centrifuged (to separate the adsorbent 

powder). Then 1 cc of the sample was removed by pipette and 

the volume increased to 10 cc and COD of the residual pesticide 

was measured. The same experiment was repeated for pesticides 

glyphosate and 2,4D. The different adsorbent doses in the range 

of 0.1-0.5 gr were separately added to 100 cc of wastewater 
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containing pesticides trifluralin, glyphosate and 2,4D with the 

concentration of 50 mg / L. Sampling was done in intervals 0, 

10, 20, 30, 40 minutes and during the sampling, 5 cc of sample 

was removed by pipette and centrifuged (to separate the 

adsorbent powder). Then 1 cc of the sample was removed by 

pipette and the volume increased to 10 cc and COD of the 

residual pesticide was measured. To investigate the effect of pH 

after pouring 0.2 g of adsorbent into 100 cc of wastewater 

containing 0.5 g of each pesticide, pH of the solution became 

constant in three different values of 5, 6 and 9 and sampling was 

done after 20 minutes and then COD of the residual solution was 

measured. To investigate the effects of different initial 

concentrations in the presence of 0.2 g of carbon nanoparticles 

synthesized from pomegranate peel, 100 cc of agricultural 

pesticides solutions each with concentration of 50, 150, 200 and 

250 ppm were obtained. Then adsorption experiments were 

performed on carbon nanoparticles and the remaining COD in 

the solutions was measured. To calculate the removal efficiency 

of each pesticide onto the nano-adsorbent as the equilibrium 

value (qe) in terms of mg / g and removal efficiency of these 

compounds (R%), relations (1) and (2) were respectively used. 

q� � �C� � C�	 

�

�
                                 (1) 

%R �
�����

��

 100                           (2) 

Where C0 and Ct are the concentration of pesticide in 

initial solution and after exposure to nano-adsorbent in terms 

of mg /L, respectively. V is the volume of initial solution in 

liters and m is the mass of adsorbent added to the beakers in 

g. 

3. Results and Discussion 

3.1. Investigation of Scanning Electron Microscopy (SEM) 

Images of Adsorbent 

To study the successful synthesis, SEM images of carbon 

nanoparticles synthesized from pomegranate peel were taken. 

Figure 2(a,b,c) represents the SEM images of nano-particles. 

As seen in the Figure, adsorbents have high adsorption 

capacity due to the porosity. After the adsorption, pores are 

filled by adsorbate. The synthesized nanoparticles provide 

high specific surface area, more capacity and faster uptake 

kinetics. As Figure 2 shows, nanoparticles have an average 

size of approximately 30-50 nm. Particle size distribution is 

equal and homogeneous and shows the good synthesis of 

nanoparticles with the same size. 
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.  
Figure 2. (a, b,c). SEM images of carbon nanoparticles synthesized from pomegranate peel. 
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3.2. Effect of Adsorbent Dosage 

Initially, 0.1-0.5 gr of adsorbent of carbon nanoparticles 

synthesized from pomegranate peel was separately added to 

100 cc of the solution containing Trifluralin, Glyphosate and 

2,4D with a concentration of 500 mg/l and sampling was 

done in intervals 0, 10, 20, 30, 40 minutes and during the 

sampling 5 cc of sample was removed by pipette and 

centrifuged (to separate the adsorbent powder). Then 1 cc of 

the sample was removed by pipette and the volume increased 

to 10 cc and COD of the residual pesticide was measured. As 

shown in Figures 3-7, the optimal time is 20 minutes and 

optimal adsorbent weight is 0.5 g so that the highest 

adsorption for glyphosate is 99.2 percent. In general, using an 

adsorbent to adsorb organic pesticides is explained by 

electrostatic and van der Waals interactions. Electrostatic 

interaction is related to the surface charges created on the 

adsorbent surface while van der Waals interaction is related 

to the coordination of the functional groups with the 

contaminants. this behavior is expected since increasing the 

amount of sorbent will increase the area available for the 

adsorption and more ion is removed. The high adsorption 

capacity exhibited by nanoparticles may be explained by its 

nano-scale particle size giving access to a larger surface area. 

 
Figure 3. Adsorption pesticides Glyphosate, 2,4D and Trifluralin for 0.1 g of 

adsorbent. 

 

Figure 4. Adsorption pesticides Glyphosate, 2,4D and Trifluralin for 0.2 g of 

adsorbent. 

 

Figure 5. Adsorption pesticides Glyphosate, 2,4D and Trifluralin for 0.3 g of 

adsorbent. 

 

Figure 6. Adsorption pesticides Glyphosate, 2,4D and Trifluralin for 0.4 g of 

adsorbent. 

 

Figure 7. Adsorption pesticides Glyphosate, 2,4D and Trifluralin for 0.5 g of 

adsorbent. 

3.3. Effect of pH 

Solution pH plays an important role in the process of 

adsorption and especially in the adsorption capacity. In this 

study, optimization was performed on the solution containing 

the pesticides with the concentration of 500 mg/l. Solutions 

containing pesticides with the concentration of 500 mg/l 

which were into contact with 0.2 g of carbon nanoparticles 
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adsorbent were stirred on a shaker with 200 rpm for 20 

minutes. Then, the solution containing the adsorbent was 

filtered by paper and the concentration of residual pesticides 

was determined by COD device. Finally, the removal 

efficiency of the pesticides was calculated. The optimal pH 

value, according to Figure 7, for the removal of 92, 80 and 

92% of pesticides trifluralin, glyphosate and 2,4D by carbon 

nanoparticles adsorbent was considered 8, 6 and 8. As seen in 

Figure 8, the removal property depends on the number of 

hydroxyl groups on the surface of nanoparticles and 

adsorption property depends on the physicochemical 

characteristics of macromolecules and the composition of 

dissolved ions. By increasing the pH value of hydroxyl 

functional groups, the surfaced is negatively charged and 

attracts positive ions and as a result this increases the 

removal efficiency. 

When the pH of the solution increased from 5 to 9, the 

removal efficiency slightly increased. In solution having low 

pH value, there would be a competition between protons and 

metal ions in the adsorption on surface groups, resulting in 

low metal adsorption. Moreover, when the active sites are 

protonated, the surface becomes positively charged and 

consecutive adsorption of ions in solution on the surface is 

less likely to occur. 

 
Figure 8. Adsorption percent versus pH for triflouralin, glyphosate, and 

2,4D (0.2 g of adsorbent, initial concentration of pesticides 500 ppm and 

adsorption time 20 minutes). 

Table 2 shows the adsorption power of agricultural pesticides 

onto the carbon nanoparticles in various concentrations. The 

amount of adsorption is reduced with increasing initial 

concentration of pesticides. As the number of active sites of 

adsorption on the adsorbent surface decreases, adsorption 

capacity in higher concentrations is filled. Adsorption of 

pesticides in quantities of less than 100 ppm is relatively good. 

With increasing concentration, pesticide residues concentration 

in the solution will increase slightly. 

Table 2. Effect of initial concentration of pesticides on the adsorption rate (adsorbent weight 0.2 g, adsorption time 40 minutes). 

COD level in 250 ppm COD level in 200 ppm COD level in 150 ppm COD level in 50 ppm Pesticide  

36 25 11 6 Trifluralin 
13 9 5 3 Glyphosate 
19 14 6 4 2,4D 

 

4. Conclusion 

Adsorption experiments were performed on pesticides 

trifluralin, glyphosate and 2,4D and the effects of parameters 

such as adsorption time, initial concentration of pesticides, 

different weights of nano-adsorbent and pH of solution on 

removal of pesticides were measured. The optimum pH for 

the removal of pesticides trifluralin, glyphosate and 2,4D by 

carbon nanoparticles adsorbent synthesized from the 

pomegranate peel with 500 mg/l of each pesticides and 

adsorption time of 20 minutes was respectively 9, 6 and 5. 

The more adsorbent dose in solution is, the removal 

efficiency increases because of the increase in the adsorption 

active sites on the adsorbent surface. The removal efficiency 

decreases with an increase in the initial concentration of 

pesticides. The optimal removal efficiency of pesticides 

triflourine, 2,4D and glyphosate was obtained at the initial 

concentrations of 50-250 mg/l, the adsorbent weight of 0.2 g 

and adsorption time of 30 minutes. Chemical properties of 

adsorbate and adsorbent vary by changing the pH. The 

solution pH affects the degree of ionization of various 

contaminants, leading to changes in reaction kinetics and 

equilibrium characteristics of the adsorption process. 
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