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Abstract: The electrochemical oxidation (EO) of the breast-cancer drug anastrozole (ANZ) is stud-
ied in this work. The role of various operating parameters, such as current density (6.25 and
12.5 mA ecm~2), pH (3-10), ANZ concentration (0.5-2 mg L~1), nature of supporting electrolytes,
water composition, and water matrix, have been evaluated. ANZ removal of 82.4% was achieved at
1 mg L~! initial concentration after 90 min of reaction at 6.25 mA cm~2 and 0.1 M NaySOy. The degra-
dation follows pseudo-first-order kinetics with the apparent rate constant, kapp, equal to 0.022 min~1.
The kapp increases with increasing current density and decreasing solution pH. The addition of
chloride in the range 0-250 mg L~! positively affects the removal of ANZ. However, chloride concen-
trations above 250 mg L~! have a detrimental effect. The presence of bicarbonate or organic matter
has a slightly negative but not significant effect on the process. The EO of ANZ is compared to its
degradation by solar photo-Fenton, and a preliminary economic analysis is also performed.
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1. Introduction

Breast cancer is one of the most prominent reasons for death across the globe [1].
According to WHO reports, there were over 2 million diagnosed cases of breast cancer and
68,500 deaths reported in the year 2020 [2]. As a result, numerous aromatase-inhibiting
drugs are prescribed to suppress the formation of tumors in post-menopausal women.
Anastrozole (ANZ), whose main features are shown in Table 1, is a third-generation non-
steroidal drug that can potentially decrease global deaths due to breast cancer [3]. Available
on the market since 1995 and approved by 79 countries, ANZ is on the WHO'’s list of
Essential Medicines [4,5]. It is categorized as a non-steroidal benzotriazole, available in the
form of oral tablets [6]. With over 3 million prescriptions of ANZ handed out in 2020 in
the US alone, it is a readily available drug [7]. ANZ is absorbed by the body, metabolized,
and excreted out by the kidneys through urine with more than 10% of the drug intact [4,8];
thus, this drug and its metabolites enter the water streams.

Anti-cancer drugs detected in water matrices, even at very low concentrations, have
the potential to cause genotoxicity, mutagenicity, and carcinogenicity [9]. ANZ and its
metabolites have been detected in the concentration range of ng L™! in real water matrices,
such as hospital and municipal wastewater treatment plant effluents [10]. Their detection
in the effluent samples suggests that the existing water treatment plants are not equipped
to remove contaminants at such low concentrations.

In recent years, advanced oxidation processes (AOPs) have received considerable
attention for their ability to generate highly oxidative reactive oxygen species (ROS). These
ROS, such as hydroxyl (-OH) radicals and sulfate (5O4—) radicals, break down complex
toxic molecules into less toxic smaller fragments, eventually resulting in their complete
mineralization to carbon dioxide and water [11]. Electrochemical AOPs (e-AOPs) exhibit
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a considerable advantage over other AOPs due to their non-selectivity towards organic
compounds [12,13], the complete elimination without the need for additional chemicals [14],
and sludge or concentrate formation via simple and clean treatment methods [15]. In an e-
AQP, the organic pollutant is oxidized either (i) directly by the ROS generated at the surface
of the electrode or (ii) indirectly by the ROS generated via water oxidation. Electrolysis
further generates some additional ROS, enhancing the process efficiency by diffusion
through the bulk and, thus, overcoming mass transfer limitation issues [16]. Electrochemical
oxidation is one of the most used e-AOPs, where -OH radicals are generated on the surface
of the anode. Depending on the composition of the matrix and the electrode material,
several other radicals might be generated, which can further favor anodic oxidation.

Table 1. Anastrozole characteristics.

PARAMETERS DESCRIPTION
COMMERCIAL NAME Anastrozole
2,2-[5-(1H-1,2 A-triazol-1-ylmethyl)-1,3-
TUPAC NAME phenylene]bis(2-methylpropanenitrile)
MOLECULAR FORMULA Cq17H19Ns
DRUG CLASS Aromatase Inhibitor
Z N
STRUCTURE N—
Y N
N
MOLECULAR MASS 293.374 g mol!
CAS NUMBER 120511-73-1
APPLICATION Treatment of Breast Cancer

Different types of electrodes, such as screen-printed electrodes, mixed metal oxides
(MMO:s), dimensionally stable anodes (DSAs), and 3D or particle electrodes, have been used
for environmental applications. Boron-doped diamond (BDD) electrodes are considered
the ideal non-active electrodes, and they are the most used anodes for electrochemical oxi-
dation [17] due to their wide potential window and their enhanced ability to produce ROS
compared to other anode materials. Consequently, the organic pollutants are effectively
removed by mineralization [18]. However, several parameters, such as the composition of
the water matrix, the concentration of the electrolytes, and the pH, play a key role in the
efficiency of the process. In general, the efficiency is expected to decrease as the complexity
of the water matrix increases [19].

Only one published work is available, showing the removal of ANZ by a solar photo-
Fenton process [20], making this the second work on ANZ removal and the only study
documenting the removal of ANZ via an e-AOP. In this work, the removal of 1 mg L~ is
studied while evaluating the effects of several operating parameters such as current density,
nature of supporting electrolyte, matrix composition, and pH, amongst others.

2. Materials and Methods
2.1. Chemicals

Anastrozole (C17H;9N5) was purchased from Interchim, Montlugon, France. Sodium
sulfate (NaySO4) was acquired from Lachner, Neratovice, Czech Republic. Sodium persul-
fate (NayS,Og) was bought from Scharlau Chemicals, Istanbul, Turkey. Sodium hydroxide
(NaOH) was purchased from Penta Chemicals, Prague, Czech Republic. HPLC grade
methanol (CH30H) and acetonitrile (CH3CN) were supplied by Fischer Scientific, Pitts-
burgh, PA, USA. Sodium chloride (NaCl), sodium bicarbonate (Na,CQOj3), sulfuric acid
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(H2S0y4), benzoic acid, tert-butanol, and humic acid were supplied by Sigma-Aldrich, Saint
Louis, MO, USA. The boron-doped diamond electrode (B/C = 1000 ppm) was purchased
from Adamant Technologies SA, La Chaux-de-Fonds, Switzerland. The current was sup-
plied using a PeakTech 1890 (Linthicum, MD, USA) programmable power supply unit. A
water purification unit (Millipore Corp., Billerica, MA, USA), providing water at a resis-
tance of 18.2 m() cm, was used to supply ultrapure water. Commercially available bottled
water and the secondary effluent from a hospital wastewater treatment plant in Patras,
Greece, were also used. The composition of the bottled water and wastewater used are
provided in Table 2.

Table 2. Composition of bottled water and secondary treated wastewater.

Water Matrix: Bottled Water (BW) Wastewater (WW)
Contents Concentration (mg L—1) Concentration (mg L—1)
HCO3~ 273.9 278
Cl~ 3.8 262
NO,; ™~ 0 n.d
S04~ 7.9 0
NO3~ 1 n.d
PO4~ n.d 14.9
EF~ 0.07 0
Ca?* 75.5 112
Mg?* 5.1 n.d
Na* 2.1 n.d
K* 0.6 nd
TDS 254 n.d
TSS nd 22
TOC <1 2.5
COD n.d 48.5

n.d: Not determined.

2.2. Experimental Set-Up

A rectangular plexiglass reactor of 200 mL capacity was used to perform the elec-
trochemical experiments in batch mode at room temperature. A boron-doped diamond
electrode was used as the anode and a stainless-steel plate as the cathode. The active
surface area of both electrodes used was 16 cm?. The reactor was open to the air, and
the two electrodes were kept opposite each other, 9 cm apart. A magnetic stirrer was
used continuously throughout the process to enhance mass transfer. The electrodes were
connected to the external power supply unit. All the experiments were performed under
galvanostatic conditions; 0.1 M Na,;SO4 was used as the electrolyte, except in an experiment
where 0.1 M NaCl was used. The pH was monitored at the beginning and the end of each
experiment using a pH/Ion meter (SevenCompact 5220, Mettler Toledo, Columbus, OH,
USA). pH adjustments were made without any buffering using appropriate quantities of
1 M NaOH (for basic conditions) or 1 M H,SO; (for acidic conditions); 1.2 mL of samples
were collected at regular time intervals, quenched with 0.3 mL of methanol, filtered, and
analyzed using high-pressure liquid chromatography (HPLC).

2.3. Analytical Methods

A Waters Alliance 2695 high-pressure liquid chromatography system was used to
measure the concentration of ANZ. ANZ was eluted with a mobile phase consisting of 60%
water and 40% acetonitrile and detected at 210 nm with a photodiode array detector within
the HPLC system.

The determination of the ANZ diffusion coefficient was conducted using an Autolab
potentiostat PGSTAT128N (Utrecht, The Netherlands). Chronoamperometry was per-
formed at a fixed potential of 1 V over 45 s in solutions containing different concentrations
of ANZ, according to the work of Fotouhi et al. [21]. From the slope of the current with
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t~1/2 at different ANZ concentrations, the diffusion coefficient was estimated using the
Cottrel equation with a mean value equal to 3.1 x 1077 cm?/s.

3. Results and Discussion
3.1. Effect of Current Density

The current density (j) effect on the electrochemical removal of 1 mg L~! ANZ in 0.1 M
Na;SOy is shown in Figure 1. In total, 82.4% and 97.5% of ANZ were removed at the current
densities of 6.25 and 12.5 mA cm 2, respectively. Increased current density has a positive
influence on the process that can be attributed to the increased electro-generation of -OH
radicals on the surface of the BDD anode, as per Equation (1) [22,23], which accelerates the
abatement of ANZ.

BDD + H,O — BDD (-OH) + H" +e~ 1)
1
125 mA cm’
0.8 -
#-6.25 mA cm’
0.6 -
(@]
Q
)
0.4 -
0.2 -
0 T T T T T 1
0 15 30 45 60 75 90
Time (min)

Figure 1. Effect of current density on ANZ removal for [ANZ], =1 mg L1, [NapSO,] = 0.1 M, and
pH=6.2.

Considering that oxidation by hydroxyl radicals is the main mechanism of ANZ
removal and neglecting the direct oxidation and adsorption effect of ANZ on the BDD for
low concentrations of ANZ, the pseudo-first-order kinetics can be represented by Equation
) [17,24].

d[ANZ]

- T = kapp {ANZ] < In

[ANZ]
[ANZ]

= — Kappt ()
(o]

where kapp is the apparent rate constant that embodies the almost constant concentration of
-OH radicals. The kapyp, for both current densities was computed by plotting the logarithmic

decay of the ANZ concentration (In :I\I?IZZO ) against time (t). The kapp values of 0.022 and

0.0422 min~—! were obtained for the current densities of 6.25 and 12.5 mA cm 2, respectively,
indicating a two-fold increase in the kapp values upon doubling the current density. The
results obtained in this work are similar to those reported by Pueyo et al. [19] for the removal
of butyl paraben, wherein complete removal was obtained in 5 min at 107-143 mA cm ™2,
10 min at 71 mA cm ™2, and 15 min at 50 mA cm~2. A study on the degradation of ampicillin
also showed increased kapp values from 0.08 to 0.6 min~! on increasing current density from
5to 110 mA cm~2 [24]. However, higher current densities might not always be favorable
due to (i) the parasitic reaction of oxygen evolution and (ii) the side reactions producing
other radicals with lower oxidizing capacity and, therefore, reducing the mineralization
efficiency drastically [25]. Better removal rates have been reported with low current
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densities and low energy consumption, suggesting that current densities of 100 mA cm 2

are ideal for removing organic pollutants [26].

3.2. Estimation of the Steady State Concentration of Hydroxyl Radicals

It is well known that BDD is considered an ideal non-active electrode due to its ability
to produce physisorbed hydroxyl radicals [16,27].

To further confirm the dominant role of -OH in the electrochemical oxidation of ANZ,
an experiment with 10 g/L of tert-butanol was conducted. The latter is a well-known
hydroxyl radical scavenger. The results are shown in Figure S1. Indeed, the vital role of
hydroxyl radicals is indirectly confirmed since tert-butanol almost inhibited ANZ decompo-
sition. The results are in agreement with several published works that demonstrate either
the production of hydroxyl radicals by BDD using electron spin resonance spectroscopy [27]
or a significant inhibition in the presence of hydroxyl radical scavengers [19].

A quasi-steady state can be assumed due to the lifetime of hydroxyl radicals, which is
in the order of 1077 s. As a result, Equation (2) can be written as follows [28]:

~ AANZ] _ ke [ANZ] = Kanzor [HO'][ANZ] ©
where kanzo*® is the absolute rate constant.

Competition kinetics was applied to calculate the absolute kinetic constant. Benzoic
acid (BA) was selected as the probe compound since the reaction between BA and hydroxyl
radicals is well-studied, with a kinetic constant equal to 4.3 x 10° M~ 1 s~1 while BA is
recalcitrant to direct anodic oxidation [28].

Therefore, the absolute constant can be estimated using the following equation:

1<app,ANZ

)

kanzHo* = kpa HO®
app,BA
Thus, using the ratio kapp ANz/kanz Hos, the concentration of hydroxyl radicals in
steady state [-OH]ss can be calculated as being equal to 0.77 x 10713 M forj = 12.5 mA /cm?,
0.1 M NaySOy4, pH?7.

3.3. Effect of Initial Concentration

The effect of the initial ANZ concentration on its removal in 0.1 M NaySO, is shown in
Figure 2. The kqpp values of 0.022 and 0.0224 min~! were computed for the removal of 0.5
and 1 mg L~! of ANZ, respectively. From these almost equal Kapp values, it is implied that
the reaction indeed follows first-order kinetics at low ANZ concentrations, where the rate
increases proportionately with the concentration of ANZ. At a concentration of 2 mg L1,
the rate also increases with concentration, although this is not proportionate. However,
data can perfectly fit into Equation (2); thus, degradation follows pseudo-first-order kinetics
at higher initial concentrations. Similar results have been reported for the electrochemical
degradation of different emerging contaminants, such as ethyl paraben [17], ampicillin [24],
and thiamethoxam [23]. For a constant current density, the number of ROS generated
remains constant, and therefore, the kinetics is completely dependent on the concentration
of ANZ and/or mass transfer. These results strongly suggest that the initial concentration
of the organic pollutant plays a significant role in determining the degradation kinetics. It
is necessary to work with environmentally relevant concentrations of ANZ to avoid the
misrepresentation of the degradation kinetics.
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Figure 2. Effect of initial concentration on the removal of ANZ atj = 6.25 mA cm~?2 (galvanostatic
conditions), [Na;SO4] = 0.1 M, and pH =6.2.

3.4. Effect of Supporting Electrolytes

The effect of the type of electrolyte on the removal of 1 mg L~! was studied using
0.1 M NaSOy4 or 0.1 M NaCl, and the results are shown in Figure 3a. The removal is favored
in the presence of Na,SOy, with the respective kypp value of 0.0224 min~! being nearly
twice as much (0.0132 min~!) as that with NaCl. The formation of sulfate ROS, such as
5,05~ and SO, - ions, facilitates the removal of ANZ. Similar results have been reported
for the degradation of florfenicol [29]. The role of chloride in the electrochemical removal
of ANZ will be discussed in detail in Section 3.6. Furthermore, the effect of electrolyte
concentrations on the ANZ is evaluated and shown in Figure 3b.

1
-8-0.1 M Sodium Chloride
—-A-0.05 M
0.1 M Sodium Sulfate 0.8
0.1 M
0.6
[=3
o S0.25M
[5]
04
0.2
0 - T - T - |
! . L g T 0 15 30 45 60 75 90
15 30 45 60 75 90 Time (min)
Time (min)
(a) (b)

Figure 3. Removal of ANZ as a function of (a) electrolyte type and (b) NaySO, concentration for
[ANZ], =1mg L1, j=6.25mA cm 2 (galvanostatic conditions), and pH = 6.2.

As can be seen, there is no significant impact of the electrolyte concentration on the re-
moval of ANZ. Similar results were reported for the anodic oxidation of 2,4-dichlorophenox
yacetic acid, where the electrolyte concentration did not influence the compound’s re-
moval [30]. Another work investigating the degradation of dye X-6G showed an almost
similar removal for Na;SO4 concentrations varying between 0.025 and 0.1 M [31]. The
removal of ANZ is most likely to be directly proportional to the number of -OH radicals
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generated within the system. As this remains almost constant with the operating conditions,
the electrolyte concentration has no significant effect on the removal of ANZ.

3.5. Effect of pH

Experiments were performed with 1 mg L~ of ANZ in 0.1 M Na,SOy to assess the
influence of pH in the range of 3-10 on ANZ degradation. There is no significant change
when the initial pH increases from its inherent value of 6.2 to 10 (Figure 4). However, ANZ
removal increases when the pH is reduced to acidic conditions, i.e., the respective kapp
increases from 0.0224 to 0.0394 min~! upon reducing pH from 6.2 to 3. The formation of -OH
radicals on the surface of the BDD electrode is typically favored in an acidic environment,
and so is their oxidation potential. In a study on the degradation of tetracycline, kapp
increased slightly upon decreasing the solution pH from 9 to 3 [32]. Many studies involving
electrochemical oxidation over BDD have shown that the influence of pH within a range of
2-9 on the apparent rate constant values is not noteworthy [17,33,34].

0.045
1
o 4 0.0394
-B-pH=6.2 (Inherent)
0.8 - 0.035
-&-pH=9
_ 0.030
0.6 —apH= %
pH=3 £ .
9 0.025
S £ 0.0224 0.0214
0.4 1 & 0.020 -
0.015
0.2
0.010 4
0 . ’ : i ! 0.005
0 15 30 45 60 75 90
Time (min) 0.000
Inherent pH pH=3 pH=10
(a) (b)

Figure 4. Effect of initial solution pH on ANZ removal (a) concentration profiles and (b) kapp, values
for [ANZ], =1mg L1, [NapySO4] = 0.1 M, and j = 6.25 mA cm 2 (galvanostatic conditions).

It should be mentioned that the solution pH was adjusted but not buffered to its
initial value. However, it remained quite stable throughout the experiment, i.e., the final
value was 9.7 for the experiment in alkaline conditions and 3.9 for the experiment in acidic
conditions.

3.6. Effect of the Water Matrix

All the experiments described so far were performed in ultrapure water (UPW) con-
taining zero organics (i.e., <50 ugL~! total organic carbon). Further experiments were
performed in bottled water (BW) and real hospital wastewater effluent (WW), with the
addition of 0.1 M Na;SO4, and the results are presented in Figure 5a. Removal is slightly re-
duced from 82.5% in UPW to 79.7% and 74.7% in BW and WW), respectively. This reduction
may be attributed to the interference of other inorganic ions and organic matter inherently
present in these water matrices. For instance, inorganics could lead to the generation of
different secondary oxidants, which could either accelerate degradation or scavenge other
radicals contributing to the degradation; the first phenomenon is presumably beneficial,
while the second is detrimental. Therefore, and due to the uncertainty regarding the
influence of the water matrix, the degradation of ANZ at different water compositions
was evaluated.
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Figure 5. Removal of ANZ as a function of (a) the actual water matrix, (b,c) chloride added in UPW
at various concentrations, and (d) various water constituents added in UPW for [ANZ], =1 mg Lt
[NapSO4]=0.1M,j=6.25mA cm 2 (galvanostatic conditions), and pH = 6.

Figure 5b shows the effect of the addition of chloride on the removal of ANZ. The addi-
tion of chloride up to 250 mg L™ has a positive influence on the system, increasing the kapp
values from 0.0224 min ! in the absence of chloride to 0.0317 and 0.0487 min~! for chloride
concentrations of 50 and 250 mg L~ respectively (Figure 5¢). In the presence of chloride,
chlorine is electro-generated at the surface of the anode, according to Equation (5), and
eventually yields two strong oxidants, HOCl and CIO~, as shown in Equations (6) and (7).

2C1~ — Cly + 2~ (5)
Cl, + H,O & HOCl+H' +Cl™ (6)
HOCl < ClIO~ +HT )

These active chlorine species contribute to the indirect oxidation of ANZ; however, on
further increasing the concentration of chloride to 500 mg L1, an adverse effect is observed.
The kapp value decreases to 0.0171 min !, lower than that found in the absence of chloride.
The presence of both -:OH and Cl~ at the surface of BDD leads to the scavenging of -OH
radicals by CI™. The reaction between the two forms of C1O™ further consumes -OH to
form CIO;~, ClO3~, and ClO4~. Similar results have been reported for the removal of
organo-phosphorous pesticides [35]. These results also support the reduced ANZ removal
reported in this work, using 0.1 M NaCl as the supporting electrolyte.

The effect of adding bicarbonate, sodium persulfate (SPS), or humic acid (HA) is shown
in Figure 5d in terms of the respective apparent rates. Their impact is rather inconsiderable
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(although slightly negative) and can be explained as follows: in the presence of bicarbonate,
carbonate radicals are formed as per Equations (8) and (9).

CO%™ +-OH & CO; - +HO™ (8)

HCOj + -OH < COj - +H,0 9)

Carbonate radicals are weaker oxidants and trap the powerful hydroxyl radicals,
explaining the lower removal rate of ANZ. Similar effects have also been reported for the
electrochemical removal of dexamethazone [36] and acephate [35]. The addition of HA
mimics the organic carbon present in wastewater or environmental samples. In the presence
of 10 mg L~ HA, the 90-min removal is slightly reduced from 82.4% to 79.8% (removal
data are not shown). HA may block the active sites on the electrodes and consequently
compete for the generated ROS. The same effect has been reported for the electrochemical
abatement of diclofenac [37] and ampicillin [24].

Persulfate can be activated according to Equation (10):

$,05 +e~ — SO, - +S0;~ (10)

Several studies have reported the efficient removal of pollutants by combining electro-
chemical oxidation and the electrochemical activation of persulfate. The combined effect
of -OH and SO, - radicals helps in the faster removal of the pollutants. Such combined
effects were reported for the removal of sulfamethazine [38], atrazine [39], and bisphenol
A [40], among many other compounds. However, no significant improvement in ANZ
removal is observed in this work in the conditions studied, suggesting that the removal
probably occurs only by -OH radicals, as already discussed in Section 3.2.

3.7. Energy Consumption and Cost Analysis

The industrial implementation of any technology depends on the economic feasibility
of the process, which, in turn, is usually determined by its energy consumption. Therefore,
the energy requirement is a key parameter that is always considered before the practical
application of a proposed technology on a large scale. Energy consumption can be estimated
by the term electric energy per order (EEO), coined by Bolton et al. [41]. The EEO is defined
as the electrical energy required to reduce the concentration of a parent compound by an
order of magnitude per cubic meter of wastewater. For a batch reactor, the EEO can be

written as Equation (11).

EEO:thmeO (11)

\Y log<%‘f’)

where EEO is the electrical energy (kWh), P is the power consumption of the system (kW), t
is the treatment time (h), V is the volume of the wastewater (L), and C, and C; are the initial
and final concentrations of the target compound before and after treatment, respectively.
By assuming first-order kinetics and the apparent rate constant kapp in min~!, simplifying
Equation (11) yields
38.38 P
V Kapp

EEO = (12)

Applying Equation (12) to the electrochemical removal of ANZ in 0.1 M Na;SOy at
j=625mA cm~2 and j = 12.5 mA cm~2, EEO values of 23.1 and 25 kWhm 3 /order are
respectively computed. The average electricity prices in the EU for the second half of 2021
were reported to be 0.14 € /kWh for non-household customers [42]. Using these average
prices, the process cost in terms of the EEO is calculated as 3.3 and 3.6 € m~3/order for j =
6.25 mA cm~2 and j = 12.5 mA cm 2, respectively.
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3.8. Electrochemical Oxidation versus Solar Photo-Fenton

The only other study reporting the removal of ANZ was carried out using the solar
photo-Fenton process [20]. In that work, the researchers studied ANZ removal in two
different water matrices, i.e., UPW and hospital wastewater. For an optimized ANZ con-
centration of 0.05 mg L™, the removal efficiency was 95% in UPW and 51% in wastewater
in about 70 min. However, when the concentration of ANZ increased to 0.5 mg L™! in
UPW, ANZ removal was around 85% in 120 min, with HyO, and Fe%* concentrations of
50 and 5 mg L1, respectively. They also reported that the degradation of ANZ followed
pseudo-first-order kinetics.

Those results are also comparable to the electrochemical degradation of ANZ, where
85% of ANZ at an initial concentration of 0.5 mg L~ was removed in 90 min. The electro-
chemical oxidation of ANZ was slightly favored at a reduced pH. However, it remained
almost unaltered upon increasing the pH to 10, indicating that the EO process could be
carried out for a wide pH range. On the contrary, the solar photo-Fenton process needed a
pH adjustment to 5 to facilitate the Fenton reaction, which could be a significant limitation
when dealing with real industrial effluents and environmental matrices as the inherent pH
of most industrial effluent lies in the neutral to basic range. Comparing these two processes
in terms of economic feasibility might be complex, involving several considerations. Al-
though EO is pH-independent, the process’s energy consumption is larger than the solar
photo-Fenton process. The continuous availability of sunlight and the cost of the chemicals
used in the Fenton process are the driving factors behind its economic feasibility.

4. Conclusions

The breast-cancer drug anastrozole was removed in environmentally relevant con-
centrations using electrochemical oxidation on a BDD electrode. The influence of various
operating conditions, such as current density, pH, initial ANZ concentration, and the nature
of the electrolytes, was investigated alongside the water matrix, where this emerging con-
taminant is typically found. The influence of chloride on ANZ abatement is significant and
can be either positive at lower concentrations or detrimental at higher ones. The beneficial
role of increasing current density seems to be the most vital parameter in the performance
of the entire process. However, the direct correlation between current density and energy
consumption can be considered the main limitation of this process. Other process param-
eters have no significant impact on ANZ degradation. The addition of another oxidant,
such as persulfate, has no positive effect on the process. It implies that ANZ degradation
might be rather selective to -OH radicals compared to SO4 - radicals. ANZ electrochemical
oxidation is more viable in the long run due to the lack of chemical additions and the
wide range of operating parameters, unlike other AOPs that may require a constant light
source, specific pH, or catalyst addition. A preliminary cost analysis shows that the process
economics is directly proportional to the energy cost. Cleaner and renewable sources of
electricity generation, however, could make the process more economically feasible in the
future, as the prices of energy from renewable sources are expected to fall drastically in the
coming decades.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com /article/10.3390 /pr10112391/s1, Figure S1: Influence of 10 g L~ tert-butanol
addition on the removal of 1 mg L~! ANZ in UPW at 0.1 M NapSOy, pH = 6.2 and j = 12.5 mA cm 2
(galvanostatic conditions).
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