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Abstract

The study aims to investigate the effectiveness of photocatalyst (Clay/UV/TiO,/ZnO) for antibiotic removal from real
pharmaceutical wastewater by Combined ultraviolet (UV), Catalytic Ozonation-Electroflucculation process. The experiments
were performed in a modified hybrid batch reactor with UV-C lamp. The effect of four operational variables such as the
applied voltage of (5-15 V), ozone dose of (0.2- 0.8 mg/min), pH (5-10), and catalyst dose (0.5- 1.5 g/L) on turbidity and
Chemical oxygen demand (COD) removal was investigated. Removal efficiencies of antibiotics (carbamazepine and
amoxicillin) were evaluated and compared with ozonation (O;), photocatalytic Ozonation (UV/O;), Electroflucculation
(EF)/UV, catalytic ozonation/UV, and Hybrid Os/catalytic ozonation/UV/EF. The results showed that the modified hybrid
process with UV irradiations provided the highest removal efficiency of 86.9% for COD, and turbidity of 81.66% under
optimized conditions of (DC volts of 10 V; catalyst dose of 1 g/L, and ozone dose of 0.6 mg/min). The pharmaceuticals
removal obtained for amoxicillin was 100% and 95% for carbamazepine. The detailed mechanism was also explored for better
understanding of each process. The combined process was effective for treating pharmaceutical wastewater. Therefore, it was
suggested that the novel photocatalyst and hybrid system can be used for treating real effluents in large scale and to meet
(United nations) UN sustainability goals.
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1. Introduction

Water shortage has become a global issue nowadays due
to the increase in industrialization and population to over-
come such a problem water reuse and wastewater remedia-
tion are required [1-3]. The ecosystem is significantly im-
pacted by the wastewater that various sectors produce. A
serious environmental problem has arisen as a result of the
world's antibiotic consumption rising quickly and the result-

ing discharge of pharmaceutical effluent. Antibiotics have
serious mutagenic, genotoxic, and ecotoxicological impacts
on ecosystems when they are introduced into wastewater [4].
Antibiotic-resistant genes, viruses, and bacteria in humans
may arise as a result of antibiotics present in water bodies,
raising grave concerns for public health [5]. Because of their
stubborn nature and resistance to degradation, the antibiotics
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are impervious to traditional wastewater treatment methods
[6]. Consequently, the development of an efficient and effec-
tive treatment method for pharmaceutical wastewater con-
taining antibiotics is imperative [7-9] Wastewater from the
pharmaceutical industry is poisonous and has a strong color
and odor. The wastewater originating from the pharmaceuti-
cal industry presents challenges because of its high contents
of organics (COD) and low values of BOD (biological oxy-
gen demand). A complex network of organics is present in
veterinary pharmaceutical wastewater [10]. Such effluent
may harm aquatic life and human health when it is released
into the environment. Pharmaceutical effluent must be treat-
ed to comply with discharge regulations and save the envi-
ronment [11, 12]. One of the key stages in treating actual
pharmaceutical wastewater is choosing a suitable treatment
method. Information about the effectiveness of a specific
strategy is crucial while doing that. Numerous scholars put
up several methods for treating wastewater from pharmaceu-
ticals. But these methods are less effective [13].

Many treatment methods have been used to treat
wastewater containing antibiotics, do not provide complete
removal [14, 15]. While biological treatment methods like
trickling filters [16] and activated sludge [17] are environ-
mentally friendly, they take a long time and only remove half
of the antibiotics. Constructed wetlands function well, but
they need a lot of space, and time to settle, and can't elimi-
nate medications. High pharmaceutical removal can be
achieved by physical techniques like adsorption [18], how-
ever recycling and residue management are significant prob-
lems. Membrane filtration works well, although it is expen-
sive and has a fouling issue [19]. Chemical methods [20] for
removing pharmaceuticals, such as ozonation [21] and so-
phisticated oxidation procedures, are very efficient, but they
are expensive and energy-intensive. Hybrid treatment ap-
proaches can be used to get beyond the constraints of
stand-alone treatments. Antibiotics are rapidly degraded by
using a hybrid process that requires less reaction time and
money to operate. The use of advanced oxidation processes
(AOPs) for actual wastewater treatment has grown signifi-
cantly for the past several years. For the treatment of several
actual wastewaters, the catalytic ozonation procedure among
AOPs showed superior performance [22, 23]. Iron shavings
were used in the catalytic ozonation process to treat effluent
from bio-treated textiles. Another study effectively investi-
gated the use of Nano-catalyzed ozonation for treating phar-
maceutical wastewater. The color, toxicity, and COD were
effectively removed by Nano catalyst (Os/nZVI) [24]. Even
still, the analysis showed that the procedure was working
more efficiently. However, the effectiveness of process de-
pends upon several factors, including the catalyst's composi-
tion, the operational settings, and the effluents' characteris-
tics. The effectiveness of the hybrid or combined electro-
coagulation and catalytic ozonation procedure for treating
basic yellow 28 dye in wastewater was examined in a few
recent studies. However, application on real effluents were
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missing in the study. Various industrial effluents such as
paint, textile, paper, pulp, distillery, home, etc. have been
successfully treated by simple electrocoagulation methods
due to electro-produced coagulants. Organic pollutants are
eliminated by using in situ electro coagulants, which are
generated during the anodic oxidation during the Electro-
flucculation process [25]. Another study deals with the suc-
cessful removal of carbamazepine, diclofenac, and amoxicil-
lin by electrocoagulation processes from real municipal
wastewater in an electrochemical reactor with an aluminum
electrode. More than 50% of the antibiotics and 100% of
COD were removed at the current density of 0.3 mA/cm,
applied voltage 6 V and pH 7 in three hours. [26]. The elec-
trocoagulation process can be used to remove antibiotics
from veterinary wastewater. In another study 88.57 % of the
antibiotic removal at pH 7.78 and a current density of 12.5
mA/cm? after 20 minutes was achieved during electrocoagu-
lation. Catalytic ozonation is an effective way to remove
pollutants from wastewater.

According to the aforementioned research, stand-alone
process may not be sufficient for treating real pharmaceutical
wastewater due to the complex organic contaminants and the
strong scavenging effect. As a result, a high removal effi-
ciency of 97.8 % was recorded after 80 minutes. with a cata-
lyst dosage of 0.1 g and an ozone dose of 2 mg/L. The effec-
tiveness of Fe shavings in the process for eliminating sulfa-
methoxazole from real municipal wastewater was analyzed.
At pH 7, an ozone dose of 178.8 mg/L, an iron quantity of
288.46 ¢/L, and rapid 99 % removal of antibiotics was
achieved within 5 min. COD elimination was recorded as 80%
at 60 minutes. In another study published a method of treat-
ing antibiotics such as amoxicillin and acetaminophen by
combined ozonation and adsorption process with
cross-linked chitosan/bentonite. The combination process at
pH 7 and an ozone dose of 15 mg/L provided complete re-
moval. Pharmaceutical wastewater has been treated success-
fully by combining catalytic ozonation and Electrofluccula-
tion process would be the most effective for reducing the
levels of pharmaceutical antibiotics in wastewater, as previ-
ously reported [27]. According to published research, AOPs
are useful alternative methods for degrading organic pollu-
tants. Their methodology involves generating free OH radi-
cals as oxidizing agents to facilitate the mineralization of
complex substances found in wastewater. Hydroxyl radicals
(*OH) have a 2.80 V oxidation potential, making them pow-
erful oxidizing agents that undergo faster oxidation processes
than traditional oxidants like potassium permanganate and
hydrogen peroxide.

UV and ozone have long been employed in wastewater
treatment and water systems to prevent the growth of patho-
genic organisms. Comparably, ozone is a potent oxidizing
agent that combines with aromatic and unsaturated moieties
in a targeted manner to quickly decolorize. Because hydroxyl
radicals have a greater capacity for oxidation than ozone (O5)
alone, the combined ozone/UV process can efficiently de-
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stroy organic contaminants. When ozone and UV light inter-
act in an aqueous solution, the ozone interacts with the water
to create hydroxyl radicals, or *OH radicals [27]. The fol-
lowing reactions show that they are less selective and
stronger than any other kind of oxidant.

03 + H202 + hV_’OZ + H202
H202 + hv—2:OH
202 +H202 _’302 +2+OH

The prime parameters that may be responsible for the pro-
gress of ozone/UV systems are UV irradiation level, pH,
irradiation level, and ozone dose. Photoassited Ozonation is
commonly used for the oxidation and effective degradation
of toxic compounds that may present in wastewater. In the
photo-assisted ozonation process, the oxidizing potential of
ozone is accelerated due to the formation of free «OH radi-
cals. A combined AOPs for the effective removal of sulpha-
methoxazole showed a high removal during the
UV-ozonation process [28]. The titania and zinc oxides are
cheap and non-toxic photocatalysts that have been widely
used for wastewater treatment however large band energy
gap and separating issues limited their usage on a large
commercial scale that’s why immobilizing these photocata-
lysts on clay have removed this issue along with enhanced
adsorption capacities and removal efficiencies. A study has
been made on treating real textile effluents by
clay/titania/ZnO using combined ozonation and Electrofluc-
culation process however the effectiveness of this photo-
catalyst is never tested under UV-C lamp and for antibiotics
removal from real pharmaceutical wastewater [29]. This

study investigated their photolytic activity for antibiotic
degradation under real conditions.

In this study combine UV with Electroflucculation and
catalytic ozonation approach has been used to remove
amoxcyline and carbamazepine from veterinary pharmaceu-
tical wastewater using a novel photocatalyst clay/TiO,/ZnO.
Since titanium (TiO,) and zinc oxide (ZnQO) are photocata-
lysts, their photocatalytic activity is enhanced under UV.
According to Arthur’s Knowledge, this approach with a UV
lamp has not been used previously studied for the removal of
antibiotics from real pharmaceutical wastewater using
Clay/TiO,/Zn0O. Additionally, in the current study, the
mechanism of turbidity and COD reduction from actual
pharmaceutical wastewater was investigated, along with the
effects of several operational parameters like pH, DC voltage,
catalyst dose, and ozone dose.

2. Methods and Method

2.1. Materials

The Novamed Pharmaceuticals pharmaceutical firm, situ-
ated on Kasur Road in Lahore, Pakistan, provided the actual
veterinary pharmaceutical wastewater. The wastewater was
collected, brought to the lab, and kept there right away at
4<C. Before the treatment method, the sample was described.
Table 1, provides the initial characterization of wastewater
containing veterinary pharmaceuticals. The following sub-
stances and reagents were employed to calculate the COD:
sulfuric acid, starch, pH, potassium iodide, and NaOH. The
reagents and chemicals were all of analytical grade.

Table 1. Characterization of Pharmaceutical Wastewater.

Parameters Before treatment
pH 10

Turbidity 289 NTU

COD 1600 mg/L

BOD 580 mg/L

2.2. Catalyst Preparation

Commercial ZnO (P25) and TiO, (P25) powder were ac-
quired from Merck Germany. Using the incipient impregna-
tion procedure, 5 M sulfuric acid was added to bentonite
(natural montmorillonite, >2 pm) to generate the ternary
composite. For different contact hours, this required com-

After treatment NEQS [30]
7 6-9

53 NTU -

100mg/L 150 mg/L
50 mg/L 80 mg/L
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bining 200 g of bentonite clay with a 1 L aqueous media of 5
M sulfuric acid (271 mL) at 80 <C. After that, the mixture
was washed with demineralized water to bring its pH down
to zero. Next, the dye solution was dried in the oven at
105<C to correct its pH. Subsequently, distilled water was
used to mix the 50% w/w acid-treated bentonite clay, 50%
wiw TiO,, and 5% w/w ZnO. These mixtures were then
placed in a sonicator (100 W, 40 KH, universal ultrasonic
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DSA-100-SK1-2.8 L stainless-steel Cleaner) to form a uni-
form mixture. After that, this mixture was dried for twen-
ty-four hours in a conventional oven and then calcined for
three hours at 660 <C (heating rate: 10 <C/min) to remove
any remaining impurities [31].

2.3. Experimental Procedure

The experimental assembly used in this work is shown in
Figure 1. The two aluminum flat electrodes were separated
by a 20 cm distance and housed in a rectangular borosilicate

DC Power Supply

Valt.

glass tank. The electrodes' effective area measured 41.23 cm3
The ozone generated by the ozone generator was able to

bubble through the Sparger (diffuser) located at the bottom

of the reactor. The electricity was produced by the DC power

supply. The UV-C lamp (36-watt bulb, 508 mm length) used

in this experiment emits monochromatic radiations at 254 nm.
There was UV radiation of 1.2 mW/cm?. Every run started

with the placement of a one-liter wastewater sample in the

reactor, followed by the adjustment of the pH, the determina-

tion of the necessary ozone dose and voltage, and the collec-

tion of residue samples for analysis.
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Figure 1. Schematic Representation of Hybrid Oz/UV/EF Reactor setup.

2.4. Ozone Dose Analysis

Using the standards idometric method, the inlet ozone
dosage supplied to the reactor was calculated [32]. For a
predetermined amount of time, gas bottles containing a 2 %
KI solution were filled with the O3 gas being generated by
the ozone generator (30 min). The sample was quenched by
using a 2 N H,SO, solution. Using a starch indicator, it was
titrated against 0.005 Normal sodium thiosulphate solution
(Na,S,03) in the following step. The ozone dose was com-
puted using the following formula.

N xV x 24

Ozone dose (mg/ min) = 7

)

Here, V is the VVolume of titrant used and N is the Normal-
ity of Na,S,03.

2.5. Chemical Oxygen Demand (COD)

The initial (COD;) and final COD (CODy) concentrations
of the raw and treated samples were determined using the
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traditional HACH reactor digestion method (8000) [33, 34].

COD removal efficiency [%] = (

G-y %100 (2)
Ci

2.6. Pharmaceuticals Analysis

The pharmaceuticals were measured with the HPLC
equipment (L-2130, japan, Hitachi Elite Lachrom) connected
to a (4.6 <250 mm) C18 column (Poroshell 120) [35]. The
wavelength was set to 250 nm, and the mobile phase con-
sisted of methanol and deionized water in 50: 50 ratios, re-
spectively. A 10 uL injection volume was used, with a 1
mL/min flow rate, and a 254 nm wavelength. Using an in-
ternal standard procedure, the unidentified drugs were found
in the veterinary effluent. For amoxicillin, the limits of de-
tection and quantification were measured and determined to
be 20 pg/L and 80 pg/L, and for carbamazepine, 30 pg/L and
100 pg/L, respectively. Using the following methodology,
the % removal efficiencies of pharmaceuticals were calcu-
lated from the peak areas in the sample and the peak areas
post-treatment.
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AO_AtxlOO

Pharmaceutical Removal (%) =

©)

3. Results and Discussion

3.1. Voltage Optimization

The progress of the combine and single process strongly
depends on the applied DC voltage. The effect of voltage on
the turbidity and COD reduction form actual pharmaceutical
wastewater was investigated at three different levels of 5-15
V. Figure 2 (a, b). By increasing the electrolysis time and the
applied voltage, increased both turbidity and COD removal.
The COD removals of 44%, 86.9%, and 89.3% were
achieved after one hour at 5 V, 10 V, and 15 V respectively.
Moreover, an abrupt decline in the turbidity by increasing the
applied voltage was observed in the presence of UV. The
turbidity values decline to 59 NTU, 75 NTU, and 110 NTU
after one hour at applied DC voltages from 15 V-5 V respec-
tively. This may be because enhancing the applied voltage
the ions generated by the electrode dissolution increase. This
result in producing various species of metal hydroxides
causing charge neutralization of organics present in the raw
water causes ultimate removal via sweep coagula-
tion/flocculation [36, 37]. From Figure 2 (a, b) we can easily
depict that the COD removal efficiency after one hour was
not as significantly high at 15 V than at 10 V. because under
UV-assisted electrochemical process, the consumption of
energy significantly increases with the increase in voltage.
The 10 V was selected as an optimum voltage, due to eco-
nomic aspects, and more than 85 % of turbidity and COD
removal was obtained. However, by increasing voltage, un-
der UV, there is an increase in the production of free ‘OH
radicals. The O, reduction leading to the generation of H,0,
which accelerates the O3 conversion to free « OH radicals,
thereby increasing the removal of the organic. Furthermore,
for the ozone/UV process, (OH) radicals are surrounded by
water clusters approach the cage effect. The H,O, being
generated reacts with O; producing more free «OH radicals.
The photo-assisted process can significantly degrade the or-
ganics because the OH radicals have a higher oxidizing po-
tential than ozone (O3) alone. In the ozone/UV process the
reactions in aqueous media, the O energizes and reacts with
water to form free (¢«OH radicals) that are less selective than
other types of oxidants [38].

3.2. Effect of pH

The organic compound’s reaction pathway of the com-
bined process is highly affected by the pH. EF is normally a
self pH neutralization process which initially increase the pH
under the basic range. This happens due to water electrolysis,
generation of OH" ions, and H, evolution. At pH = 7 the sta-
bility in the EF process can be seen due to Aluminum (Al)
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conversion and formation of insoluble aluminum hydroxides.
On the other hand, ozonation is a pH-driven process, favor-
ing the radical-based mechanism by producing free «OH
radicals under alkaline pH ranges and direct molecular (Os)
in acidic pH ranges. For the successful removal of organics
for catalytic ozonation, the surface charge of nanocatalyst is
governed by the reaction kinetics. In the presence of UV
light, the turbidity and COD removal was investigated for
actual pharmaceutical wastewater at pH values of 5, 7, and
10. The findings displayed in Figure 3 demonstrate noticea-
bly improved turbidity and COD reductions with pH. After
60 minutes at pH 10, 7, and 5, respectively, the COD reduc-
tion increased to 90.1%, 86.9%, and 69.2%, and turbidity
values of 59.0 NTU, 74.0 NTU, and 90.2 NTU were attained.
Because there were more free radicals under acidic pH, the
COD elimination efficiency rose to more than 85% when the
pH was raised to 5-7.

The maximum reductions achieved at pH 10 (53 NTU and
86.9% COD removal) in Figure 2 show the presence of
highly cationic organic pollutants in the wastewater. Under
alkaline pH 10, the combined effect of UV/catalytic ozona-
tion and Electroflucculation/UV greatly enhanced the organ-
ics abatement. The Os/UV process showed better perfor-
mance under alkaline conditions for turbidity and COD as
shown in Figure 2 (c, d). due to the result of fast organic re-
actions with free hydroxyl radicals. At alkaline pH Further-
more, in the case of the ozone/UV process, hydroxyl radicals
that are surrounded by an H,O cluster may approach each
other, and ozone which is a self-decomposition to radicals
starts as a result of initiation reaction. by the cage effect and
H,0, is produced that reacts with O; producing more free
*OH radicals.

2 'OH—>H202
H202 + 03_”OH

The most prevalent species in the Electroflucculation pro-
cess at the higher pH level is insoluble aluminum hydroxide
[20]. the self-decomposition was accelerated by Os to produce
radicals. The abundance of negatively charged surfaces on the
catalyst and OH radicals, which quickly break down organics
through radical mechanisms are all variables that lead to the
accelerated breakdown of organics at pH 10 in comparison to
other pH levels that have been investigated. Furthermore, at
higher pH levels, the system's ozonation bubbling and the
synergistic dual effect of the fine hydrogen bubbles generated
in the EF process greatly increase turbulence, mixing, and
gas-solid-liquid interface contact with increased ionic mobility,
resulting in a rapid organics abatement. In the current investi-
gation, the highest COD reduction of 90.1 percent was at-
tained at pH 10 (Figure 2 (c)), whereas 86.9 percent was at-
tained at pH 10. The experiments were conducted under real
conditions, without adjusting the pH, because the actual phar-
maceutical wastewater was obtained at pH 10. This was done
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because it may not be cost-effective to change the pH of
wastewater before treating it on a larger scale in practical ap-
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Figure 2. (a, b) Effect of Voltage on % removal of COD and Turbidity at pH10, Ozone dose 0.6 mg/min, Voltage 10V, catalyst dose 1 g/L, UV
1.2 Mw cm (c, d). Effect of pH on % removal of COD and Turbidity, at voltage 10 V, Ozone dose 0.6 mg/min, catalyst dose 1 g/L, and UV

1.2 Mw cm’,

3.3. Effect of Catalyst Dosage

The catalyst plays a crucial role in the hybrid Electrofluc-
culation/UV/catalytic ozonation process because of its potent
adsorption capability and kinetics for the organics abatement
organics from actual pharmaceutical wastewater. The rele-
vant photocatalytic activity of the combined process was
examined by varying the catalytic dose between 0.5 and 1.5
g/L and noting the discernible drops in turbidity and COD of

the effluent. The catalytic activity is validated by the data in
Figure 4, which shows a favorable connection between cata-
lyst dose and decreases in COD and turbidity. Turbidity val-
ues decreased to 220 NTU and COD removal increased from
34.2 percent to 90.1 percent with an increase in catalyst dose
from 0.5 g/L to 1.5 g/L. Given that over 85% of the removal
was attained at a dose of 1 g/L, we regard 1 g/L as the ideal
dosage for economic reasons. Better removal offered by the
catalyst dosage is due to the accessible surface area, porosity,
adsorption capacity, and kinetics, as illustrated in Figure 3.
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Figure 3. Effect of Catalyst at pH10, Ozone dose 6 mg/min, UV 1.2 Mw/cm™, Voltage 10 V.

3.4. Effect of Ozone Concentration

The combined UV/Electroflucculation/ozonation process
produces oxidants. when the concentration of ozone and O,
mixture in the solution is increased, causes a significant in-
crease in treatment efficiency. As shown in Figure 4, the
ozone dose highly improves the turbidity and COD reduction
based on actual pharmaceutical wastewater. An ozone dose of
0.2 mg/min, 0.6 mg/min, and 0.8 mg/min was utilized to
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achieve COD removal rates of 80 percent, 83.4 percent, and
85.4%, respectively. Because an increase in (O3) gas directly
accelerates diffusion via the gas-liquid interface, the concen-
tration of dissolved ozone rises to more readily attack organic
molecules. Radical-based reactions happen on the surface of
the catalyst at higher rates when ozone levels are higher. Since
raising the ozone dose from 0.6 mg/min to 0.8 mg/min did not
significantly alter the situation, 0.6 mg/min was determined to
be the ideal amount. Nonetheless, the measurements of turbid-
ity were 98 NTU, 85 NTU, and 80 NTU, in that order.
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Figure 4. Effect of Ozone dose at pH10, voltage 10 V, UV 1.2 mW/cm™,

3.5. Catalyst Reuse Performance

The photocatalyst was cleaned, heated, and dried according to
the recommended method to assess the catalyst's reusability. The
fourth cyclic run (Figure 5 (a, b)) showed a decline in turbidity
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removal up to 132 NTU and COD removal efficiency of up to
56%, which may have been caused by the organics covering the
porous surface of the catalyst. The catalyst surface continuously
auto-regenerates in the UV/Electroflucculation/catalytic ozonation
combined process as a result of the hybrid mechanism of O; oxi-
dation, photo-generated electrochemical oxidation, or the oxida-
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tion of the in-situ generated radical. This preserves the catalyst's
sorption capacity and increases catalyst life and replacement
needs. Because organic contaminants cover the porous surface of
the nanocomposite, these calculations verified that the material is
stable enough for long-term use under real-world settings. as well
as to improve catalyst life. The photocatalyst's surface contained a
small amount of titania, which reacted with the solution's accessi-

ble OH- ions over time to generate titanium hydroxides (H,O,Tis).

=y
&

COD Rmoval (%)

0 40 ]

Run 1| Run Z: | Run 3 Run 4

(b)

Turbidity (NTU)

These hydroxides functioned as coagulants and flocculants, in-
creasing the removal efficiency. Because the H,O,Ti; produced
by the Aluminum electrode in the hybrid batch reactor is so little,
the production of aluminum hydroxides was thought to be a major
coagulant. As a result, following each experimental run, a thin
layer of sludge developed at the surface as a result of aluminum
hydroxides (AL(OH);) brought on by oxygen produced at the
anode floating there.

@

Run(1) Run (2) Run (3) Run (4)

Figure 5. (a, b) Catalyst Reusability for COD and Turbidity removal at pH10, Ozone dose 0.6 mg/min, Voltage 10 v, UV 1.2 mW/cm?, Cata-

lyst dose 1 g/L.

3.6. Comparison of all Processes with and
Without UV

The results shown in Figure 6 (a, b) % COD and turbidity
reduction were maximum for the combined process than
other studied processes. The removal efficiency order was
Combined UV > catalytic ozonation-UV, ozonation-UV, and

Electroflucculation-UV process compared to the sole process.

This may be because the photo-assisted o0zona-
tion/Electroflucculation process studied at pH (pH = 10)
promotes the fast generation of free OH radicals that have a
higher removal rate than oxidant (O,) generated in the Elec-
troflucculation/UV or simple electrolysis process. For turbid-
ity reduction, however, the photo process was considered to
be more efficient than others. Moreover, interestingly pro-
cesses involving photo-assisted Electroflucculation (EF/UV)
were shown higher turbidity reduction than others. This
could be a result of the aluminum hydroxide flocs generated
during Electroflucculation (EF), which absorbed the sus-
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pended particles in the wastewater. Consequently, the out-
comes validate that treating actual wastewater with a com-
bined approach would be a superior choice. While the O5/UV
procedure improved color removal from 80 percent and 81
NTU at pH 10, COD removal efficiency and turbidity were
reported at 78.9 percent and 100 NTU at pH 10. The greater
removal efficiency achieved in the UV - ozonation process.
UV light produces fast (*OH) radicals during interaction,
while O5 also produces more hydroxyl radicals under basic
conditions that result in a faster reaction between radical
species and organic matters. In the presence of pho-
to-assisted catalyst the COD and Turbidity removal further
boost to 83.4% and 68 NTU. Due to the surface area and
porosity of the nanocatalyst since the catalyst is a photocata-
lyst the catalytic activity enhanced in the presence of UV
Figure 6. (a, b) as compared to UV as 80% and 89 NTU in
Figure 6 (a, b). The combined photo/EF/O; process provides
the maximum removal of COD and Turbidity at 86.9% and
81% compared to the alone synergic process without UV at
82% and 78% due to the fast generation of free OH radicals.
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Figure 6. (a, b). Comparison of all process for COD and Turbidity removal at pH10, Ozone dose 0.6 mg/min, Voltage 10 V, UV 1.2 mW/cm?,

Catalyst dose 1 g/L.

3.7. Pharmaceuticals Removal

The findings shown in Figure 7 the synergic procedure
was highly effective in eliminating both of the identified
drugs from wastewater. When amoxicillin was compared to
other substances, it was shown that its % removal was the
highest. For instance, the clearance efficiency of amoxicillin
was 100% while that of carbamazepine was approximately
95%. According to Table 1's results, wastewater can be dis-
charged into waste streams with confidence because the ef-

fluents meet all national environmental quality parameters
(NEQs) within a reasonable range. It is crucial to note that
for wastewater to be recycled, it must be useful and meet
certain requirements. For instance, to be used for irrigation,
some extra requirements may apply, such as the water's sa-
linity. The goal of the present study was to determine wheth-
er the synergistic process in a batch hybrid reactor is effec-
tive. It was discovered that, in terms of the parameters ex-
amined, treated real pharmaceutical wastewater lies within
the NEQs.
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Figure 7. Pharmaceutical removal at pH10, Ozone dose 0.6 mg/min, Voltage 10 V, UV 1.2 mW/cm, Catalyst dose 1 g/L.

3.8. Proposed Mechanism

Figure 8 illustrates the suggested mechanism of the com-
bined process for the removal of COD and organic contami-
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nants. The findings demonstrated that the synergistic process
accelerated the rate of decomposition of the organic contam-
inants, which led to a drop in COD and color. At pH 10, the
greatest amount of organic contaminants was eliminated due
to side-by-side oxidation mechanisms sweep coagula-
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tion/flocculation. The UV/catalytic ozonation, and Electro-
flucculation occurred simultaneously in a modified hybrid
reactor. Free hydroxyl radicals are produced at the anode
during the electrolysis-UV process of producing hydrogen
peroxide. While a reduction at the cathode results in OH
radicals, oxidation at the anode promotes the production of
0O, and metal ions. Through destabilization and neutralization,
the contaminants absorb the aluminum flocculation. Both
direct and radical oxidation processes for ozonation were
present at pH 10. By a variety of potential methods, benton-
ite supplied the platform for the quick production of free OH

S

JDE

;"\N '

HO.+ C,

Al

radicals in a solution. Moreover, the nanocatalyst's due to
adsorption capacity supplied the surface for the quick pro-
duction of hydroxyl (sOH) radicals, which eliminated the
organic pollutants by converting O; to O3 and O, and gen-
erating more hydrogen peroxide (H,O,), which in turn
caused the organic pollutants to leach. Ozonation-UV and
EF-UV exhibited better performance than simple ozonation
and electrolysis. Ozonation in combination with UV and
Catalyst was more effective since high amounts of OH radi-
cals were produced through activation of Os.

necrmedialc

CATHODE:

=CH

Figure 8. Proposed mechanism for combined process.

4. Conclusions

This research focuses on the suitability of a photocatalyst
for a novel hybrid UV/EF/Catalytic ozonation process for the
removal of amoxicillin and carbamazepine from actual
pharmaceutical wastewater. The %COD and Turbidity re-
moval were achieved as 86.9 %, and 81.66% NTU for the
combined process under optimum conditions of UV 1.2
mW/cm?, DC 10 V, pH10, ozone dose 0.6 mg/min, and 1.5
g/L catalyst dose. The order of removal % COD and Turbid-
ity removal UV/EF/O; > Cat.O5/UV > UV/O4/EF/UV. The
results revealed that the proposed combined process with
photocatalyst can treat the real pharmaceutical effluents in
reduced time than other traditional processes applied effi-
ciently for effluent quality standards as well. The catalyst
provides satisfactory removal at 4 successful runs that con-
firm the suitability of adsorbent for long-term commercial
usage. The removal of pharmaceuticals was 95%, for car-
bamazepine and 100 % for amoxicillin under optimum con-
ditions.
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Abbreviations

COoD Chemical Oxygen Demand
NTU Nephelometric Turbidity Unit
NEQS National Environmental Quality Standards
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