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Abstract
Background: Considering the severe health and environmental hazards caused by the entry of diazinon 
toxin into water resources, its removal is very important. Given the high costs of imported adsorbents, this 
research attempted to evaluate, for the first time, the efficiency of Iranian activated carbon in removing 
diazinon from aqueous solutions.
Methods: In this batch experimental study, the effects of contact time (5-90 minutes), adsorbent 
concentration (0.5-30 g/L), initial concentration of diazinon (5-50 mg/L), and pH (3-10) on the adsorption 
of diazinon onto the activated carbon were evaluated. Concentrations of diazinon were measured using a 
high pressure liquid chromatography (HPLC) instrument. The specific surface area of the adsorbent was 
determined by BET and BJH methods. The experimental adsorption data was analyzed using Langmuir and 
Freundlich isotherm models. Pseudo first-order and pseudo second-order kinetics models were employed 
to determine kinetics. Moreover, data was analyzed using SPSS version 19, and Pearson correlation and 
analysis of variance (ANOVA) tests were performed at a significance level of 0.05.
Results: The optimum contact time, sorbent dose, and pH were 30 minutes, 10 g/L, and 5, respectively. The 
adsorbent could adsorb diazinon with a removal efficiency of 92.5% under optimum conditions (initial 
concentration: 20 mg/L). The experimental data was better described by the pseudo-second order kinetic 
and Langmuir isotherm. A maximum adsorption capacity of 71.4 mg/g was calculated by the Langmuir 
isotherm model. 
Conclusion: With respect to the high adsorption capacity of Iranian activated carbon, this sorbent can be 
considered an efficient adsorbent for the removal of diazinon from aqueous solutions.
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Introduction
Insecticides and pesticides are among the most serious 
toxins found in various water resources (1). The wide-
spread use of pesticides to control pests and develop agri-
culture has resulted in the pollution of surface water and 
groundwater, because these pesticides enter water resourc-
es through various routes including wastewater disposal, 
direct washing of pesticides, surface runoff, agricultural 
drainage water, erosion, aerial application, and others. 
This pollution has become a serious environmental prob-
lem in recent years (2-4). The entrance of these pollutants 
into water resources, especially sources of drinking water, 
can have adverse effects on human and environmental 
health, because they are highly resistant to environmental 
factors, very soluble in water, and toxic to living organisms 

(5,6). The extent of water pollution by toxins depends on 
the distance between the water resource and the sprayed 
area, the amount of precipitation, soil permeability, soil 
type, and other factors (7).
The degree to which people are adversely affected by the 
toxins depends on the quality of the chemicals, the length 
of time they are used, the duration of human exposure to 
them, the concentration of the pesticide, and the degree of 
its toxicity (8,9). Results of some research have shown that 
pesticide application causes human health complications, 
including abortion, mental retardation, defective fetuses, 
and potential carcinogenesis and mutation (10,11). More-
over, the results of some studies suggest that environmen-
tal factors, especially the use of pesticides, are reasons for 
the increased prevalence of diabetes (12,13). 
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To date, international organizations have classified more 
than 56 pesticides as carcinogenic agents for laboratory 
animals. According to reports from these organizations, 
the use of some pesticides has been banned and the use of 
others has been limited in some countries (10). 
Since the use of organochlorine insecticides has been 
banned, organophosphate pesticides are increasingly be-
ing used all over the world to control pests (1,8,9). Howev-
er, organophosphate pesticides are relatively volatile and 
enter the human body through contract with the skin and 
through the respiratory system (13). They suppress cho-
linesterase, overstimulate neurons, and cause neurological 
side effects (9,11,13,14).
Diazinon is one organo-phosphorus insecticide used to 
control a broad spectrum of pests in agriculture and at 
home (15). The World Health Organization (WHO) has 
classified it as a class II pesticide. Its toxicity for aquatic 
organisms is 350 ng/L, and its lethal dose for humans is 
about 90-444 mg/kg body weight (15-18). According to 
German standards, its maximum acceptable residue level 
is 1 ppm (15).
The need to remove contaminant pesticides from water 
resources and the high costs that will result in case of 
failure to take proper action about this has instigated the 
use of various methods and advanced oxidation processes 
including Fenton-like, Fenton, photo Fenton, UV/H2O2, 
UV/TiO2, UV/O3, iron nanoparticles, usual oxidation, 
coagulation and flocculation, precipitation, membrane 
filtration, microfiltration and reverse osmosis, nanofiltra-
tion, biological degradation, and adsorption processes. 
Advanced oxidation and membrane methods are not af-
fordable, require large amounts of coagulants thus pro-
ducing large amounts of sludge, and has low efficiency in 
the removal of bio-degradable matter. Adsorption meth-
ods are most commonly employed because of their low 
costs and easy operation (4,19-27).
One method for the removal of pesticides is the use of ad-
sorbents, the most important of which is activated carbon 
(27-30). Because of its high porosity, activated carbon pro-
vides a large surface for the adsorbable material. The ad-
sorption process is either physical or chemical. Covalent 
bonds and van der Waals forces are involved in physical 
and chemical adsorption, respectively (31). 
Considering that diazinon is used extensively in Iran for 
various health-related and agricultural purposes, and 
given its persistence in the environment, worries remain 
concerning the adverse effects of this pollutant on hu-
man health and the environment. Moreover, the high cost 
of importing activated carbon has prevented its removal 
from vast areas that have been exposed to this pesticide. 
Therefore, in line with the policies of resistive economy 
and national self-sufficiency, the use of domestically pro-
duced products has received top priority. This research 

purposed to study the efficiency of domestically produced 
activated carbon in removing diazinon from aqueous so-
lutions  as a function of contact time, adsorbent dosage, 
pH, and initial concentrations of diazinon parameters. 

Materials and methods
This batch study was carried out on a laboratory scale. 
Diazinon with 99% purity was purchased from the Ger-
man Company Sigma Aldrich, and activated carbon pro-
duced in Iran was obtained from domestic companies. 
Stock diazinon solution at a concentration of 1000 mg/L 
was prepared by dissolving 0.1 g of diazinon in 100 mL 
of pure methanol (high pressure liquid chromatography 
- HPLC grade). All experiments were carried out in batch 
reactor (Erlenmeyer flasks). Contact time (5, 15, 30, 45, 
60, and 90 minutes), dose of activated carbon (0.5, 1, 3, 
5, 10, 20, and 30 g/L), initial diazinon concentration (5, 
10, 20, 30, and 50 mg/L), and pH (3, 5, 7, 9, and 10) were 
the studied variables. The optimum value for each vari-
able was determined by altering it while maintaining other 
variables constant. After adding activated carbon to the 
samples on a shaker at the speed of 200 rpm, their volumes 
were raised to 100 mL. The samples were centrifuged at 
3000 rpm for 10 minutes, passed through a 0.45 µm pore 
size syringe filter, and injected into an HPLC instrument 
(model Shimadzu) to determine their concentrations. The 
chromatography conditions for diazinon analysis were 
isocratic reversed-phase in a C-18 column with a water/
methane mobile phase using a 70/30 mixture, UV detec-
tor at wavelength of 220 nm, and flow rate of 1 mL/min 
(15). Specific surface area, pore volume, and average pore 
diameter were determined using BET and BJH methods.
SPSS version 19 was used to calculate Pearson correlation 
coefficient and analysis of variance (ANOVA) at a signifi-
cance level of 0.05 to analyze the data, and Excel 2013 was 
used to draw the diagrams.

Results
Characteristics activated carbon
Results of BET and BJH experiments performed to deter-
mine the characteristics of the activated carbon produced 
in Iran are presented in Table 1.
Based on the two afore-mentioned methods, the mean 
of the studied PAC specific area was 136.5 m2/g; the BJH 
method was used to measure the micro pores (the main 
pores in adsorption), and a high portion of micropores 
specific area to total specific area (69%) was noted. It was 
also noted that the studied PAC had a good quality in this 
area.

Effects of contact time
Figure 1 shows the effects of contact time on the removal 
of diazinon by activated carbon produced in Iran at the 

Table 1. Characteristics of the studied activated carbon

Specific area (BET method) Specific surface area (BJH method) Total pore volume Average pore size

161.53 m2/g 111.53 m2/g 0.2-16 cm3/g 4.9919 nm
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constant concentration of 20 mg/L and neutral pH. As 
shown in the diagram, the percentage of diazinon re-
moved improved with increases in contact time up to 
30 minutes; the maximum removal rate of 48.7% was 
obtained at 60 minutes contact time, while at a contact 
time of 30 minutes, the removal rate was 48.2%. Clearly 
during the last 30 minutes, no adsorption occurred, and 
following that, no tangible difference in removal percent-
age was noticed; in other words, adsorption had reached 
equilibrium. Therefore, the optimum contact time was 
considered 30 minutes. The diagram indicates the effect 
of contact time on the quantity of diazinon adsorbed onto 
the activated carbon.

Effects of the adsorbent dose
The effects of adsorbent dose on removal percentage are 
shown in Figure 2. The diagram suggests that percentage 
removal improved with increases in adsorbent dose. In-
creases were remarkable up to the dose of 10 g/L, beyond 
which no conspicuous increases in removal percentage 
were noticed (i.e. the extra percentage increases in re-
moval efficiency were not cost-effective). Therefore, the 
optimum dose in this study was considered 10 g/L. Figure 
2 shows the effects of adsorbent dose on adsorption ca-
pacity. Results indicated that adsorption capacity declines 
with increases in adsorbent dose because of the rise in re-
moval percentage.

Effects of pH
Figure 3 shows the effects of pH on removal percentage. 
The results indicated that percentages of removal were 
suitable at all pH values except for neutral pH (pH = 7). 
Furthermore, the effects of pH on adsorption capacity 
were satisfactory at all pH values except for neutral pH.

Effects of initial concentration of diazinon
The effects of initial concentration on removal percentage 
are shown in Figure 4. As shown in the diagram, removal 
percentage decreased and adsorption capacity improved 
with increases in initial diazinon concentration. At the 
initial concentration of 5 mg/L, adsorbent dose of 10 g/L, 
and pH of 5, adsorption efficiency was 100%. The mini-
mum adsorption capacity (about 84.47%) was observed at 
the initial diazinon concentration of 50 mg/L, which was 
acceptable considering the high initial concentration and 
the most critical removal efficiency. 

Adsorption isotherm models
Langmuir and Freundlich isotherm models were used to 
study adsorption isotherm models. The linear form of 
Langmuir (Eq. 1) and Freundlich (Eq. 2) models are as 
follows:

1 1 1 1
.e eq a b C b
 

= + 
 

                                                             (1)

logqe = logkf + 1/n logCe                                                                                                  (2)

Figure 1. The effects of contact time on adsorption capacity of the 
adsorbent and on diazinon removal percentage (dose = 0.5 g/L; pH = 
7; C0 = 20 mg/L)

Figure 3. Effects of pH on diazinon removal percentage (dose = 10 
g/L; time = 30 min; C0 = 20 mg/L).

Figure 4. Effects of initial diazinon concentration on adsorption 
capacity of the adsorbent and on diazinon removal percentage (time = 
30 min; dose = 10 g/L; pH = 5)
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Figure 2. Effects of adsorbent dose on adsorption capacity of the 
adsorbent and on diazinon removal percentage (time = 30 minutes; 
C0 = 20 mg/L; pH = 7).
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where qe is adsorption capacity at equilibrium (mg/g), 
Ce is equilibrium concentration of adsorbate (mg/L), b is 
the maximum monolayer capacity (mg/g ), a is constant 
absorption related to absorption energy (at a given tem-
perature), and kf and n are constants of Freundlich related 
to the capacity and absorption rate, respectively. The iso-
therm plots are shown in Figure 5. Furthermore, the co-
efficients of Langmuir and Freundlich adsorption models 
are presented in Table 2.

Kinetic studies of adsorption
Data obtained concerning adsorption was studied using 
pseudo-first order and pseudo-second order models to 
determine reaction kinetics.
Correlation coefficients for the pseudo-first order and 
pseudo-second order models were R2 = 0.3461 and R2 = 
0.997, respectively. Results of the present research con-
form to those of the pseudo-second order model shown 
in Figure 6. Based on Table 3, the values of the calculated 
qe (qecal) and empirical qe (qeepx) are very close to each 
other, which indicates it is more fitted to the pseudo-sec-
ond order model. This model was selected as the model 
for describing the kinetic behavior of the activated carbon 
produced in Iran for removal of diazinon from aqueous 
solutions.

Discussion
Equilibrium time and effects of adsorbent dose, pH, and 
initial concentration and Langmuir and Freundlich iso-
therm models were studied in this research. Results of BET 
experiments showed that the activated carbon produced 
in Iran was suitable because of its large specific surface 
area. As shown in Figure 1, removal efficiency improved 
with increases in contact time to 30 minutes, because in-
creased contact time provided greater opportunities for 
the adsorbent to come into contact with diazinon ions 

and adsorb them. Adsorption was rapid at first, but then 
gradual, possibly due to the presence of active unoccupied 
sites at the early stages of adsorption, the number of which 
declined with the passage of time; it may also be due to the 
reduced possibility of adsorption caused by the repulsive 
force between diazinon and activated carbon (1,30,31). 
Statistical studies on adsorbent dose showed that there 
was a significant relationship between adsorbent concen-
tration and removal efficiency (P = 0.038); the extent of 
adsorption improved, removal efficiency increased, and 
adsorption capacity decreased with increasing adsorbent 
mass. As with increases in the adsorbent’s mass, a larger 
surface area of the adsorbent became available, and the 
number of active adsorption sites increased; therefore, a 
greater number of diazinon molecules were transferred 
from the solution to the surface of the adsorbent, thus 
increasing removal efficiency (1,28). Removal efficiency 
increased when higher doses of the adsorbent were used, 
but this increase resulted in reduced adsorption capacity. 
This phenomenon can be attributed to the utilization of 
the available surface in the unsaturated state, which leads 
to the undesirable use of available spaces. This point is 
economically important in designing large-scale facilities 
(32,33). As shown in Figure 2, the adsorbent dose of 10 
g/L was more cost effective and resulted in satisfactory re-
moval efficiency. 
Although the optimum pH was 5, results of pH tests in-
dicated a high removal efficiency at all pH values except 
for neutral pH; this finding is supported by the results of 
Moussavi et al, Gupta et al, and Salman et al (1,28,29). 
Since the pka of diazinon is 2.6 (1), then it is negatively 
charged at pH > 2.6. On the other hand, the pHzpc of the 
activated carbon was 7. Therefore, in pH values between 
3-7, there was an electrostatic attraction between the pes-
ticide species and the surface of the sorbent. At a pH of 
7, there was no charge on the surface of the sorbent and 
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Figure 5. Adsorption isotherm diagrams: Langmuir and Freundlich models.

Table 2. Parameters of the Langmuir and Freundlich adsorption models

Langmuir model
Linear equation b (mg/g) a (L/mg) RL R2

1/qe = 1.3583 (1/ce) + 0.014 71.42 0.0103 0.0007 0.9799

Freundlich model
Linear equation N K (L/mg) R2

Log (qe) = 0.9666Log(ce)- 0.0512 1.034 0.888 0.8818
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adsorption was reduced. At higher pHs, the adsorption of 
diazinon was increased. Under basic conditions, other ad-
sorption mechanisms such as hydrogen bonding may be 
at play instead of electrostatic attraction.
As shown in Figure 4, removal efficiency decreased with 
increases in initial diazinon concentration, because there 
were active adsorption sites at low concentrations of the 
pollutant. However, the number of these active sites de-
clined and the sites were saturated with increases in the 
concentration of the pollutant, and desorption could take 
place, which led to reduced removal efficiency. Statistical 
studies also confirmed this. Pearson correlation coeffi-
cient was (r = - 0.83), while it must be between -1 and 1 to 
suggest correlation. The negative sign indicated an inverse 
correlation. Moreover, the P = 0.003 indicates there was a 
significant relationship between the initial concentration 
and removal efficiency. Maximum removal efficiency was 
obtained with an initial concentration of 5 mg/L. Adsorp-
tion capacity also improved with increases in initial con-
centration, probably because of increases in the number of 
molecules that competed with each other to be transferred 
to the active adsorption sites (34). Results of the present 
research are in agreement with those of other studies 
(26,29,35).
Using the correlation coefficient R2 as the basis for selec-
tion of the obtained data, the present research was more 
in agreement with Langmuir isotherm, and RL = 0.007 
represented a desirable rate of adsorption (Table 2). Ac-

cording to the Langmuir isotherm, the maximum adsorp-
tion capacity of Iranian activated carbon was 71.42 mg/g. 
Langmuir model shows whether the adsorbent has one 
layer and expresses the uniformity of the adsorbent’s sur-
face. Fitness to Langmuir model suggests that the active 
adsorption sites were identically distributed on the surface 
of the activated carbon produced in Iran. In the study of 
Ioannidou et al, similar results were obtained that agreed 
with those of the present study (31). Moussavi et al report-
ed a maximum adsorption capacity of 250 mg/g for diazi-
non adsorption onto a NH4Cl-assisted activated carbon 
(NAC) prepared from a waste biomass. It is noteworthy 
that no modification was done on the activated carbon 
used in the present study (1).
Results of the present study indicated the kinetics of di-
azinon adsorption on activated carbon produced in Iran 
was better described by the pseudo-second order model. 
Results of the present study conform to those found by 
Moussavi et al and Ayranci and Hoda (1,36).

Conclusion
This research attempted to study critical conditions. 
Therefore, a high concentration of the pollutant (20 mg/L) 
was used as the optimum concentration so that the effi-
ciency of the activated carbon produced in Iran could be 
evaluated under critical conditions. Results showed that 
the efficiency of diazinon removal from aqueous solu-
tions attained by the activated carbon produced in Iran 
was 92.53% under optimum conditions. Considering the 
large specific surface area of this activated carbon, it can 
be introduced as a very good adsorbent. The optimum 
conditions were a contact time of 30 minutes, initial diazi-
non concentration of 20 g/L, activated carbon dose of 10 
g/L, and pH of 5. Results of the present study showed that 
the kinetic behavior of the adsorbent in a contact time of 
30 minutes conformed to the pseudo-second order model. 
Moreover, study of the isotherm models indicated they 
conformed well to Langmuir model; i.e. the active adsorp-
tion sites were homogeneously distributed on the surface 
of the adsorbent. 
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Table 3. Constants of the pseudo-first and pseudo-second order 
models for diazinon adsorption on activated carbon

Kinetic models R2 K1 K2 qeexp qecal

Pseudo-first order 0.3461 0.0291 - 19.30861 5.01734
Pseudo-second order 0.997 - 0.097 19.30861 18.2149
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Figure 6. Diagram of adsorption kinetics: (a) pseudo-first order 
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