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Introduction
In most parts of the world, increasing the concentration 
of pesticides in surface and groundwater sources is known 
as a threat to water resources (1,2). Despite the dangers 
of these pollutants, the number and amount of pesticide 
production are still increasing. Therefore, it endangers 
the life of aquatic cultures and affects the quality of 
water (3,4). Diazinon is one of the most widely used 
organophosphate pesticides that was produced in 1952 
and has been widely used as an insecticide, acaricide, and 
nematicide (5,6). The World Health Organization (WHO) 
has classified diazinon as a hazardous chemical for aquatic 
animals, mammals, and humans (7,8). According to the 
recommendation of the European Union, the maximum 
permissible concentration of diazinon in drinking water 
guidelines is reported as 0.1 μg/L (9). This substance 

has a half-life of 2 to 4 weeks in the soil, and the contact 
threshold for humans is 0.025 mg/kg per day (10). The 
Chemical structure of diazinon was shown in Figure 1.

Diazinon removal methods include photocatalytic 
purification, advanced oxidation, biological treatment, 
membrane filters, ultrasonic, ultraviolet, ion exchange, 
and adsorption processes. Due to the high consumption 
of chemicals, high purification cost, incomplete removal, 
and time-consuming nature of most of the aforementioned 
methods, their use is not economical and applicable (11,12).

The adsorption process is one of the most effective 
physical methods for removing pollutants from the 
environment due to its simple design, low cost, ease 
of operation, proper maintenance, no need for final 
treatment, and cost-effectiveness (13,14).

There has been much interest in biosorbents over 
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Abstract
Background: The World Health Organization (WHO) has classified diazinon as a dangerous chemical 
for human health and the environment. This research aimed to remove diazinon from aqueous solutions 
using the enhanced adsorption process with ultrasonic waves.
Methods: The adsorbent was prepared from rice husk after acid washing, and was placed in a furnace 
under nitrogen gas at a temperature of 700 °C for 2 hours. The effects of pH, initial diazinon concentration, 
adsorbent dose, contact time, and the combined effect of ultrasonic waves were investigated. The 
concentration of diazinon was measured by ultraviolet spectrophotometry at a wavelength of 247.5 nm. 
Results: In this study, the pHpzc of the adsorbent was determined to be 9. The highest removal efficiency 
(RE) was obtained at a pH of 8, adsorbent dosage of 2 g/L, and diazinon concentration of 20 mg/L. 
With the increase of the contact time, the RE increased, and maximum RE was obtained up to 78% 
at 60 minutes. The RE of diazinon using a combination of adsorption with ultrasonic waves increased 
up to 90%. In this study, with four recovery stages of the spent adsorbent, approximately 4% of the 
RE decreased. The equilibrium data were studied using Langmuir, Freundlich, and Temkin isotherms. 
Moreover, kinetic studies were evaluated by pseudo-first-order (PFO) and pseudo-second-order (PSO) 
models. The results indicated that the Langmuir isotherm and PSO model had the most agreement with 
the experimental data.
Conclusion: Application of this adsorbent with ultrasonic waves can be effective in removing diazinon 
from agricultural and pharmaceutical effluents containing diazinon.
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the decades, and they continue to be investigated due 
to different biomass yielding different results. Some 
impressive examples with high adsorption capacities 
are knotgrass, brewer’s spent grain, fungi, berry seeds, 
and soybean hulls (15,16). Today, many studies are 
being performed on the use of agricultural waste in 
the adsorption process of various pollutants (17,18). 
Adsorbent derived from rice husk is a form of carbon 
that increases its porosity and internal surface due to the 
processing operation. This compound is a unique material 
due to its significant internal area, porous structure, high 
adsorption capacity, surface reactivation capability, and 
relatively low price compared to inorganic adsorbents 
such as zeolite (17,19). 

The propagation of ultrasonic waves in an elastic medium 
causes periodic initiation of expansion and contraction 
cycles that repeat one after the other. Contraction cycles 
increase the pressure and decrease the molecular distance, 
while in the expansion cycles, the distance between the 
molecules increases (20). This type of contraction and 
expansion mechanism on the molecules of pollutants such 
as diazinon can cause their destruction and dissolution in 
aqueous environments (21).

Considering the high consumption of diazinon in 
agricultural activities in the northern regions of Iran and 
the environmental pollution caused by it, and considering 
that the preparation of adsorbent from agricultural waste 
is available, abundant, and economical, this study aimed 
to remove Diazinon by an adsorbent produced from 
rice husk using ultrasonic waves. Also, in this study, 
the possibility of recovering the adsorbent used in the 
removal of Diazinon and determining its efficiency was 
investigated. So far, many studies have been conducted 
regarding the removal of environmental pollutants by 
agricultural wastes, but the removal of Diazinon with an 
adsorbent produced from rice husk using ultrasonic waves 
has not been addressed in other studies.

Materials and Methods
Preparation of the adsorbent from rice husk
First, rice husk was collected from the agricultural lands of 
northern Iran and washed with distilled water to remove 
any dust and impurities. Next, the desired sample (10 g) 
was mixed with 3% hydrochloric acid, 10% sulfuric acid, 

and washed completely with distilled water, and dried in 
an oven for 24 hours. Finally, the sample was placed inside 
a furnace under nitrogen gas at a temperature of 700 ºC 
for 2 hours to prepare the adsorbent (22). The results of 
elemental analysis of CHNS for activated carbon derived 
from rice husk were shown in Table S1.

Preparation of diazinon solution samples
Diazinon with 99% purity and methanol solvent were used 
to prepare diazinon stock solution with a concentration 
of 1000 mg/L.

Determination of pHpzc of the adsorbent
The pHpzc of the adsorbent was determined based on the 
following method. In such a way that 50 mL of 0.1 M NaCl 
solution was poured into 150 ml Erlenmeyer flasks, and 
the pH of the samples was adjusted by sodium hydroxide 
and total hydrochloric acid in the range of 2 to 12. Then, 
0.05 g of the adsorbent was added to the solutions and 
stirred for 48 hours by an electric stirrer, and the final pH 
was measured, and its curve was plotted against the initial 
pH. The point of the curve that intersected the bisector 
was determined as the adsorbent pHpzc (23).

Designing adsorption experiments
To investigate the effective factors on the diazinon removal 
by the adsorbent produced from rice husk, to determine 
the optimal conditions of pH, equilibrium time, pollutant 
concentration, adsorbent dose, and temperature, 50 mL 
samples were prepared with specific concentrations of 
diazinon and the pH. A certain amount of adsorbent 
was poured into an Erlenmeyer flask. Then, the solution 
was stirred with a shaker at an average speed of 250 rpm 
for one hour and at ambient temperature. The samples 
were filtered, and the residual concentration of diazinon 
was measured by T80 + UV-Visible Spectrometer from 
PG instruments Ltd at a wavelength of 247.5 nm (24). 
To calculate the removal efficiency (RE) and adsorption 
capacity in the adsorption system, equations 1 and 2 have 
been used (25).

( ) 0

0

R % 100eC C
C
−

= ×                                                                     (1)
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e
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m
−

=  × v                                                                           (2)

Where R is diazinon removal percentage (%), qe is 
adsorbent capacity in equilibrium, conditions (mg/g), C0 is 
initial concentration of diazinon (mg/L), Ce is equilibrium 
diazinon concentration (mg/L), m is mass of the adsorbent 
(g), and V is volume of Diazinon solution (L).

Experiments related to the effect of ultrasonic waves on 
the removal of diazinon
To investigate the factors affecting the removal process of 

Figure 1. Chemical structure of diazinon
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diazinon and ultrasonic waves, samples of 50 mL diazinon 
solution were prepared with optimal concentration 
and pH. The optimal amount of adsorbent was poured 
into an Erlenmeyer flask and placed in an ultrasonic 
chamber at a temperature of 20 ºC for 15 minutes. Then, 
the samples were centrifuged for 7 minutes at a speed of 
600 rpm and the residual diazinon was measured by UV 
spectrophotometry (25).

Results 
Determination of the pHpzc in the adsorbent
The pHpzc of an adsorbent is the pH at which the electrostatic 
charge on the adsorbent surface is zero. This parameter 
is very important for the removal of contaminants in the 
adsorption process. As shown in Figure 2, the pH of the 
desired adsorbent is determined to be 9. 

The effect of the initial pH of the solution on the removal 
of diazinon
The adsorption of diazinon by the adsorbent strongly 
depends on the pH of the solution. In this study, the RE 
of diazinon increased with increasing pH up to 8 and then 
decreased (Figure 3). 

The effect of adsorbent dosage on diazinon removal
The effect of adsorbent dosage on the adsorption of 
diazinon from aqueous solutions was investigated, and 
the results are illustrated in Figure 4. As can be seen, the 
removal percentage of diazinon increases gradually when 
the dose of adsorbent is increased, and the adsorption 

capacity decreases with increasing adsorbent dosage 
from 0.5 to 2 g.

The effect of contact time on the diazinon removal
The effect of contact time on the RE of diazinon was 
shown in Figure 5. According to this Figure, in the first 
hour of the adsorption process, the removal percentages 
are significantly high. However, over time, the percentage 
of diazinon removal has gradually decreased. 

The effect of diazinon concentration on the removal 
efficiency in the adsorption process
The effect of the initial concentration of diazinon on 
the adsorption process of the pollutant in different 
concentrations for 120 minutes was investigated (Figure 6). 
According to this Figure, as the concentration of diazinon 
increases, the RE of diazinon decreases. 

Determination of the adsorbent recovery 
In this study, the recovery and reuse of the produced 
adsorbent were investigated (Figure 7). It was shown 
that after four recovery stages, the RE of the adsorbent 
decreased by 3.9% due to the change in the structure of 
the adsorbent during the washing process.

Effects of ultrasonic waves on the removal of diazinon 
In this study, the effect of the use of ultrasonic waves and 
ultrasonic waves with rice husk absorbent on the diazinon 

Figure 2. Determining the pHpzc in the studied adsorbent

Figure 3. The effect of the initial pH on diazinon removal efficiency 
(Diazinon concentration: 20 mg/L; adsorbent dose: 2 g; temperature: 25°C; 
contact time: 60 min)

Figure 5. The effect of contact time on the removal efficiency of 
diazinon (Diazinon concentration: 20 mg/L; adsorbent dose: 2 g; pH: 8; 
temperature: 25 °C)

Figure 4. The effect of adsorbent dose on diazinon removal efficiency 
(Diazinon concentration: 20 mg/L; contact time: 60 min; temperature: 
25°C; pH: 8) 
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RE was investigated, and the results are shown in Figure 8.

Adsorption isotherms
The isotherm is considered a fundamental factor in 
determining the capacity of an adsorbent and optimizing 
the consumption of the adsorbent. Usually, Langmuir, 
Freundlich, and Temkin models are used to determine 
the appropriate isotherm in the adsorption process, and 
the corresponding equations are shown in relations 3 to 
5, respectively.

1 1 1

e m e L mq q C K q
= +                                                                      (3)

Where qe and qm (mg/g) are the equilibrium and 
maximum adsorption capacities, respectively; KL is the 
Langmuir constant and Ce (mg/L) is the equilibrium 
concentration of the adsorbate (24).

1ln ln lne F eq K C
n

= +                                                                    (4)

Where Kf and n are related to the adsorption capacity of 
an adsorbent and sorption intensity, respectively (24,25).

ln lne T T T eq B K B C= +                                                                    (5)

Where BT is the Temkin constant, which is related to the 
heat of sorption, KT is the Temkin isotherm constant, and 

T is the absolute temperature (25). 
In this study, the adsorption isotherms of Langmuir, 

Freundlich, and Temkin were investigated, and the 
relevant results are shown in Table 1 and Figures S1 and S2. 

In this study, the R2 coefficient related to the Langmuir 
isotherm (R2 = 0.991) was greater than the R2 coefficient 
related to the Freundlich (R2 = 0.940) and Temkin 
(R2 = 0.983) isotherms.

Determination of kinetic models in the adsorption 
process of diazinon
Adsorption kinetics was investigated to better understand 
the dynamics of diazinon adsorption on the adsorbent 
and to prepare a predictive model that allows estimating 
the amount of adsorbed ions during the process. Usually, 
pseudo-first-order (PFO) and second-order (PSO) are 
used to determine the kinetics of surface adsorption 
processes.

Equations 3 and 4 are used to determine PFO and PSO, 
respectively (24,25):

1( )
d

t
e t

q k q q
dt

= −                                                                      (6)

1

t e

t t
q n q
= +                                                                                (7)

The kinetic parameters of diazinon adsorption on the 

Figure 6. Diazinon concentration on diazinon removal efficiency (Adsorbent 
dosage: 2 g; contact time: 60 min; temperature: 25 °C; pH: 8)

Figure 7. Diazinon removal in each different stage of the adsorbent 
recovery (Diazinon concentration: 20 mg/L; dose adsorbent: 2 g; contact 
time: 60 min.; temperature: 25 °C; pH: 8)

Figure 8. Effect of ultrasonic waves on the removal of diazinon (Diazinon 
concentration: 20 mg/L; adsorbent dose: 2 g; temperature: 25 °C; pH: 8)

Table 1. Parameters resulting from fitting equilibrium data with different 
isotherms (24).

Model Formula Parameters Values

Langmuier qKCqq mLeme

111
+=

n 0.31

Kf (mg -1 (1/n). L1/n. g-1) 1.34

R2 0.940

Freundlich
1ln ln lne F eq K C
n

= +

q max (mg.g-1) 18.71

Kl (L.mg-1) 0.200

R2 0.991

Temkin ln lne T T T eq B K B C= +

BT (L. mg-1) 19.902

AT (L/g) 0.230

R2 0.983
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studied adsorbent are shown in Table 2. As shown in this 
table, the R2 of the PSO model was greater than the R2 of 
the PFO model.

Identifying the physical structure of the biosorbent using 
different analyses
Field emission scanning electron microscopy (FE-SEM) 
analysis
The internal structure of the adsorbent produced from 
rice husk before and after the diazinon adsorption process 
is shown in Figure S3. As shown in the figure, the rough 
surfaces inside the adsorbent and the high porosity, which 
is a good characteristic for an adsorbent in the adsorption 
process, are visible.

Fourier Transform Infrared (FT-IR) analysis
Using FT-IR spectra, the different functional groups of the 
adsorbent produced from rice husk at wavelengths of 400 
to 4000 cm-1 are shown in Figure S4.

Energy dispersive X-ray spectroscopy (EDX) analysis
The results of the analysis of the various elements present 
in the structure of the studied adsorbent using the EDX 
experiment are shown in Figure S5. In this Figure, each 
peak in the spectrum is specific to a type of element, and 
peaks with higher heights indicate a higher concentration 
of each element in the adsorbent.

X-ray diffraction (XRD) analysis
The patterns of XRD analysis related to before and after 
adsorption of the biosorbent show the production and 
removal of diazinon in the range of 2 Theta = 4-70° 
(Figure S6). According to the XRD analysis, in the structure 
before adsorption, the largest spatial distance of 464 nm 
corresponds to the angle of 26.408 Theta°. However, after 
the adsorption process, the spatial distance obtained at 2 
Theta° = 26.408 decreased and reached 315 nm.

Brunauer- Emmett- Teller analysis
According to Table S2, the total pore volume, specific 
surface area, and mean pore diameter in the adsorbent 
produced from rice husk by the Brunauer- Emmett- Teller 
(BET) analysis were determined to be 0.284 cm3/g, 460.96 
m2/g, and 2.47 nm, respectively.

Discussion
Investigating the effect of initial pH on diazinon removal
pH is one of the most important parameters affecting 
the efficiency of the adsorption process in water and 
wastewater treatment. This parameter plays an important 
role in the changes in electrical charge between the type 
of solution and the surface of the adsorbent. Therefore, 
determination of the optimum pH can have a significant 
effect on increasing the efficiency of the adsorption 
process (26,27). According to Figure 3, the pHpzc of the 

adsorbent is 9, and it is clear that at pH 9, the adsorbent 
is electrically neutral. In this study, the highest percentage 
of diazinon removal (78%) was obtained at pH 8. In 
explaining the cause of these results, it should be said that 
at a solution pH of less than 9, H + ions increase on the 
surface of the adsorbent and due to the creation of van 
der Waals attraction force between the positive ions on 
the surface of the adsorbent and the negative charges in 
the diazinon solution, the RE in the adsorption process 
increases (28,29). At pH above 9, the adsorbent donates its 
positive charges (H + ions) to the solution and the adsorbent 
surface becomes negatively charged. In this case, the 
negative functional groups in the solution dominate, and 
the electrostatic repulsion between the negative charges of 
the adsorbent surface and the negative functional groups 
in the diazinon solution reduces the efficiency of diazinon 
removal in the adsorption process (30,31). In a study by 
Baharum et al on the removal of diazinon from aqueous 
solutions using an adsorbent produced from modified 
coconut shells, the best adsorption conditions (98% RE of 
diazinon) were obtained at pH 7 and a dosage of 10 g/L (32). 
In a study by Sean et al on the removal of diazinon from 
aqueous solutions using modified adsorbents produced 
from agricultural wastes, the adsorption capacity range 
was 6.8 to 15.8 mg/g at pH 5 (33).

Investigating the effect of adsorbent dosage on the 
diazinon adsorption process
The adsorbent dose is also an effective factor in the 
adsorption process of a pollutant (34). As can be seen 
in Figure 5, increasing the adsorbent dose increased the 
RE of diazinon and decreased the adsorption capacity 
of this adsorbent. In this study, the maximum RE of 
diazinon was achieved at a dosage of 2 g. In addition, 
the maximum adsorption capacity of the adsorbent was 
obtained at 80 mg/g at a dosage of 0.5 g. In justification 
of this phenomenon, it can be mentioned that with 
increasing the adsorbent dose, the amount of active 
surfaces and the number of adsorption sites for removal 
of the pollutant increase (35). However, according to the 
adsorption capacity relationship, increasing the adsorbent 
dosage increases the denominator of the relationship and 
decreases the adsorption capacity (36). In the study by 
Akbarlou et al, to investigate the adsorption of diazinon by 
commercial activated carbon, the most suitable adsorption 

Table 2. Kinetic constant values in the diazinon adsorption process by the 
studied adsorbent (24,25)

Model Formula Kinetic constants

PFO
1( )

d
t

e t
q k q q

dt
= −

K1(min-1) qe (mg.g-1) R2

0.785 71.58 0.931

PSO
1

t e

t t
q n q
= +

K2(min-1) qe (mg.g-1) R2

0.040 9.72 0.984
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conditions were determined at pH 5, a dose of 10 g/L, and 
a contact time of 30 minutes (37). 

Investigating the effect of contact time and diazinon 
concentration on the adsorption process
Other factors affecting the adsorption rate of a pollutant 
in the adsorption process include contact time and 
pollutant concentration (23). According to Figure 6, in the 
early stages of the surface adsorption process, due to the 
presence of a large number of active sites on the adsorbent 
surface and the presence of a concentration gradient in 
the two phases of solution and solid, the adsorption rate 
is significantly high. In this study, the maximum RE of 
diazinon was at a contact time of 60 minutes, a dosage 
of 2 g, a concentration of 20 mg/L of diazinon, and pH 
8. However, as time passed, the efficiency of diazinon 
removal gradually decreased. In this study, the pollutant 
RE decreased with increasing diazinon concentration. The 
lack of active sites at high concentrations of a pollutant 
reduces the surface adsorption capacity of an adsorbent, 
and since each adsorbent has certain adsorption sites, 
with increasing concentration of a pollutant, these 
active surfaces are filled and the adsorption capacity 
of the adsorbent increases. Eventually, increasing the 
concentration increases the adsorption capacity until 
the active sites of an adsorbent are occupied by the 
contaminant (26). In the study of Moussavi et al, in the 
removal of diazinon from polluted waters using activated 
carbon modified with ammonium chloride, a maximum 
removal of 97.5% was achieved at a concentration of 20 
mg/L of diazinon and an adsorbent dose of 0.3 g, at neutral 
pH and a contact time of 30 min (38).

Recovery and reuse of adsorbent 
The recovery of the adsorbent after the adsorption process 
is one of the most important issues from an economic and 
environmental point of view. In this study, the recovery 
and reuse of the adsorbent for the RE of diazinon was 
investigated. The recovery of the adsorbent was carried 
out by distilled water, sulfuric acid (50 mL, 0.1 M), and 
sodium hydroxide (50 mL, 0.1 M) at the optimum pH and 
room temperature (25 ± 2℃). The recovery of the studied 
adsorbent after four uses reduced the RE of the adsorbent 
by only 4%. In a study by Seyedi et al on the recovery from 
adsorbents used in the removal of pentachlorophenol, 
after the third adsorption-desorption cycle, the removal 
percentage of PCP was reduced by only about 2.36% (21). 
In a study by Taghavi et al on the recovery of adsorbents 
used in the removal of trichlorophenol pollutants, the RE 
of this contaminant after four stages of adsorption and 
desorption decreased about 4% (25).

Investigating the effect of ultrasonic waves on the 
efficiency of diazinon removal in the adsorption process
Ultrasonic technology is one of the newest technologies 

available in water and wastewater treatment. Ultrasonic 
waves are a type of sound waves in which the wave motion 
is in the longitudinal direction. At frequencies above 20 
kHz, the transmitted waves can cause changes in pollutants 
(20). Through ultrasound, the pore structure of adsorption 
materials can be fully utilized, and the mass transfer between 
adsorbents and adsorbates becomes more rapid (21). In 
this study, the effect of ultrasonic waves on increasing the 
efficiency of diazinon removal in the adsorption process 
was investigated. According to Figure 8, the RE of diazinon 
by ultrasonic waves alone was 15%, while the application of 
ultrasonic waves with the adsorbent for 15 and 60 minutes 
increased up to 70% and 90%, respectively. In a study by Hu 
et al on the removal of Acenaphthene by Palm shell activated 
carbon enhanced with ultrasonic waves at a frequency of 50 
kHz and a power of 600 watts, a removal efficiency of more 
than 90% was achieved (39). 

Study of adsorption isotherms
Various mathematical models such as Langmuir, 
Freundlich, Temkin, Elovich, Redlich-Peterson, and 
Langmuir-Freundlich are used to study isotherms and 
describe equilibrium reactions. (25). The Langmuir 
isotherm model is suitable for monolayer adsorption 
on an adsorbent surface with limited and homogeneous 
adsorption sites. The Langmuir isotherm is defined by the 
following equation:

1 1 1

e m e L mq q C K q
= +                                                                     (3)

Where qe and qm (mg/g) are the equilibrium and 
maximum adsorption capacities, respectively; KL is the 
Langmuir constant and Ce (mg/L) is the equilibrium 
concentration of the adsorbate. The separation factor 
expressed by RL contains the essential characteristics of 
the Langmuir isotherm and is calculated as follows: 

0

1
(1 )L

L

R
K C

=
+

                                                                           (8)

Where C0 (mg/L) is the initial concentration of the 
adsorbate. The RL determines the nature of the adsorption 
process and is an indicator to determine the efficiency 
of this process. The adsorption is categorized as follows: 
RL > 1, the adsorption process is undesirable; RL = 1, the 
process is linear; 0 > RL < 1, the process is appropriate, and 
RL = 0, the adsorption process is irreversible (24). 

The Freundlich isotherm is an empirical equation 
suitable for the adsorption process on heterogeneous and 
multilayered surfaces. The linear form of this model is as 
follows:

1ln ln lne F eq K C
n

= +                                                                     (4)

Where Kf and n are related to the adsorption capacity of 
an adsorbent and sorption intensity, respectively (24,25).
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The Tamkin isotherm model determines the effects 
of indirect adsorbent/adsorbate interactions on the 
adsorption process. According to this model, the heat of 
adsorption of all molecules in the layer decreases linearly 
due to the interaction of the adsorbent and the adsorbate 
(25). The linear relationship of the Tamkin isotherm 
model is presented as follows:

ln lne T T T eq B K B C= +                                                                     (5)

where BT is the Temkin constant, which is related to the 
heat of sorption, KT is the Temkin isotherm constant, and 
T is the absolute temperature (25).

Due to the higher R2 correlation coefficient of the 
Langmuir isotherm compared to other investigated 
isotherms, the experimental and laboratory data of this 
study follow the Langmuir isotherm.

Study of adsorption kinetics
To better understand the mechanisms controlling the 
adsorption process and evaluate the performance of the 
rice husk biosorbent, PFO and PSO kinetic models were 
used in this study. Comparison of the experimental and 
theoretical data from the mentioned models was performed 
using the correlation coefficient (R2). The equation of the 
PFO model discovered by Loggren is as follows:

1( )
d

t
e t

q k q q
dt

= −                                                                       (6)

In the above equation, K1 is the rate constant (min-1) 
and the parameters qt and q are the adsorption capacity 
at each time t and at the equilibrium time (mg.g-1). The 
PSO kinetic model, based on the proportionality between 
pollutant adsorption on active sites on the adsorbent 
surface, is expressed by the following equation (25).

1

t e

t t
q n q
= +                                                                                   (7)

Table 2 shows that due to the higher correlation 
coefficient (R2 = 0.984) of PSO compared to PFO 
(R2 = 0.931), the kinetic model of diazinon adsorption by 
the adsorbent used follows the PSO model.

Investigation of structural characteristics of the adsorbent 
produced from rice husk
FE-SEM analysis
Figure S3 shows the internal structure of the adsorbent 
produced from rice husk before and after the diazinon 
adsorption process. Considering these figures, the rough 
surfaces inside the adsorbent are visible and have high 
porosity, which is a good characteristic for an adsorbent 
in the adsorption process. 

FT-IR analysis
In this study, using FT-IR spectra, different functional 

groups in the used adsorbent were investigated at 
wavelengths of 400 to 4000 cm-1 (Figure S4). The -OH 
group is at the peak of 3418 cm–1, which leads to the 
formation of weak hydrogen bonds. The peaks at 470 and 
1098 cm-1 are related to Si-O compounds of silica in the 
adsorbent produced from rice husk (22). The observed 
peak at 1600 cm–1 is related to C = C bending vibration, 
which decreased with increasing temperature (25). 

EDX analysis
In this study, the EDX test was used to determine the 
elements and chemical compounds present in the 
adsorbent. Therefore, using EDX, the types of elements 
and atoms present in the adsorbent produced from rice 
husk were identified. In Figure S5, the size and type of the 
spectra of different elements in the adsorbent are reported 
by EDX. In this method, each peak in the spectrum 
corresponds to a type of atom, and peaks with higher 
heights indicate a higher concentration of an element 
(25). According to this Figure, the highest concentration 
of the element in the adsorbent produced from rice husk 
is related to carbon.

BET analysis
Specific surface area is an important factor for the 
determination of the adsorption capacity of adsorbents. 
According to the IUPAC classification, diameters less 
than 2 nm are microporous, between 2 and 50 nm are 
mesoporous, and greater than 50 nm are macroporous 
(23). Based on Table S2, the total pore volume and the 
specific surface area in the adsorbent produced from rice 
husk by BET were determined as 0.2844 cm3/g and 460.96 
m2/g, respectively.

In Table 3, the performance of different adsorbents in 
the process of diazinon adsorption is presented.

Conclusion
This research aimed to remove diazinon from aqueous 
environments using an ultrasound-enhanced adsorption 
process. In this study, under conditions of pH = 8, diazinon 
concentration of 20 mg/L, adsorbent dose of 2 g, contact 
time of 60 min, and temperature of 25 °C, an efficiency of 
78% was achieved. In this study, under conditions of pH 
8, diazinon concentration of 20 mg/L, adsorbent dose of 2 
g, contact time of 60 minutes, and temperature of 25°C, an 
efficiency of 78% was achieved, which was increased to 90% 
using ultrasonic waves. According to the results obtained 
in the present study, the adsorbent produced from rice 
husk waste has a high ability to remove diazinon. In this 
study, the RE of diazinon by the adsorbent produced from 
rice husk did not decrease significantly with repeated use 
in the adsorption process. The results displayed that the 
Langmuir isotherm and PSO model were consistent with 
the experimental data. Studies of the structural parameters 
of this adsorbent, such as BET, FE-SEM, FTIR, EDX, and 
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XRD, confirm these results. Therefore, it can be proposed 
as a cheap, efficient, and available adsorbent for removing 
diazinon from wastewater containing diazinon pesticide, 
such as pharmaceutical industry effluent and agricultural 
wastewater.

Acknowledgments
The authors are grateful to the Deputy of Research and 
Technology of Babol University of Medical Sciences for 
the financial support.

Authors’ contributions
Conceptualization: Abdoliman Amouei, Seyed 
Mahmoud Mehdinia. 
Data curation: Abdoliman Amouei. 
Formal analysis: Fatemeh Asgharzadeh. 
Funding acquisition: Abdoliman Amouei. 
Investigation: Abdoliman Amouei, Sara Nasiri.
Methodology: Abdoliman Amouei, Seyyed Mahmoud 
Mehdinia. 
Project administration: Abdoliman Amouei. 
Resources: Abdoliman Amouei. 
Software: Sara Nasiri. 
Supervision: Abdoliman Amouei. 
Validation: Abdoliman Amouei, Seyyed Mahmoud 
Mehdinia.
Visualization: Abdoliman Amouei, Sara Nasiri.
Writing–original draft: Sara Nasiri. 
Writing–review and editing: Abdoliman Amouei.

Competing interests
The authors declare that they have no conflict of interests.

Ethical issues
The Ethical Committee of the Babol University of Medical 
Sciences approved this study (Ethical code: IR.MUBABOL.
REC.1402.136). 

Funding
This research was funded by the Vice-Chancellor for 
Research and Technology of Babol University of Medical 
Sciences.

Supplementary files 
Supplementary file 1 contains Tables S1 and S2 and 

Figures S1-S6.

References
1.	 Shokrzadeh M, Saeedi Saravi SS. Pesticides in agricultural 

products: analysis, reduction, prevention. In: Stoytcheva 
M, ed. Pesticides-Formulations, Effects, Fate. India: 
IntechOpen; 2011. p. 225-42.

2.	 Syafrudin M, Kristanti RA, Yuniarto A, Hadibarata T, Rhee 
J, Al-Onazi WA, et al. Pesticides in drinking water-a review. 
Int J Environ Res Public Health. 2021;18(2):468. doi: 
10.3390/ijerph18020468.

3.	 Bhattu M, Verma M, Kathuria D. Recent advancements in 
the detection of organophosphate pesticides: a review. Anal 
Methods. 2021;13(38):4390-428. doi: 10.1039/d1ay01186c.

4.	 Ebrahimzadeh G, Alimohammadi M, Rezaei Kahkha 
MR, Mahvi AH. Contamination level and human non-
carcinogenic risk assessment of diazinon pesticide 
residue in drinking water resources–a case study, IRAN. 
Int J Environ Anal Chem. 2022;102(16):4726-37. doi: 
10.1080/03067319.2020.1789609.

5.	 Wu X, Li J, Zhou Z, Lin Z, Pang S, Bhatt P, et al. Environmental 
occurrence, toxicity concerns, and degradation of diazinon 
using a microbial system. Front Microbiol. 2021;12:717286. 
doi: 10.3389/fmicb.2021.717286.

6.	 Alavanja MC, Bonner MR. Occupational pesticide exposures 
and cancer risk: a review. J Toxicol Environ Health B Crit Rev. 
2012;15(4):238-63. doi: 10.1080/10937404.2012.632358.

7.	 Mukherjee S, Gupta RD. Organophosphorus nerve agents: 
types, toxicity, and treatments. J Toxicol. 2020;2020:3007984. 
doi: 10.1155/2020/3007984.

8.	 Ajiboye TO, Oladoye PO, Olanrewaju CA, Akinsola GO. 
Organophosphorus pesticides: impacts, detection and 
removal strategies. Environ Nanotechnol Monit Manag. 
2022;17:100655. doi: 10.1016/j.enmm.2022.100655.

9.	 Barrett K, Jaward FM. A review of endosulfan, dichlorvos, 
diazinon, and diuron--pesticides used in Jamaica. 
Int J Environ Health Res. 2012;22(6):481-99. doi: 
10.1080/09603123.2012.667794.

10.	 Liu T, Xu S, Lu S, Qin P, Bi B, Ding H, et al. A review on 
removal of organophosphorus pesticides in constructed 
wetland: performance, mechanism and influencing factors. 
Sci Total Environ. 2019;651(Pt 2):2247-68. doi: 10.1016/j.
scitotenv.2018.10.087.

11.	 Yari K, Seidmohammadi A, Khazaei M, Bhatnagar A, Leili 
M. A comparative study for the removal of imidacloprid 
insecticide from water by chemical-less UVC, UVC/
TiO2 and UVC/ZnO processes. J Environ Health Sci Eng. 
2019;17(1):337-51. doi: 10.1007/s40201-019-00352-3.

12.	 Asgharzadeh F, Rezaei Kalantary R, Gholami M, Jonidi 
Jafari A, Kermani M, Asgharnia H. TiO2-decorated 
magnetic biochar mediated heterogeneous photocatalytic 

Table 3. Comparison of different adsorbents in terms of removal performance

Adsorbent pH t(min) dose(g/L) Concentration (mg/L) qe (mg/g) Efficiency (%) References

Watermelon 6 30 1.0 0.00017 - 95.1 (40)

Activated carbon 5 30 10 20 71.4 95.2 (37)

NH4Cl-induced activated carbon 7 30 0.2 20 100 97.5 (38)

MK-BZK 3 15 10 10 2.25 97 (41)

Activated carbon (walnut shells) 7 10 0.4 60 - 55 (42)

Rice Husk- induced US 8 60 2 20 10 78 This study

https://doi.org/10.3390/ijerph18020468
https://doi.org/10.1039/d1ay01186c
https://doi.org/10.1080/03067319.2020.1789609
https://doi.org/10.3389/fmicb.2021.717286
https://doi.org/10.1080/10937404.2012.632358
https://doi.org/10.1155/2020/3007984
https://doi.org/10.1016/j.enmm.2022.100655
https://doi.org/10.1080/09603123.2012.667794
https://doi.org/10.1016/j.scitotenv.2018.10.087
https://doi.org/10.1016/j.scitotenv.2018.10.087
https://doi.org/10.1007/s40201-019-00352-3


Environmental Health Engineering and Management Journal. 2025;12:1436 9

Mehdinia et al

degradation of tetracycline and evaluation of antibacterial 
activity. Biomass Convers Biorefin. 2023;13(10):8949-59. 
doi: 10.1007/s13399-021-01685-6.

13.	 Daneshvar N, Aber S, Seyed Dorraji MS, Khataee 
AR, Rasoulifard MH. Photocatalytic degradation of 
the insecticide diazinon in the presence of prepared 
nanocrystalline ZnO powders under irradiation of UV-C 
light. Sep Purif Technol. 2007;58(1):91-8. doi: 10.1016/j.
seppur.2007.07.016.

14.	 Iwuozor KO, Emenike EC, Gbadamosi FA, Ighalo JO, 
Umenweke GC, Iwuchukwu FU, et al. Adsorption of 
organophosphate pesticides from aqueous solution: a 
review of recent advances. Int J Environ Sci Technol. 
2023;20(5):5845-94. doi: 10.1007/s13762-022-04410-6.

15.	 Foo KY, Hameed BH. Detoxification of pesticide waste 
via activated carbon adsorption process. J Hazard Mater. 
2010;175(1-3):1-11. doi: 10.1016/j.jhazmat.2009.10.014.

16.	 Romano MS, Corne V, Azario RR, Centurión E, García 
MD. Valorization of agroindustrial waste as biosorbent of 
lead (II) in solution and its reuse in the manufacture of 
building bricks. Recent Prog Mater. 2025;7(1):1-16. doi: 
10.21926/rpm.2501002.

17.	 Holliday MC, Parsons DR, Zein SH. Agricultural pea waste 
as a low-cost pollutant biosorbent for methylene blue 
removal: adsorption kinetics, isotherm and thermodynamic 
studies. Biomass Convers Biorefin. 2024;14(5):6671-85. 
doi: 10.1007/s13399-022-02865-8.

18.	 Makoś-Chełstowska P, Słupek E, Gębicki J. Agri-food 
waste biosorbents for volatile organic compounds removal 
from air and industrial gases - a review. Sci Total Environ. 
2024;945:173910. doi: 10.1016/j.scitotenv.2024.173910.

19.	 Menya E, Olupot PW, Storz H, Lubwama M, Kiros Y. 
Production and performance of activated carbon from rice 
husks for removal of natural organic matter from water: a 
review. Chem Eng Res Des. 2018;129:271-96. doi: 10.1016/j.
cherd.2017.11.008.

20.	 Breitbach M, Bathen D. Influence of ultrasound on 
adsorption processes. Ultrason Sonochem. 2001;8(3):277-
83. doi: 10.1016/s1350-4177(01)00089-x.

21.	 Azam SM, Ma H, Xu B, Devi S, Siddique MA, Stanley 
SL, et al. Efficacy of ultrasound treatment in the removal 
of pesticide residues from fresh vegetables: a review. 
Trends Food Sci Technol. 2020;97:417-32. doi: 10.1016/j.
tifs.2020.01.028.

22.	 Asgharnia H, Nasehinia H, Rostami R, Rahmani M, 
Mehdinia SM. Phenol removal from aqueous solution 
using silica and activated carbon derived from rice husk. 
Water Pract Technol. 2019;14(4):897-907. doi: 10.2166/
wpt.2019.072.

23.	 Naghipour D, Amouei A, Taher Ghasemi K, Taghavi K. 
Removal of metoprolol from aqueous solutions by the 
activated carbon prepared from pine cones. Environ Health 
Eng Manag. 2019;6(2):81-8. doi: 10.15171/ehem.2019.09.

24.	 Seyedi Z, Amooey AA, Amouei A, Tashakkorian H. 
Pentachlorophenol removal from aqueous solutions 
using montmorillonite modified by silane & imidazole: 
kinetic and isotherm study. J Environ Health Sci Eng. 
2019;17(2):989-99. doi: 10.1007/s40201-019-00414-6.

25.	 Taghavi N, Amooey AA, Amouei A, Tashakkorian H. 
Imidazole-modified clinoptilolite as an efficient adsorbent 
for removal of 2, 4, 6- trichlorophenol: fabrication, 
characterization, kinetic and isotherm studies. Microchem 
J. 2021;169:106561. doi: 10.1016/j.microc.2021.106561.

26.	 Mozaffari Majd M, Kordzadeh-Kermani V, Ghalandari 
V, Askari A, Sillanpää M. Adsorption isotherm models: 
a comprehensive and systematic review (2010-2020). 
Sci Total Environ. 2022;812:151334. doi: 10.1016/j.
scitotenv.2021.151334.

27.	 Ngah WS, Fatinathan S, Yosop NA. Isotherm and kinetic 
studies on the adsorption of humic acid onto chitosan-
H2SO4 beads. Desalination. 2011;272(1-3):293-300. doi: 
10.1016/j.desal.2011.01.024.

28.	 Vieira MG, de Almeida Neto AF, da Silva MG, Carneiro CN, 
Melo Filho AA. Adsorption of lead and copper ions from 
aqueous effluents on rice husk ash in a dynamic system. 
Braz J Chem Eng. 2014;31(2):519-29. doi: 10.1590/0104-
6632.20140312s00002103.

29.	 Mohammadi AA, Zarei A, Alidadi H, Afsharnia M, Shams 
M. Two-dimensional zeolitic imidazolate framework-8 
for efficient removal of phosphate from water, process 
modeling, optimization, kinetic, and isotherm studies. 
Desalin Water Treat. 2018;129:244-54. doi: 10.5004/
dwt.2018.22813.

30.	 Kang J, Liu H, Zheng YM, Qu J, Chen JP. Application 
of nuclear magnetic resonance spectroscopy, Fourier 
transform infrared spectroscopy, UV-visible spectroscopy 
and kinetic modeling for elucidation of adsorption 
chemistry in uptake of tetracycline by zeolite beta. J 
Colloid Interface Sci. 2011;354(1):261-7. doi: 10.1016/j.
jcis.2010.10.065.

31.	 Çalışkan E, Göktürk S. Adsorption characteristics of 
sulfamethoxazole and metronidazole on activated 
carbon. Sep Sci Technol. 2010;45(2):244-55. doi: 
10.1080/01496390903409419.

32.	 Baharum NA, Nasir HM, Ishak MY, Isa NM, Hassan MA, 
Aris AZ. Highly efficient removal of diazinon pesticide 
from aqueous solutions by using coconut shell-modified 
biochar. Arab J Chem. 2020;13(7):6106-21. doi: 10.1016/j.
arabjc.2020.05.011.

33.	 Sean S, Binh QA, Tungtakanpoung D, Kajityichyanukul P. 
Potential adsorption mechanisms of different bio-wastes 
to remove diazinon from aqueous solution. IOP Conf Ser 
Mater Sci Eng. 2019;617(1):012012. doi: 10.1088/1757-
899x/617/1/012012.

34.	 Delval F, Crini G, Morin N, Vebrel J, Bertini S, Torri 
G. The sorption of several types of dye on crosslinked 
polysaccharides derivatives. Dyes Pigm. 2002;53(1):79-92. 
doi: 10.1016/s0143-7208(02)00004-9.

35.	 Zhang L, Song X, Liu X, Yang L, Pan F, Lv J. Studies on the 
removal of tetracycline by multi-walled carbon nanotubes. 
Chem Eng J. 2011;178:26-33. doi: 10.1016/j.cej.2011.09.127.

36.	 Yi S, Gao B, Sun Y, Wu J, Shi X, Wu B, et al. Removal of 
levofloxacin from aqueous solution using rice-husk and 
wood-chip biochars. Chemosphere. 2016;150:694-701. doi: 
10.1016/j.chemosphere.2015.12.112.

37.	 Akbarlou Z, Alipour V, Heidari M, Dindarloo K. 
Adsorption of diazinon from aqueous solutions onto an 
activated carbon sample produced in Iran. Environ Health 
Eng Manag. 2017;4(2):93-9. doi: 10.15171/ehem.2017.13.

38.	 Moussavi G, Hosseini H, Alahabadi A. The investigation 
of diazinon pesticide removal from contaminated water by 
adsorption onto NH4Cl-induced activated carbon. Chem 
Eng J. 2013;214:172-9. doi: 10.1016/j.cej.2012.10.034.

39.	 Hu D, Liu S, Qi L, Liang J, Zhang G. A critical review on 
ultrasound-assisted adsorption and desorption technology: 
mechanisms, influencing factors, applications, and 

https://doi.org/10.1007/s13399-021-01685-6
https://doi.org/10.1016/j.seppur.2007.07.016
https://doi.org/10.1016/j.seppur.2007.07.016
https://doi.org/10.1007/s13762-022-04410-6
https://doi.org/10.1016/j.jhazmat.2009.10.014
https://doi.org/10.21926/rpm.2501002
https://doi.org/10.1007/s13399-022-02865-8
https://doi.org/10.1016/j.scitotenv.2024.173910
https://doi.org/10.1016/j.cherd.2017.11.008
https://doi.org/10.1016/j.cherd.2017.11.008
https://doi.org/10.1016/s1350-4177(01)00089-x
https://doi.org/10.1016/j.tifs.2020.01.028
https://doi.org/10.1016/j.tifs.2020.01.028
https://doi.org/10.2166/wpt.2019.072
https://doi.org/10.2166/wpt.2019.072
https://doi.org/10.15171/ehem.2019.09
https://doi.org/10.1007/s40201-019-00414-6
https://doi.org/10.1016/j.microc.2021.106561
https://doi.org/10.1016/j.scitotenv.2021.151334
https://doi.org/10.1016/j.scitotenv.2021.151334
https://doi.org/10.1016/j.desal.2011.01.024
https://doi.org/10.1590/0104-6632.20140312s00002103
https://doi.org/10.1590/0104-6632.20140312s00002103
https://doi.org/10.5004/dwt.2018.22813
https://doi.org/10.5004/dwt.2018.22813
https://doi.org/10.1016/j.jcis.2010.10.065
https://doi.org/10.1016/j.jcis.2010.10.065
https://doi.org/10.1080/01496390903409419
https://doi.org/10.1016/j.arabjc.2020.05.011
https://doi.org/10.1016/j.arabjc.2020.05.011
https://doi.org/10.1088/1757-899x/617/1/012012
https://doi.org/10.1088/1757-899x/617/1/012012
https://doi.org/10.1016/s0143-7208(02)00004-9
https://doi.org/10.1016/j.cej.2011.09.127
https://doi.org/10.1016/j.chemosphere.2015.12.112
https://doi.org/10.15171/ehem.2017.13
https://doi.org/10.1016/j.cej.2012.10.034


Mehdinia et al

Environmental Health Engineering and Management Journal. 2025;12:143610

prospects. J Environ Chem Eng. 2024;12(6):114307. doi: 
10.1016/j.jece.2024.114307.

40.	 Ahmadi D, Khodabakhshi A, Hemati S, Fadaei A. Removal 
of diazinon pesticide from aqueous solutions by chemical–
thermal-activated watermelon rind. Int J Environ Health 
Eng. 2020;9:18. doi: 10.4103/ijehe.ijehe_19_20.

41.	 Dianati Tilaki R, Kalankesh L, Bavandi S, Babanejad I, 
Yazdani Charati J, Rodriguez-Couto S. Surfactant modified 

kaolinite (MK-BZK) as an adsorbent for the removal of 
diazinon from aqueous solutions. Desalin Water Treat. 
2020;196:137-45. doi: 10.5004/dwt.2020.25922.

42.	 Dadras S, Alighardashi A, Salemi A, Gharibi HR, Kazemi 
Balgehshiri MK. Study on the removal of diazinon pesticide 
using activated carbon adsorbent processed from walnut 
shells. In: The 5th Iranian Water Resources Management 
Conference. Tehran: Shahid Beheshti University; 2015.

https://doi.org/10.1016/j.jece.2024.114307
https://doi.org/10.4103/ijehe.ijehe_19_20
https://doi.org/10.5004/dwt.2020.25922

