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Abstract—The removal of pesticides from water is a major environmental concern. This study investigates the electro-
chemical removal of the insecticide imidacloprid (IMD) from aqueous solutions on a boron-doped diamond (BDD)
and Ta/PbO, anodes under galvanostatic electrolysis. The influence of operating parameters, such as applied current
density (50-100 mA cm ™), initial chemical oxygen demand COD (0) (281-953 mg L™"), temperature (25-65 °C) and pH
(3.0-10.0) on COD and instantaneous current efficiency (ICE), was studied using the BDD electrode. The degradation
efficiency of IMD increased by increasing current density and temperature, but noticeably decreased by the increase of
initial pH value and initial concentration of IMD. The COD decay follows a pseudo-first-order kinetic, and the pro-
cess was under mass transport control. COD removal reaches 90% when using an apparent current density of 100 mA
cm 7, initial COD of 953 mg L', pH of 3.0 and at 25 °C after 4.5 h electrolysis time. Compared with Ta/PbO,, BDD
anode has shown better performance and rapidity in the COD removal using the same electrolysis device.
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INTRODUCTION

Pesticides are the most abundant environmental pollutants found
in soil, water, atmosphere and agricultural products. Organochlo-
rine compounds comprise a diverse group of chemicals that are
extensively used as insecticides in modern agriculture. Among these,
imidacloprid (IMD) is one the most commonly used pesticides for
crop protection worldwide, due to its low soil persistence and high
insecticidal activity at very low application rate [1]. It is used world-
wide to control a number of agricultural insects, such as aphids,
whiteflies, leathoppers, termites [2]. The intensive use of IMD in
agriculture and improper storage are the main sources of contami-
nation. A number of researchers have reported residues of IMD in
different agriculture crops substrate [3-5]. The major degradation
product of IMD in water and soil was proposed (Fig. 1) [6]. How-
ever, the presence of this pesticide residue is extremely hazardous
to human health and other living organisms. For this reason, it is
highly important to develop technologies for the removal of these
insecticides in order to decrease their impact on the environment.
Various methods have been used for the removal of IMD, such as
photocatalytic degradation, using TiO, as catalyst [7-10], photo-
Fenton [11,12], biological oxidation [13,14], chemical oxidation
with ozone [15,16] and adsorption [17,18]. However, these pro-
cesses are quite expensive and involve several operational prob-
lems. Thus, there has been an increasing interest in the use of new
methods, namely electrochemical oxidation.

Electrochemical oxidation has become one of the most promis-
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ing techniques for the treatment of wastewaters, which is environ-
mentally compatible with the cleanest reactant, electron, easy to
control and without secondary pollution [19,20]. Hitherto, various
types of electrodes materials have been examined for IMD removal,
including TiO,/Ti [9-10], Ti/TiO,/Rh,0; [21], graphite electrode
[22], Ti/Sn0O,-Sb,0; [23]. The electrochemical degradation of in-
secticide IMD from water by anodic oxidation and electro-Fenton
processes was studied using BDD anode [24]. The results showed
that both anodic oxidation and electro-Fenton process exhibited
high mineralization efficiency, reaching 91 and 94% of total organic
carbon (TOC) removal at 2 h, respectively.

Recently, Iglesias et al. [25] studied the removal of IMD by a
heterogeneous electro-Fenton system with iron alginate gel beads
(EF-FeAB). The effects of the initial pH and initial concentration
of alginate beads (FeAB) on the IMD removal rate were studied.
The removal efficiency was maintained with an increase in Fe dos-
age and decreased with an increase in the initial pH. The optimum
dose IMD removal was observed within 120 min at an initial pH
of 2. Wang et al. [26] studied the electrochemical treatment of IMD
solutions by electrosorption enhanced electro-Fenton (ES-EF) pro-
cess with mixed-valence iron oxide grown on bulk activated car-
bon aerogel (FeO,/ACA) as cathode. The results revealed that the
TOC removal WAS 93% after 150 min of treatment. Zhao et al.
[27] degraded the pesticide IMD by employing an Fe;O,/Fe,0,/
activated carbon aerogel cathode within a wide range of pH, lead-
ing to 90% removal after 30 min of treatment.

The development of a novel electrochemical technique using
BDD electrode can provide a priceless service in the monitoring of
the compounds that are important in terms of human health defense,
environment and food chemistry. BDD electrodes have been excel-
lently used as an alternative to other conventional anodes, for in-
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Fig. 1. Metabolic pathway for Imidacloprid. Metabolite or degraded found in: (S) soil and (W) water [6].

stance: PbO,, doped SnO,, IO, and P, then producing larger amount
of HO". It has several important characteristics, including an inert
surface with low adsorption proprieties, remarkable corrosion sta-
bility, even in strong acidic media, an extremely wide potential
window in aqueous solutions (up to 3.5 V) and high reproducibil-
ity of electrochemical responses [28-30].

However, many studies on electrochemical treatment of organic
compounds at BDD anode [31-35] indicate that the BDD anode
has displayed noticeable oxidation ability for treating wastewaters.
PbO, anode directly electrodeposited on a tantalum substrate has
also been used because of the electrochemical and chemical stabil-
ity of this metal oxide as anode [36]. From the voltage-pH dia-
gram, tantalum passivates on contact with an aqueous solution by
the formation of the non-conducting oxides Ta,Os [37].

The present work represents a focus on the study of the electro-
chemical degradation of the IMD on the BDD and the Ta/PbO,
anodes.

EXPERIMENTAL

1. Chemicals

In this work, all solutions were prepared in the laboratory. These
solutions contain quantities of IMD taken from an emulsifiable con-
centrate (Confidor 200 SL from Bayer CropScience) containing

200g L' IMD. All solutions were freshly prepared with double-
distilled water. Sodium hydroxide (NaOH) and sulfuric acid (H,SO,)
of analytic grade were employed as conductive electrolytes and for pH
adjustment. Standard solutions of potassium dichromate (K,Cr,0O,),
sulfuric acid (H,SO,) reagent with silver sulfate (Ag,SO,) were
prepared to measure the COD.
2. Boron-doped Diamond Si/BDD Electrode

The boron-doped diamond electrode was provided by CSEM
(Center Swiss for Electronics and Microtechnology, Neuchatel,
Switzerland). It was synthesized by the hot filament chemical vapor
deposition technique (HF-CVD) [38] on single-crystal p-type Si
(100) wafers (1-3 mQ cm, Siltronix). The doping level of boron in
the diamond layer, expressed as B/C ratio, was about 3,500 ppm.
The resulting diamond film thickness was about 1pm with a
resistivity of 10-30 mQ2 cm. The electrode area was 6 cm’. Prior to
use in galvanostatic electrolysis assays, the electrode was polarized
during 30 min with a 1 M H,SO, solution at 50 mA cm* to remove
any kind of impurity from its surface.
3. Preparation of the Ta/PbO, Electrode
3-1. Tantalum Surface Treatment

Pretreatments of the tantalum substrate (rectangular tantalum
plates 6 cmx1 cmx0.1 cm) were carried out before anodization to
ensure good adhesive lead dioxide film. Tantalum was first rough-
ened to increase the adhesion of PbO, deposit via subjecting its
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surface to mechanical abrasion using silica grains with an average
diameter of 0.3 mm projected under 5 bar pressure. Subsequently,
it was cleaned to remove sand particles or any other particles lodged
in the metal surface. This was conducted by degreasing with ace-
tone, due to its ease of application and its great penetrating power,
and then ultrasonically rinsed in ultrapure water during 10 min.
Uniform and good adhesive deposit necessitates a smooth surface
with no oxides (formed spontaneously on contact with oxygen in
the air) or scales. To ensure this, the tantalum substrate was soaked
for 30s in hydrofluoric acid (40% weight) at room temperature
and then abundantly rinsed with ultrapure water.

3-2. Electrochemical Deposition of PbO,

The lead dioxide was deposited galvanostatically on the pretreated
tantalum substrate by electrochemical anodization of an aqueous
Pb(NOs), solution (1 M) placed in a tow-compartment Pyrex glass
cell (V=150 cm’) thermoregulated at 65 °C. The electrodeposition
of PbO, film was carried out at an apparent current density of 10
mA cm for 0.5 hours, then at 20 mA cm ™ for the same period and
finally at 50 mA cm™” for one hour. The average mass of PbO, was
0.21 g cm . The deposit obtained was a grey porous material with
strong adherence.

4. Electrolysis

Galvanostatic electrolysis of IMD aqueous solutions (150 cm’)
was carried out in a two-compartment thermostatic cell (Fig. 2).
The cathode was a cylindrical polycrystalline platinum grid (@=4
cm, L=6cm) placed in a porous ceramic cylinder (Norton, RA
84) containing 2g L™ sodium sulfate solution. The anodes were
BDD (6 cm’) or Ta/PbO, plate (6 cm®) symmetrically around the
cathode. IMD solutions were electrolyzed in galvanostatic mode by
using a DC power supply (model ABTP 530 Francaise d’Instru-
mentation, France). The range of applied current density was 50 to
100 mA cm™>. The pH of solution was adjusted, before and over
the course of the electrolysis, by adding either concentrated sulfu-
ric acid or sodium hydroxide solutions.
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Fig. 2. Electrolytic cell.
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5. Analysis
5-1. Chemical Oxygen Demand COD

Chemical oxygen demand COD is a measure of the oxygen equiv-
alent to organic matter content of a sample that is susceptible to
the oxidation by strong chemical oxidant.

The COD measurement during the processing permitted the
evaluation of the kinetic of organic matter decay and the instanta-
neous current efficiency (ICE). COD was determined by the di-
chromate method [39]. The appropriate amount of sample was
introduced into prepared digestion solution containing potassium
dichromate, sulfuric acid and mercury (II) sulfate. Afterwards, the
mixture was incubated for 2 hours at 150 °C in a WTW CR 2200
thermoreactor (Germany) for COD and thermal digestion. COD
concentration was measured colorimetrically using DR/2010 spec-
trophotometer (Hach Company, USA). The absorbance measure-
ments involved using a UV-visible spectrophotometer (Shimadzu
1650 PC). The instantaneous current efficiency (ICE) can be defined
as the part of the current directly used for the oxidation of the
organic compounds. It can be performed from the decrease of COD
by means of the following relation [40] (Eq. (1)).

_ COD()-COD(t+AY) .,

ICE
81t

)

where, F is the Faraday constant (96,487 C/mol), V the volume of
the solution (L), COD (t) and COD (t+At) are the chemical oxy-
gen demands at times t and t+At (in g O, L"), respectively; and I
is the current (A).

The specific energy consumption (kWh/m’) was calculated by
Eq. (2):

_ LIcellIt
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where U, is the average cell voltage (V), I is the current (A), t is
electrolysis time (s) and V is the volume (L).

RESULTS AND DISCUSSION

1. Effect of Different Operating Factors on Degradation of
IMD using BDD Anode
1-1. Effect of Current Density

Applied current density is an important factor affecting the elec-
trolysis kinetics and process economics. The effect of applied cur-
rent on the electrochemical process was demonstrated in several
studies [41-43]. The influence of the current density on the COD
removal during the electrochemical oxidation of IMD at the BDD
anode is shown in Fig. 3. As can be seen, the rate of IMD degra-
dation was greatly dependent on the j,,, and became faster with
increasing current density. For example, after 270 min of electroly-
sis the COD percent removal increased from 53 to 90% when the
current density increased from 50 to 100 mA cm . This result can
be explained by an increase of the amount of hydroxyl radicals with
the increase of the applied current [44,45], according to Eq. (3).

BDD+H,0—>BDD(HO")+H" 3)

The decay of COD concentration exhibits an exponential behavior
with all the applied current, indicating first-order reaction kinetics
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Fig. 3. Influence of the apparent applied current density on the trends
of COD and ICE during electrolysis of IMD (COD(0)=953
mg L) on the BDD anode. Electrolyte: Na,SO, 2g L'; pH=
3.0 and T=25°C.

for the oxidation reaction. Working in galvanostatic condition, the
concentration of hydroxyl radical can be approximated in a steady
state and, therefore, the oxidation rate expression can be written by
Eq. (4):

—-dCOD a Ak,
r=—=;—=k[HO]"COD(t)=k,,, COD(t)=—*COD(t) (4)

where, «is the reaction order related to the hydroxyl radicals, k is
the real rate constant, k,,, is the global apparent rate constant for
COD removal, k,, is overall mass transfer coefficient, A is the elec-
trode area (m?) and V is the volume of the treated solution (m?).

We assumed that hydroxyl radicals concentration was constant
during the electrolysis; therefore,

k[HO)"=k,, ®)

The integration of the previous equation is subject to the initial
condition COD(t)=COD(0) at t=0 leads to the Eq. (6):

COD(t)= COD(O)exp(— A7k’"t) (6)

where k,, can be calculated from the slope value of the plot of
In[COD(0)/COD(t)] versus t (Fig. 4). The straight lines obtained
in these plots were in agreement with a pseudo-first-order COD
removal.

As shown in the inset of Fig. 3, the increased current density re-
sulted in a decrease in current efficiency. The ICE can also be de-
fined [46] by (Eq. (7).

ICE:M @)

J app
where, jj,,, (t) is the limiting current density (A m™*) and Japp 18 the
applied current density (A m™).
jim (t) can be defined by Eq. (8), which is related to the electro-
chemical combustion of the IMD.
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Fig. 4. Linear regression of the COD with time during electrolysis
of IMD (COD(0)=953 mg L") on the BDD anode for differ-
ent current densities. Electrolyte: Na,SO, 2g L''; pH=3.0

and T=25°C.
C,H,,CIN;0,+31H,0—->9CO,+66 ¢ +72H*+5NO; +CI° 8)
jim(t)=066 Fk,,C(t) ©)

where, 66 is the number of exchanged electrons in the IMD com-
bustion and F is the faraday constant (96,487 C mol ).

The stoichiometry of IMD combustion indicates that 16.5 mol
of O, are needed for the complete oxidation of IMD (Eq. (10)).

CH,,CIN;0,+16.5 0,—9CO,+2H,0+Cl +5NO; +6H" (10)

Thus, the IMD concentration C(t) in mol m™>, during the electro-
lytic process, is related to the COD(t) (mol m™°) by the following
relation (Eq. (11)).

COD(t)=16.5 C(t) (11)

From Egs. (9) and (11) the limiting current density at a given time
t can be written as a function of COD (t) (Eq. (12)).

(D)= %FkMCOD(t):ALkaCOD(t) (12)
At the beginning of the electrolytic process (t=0), the initial limit-
ing current density is given by the following equation:

jim(0)=4Fk,,COD(0) (13)

Two kinetics regimes can be defined depending on the value of the
applied current density j,,:

o Ifj,,, is lower than j,;,(0), the electrolysis is under charge trans-
fer control; the instantaneous current efficiency is then 100%.

« Ifj,,, is higher than j,;,(0), the electrolysis is under mass-trans-
port control; secondary reactions (such as oxygen evolution) occur.

The data taken from Table 1 indicate that j,,, values are higher
than jy,,(0) values and the current efficiency is below 100% (inset
of Fig. 3), revealing that the degradation process of IMD was con-
trolled by mass transfer in the tested current density range. More-
over, increasing the applied current density increases the diffusion
flux of organic matter towards the anode surface. This results in a
decrease in the diffusion layer thickness, and consequently an in-
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Table 1. Effect of the applied current density (j,,,) on the values of
mass transfer coefficient (k,) and initial limiting current

density (j;;,(0))

japp (MA cm™) k,x10° (ms™ jim(0) (MA cm™)
50 1.37 19.72
70 2.60 37.43
100 3.75 53.98

1000' COD:: (I‘I’]g I‘l) lm A
o
_ 8001\ —m—281 050 i
= 02500 A
= 600- s
= 0.00-——’—‘5‘—_ —=
~ 0 100 200 300
g 400+ Time (min)
&)
200
0 T T T T T T g T T T
0 50 100 150 200 250 300

Time (min)

Fig. 5. Influence of the initial COD on the trends of COD and ICE
during electrolysis of IMD on the BDD anode. Electrolyte:
Na,S0,2g L'} j,,=100mA cm ™% pH=3.0 and T=25°C.

crease of k,, values (k,, increased from 1.37x10°° to 3.75x10° m
s when j,, increased from 50 to 100 mA cm™>).
1-2. Effect of the Initial Concentration of IMD

The initial concentration of pesticide is always an important
parameter in wastewater agricole treatment. Fig. 5 shows the trend
of COD removal with time during electrolysis of IMD at different
initial concentrations (COD(0): 281, 487, and 953 mg-L™") using an
apparent current density of 100 mA-cm >, pH 3.0 and temperature
25°C. The results indicate that COD percent removal decreased with
an increase in initial COD. For example, after 270 min of electroly-
sis, COD percent removal decreased from 98 to 90% when initial
COD increased from 281 to 953 mg-L™".

The inset of Fig. 5 displays the effect of instantaneous current
efficiency (ICE) on the destruction of IMD solution, carried out at
100 mA cm . As can be seen, the ICE decreases exponentially with
time; this decay can be explained by the reaction of HO' radicals
with less organics reaching the anode by mass transfer.

1-3. Effect of Temperature

The electrolysis of the IMD solutions (COD(0)=953 mg L") on
the BDD anode at an applied current density of 100 mA cm ™ was
carried out at different temperatures ranging from 25 to 65 °C. The
increase in temperature had a positive effect on kinetic rate. The
amount of organic matter decreased more quickly at 65 °C than at
25°C (Fig. 6).

In fact, as shown in Fig. 7 and Table 2, the COD removal follows
a pseudo-first-order kinetics and the k,, increased with tempera-
ture. After 150 min of electrolysis, the COD percent removal in-
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Fig. 6. Influence of the temperature on the trends of COD and ICE
during electrolysis of the IMD (COD(0)=953 mg L") on the
BDD anode. Electrolyte: Na,SO, 2g L''; j,,,~100mA cm

and pH=3.0.
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Fig. 7. Linear regression of COD removal with time during electrol-
ysis of IMD (COD(0)=953 mg L*) on the BDD anode for dif-
ferent temperatures. Inset: Arrhenius-type plot of the appar-
ent first-order kinetic constants. Electrolyte: Na,SO, 2g L™,
japp=100mA cm™* and pH=3.0.

Table 2. Apparent rate constants of IMD removal fitted by a first
order model and COD removal using BDD anode under

different temperatures
Temperature (°C) Kppx 10* (s COD removal (%)
25 1.55 78
35 2.13 86
45 3.61 95
65 4.88 98

creased from 78 to 98% and k,,, increased from 1.55x 107 to 4.88x
10*s™" when the temperature increased from 25 to 65 °C. The in-
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crease of IMD removal efficiency with temperature could also be
attributed to the electrogeneration of inorganic oxidizing agents
(e.g., persulfate). Additionally, peroxodisulfates can be formed in
solutions containing sulfates during the electrolysis using BDD elec-
trode (Eq. (14)).

BDD(HO')+2 SO <>BDD+S,07 +2¢ (14)

These reagents are known to be very powerful oxidants that can act
as a mediator for the oxidation of organic pollutants. Moreover, the
reaction rate between peroxodisulfate ions and organic compounds
increases with temperature [47,48].

Furthermore, the decrease of the medium viscosity with the in-
crease of the temperature raises the diffusion rate of organic mat-
ter to the anode surface. Consequently, it takes part in the increase
of the COD removal rate [49].

The Arrhenius expression, which shows the relationship between
the reaction temperature and k,,,, is expressed as follows (Eq. (15)):

kaPP:Aexp(— %%2) (15)

where, A is the pre-exponential factor, E,,, is the apparent global
activation energy (J mol '), R is the ideal gas constant (8.314 ] mol '
K ") and T is the reaction’s absolute temperature (K). E,pand A in
Arrhenius form Eq. (15) were determined as 24.44kJ mol ' and
183.09 min ", respectively. E,,, for a diffusion-controlled homoge-
neous reaction is typically less than 40 kJ-mol ™" [50], the experimen-
tal result was considerably lower than this value; it is therefore
likely that the limiting step of IMD oxidation is of a diffusional
nature.
1-4. Effect of the Initial pH

The effect of solution initial pH on the electrooxidation of pesti-
cide has been previously investigated [51-53]. Some authors re-
ported that the oxidation process was more favorable in acidic
media [51,53]; others indicated that the efficiency of the process
was increased in alkaline media [52]. Accordingly; it can be con-

" 1.00
1000y a3 75/t
\ ——7 =
800“ \ - 10 9050 A
~ 0.25
o S e—a a
eo 6007 090100 200 300
é Time (min)
2 400
2 40
o
200-
0 50 100 150 200 250 300

Time (min)

Fig. 8. Influence of pH on the trends of COD and ICE during elec-
trolysis of IMD (COD(0)=953 mg L") on the BDD anode.
Electrolyte: Na,SO, 2g L™; j,,=100 mA cm > and T=25C.

cluded that the effect of pH strongly depends on the nature of the
investigated pesticide. Therefore, the effect of pH on the degrada-
tion rate of IMD was studied at large pH range from acidic to basic.
The solutions of IMD (COD(0)=953 mg L") were electrolyzed at
pH values of 3.0 to 10.0 (Fig. 8). As can be seen from this figure,
the degradation of IMD in the acid medium is more efficient than
the degradation in alkaline and neutral medium. After 270 min
time of electrolysis, the COD percent removal increased from 50 to
82% when the pH decreased from 10.0 to 3.0. Hence, for the range
of pH studied, a pH of 3.0 appeared to be the optimum value.
1-5. The Electrical Energy Consumption

An important factor in the electrochemical treatment of organic-
containing effluents is the energy necessary to achieve the desired
results. The efficiency of the electrolysis system depends on the
energy consumption for the reduction of 1 kg COD of organic mat-
ter (in terms of COD), which is one of the most crucial factors in
the economics of electrolysis. The electrical energy consumption (E,)
required to decompose the IMD dyes solution (COD(0) 953 mg
L") at different current densities was calculated by referring to Eq.
(2) and shown in Fig. 9. It reveals that the energy consumption in-
creases with the current density. This behavior can be explained by
the increase of the side reaction of oxygen evolution, the formation
of more refractory products, such as carboxylic acids which are
hardly oxidable intermediates [54,55] and the decrease of organic
content in the solution.
2. Comparison between BDD and Ta/PbO, Anode

Fig. 10 shows a comparison of the trend of COD removal and
the current efficiency during the oxidation of IMD (COD(0)=953
mg L") using Ta/PbO, and BDD anodes. Under the optimal con-
ditions (j,;,=100 mA cm* pH=3.0 and T=65 °C), the BDD anode
provided an oxidation rate and current efficiency higher than the
Ta/PbO, anode. After 2.5 hours of treatment, the percent removal
of COD could reach 99% on BDD anode, whereas it was only 70%
at the Ta/PbO, anode. Moreover, the ICE measured during the
oxidation of IMD with the BDD anode was higher than the ICE

50.0+
jw(m/\cm3}
—8—50
. 3151 —e—10
'?E —&— 100
=
é 25.04
3]
=
12.5+
0.0' T T T T T 1
0 50 100 150 200 250 300

Time (min)

Fig. 9. Evolution of the energy consumption during the electrolysis
of IMD (COD(0)=953 mg L") on the BDD anode for differ-
ent applied current densities. Electrolyte: Na,SO, 2g L™, pH=
3.0 and T=25°C.
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Fig. 10. Comparison of the trend of COD removal and ICE during
the electrochemical oxidation of IMD (COD(0)=953 mg L)
on the BDD and Ta/PbO, anodes. Flectrolyte: Na,SO, 2g L™';
japp=100mA cm*, pH=3.0 and T=65°C.

obtained at the Ta/PbO, anode. This result can be related to the
adsorption properties of these two materials. Bearing in mind that
the BDD anode has low adsorption properties [30], the hydroxyl
radicals generated at the BDD anode were very weakly adsorbed,
and consequently more active and effective because they react very
rapidly with the organic species arriving at the surface of the anode.
However, the PbO, anode does not have a higher oxidation state.
Consequently, it is classified as a nonactive electrode. It was reported
that lead dioxide electrode is a hydrated one, and the electrogene-
rated hydroxyl radicals are expected to be more strongly adsorbed
on its surface and, therefore, less reactive. Today, the PbO, is a
commercially available material, while BDD, not yet accessible at
large scale, can be a good candidate for electrochemical treatment
of waste waters polluted by organics.

CONCLUSION

Electrochemical oxidation has proven to be an efficient technol-
ogy that is suitable for the treatment of wastewater. The advantage
of anodic oxidation reactions makes electrochemical oxidation an
interesting treatment option for wastewater. The choice of the anode
material is crucial, as the specific interaction between the anode
surface and the compounds in solution orients the degradation
routes of these compounds. We studied the electrochemical removal
of IMD on different electrode materials such as the Ta/PbO, and
BDD anodes using anodic oxidation process. By using both elec-
trodes, the electrochemical degradation of IMD was successfully
accomplished. The degradation efficiency at BDD anode increased
by increasing the current density and temperature, but it decreased
by increasing the initial chemical oxygen demand and the initial
pH. Under our experimental conditions, the oxidation was under
mass transport control and the COD removal was well described
by a pseudo-first-order kinetic. For comparison purposes, the deg-
radation of IMD on BDD anode provided an oxidation rate and
current efficiency higher than Ta/PbO, for the same operating con-
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ditions. This preliminary study suggests that anodic oxidation with
BDD electrode constitutes a viable method for the treatment of
effluents contaminated by IMD and related pesticides.
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