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Abstract 
 
Advanced oxidation process is getting tremendous importance in the treatment techniques for the removal of nonbiodegradable 
organics from wastewater due to its ability to completely mineralize the pollutants. It uses different methods to produce hydroxyl 
radicals which are responsible for oxidation of pollutants. In this work, studies on Fenton, ultraviolet radiation (UV) and UV-
hydrogen peroxide processes for removing acetamiprid, a neonicotinoid insecticide from aqueous solution are carried out. 
Acetamiprid is now finding wide use as a substitute for organophosphates. The effects of pH for UV, H2O2 concentration and Fe2+ 
concentration for Fenton process and pH and H2O2 concentration for UV-H2O2 process are studied for a simulated wastewater 
containing acetamiprid. The efficiency of the processes was evaluated by measuring acetamiprid concentration and total organic 
carbon concentration.  The processes are optimized using central composite design of response surface methodology. A second 
order model has been suggested for the processes and the model is validated using statistical tools. The H2O2 and Fe2+ 
concentrations showed a positive effect on the removal of pesticide by Fenton process and the optimum conditions obtained are  
pH-3, H2O2- 190 mg/L and Fe2+ -19 mg/L. For UV-H2O2 process, the optimum pH is found to be 6 at a H2O2 concentration of 110 
mg/l. Kinetic studies were conducted for Fenton, UV and UV-H2O2 processes at the optimized conditions, which show the 
applicability of first order kinetics. 
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1. Introduction 
 

Pesticides have become the inevitable part of 
agriculture and modern life which results in pollution 
of ground as well as surface water. Neonicotinoids 
belong to the new classes of insecticides. Acetamiprid 
(E-N1-[(6-chloro-3-pyridyl) methyl]-N2-cyano-N1-
methylacetamidine, Fig. 1) is a widely used 
neonicotinoid insecticide (Mateu-Sanchez et al., 2003). 
It is used for the control of insects which are of 
sucking type on cotton, leafy vegetables, fruits and 
ornamental plants and flowers. Being a systemic 
pesticide with special acting mechanism and high 
efficacy, acetamiprid has been widely used as an 
alternative to the organophosphate insecticides. It is 
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highly water soluble (solubility- 2.95 x 10+3 mg/L at 
25°C) which indicates the high potential to pollute 
both ground water and surface water. Acetamiprid is 
stable to hydrolysis at atmospheric temperatures, and 
photodegrades relatively slowly in water. It is 
classified as toxicity category rating II in acute oral 
studies with rats (U.S Environmental Protection 
Agency, 2002). 

 
 

Fig. 1. Structure of acetamiprid 
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Advanced oxidation processes (AOPs) are used 
widely as a treatment technique for the removal of non 
biodegradable or slowly biodegradable compounds. 
They can be used for complete removal of compounds 
of high stability and/or low biodegradability. They can 
also be used as a pretreatment technique for biological 
treatment as it generally improves the 
biodegradability. It uses the oxidation potential of 
hydroxyl radicals for the mineralization of the 
pollutants. Different techniques are used for the 
generation of hydroxyl radicals (Andreozzi et al., 
1999).  

One of the oldest and simplest AOPs is 
Fenton’s reaction. No sophisticated set up is needed 
for this process and it can be applied at room 
temperature. Its disadvantages include need of acidic 
environment and the formation of iron sludge. 
Fenton’s reagent is catalyzed hydrogen peroxide; 
catalyst is a transition metal, normally ferrous iron. 
The major reactions taking place are the following 
(Chammaro et al., 2001; Jafari et al., 2017; Kang and 
Hwang, 2000; Neyens and Baeyens, 2003; Walling 
and Goosen, 1973). 
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Hydroxyl radicals can oxidize organics (RH) 
producing organic chemicals (R.) which are highly 
reactive and can be further oxidized (Chammaro et al., 
2001; Grcic et al., 2017; Neyens and Baeyens, 2003; 
Walling, 1975). 

 
.. ROHHORH  2  (6) 

 
UV radiation has been the most widely used 

radiation method in initiating oxidation processes. 
This is based on supplying energy to the chemical 
compounds as radiation, which is absorbed by reaction 
molecules that can pass to excited states promoting 
further reaction (Esplugas et al., 2002). 

UV-H2O2 process is very efficient in treating 
aqueous effluents. This process entails the formation 
of hydroxyl radicals by the photolysis of H2O2. The 
oxidation may be either due to direct photolysis or 
reaction with hydroxyl radicals (Poyatos et al., 2010).  
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Despite the extensive use of acetamiprid, the 

use of AOP for the degradation of acetamiprid has 
been less frequently studied except some reports on 
photolysis (Xie et al., 2009) and photocatalysis 
(Guzsvany et al., 2009; Khan et al., 2010). The 
oxidation of acetamiprid by Fenton and Fenton like 
oxidation of acetamipirid is reported recently (Mistika 
et al., 2013). In this study, the use of AOPs: Fenton 
process, UV radiation and UV-H2O2 process for the 
acetamiprid removal from wastewater are investigated 
and compared. Optimization of the process parameters 
is done using response surface methodology. A 
comparison on the basis of operating cost is also 
attempted. 

 
2. Experimental 

 
2.1. Materials used 

 
Acetamiprid (97%) was purchased from Rallis 

India. As a source of Fe2+, Ferrous sulfate 
heptahydrate (FeSO4.7H2O) was used. Acetonitrile 
and water (HPLC grade), sulfuric acid, sodium 
hydroxide and hydrogen peroxide solution (30% w/w) 
used were from Merck. Distilled water was used 
throughout.  

 
2.2. Set-up 

 
1000 mL flat bottom borosilicate glass vessel 

was used for conducting experiments. The schematic 
diagram is shown in Fig. 2. Inside a glass reactor, an 
immersion well made of high purity quartz was placed 
and is fitted with a standard joint at the top. As a 
source of UV radiation, a 125 W medium pressure 
mercury vapor lamp was kept inside the immersion 
well. Thorough mixing of the content of the reactor 
was achieved by agitating the contents throughout the 
reaction using a magnetic stirrer. Cooling water was 
circulated through the annular space to maintain the 
temperature of the reaction at room temperature. The 
entire set up was housed in wooden chamber. 

 
2.3. Procedures 

 
50 ppm solution of acetamiprid was prepared 

in distilled water. 500 ml of the solution is taken in the 
reactor. 0.1 N sulfuric acid was used for adjusting the 
pH to desired level. Required amount of FeSO4.7H2O 
(for Fenton process) was added after that and mixed 
well. Then required amount of hydrogen peroxide was 
added. As it is well known that favorable pH for 
Fenton reaction is 3, the experiments for Fenton 
process were conducted at pH 3 (Chitra et al., 2012). 
Reaction start for the Fenton reaction was the time 
when hydrogen peroxide added. Stable output was 
achieved by UV lamp after 2-3 minutes.  
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The content of the reactor was mixed using a 
magnetic stirrer throughout the reaction. The reaction 
time for the processes was selected so as to get at least 
90% removal of acetamiprid. All the experiments 
were repeated three times and the average result is 
used for comparing the performance. 

 

 
Fig. 2. Schematic diagram of reactor (a- cooling water 
inlet, b- cooling water outlet, c- sample inlet, d-sample 

outlet, e- UV lamp, f- Quartz immersion well,  
g-borosilicate glass vessel, h- magnetic stirrer bar,  

i- magnetic stirrer, j- power supply) 
 

2.4. Analytical methods 
 

Acetamiprid concentration and Total Organic 
Carbon (TOC) of the samples were analysed at 
required intervals. The pH of solution after Fenton 
reaction was increased to 10 to stop the reaction. One 
drop of 0.1 N Na2S2O3 was added to decompose 
residual hydrogen peroxide in each sample (Badawy 
et al., 2006). The samples withdrawn were filtered 
through a 0.22μm syringe filters.  

Modified iodometric method was used for 
detecting hydrogen peroxide concentration (APHA, 
1998). High performance liquid Chromatograph 

(HPLC) was used for measuring acetamiprid 
concentration. Hitachi Elite Lachrom HPLC with C18 
column (Shodex, 4.6 x150 mm) and UV detector was 
used for this purpose. Mixture of water and 
acetonitrile (70/30) was used as mobile phase. The 
samples of 20 μL were injected manually and it was 
eluted at a flow rate of 1 mL/min. The signal of 
acetamiprid was detected at 245nm and 4.4 min. Total 
organic carbon measurements (TOC) was carried out 
using a Schimadzu TOC-LCPH TOC analyzer. 
 
2.5. Response Surface Methodology 
 

One variable at a time was varied in 
conventional method of doing experiments. It is time 
consuming and labor intensive. The study of 
combined effects of two or more variables on the 
response is not possible by this method (Jiang et al., 
2013). Response surface methodology (RSM) is a 
collection of mathematical and statistical tools useful 
for developing, optimizing and improving the 
processes (Baș and Boyacı, 2007; Bertea et al., 2013). 
It involves mainly three steps. First step is the design 
of the experiments statistically using the selected 
design and conducting the experiments, second is the 
determination of coefficients in the proposed model 
and the last step is the validation of the model 
(Montgomery, 2001). The central composite design 
(CCD) is the most popular second order class of RSM. 
This design is well suited for fitting quadratic surfaces 
and usually works well for process optimization .CCD 
helps to develop a model and optimize the effective 
parameters with a minimum number of experimental 
runs. In general, for k factors, CCD requires 2k 
factorial runs with 2k axial or star runs and nc center 
runs (Montgomery, 2001). 

The effect of parameters on acetamiprid 
removal was determined using RSM. Central 
composite design with two factors at five levels was 
applied using Minitab 14 (PA, USA). Table 1 gives 
the operating parameters and the operating range 
covered for Fenton and UV-H2O2 processes in part a 
and b respectively. Range for experiments was fixed 
based on the results obtained from preliminary 
experiments. 

The independent variables  are converted into 
corresponding coded variables x1, x2, x3 and x4 between 
–α and +α in five levels as –α, -1, 0. +1, and +α using 
the equation given below (Ahmed Basha et al., 2009). 

 
Table 1. The level and range of variables chosen for the processes 

  

Independent Variable Symbols used 
Coded levels 

-α(1.2) -1 0 +1 + α(1.2) 
  a) Fenton process 

H2O2 (mg/L) X1 2 20 110 200 218 
Fe2+ (mg/L) X2 0.2 2 11 20 21.8 

  b) UV-H2O2 process 
pH X3 2.4 3 6 9 9.6 

H2O2 (mg/L) X4 2 20 110 200 218 
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where Xi,max and Xi,min are the maximum and minimum 
values of the variable Xi. 

Experiments were conducted for thirteen runs 
(α=1.2) as given in Table 2.  

Pure error is evaluated using the experimental 
responses at centre points. The Analysis of Variance 
(ANOVA) has been studied using RSM. The quality 
of the model suggested was tested using statistical 
parameters such as correlation coefficient (R), root 
mean square error (RMSE) and average absolute 
relative error (AARE) defined as follows. 
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where E  is the experimental response, P  is the 
predicted response obtained from the model. E  and 
P  represents the mean values of E and P, 
respectively. N refers to the number of experimental 
runs.  
 
3. Results and discussion 
 
3.1. Fenton process 
 

The results of the experiments conducted for 
one hour are given in Table 2 part a. It is evident from 
the results that both factors influenced the removal of 
pesticide positively. An increase in removal of 
acetamiprid (%) from 17.5 to 62.5 is observed when 
H2O2 concentration was increased from 20 to 200 
mg/L at Fe2+ concentration of 2 mg/L. (run no:1 and 
2). Removal of acetamiprid increased with an increase 
in Fe2+ concentration also (run no: 2 and 4). This is due 
to the increase in hydroxyl radical formation with 
increasing H2O2 and Fe2+concentration.  

Acetamiprid removal of 99.5% was obtained 
when H2O2 concentration of 200 mg/L and Fe2+ 
concentration of 20 mg/L (run no: 4) was used. Use of 
optimum H2O2 and Fe2+ is important since excess use 
of H2O2 and Fe2+ results in scavenging of hydroxyl 
radicals as given in Eqs. (15) and (16) (Neyens and 
Baeyens, 2003). Excess use of H2O2 also results in 
auto decomposition (Eq. 17).  
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Fig. 3a shows the combined effect of H2O2 

concentration and a Fe2+ concentration on acetamiprid 
removal. Both factors show an increasing trend with 
increasing concentration because of the increase in 
hydroxyl radical formation (Badawy et al., 2006).  

 
3.2. UV treatment 

 
It was observed that acetamiprid is stable when 

protected from radiation and degrades slowly when 
exposed to light. Effect of pH on photodegradation 
was studied by varying the pH (not shown) .The rates 
of degradation was very close to each other when pH 
was increased from 4 to 9 and it is in agreement with 
the results reported in the literature (Xie et al., 2009). 
The maximum removal was obtained at pH of 4-5. 

 
3.3. UV-H2O2 process 

 
The results of the experiment are given in 

Table 2 part b. The increase in pesticide removal 
obtained is only from 80% to 84% at an initial H2O2 
concentration of 20 mg/L when pH was increased 
from 3 to 9 (run no: 1 and 2). The percent increase is 
only from 95 to 96 when an initial H2O2 concentration 
of 200 mg/L was used (run no: 3 and 4). This increase 
in removal with pH can be due to the hydrolysis of 
acetamiprid at higher pH and it is not liable to 
hydrolyse at lower pH (Mistika et al., 2013). 
Acetamiprid removal of 99.9 % was obtained at a pH 
value of 6 and H2O2 concentration of 110 mg/L (run 
no: 9). Since the hydrolysis is insignificant at this pH, 
it can be concluded that degradation at this condition 
is due to the reaction with hydroxyl radicals. The use 
of higher pH is not recommended, since at higher pH, 
H2O2 photo-decomposes into oxygen and water 
(Ramesh et al., 2007). Increasing H2O2 concentration 
beyond optimum results in scavenging of hydroxyl 
radicals (Eq. 15) and it is evident in the Fig. 3b 
(Hernandez et al., 2002). The figure shows the 
combined effect of pH and H2O2 concentration on 
acetamiprid removal. 

TOC removal in all the runs is comparatively 
lower. The presence of stable intermediates formed by 
degradation of pesticide may be the reason. The 
possible degradation intermediates of acetamiprid are 
6-Chloro nicotinic acid, acetic acid, formic acid and 
acetaldehyde (Guzsvany et al., 2009). 

 
3.4. Response Surface Methodology 

 
This study reveals a mathematical relationship 

between the acetamiprid removal and the significant 
factors for the process which is of the form of Eq. (18). 
The coefficients of the model are given in Table 3. 
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Table 2. The design of experiment and experimental responses for Fenton and UV-H2O2 process 

 
a) Fenton process, reaction time : 60 minutes 

Run No. H2O2 (mg/L)  Fe2+   ( mg/L) Acetamiprid removal (%) TOC removal (%) 
1 20 2 17.5 2.5 
2 200 2 62.5 11.1 
3 20 20 31.0 5.0 
4 200 20 99.5 26.0 
5 2 11 17.5 2.0 
6 218 11 85.0 19.5 
7 110 0.2 50.0 10.2 
8 110 21.8 80.0 20.8 
9 110 11 75.3 20.0 
10 110 11 75.4 20.5 
11 110 11 75.3 20.3 
12 110 11 75.5 20.2 
13 110 11 75.45 20.4 

b) UV-H2O2 process reaction time : 30 minutes 
Run No. pH H2O2 (mg/L) Acetamiprid removal (%) TOC removal (%) 
1 3.0 20 80.00 9.5 
2 9.0 20 84.00 10.0 
3 3.0 200 95.00 28.0 
4 9.0 200 96.00 28.7 
5 2.4 110 94.90 28.0 
6 9.6 110 99.00 28.8 
7 6.0 2 77.50 6.0 
8 6.0 218 95.00 27.4 
9 6.0 110 99.90 30.1 
10 6.0 110 99.90 30.2 

11 6.0 110 99.80 30.4 
12 6.0 110 99.70 30.5 
13 6.0 110 99.90 30.5 

 

 
Fig. 3. a) Combined effect of H2O2 and Fe2+ concentration on acetamiprid removal for Fenton process; b) Combined effect of pH 

and H2O2 concentration on acetamiprid removal for UV-H2O2 process 
 

The significance of the coefficients was 
analyzed by p- and t- test. The values p and t and the 
significance level (1-p) are given in the Table 3. From 
Table 3 it is clear that all the terms are significant in 
predicting the acetamiprid removal (%) for Fenton and 
UV- H2O2 process. The equation can be written as Eq. 
(19). For H2O2/UV process equation can be written as 
Eq. (20). The predicted optimum values by RSM for 
the Fenton process are 190 mg/L for initial H2O2 

concentration and 19 mg/L for Fe2+ concentration. The 
predicted acetamiprid removal (%) is 97.65 while the 
experimental value obtained was 99.98. The TOC 
removal (%) was 26 at these conditions.  

pH value of  6 and initial H2O2 concentration 
of 110 mg/L are the predicted  optimum values for the 
UV- H2O2 process based on the criteria of achieving 
maximum removal by minimizing the cost of 
chemicals involved. 
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where y is the response variable of acetamiprid removal (%) in uncoded units, β1, β2 are regression coefficient for linear 
effects, β11, β22 are quadratic coefficients, β12 is interaction coefficient. 
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where Y1 is the acetamiprid removal (%) after Fenton process in uncoded units, X1 and X2 are the H2O2 concentration 
and Fe2+ concentration in mg/L respectively.  
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where Y2 is the acetamiprid removal (%) after UV- H2O2 process in uncoded units, X3 and X4 are initial pH and initial 
H2O2 concentration in mg/L, respectively. 

 
Table 3. Estimated regression coefficients and corresponding ‘t’ and ‘p’ values for acetamiprid removal 

 

Factor 
Coefficient of the 
model in uncoded 

factors 
‘t’ value ‘p’ value significance level (%) 

a) Fenton Process 
β0 -0.76662 -0.403 0.699 >30% 
β1 0.6640 27.813 0.000 >99% 
β2 2.63387 11.026 0.000 >99% 
β11 -0.00193 -20.952 0.000 >99% 
β22 -0.08588 -9.321 0.000 >99% 
β12 0.00632 6.487 0.000 >99% 

b) UV-H2O2 process 
β0 64.5895 110.952 0.000 >99% 
β1 3.3641 19.446 0.000 >99% 
β2 0.3497 77.903 0.000 >99% 
β11 -0.2099 -15.581 0.000 >99% 
β22 -0.0012 -76.865 0.000 >99% 
β12 -0.0030 -6.236 0.006 >99% 

 
The pH value of 6 being the near free pH 

reduces the chemicals needed for pH adjustment. The 
acetamiprid removal (%) obtained from the 
experiment was 99.9 while the predicted removal is 
99.8. The TOC removal obtained experimentally at 
these conditions was 31 %. The analysis of variance 
(ANOVA) for the models shows a higher F value for 
regression of 640.61 for Fenton and 2386.69 for UV- 
H2O2 compared to a tabulated value of 3.97. This 
shows that the quadratic model can navigate the 
design space well. 

The model predictions and the experimental 
observation are compared and found that the 
variations are minimal. The R2, RMSE and AARE (%) 
for the models are 0.99, 0.4015 and 0.72 for Fenton 
process and 0.99, 0.1883 and 0.17 for UV- H2O2 
process. Hence the model accuracy is adequate to 
predict the system performance. 

 
3.5. Kinetic study 

 
The kinetic studies were conducted at the 

optimum values for the three processes. The 
degradation of acetamiprid using AOP can be 
expressed by a pseudo first order kinetic equation of 
the form (Eq. 21): 

kt
]C[

]C[
ln 

0

 (21) 

 

where [C] and [C]0 are the concentration of 
acetamiprid at 0 and t times and k is expected pseudo-
first order rate constant 

The change in concentration of acetamiprid 
with time for Fenton, UV and UV-H2O2 processes was 
monitored using HPLC. Fig. 4 shows the time 
dependent chromatograms for the UV treatment for 
duration of 60 minutes. The chromatograms are drawn 
at an interval of 10 min. The percentage degradation 
data of acetamiprid using the three processes are given 
in Fig. 5a. For a removal of 99.9 %, the time taken for 
Fenton process, UV treatment, UV-H2O2 process were 
30, 120, 25 minutes respectively. he data obtained 
from the experiments for 30 minutes was used for 
plotting a pseudo first order plot and is shown in Fig. 
5b. The rate constants and the R2 value of plot are 
given in Table 4. The rate of removal is lowest for 
treatment with UV (rate constant of 0.0337 min-1) 
followed by Fenton (0.1041 min-1) and UV-H2O2 
(0.1801 min-1) process i.e. UV- H2O2 > Fenton > UV. 
This is similar to the results reported by Badawy et al. 
(2006) and Saritha et al. (2007). 
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Fig. 4. Time dependent chromatograms of the UV treatment of acetamiprid between 0 and 60 minutes 

 
 

Fig. 5. a) Time percentage acetamiprid removal data for UV, Fenton and UV-H2O2 processes  
b) Pseudo-first order plot for the removal of acetamiprid by UV, Fenton and UV-H2O2 processes 
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Table 4. Pseudo first order rate constants 

 

Process 
Rate constant 

(min -1) 
R2 value 

Fenton 0.1041 0.998 
UV 0.0337 0.997 

UV- H2O2 0.1801 0.987 
 
In UV process the main mechanism of 

degradation is the photolysis of the compound which 
is governed by the absorption spectrum of compound 
and emission spectrum of UV lamp.  In Fenton the 
main mechanism is the oxidation with hydroxyl 
radicals whose rate constant is higher. In UV- H2O2 
process, the rate is increased because of the indirect 
photo-oxidation between the compound and the 
additional hydroxyl radicals formed in addition to the 
photolysis reaction (Chitra et al., 2012; Mamadou et 
al., 2011). 

 
3.6. Cost estimation 

 
The cost of full scale wastewater treatment 

plant depends on the nature and concentration of 
pollutant, the geometry of the reactor utilized, the 
lamp characteristics (if UV lamp is employed) and the 
flow rate of the wastewater (Esplugas et al., 2002). An 
attempt is made to calculate the approximate operating 
cost for the process based on the cost of materials used 
(Table 5 and 6). Calculation of cost for the processes 
utilizing UV is based on electrical energy per order 
(EE/O) (Saritha et al., 2007) using Eq. (22). 

 

)finC/initClog(xVx
Ptx)m/kWh(O/EE

60
10003      (22) 

 
where P is rated power (kW), t is the time (min), V is 
the volume (liters), Cinit and Cfin are initial and final 
concentration of the compound to be treated. 
 

Table 5. Cost of the reagents 
 

Reagent Basis Cost ( $) 
H2O2 Kg 0.76 

FeSO4.7H2O Kg 14 
Electricity kWh 0.0953 

 
Table 6. Operating cost of the treatment methods 

 
Process Cost ( $/m3) 
Fenton 2 

UV 376.8 
UV- H2O2 75.38 

 
It is evident from the cost data that the 

treatment with UV is costlier because of the high 
treatment time involved. Use of H2O2 along with UV 
reduces the cost since it produces more hydroxyl 
radicals reducing the reaction time requirement. 
Among the treatment methods studied, Fenton is the 
cheapest method but of course with a disadvantage of 
sludge formation. This can be minimized by using 

Photo Fenton process (H2O2/Fe2+/UV) and the cost can 
be further reduced if sunlight is made use of. 
 
4. Conclusions 

 
The results from this study revealed the 

viability of using Fenton, UV and UV- H2O2 processes 
for the acetamiprid removal from wastewater. The 
processes were optimized using RSM. Optimized 
conditions for Fenton process was found to be initial 
H2O2 concentration of 190 mg/L and Fe2+ 
concentration of 19 mg/L at a pH of 3. At this 
condition the rate constant for the process was found 
to be 0.1041 min-1 and a 99% removal of acetamiprid 
and a TOC removal of 26 % were obtained within 30 
minutes. For UV treatment using 125 W medium 
mercury vapor lamp, the rate constant calculated was 
0.0337 min-1 which had taken about 120 minutes for 
removal of acetamiprid. The addition of H2O2 to UV 
process showed a drastic improvement in the rate of 
UV process due to the generation of more hydroxyl 
radicals. The rate constant was increased to 0.1801 
min-1.  

The process could remove 99.9% of the 
acetamiprid within 25 minutes at a pH of 6 and H2O2 
concentration of 110 mg/L. The TOC removal at this 
condition was 32%. The low TOC removal in all the 
processes shows that intermediates formed are stable 
and the amount of reagents and/or the reaction time 
used were not sufficient to degrade the stable 
intermediates.  

A model was predicted for the Fenton and UV- 
H2O2 process for acetamiprid removal. Statistical 
analysis was done to prove the adequacy of the model. 
A cost evaluation showed that Fenton is the cheapest 
of the three method studied 
 
Acknowledgements 
Authors would like to thank Centre for Engineering 
Research and Development (CERD), Kerala for financial 
support. 

 

References 
 
Ahmed Basha C., Soloman P.A., Velan M., 

Balasubramanian N., Roohil Kareem L., (2009), 
Participation of electrochemical steps in treating 
tannery wastewater, Industrial Engineering and 
Chemical Research, 48, 9786-9796. 

Andreozzi R., Caprio V., Insola A., Marotta R., (1999), 
Advanced Oxidation Processes (AOP) for water 
purification and recovery, Catalysis Today, 53, 51-59. 

Badawy M.I., Ghaly M.Y., Gad-Allah T.A., (2006), 
Advanced oxidation processes for the removal of 
organophosphorous pesticides from wastewater, 
Desalination, 194, 166-175. 

Baș D., Boyacı H.I., (2007), Modeling and optimization I: 
usability of Response Surface Methodology, Journal of 
Food Engineering, 78, 836-845. 

Bertea A.-F., Butnaru R., Bertea A.-P., (2013), Response 
surface methodology applied for the optimisation of 
reactive black 5 discoloration in a Fenton-like process, 
Environmental Engineering and Management Journal, 
12, 1085-1093. 



 
Optimization of advanced oxidation processes for the removal of acetamiprid from wastewater 

 

 233

Chammaro E., Marco A., Esplugas S., (2001), Use of Fenton 
reagent to improve organic chemical biodegradability, 
Water Research, 35, 1047-1051. 

Chitra S., Paramasivan K., Cheralathan M., Sinha P.K., 
(2012), Degradation of 1,4-dioxane using advanced 
oxidation process, Environmental Science Pollution 
Research, 19, 871-878.  

Esplugas S., Gimenex J., Cotreras S., Pascual E., Rodriguez 
M., (2002), Comparison of different advanced 
oxidation process for phenol degradation, Water 
Research, 36, 1034-1042. 

Grcic I., Koprivanac N., Andricevic R., (2017), Reliability 
study of laboratory scale water treatment by advanced 
oxidation processes, Environmental Engineering and 
Management Journal, 16, 1-13. 

Guzsvany V.J., Csanadi J.J., Lazic S.D., Gaal F.F., (2009), 
Photocatalytic degradation of the insecticide 
acetamiprid on TiO2 catalys, Journal of Brazilian 
Chemical Society, 20, 152-159. 

Hernandez R., Zappi M., Colucci J., Jones R., (2002), 
Comparing the performance of various advanced 
oxidation processes for treatment of acetone 
contaminated water, Journal of Hazardous Materials, 
92, 33-50. 

Jafari A.F., Rafiee M., Golbaz S., Kalantary R.R., (2017), 
Evaluation of combined Fenton oxidation and chemical 
precipitation process performance in cyanide removal 
from aqueous solution, Environmental Engineering 
and Management Journal, 16, 1873-1880.  

Jiang W., Joens J.A., Dionysiou D.D., O’Shea K.E., (2013), 
Optimization of photocatalytic performance of TiO2 
coated microspheres using response surface 
methodology and the application for degradation of 
dimethyl phthalate, Journal of Photochemistry and 
Photobiology A: Chemistry, 262, 7-13. 

Kang Y.W., Hwang K.Y., (2000), Effects of reaction 
conditions on the oxidation efficiency in the Fenton 
process, Water Research, 34, 2786-2790. 

Khan A., Haque M.M., Mir N.A., Muneer M., Boxall C., 
(2010), Heterogeneous photocatalysed degradation of 
an insecticide derivative acetamiprid in aqueous 
suspensions of semiconductor, Desalination, 261, 169-
174. 

Mamadou V.N.M., Li W., Lu S., Chen N., Qiu Z., Lin K., 
(2011), Photodegradation of sulfamethaxole applying 
UV-and VUV based processes, Water, Air and Soil 
Pollution, 218, 265-274. 

Mateu-Sanchez M., Moreno M., Arrebola F.J., Martinez 
Vidal J.L., (2003), Analysis of acetamiprid in 
vegetables using gas chromatography-tandem mass 
spectrometry, Analytical Sciences, 19, 701-704. 

Mistika E.E., Cristophoridis C., Fytianos K., (2013), Fenton 
and Fenton-like oxidation of pesticide acetamiprid in 
water samples: kinetic study of the degradation and 
optimization using response surface methodology, 
Chemosphere, 93, 1818-1825. 

Montgomery D.C., (2001), Design and Analysis of 
Experiments, 5th Edition, John Wiley and Sons, New 
York, U.S.A. 

Neyens E., Baeyens J., (2003), A review of classic Fenton’s 
peroxidation as an advanced oxidation technique, 
Journal of Hazardous Materials, B98, 33-50. 

Poyatos J.M., Munio M.M., Almecija M.C., Torres J.C., 
Hontoria E., Osoria F., (2010), Advanced oxidation 
processes for wastewater treatment-State of the Art- 
Water, Air and Soil Pollution, 205, 187-204. 

Ramesh T., Tae Ouk K., Jung Chul J., Subramanian B, 
Manickam M., II Shick M., (2007), Application of 
several advanced oxidation processes for the 
destruction of terephthalic acid, Journal of Hazardous 
Materials, 142, 308-314. 

Saritha P., Aparna C., Himabindu V., Anjaneyulu Y., 
(2007), Comparison of various advanced oxidation 
processes for the degradation of 4-chloro-2 nitrophenol, 
Journal of Hazardous Materials, 149, 609-614. 

APHA, (1998), Standard Methods for the Examination of 
Water and Wastewater, 20th Edition, American Public 
Health Association (APHA), American Water Works 
Association and Water Environmental Federation, 
Washington DC. 

U.S. Environmental Protection Agency, (2002), 
Acetamiprid, reason for issuance: conditional 
registration, On line at: 
https://www3.epa.gov/pesticides/chem_search/reg_acti
ons/registration/fs_PC-099050_15-Mar-02.pdf. 

Walling C., (1975), Fenton’s reagent revisited, Accounts of 
Chemical Research, 8, 125-131. 

Walling C., Goosen A., (1973), Mechanism of the ferric ion 
catalysed decomposition of hydrogen peroxide: effects 
of organic substrate, Journal of American Chemical 
Society, 95, 2987-2991. 

Xie G., Liu G., Sun D., Zheng L., (2009), Kinetics of 
acetamiprid photolysis in solution, Bulletin of 
Environmental Contamination and Toxicology, 82, 
129-132. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


