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ABSTRACT

In this study, pH and ApH change in the electrochemical oxidation of imidacloprid (IMD) pesticide using boron-doped
diamond (BDD) electrodes was investigated in the presence of Na2SOa electrolyte. The process parameters were operated
as imidacloprid concentration (40-200 mg/L), electrolyte concentration (2-10 g/L), current density (4-20 mA/cm?) and
reaction temperature (20-60°C). pH and ApH values increased with increasing Na2SO4 concentration, current density, and
reaction temperature, and decreasing the imidacloprid concentration at 120 min reaction time. The results of this study

showed that the pH of the wastewater solution maintained the local pH discharge limits between 6 and 9 after the
electrochemical oxidation.
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1. INTRODUCTION

The use of pesticides is increasing with growing of
world population due to the increase in food demand.
Pesticides have become an integral part of the agricultural
production all over the world since 20th century in
increasing the productivity of plants, the quality of
agricultural products, and preventing diseases spread with
the insects (Galt, 2008; Bouya et al., 2012). However,
overconsumption and improper use may cause chemical
segregation and ecological damages to the environment
(Bouya et al., 2012). Uncontrolled consumption of
pesticides may cause water, soil and air pollution; and
harmful organisms can gain resistance to the pesticides
(Bouya et al., 2012). Pesticide residues are being
contaminating water resources by direct contact with
plants or insects in water or on the waterside, by washing
soil surfaces or plants by rainwater, and by discharging
pharmaceutical industry wastewater to the aquatic
environment (Bouya et al., 2012).

In order to prevent such risks, many laws were issued
in EU countries and in the USA (Gullino et al., 1994). In
the literature, electrochemical oxidation of 2,4-D, 2,6-D,
diazinon, melathion, chloropyrifos, azinphosmethyl,
phorate, paraquat, atrazine, thiram, parathion methyl, 2,4-
DNP, dichlorvos, myclobutanil, triadimefon and
propiconazole pesticides were investigated (Souza et al.,
2016; Fontmorin et al., 2015; Madsen et al., 2015;
Lazarevic¢-Pasti et al., 2012; Cartaxo et al., 2015; Steter
et al., 2016; Malpass et al., 2006; Arapoglou et al., 2003;
Vargas et al., 2014; Quiroz et al., 2014; Urzaa et al.,
2013).

It is very important that the wastewater solution
should maintain the discharge limits after the treatment.
The local pH discharge limit in Turkey is between 6 and
9. Therefore, the pH of the solution should be maintained
between 6 and 9 after the treatment. In this study, the
effect of process parameters such as imidacloprid
concentration, electrolyte concentration, current density
and reaction temperature was investigated on pH and ApH
change in electrochemical oxidation of imidacloprid
(IMD) pesticide using boron-doped diamond (BDD)
electrodes in the presence of NazSOs electrolyte. The
optimum operating region was determined in order to
maintain the local pH discharge limits.

2. MATERIALS AND METHODS

Imidacloprid (IMD) pesticide obtained from
Astranova (Turkey) as a concentrated emulsion (350 g/L)
and diluted to 40-200 mg/L using double distilled water.
Double distilled water was produced using Millipore
Simplicity® UV ultrapure water system and GFL-2008
water still. Batch reactor system consists of
electrochemical reactor with heating/cooling jacket,
Lauda RE 630 S cryostat water bath, Heidolph RZR 2021
mechanical mixer, Goodwill PST-3201 programmable
DC power source and Heidolph PD 5206 peristaltic pump.
Boron-doped diamond (Nb/BDD) electrodes (CONDIAS,
Germany) were used as anode and cathode materials.
Total electrode surface area was 260 cm? Samples in 10
mL volume were withdrawn from the reaction medium at
5 min time intervals for the analysis. pH was measured
using WTW inoLab BNC720 pH meter.
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3. RESULTS AND DISCUSSION

In electrochemical treatment processes, organic
pollutants could be removed from wastewater by indirect
and direct mechanisms (Brillas and Martinez-Huitle,
2015; Comninellis and Chen, 2010; Kérbahti and Artut K,
2010; Korbahti and Tasyiirek, 2015; Panizza and Cerisola,
2009). Indirect oxidation occurs in the liquid bulk phase
by the mediated oxidants, and direct oxidation at the
anode surface (Brillas and Martinez-Huitle, 2015;
Comninellis and Chen, 2010; Korbahti and Artut K, 2010;
Korbahti and Tagyiirek, 2015; Panizza and Cerisola,
2009). Most electrochemical processes are based on
indirect oxidation because direct oxidation of organic
pollutants are very slow on inert anodes due to the
limiting reactions and reaction kinetics (Tarr, 2003;
Rajeshwar and Ibanez, 1997).

Boron-doped diamond (BDD) thin-film anodes have
better O2 overpotential than the conventional anodes.
Therefore, more hydroxyl radicals adsorb on the electrode
surface and organic compounds degrade faster
(Comninellis and Chen, 2010; Caiiizares et al., 2006; Siné
et al., 2005). Hydroxyl radicals produce by the anodic
discharge of water in indirect electrochemical oxidation
at BDD anodes. Hydroxyl radicals are not selective for
the degradation of organic pollutants (R) that they react
with the organic pollutants (R), and mineralize into CO2
and H20 (Comninellis and Chen, 2010; Cafiizares et al.,
2006; Siné et al., 2005).

o)
@

In this study, the process parameters were operated as
imidacloprid concentration (40-200 mg/L), Na2SO4
concentration (2-10 g/L), current density (4-20 mA/cm?)
and reaction temperature (20-60°C) in electrochemical
oxidation of imidacloprid (IMD) pesticide using boron-
doped diamond (BDD) electrodes. pH and ApH change
monitored during the electrochemical oxidation and the
results are presented in Figures 1 and 2.

Figure 1 (A)-(D) shows the effect of process
parameters on pH change. pH values decreased to acidic
region in 30 min from the beginning for all runs and then
increased to the basic region during the electrochemical
oxidation. pH values were increased from their initial
value with increasing Na:SOs concentration, current
density, and reaction temperature, and decreasing the
imidacloprid concentration at 120 min reaction time. pH
of the reaction medium decreased from 9.9 to 5.4 with
increasing IMD concentration from 40 mg/L to 200 mg/L.
Electrolyte type and concentration are important
parameters in electrochemical processes that increase or
decrease the process efficiency due to the formation of
intermediate derivatives (Palma-Goyes et al, 2010).
Increasing NazSO4 from 2 g/L to 10 g/L, increased pH of
the reaction medium from 4.7 to 9.8. In the literature, it
was reported that the reaction between hydroxyl radicals
and organic contaminants accelerates and removal
efficiency increases with increasing the current density
and reaction temperature (Brillas et al., 2005). pH of the
reaction medium increased from 3.9 to 10 with increasing
the current density from 4 mA/cm? to 20 mA/cm?,
Increasing reaction temperature from 20°C to 60°C
slightly increased the pH of the reaction medium from 8.0
t0 8.9.

BDD + H,0 — BDD(*OH) + H* + e~
BDD(*OH) + R — BDD + CO, + H,0
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Figure 1. Effect of process parameters on pH change (A)
J=12 mA/cm?, NazS04=6 g/L, T=40°C, t=120 min; (B)
Cimp,o=120 mg/L, Na2S04=6 g/L, T=40°C, t=120 min;
(C) Cimp,0=120 mg/L, J=12 mA/cm?, T=40°C, t=120 min;
(D) Cimp,o=120 mg/L, J=12 mA/cm? NaS0+=6 g/L,
t=120 min.
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Figure 2. Effect of process parameters on ApH change (A)
J=12 mA/cm?, Na2S04=6 g/L, T=40°C, t=120 min; (B)
Cimp,0=120 mg/L, Na2SOs=6 g/L, T=40°C, t=120 min;
(C) Cimp,0=120 mg/L, J=12 mA/cm?, T=40°C, t=120 min;
(D) Cimpo=120 mg/L, J=12 mA/cm? Na:SOs=6 g/L,
t=120 min.



The optimum operating region for pH between 6.0
and 9.0 at 120 min reaction time were determined from
Figure 1 (A)-(C) at 85-186 mg/L IMD concentration, 3.3-
7.7 g/L Na2SOs concentration, 7.5-14.3 mA/cm? current
density and 20-60°C reaction temperature.

The effect of process parameters on ApH change can
be seen in Figure 2 (A)-(D). ApH values were calculated
using Equation 3. In Equation 3, pHi is the initial pH value
of the reaction medium and pHys is the final pH value at
120 min.

ApH = pH; — pH; (3)

ApH < 0 indicates pHy < pH;, ApH = 0 indicates
pHy = pH;, and ApH > 0 indicates pH; > pH;. ApH
values were increased with increasing Na2SO4
concentration, current density, and reaction temperature,
and decreasing the imidacloprid concentration at 120 min
reaction time. ApH of the reaction medium decreased
from +4.1 to -0.4 with increasing IMD concentration
from 40 mg/L to 200 mg/L. Increasing Na2SO4 from 2 g/L
to 10 g/L, increased ApH from -1.4 to +4.6. ApH
increased from -2.0 to +4.5 with increasing the current
density from 4 mA/cm? to 20 mA/cm? Increasing
reaction temperature from 20°C to 60°C slightly
increased the ApH of the reaction medium from +2.0 to
+3.4.

The point for ApH = 0 at 120 min reaction time were
determined at 188 mg/L IMD concentration, 3.5 g/L
Na2SO4 concentration and 7.6 mA/cm? current density
from Figure 2 (A)-(C).

The electrolysis of an aqueous solution of sodium
sulphate using inert electrodes produces hydrogen at the
cathode and oxygen at the anode. Hydrogen ions are
being removed from solution and leaving an excess of
hydroxyl ions which makes the solution alkaline at the
cathode, and hydroxyl ions are being removed and
leaving an excess of hydrogen ions which makes the
solution acidic at the anode (Comninellis and Chen,
2010).

4. CONCLUSION

In this study, pH and ApH change in the
electrochemical oxidation of imidacloprid (IMD)
pesticide using boron-doped diamond (BDD) electrodes
was investigated in the presence of Na2SOa4 electrolyte.
pH and ApH values increased with increasing Na2SO4
concentration, current density, and reaction temperature,
and decreasing the imidacloprid concentration at 120 min
reaction time. pH values decreased to acidic region in 30
min from the beginning for all runs and then increased to
the basic region during the electrochemical oxidation. It
can be concluded that pH decreased due to the production
of hydroxyl radicals at the BDD anode and oxygen
evolution reaction. pH of the reaction medium increased
to the alkaline region while these reactions are getting
slower during electrochemical oxidation. The optimum
operating region for pH between 6.0 and 9.0 at 120 min
reaction time were determined at 85-186 mg/L IMD
concentration, 3.3-7.7 g/L Na2SOs concentration, 7.5-
14.3 mA/cm? current density and 20-60°C reaction
temperature. The results of this study showed that the pH
of the wastewater solution maintained the local pH
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discharge limits between 6 and 9 after the electrochemical
oxidation, being an advantage for the neutralization of
treated wastewater without using any chemicals.
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