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Abstract

The current work examines UV/Sulfite/ZnO (USZ) in reactor convectional (without baffles) and baffled photocatalytic reactors
(BPCR) in order to cost-effectively photo-degrade trimipramine (TIR). The ideal conditions were 2:1:100 Sulfite/ZnO/TRI
molar ratio, pH 7, and 30 min of reaction time for 97.4% TRI degradation. In the BPCR reactor, the measured rate constant
(kobs) and reaction rate (rops) both rise by around 17% and 50% as the TRI concentration is increased from 50 to 200 mgL_l.
The intermediate materials formed in three cases were examined by copper LC. Investigations showed that after 30 min,
most of the intermediates became simple linear compounds such as hexane-1, 6-diol (C¢H1403), formaldehyde (CH,0), (E)-
prop-1-en-1-yl-12-azane (C3HgN), acetic acid CoH40;. Electrical energy consumption (Egp) decreased from 8.61 kWhm?
for convectional reactor to 5.37 kWhm? for BPCR due to an increase in Kgps and rops, for example, 200 mg L1 Asaresult,
the total cost of the system (TCS) decreased from 3.56 for convectional reactor to 1.22 $ for PCBR reactor. According
to information gathered, the UZS procedure lowers the BOD and COD levels by 66 to 86.29% in 80-min reaction time,

respectively. Additionally, the BOD/COD ratio starts out at 0.26 and increases to 0.6 after 30 min.
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1 Introduction

Millions of individuals around the world suffer from men-
tal disorders, including 23 million people with schizophrenia
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and other psychoses, 60 million people with bipolar disor-
der, and 300 million people who suffer from depression [1].
Pharmaceutical substances are effective for treating depres-
sion (APIs). APIs have unfortunately been found in surface
and ground water, and they have attracted a lot of attention as
“emerging” contaminants to be concerned about [2—4]. One
of the major sources that contribute to the wastewater (WW)
discharge of APIs is hospitals [5]. Health facilities are some
significant sources of information because of the growing
population and increase in psychiatric illnesses (HIs). How-
ever, typical WWTPs cannot filter water with trace levels
of pharmaceutical contamination; as a result, the treatments
used to remove it are unsuccessful [6]. Thus, they enter the
aquatic system through the sediments and soil [ 7], surface and
ground water [8], and even drinking and tap water [9] and
can be detected there. Tricyclic antidepressant trimipramine
(TRI, CyoH¢N>), marketed under the brand name Surmon-
til, is prescribed to treat depression (TCA) Trimipramine
has been found in hospital wastewater, the environment, and
hospital wastewater treatment effluent [10]. For this reason,
sophisticated oxidation reduction processes (AO/RPs) have
arisen. The foundation of AORP’s activity is on the gener-
ation of free radicals in order to break down contaminants
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using the reactive radicals that are produced. A semiconduc-
tor photocatalyst can be used to accelerate the formation of
radicals in the presence of an activating agent (e.g., UV radi-
ation). The primary reasons zinc oxide (ZnO) is frequently
used as a semiconductor photocatalyst are because it is non-
toxic and economical. According to Egs. (1) to (3), hydroxyl
ions (T OH) or water react with positive holes (h*) to produce
radicals called."OH [11]

ZnO + hy — e, + h* )]
ht+ H,O — H'+* OH (2)
h*+~ OH —° OH 3)

Normally, reductive species including as 1~ [12, 13],
S032~ [14, 15], CO,~ [16] can be produced after UV light
hits the anions in water. The study’s use of Sulfite is due to
high UV absorbance (gi, 254 = 220 M~! cm!) and electron
generation per photon (eg, 0.286 mol E~1); Sulfite is cho-
sen in this study to generate the excessively reducing species
according to Eqs. (4) to (7) [14].

SO3™ +h, — SO} +ey )
HSO3 + e, — H® + SO%~ )
H* + H0 — H30" + e ©)
H* + eeq — H° @)

The duration and penetration depth for oxidative and
reductive species in water are 6 mm and less than one sec-
ond, respectively [15]. ZnO/NC nanocomposite ultrasonic
catalysis can be used as a desirable treatment to clean up
antibiotic-contaminated aquatic systems [16]. Electrochemi-
cally synthesized ZnO nanostructures have been successfully
immobilized on powdered waste from the stone cutting
industry and effectively used for catalytic destruction of
a model anti-inflammatory pharmaceutical compound [17].
Additionally, the release of Sulfite and zinc oxide, which
are the sources of reductive and oxidative species, causes
the pollutants to degrade more quickly. The photocatalytic
efficiency of eosin-TiO, when synthesized was significantly
improved with the addition of SO3> [18]. The primary
issues with AORPs are the excessive energy consumption
and secondary pollution. These issues were resolved by the
photo-catalyst baffled reactor (PCBR). Baffles were mounted
on top of one another at an angle of 180 degrees to achieve a
greater energy-efficient reactor. This creates rotational flow
close to the UV light. In this study, simultaneous removal
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of an organic matter (Trimipramine) and a inorganic sub-
stance (Sulfite) was used. Broken down of organic matter
by UV irradiation produces various radicals. Consequently,
the fundamental purpose for this paper was to (1) assess
the elimination of TIR by the reductive species generated
with UV/Sulfite/ZnO process; (2) determine the effects of
various operational parameters; (3) examine the reaction
kinetic and energy consumption; (4) determine the intermedi-
ate by-products; (5) determine mineralization; (6) determine
improvement of biodegradability.

2 Materials and Methods
2.1 Photo-Catalyst Baffled Reactor Configuration

As seen in Fig. 1, a UV lamp with a nominal power of 11 W
and a light intensity of 78 W/cm? was utilized to provide
UV radiation. A quartz sleeve was placed at a distance of
1 cm from the cylindrical glass. As a reaction space, TIR
solution was injected into the open area between the quartz
and cylindrical glass. A 500-mL container was used for the
experiments. In this work, baffles were employed to shift the
solution closest to the UV light in order to improve TIR degra-
dation rate [19]. The baffles are cut in a corner and placed at
an angle of 180 degrees. This type of placement of the baf-
fles causes more movement of the liquid on the surface near
the lamp. It is very important to consider the short penetra-
tion depth of 256-nm radiation in the degradation efficiency
because it causes more UV rays to hit Sulfite ions, and as a
result, more reducing species are produced. The baffles in the
photoreactor were placed at an angle of 180 between each
other to increase the mass transfer and interaction of UV rays
with Sulfite ions in the reactor, which improved the removal
efficiency and caused a significant reduction. This way of
placing the baffles gave two advantages: 1 The liquid con-
taining the pollutant and Sulfite anion gets closer to the UV
radiation source; 2 circulating the liquid and thus exposing
the entire liquid and mixing it in the reaction medium.

2.2 Analytical Methods

In order to ascertain the TRI concentration discovered using
a high-performance liquid chromatograph (HPLC), by using
the chemical oxygen demand (COD) test, which is used to
inadvertently detect organic molecules, Egs. (8-9) were uti-
lized to calculate the rates of mineralization and destruction
of TRI [20]

TRI( — TRI,

TRI d dation = — 8
egradation TRTG )]
CoDg — COD
TRI mineralization = ——0 " )
CODy
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Fig. 1 Schematic of
photo-catalyst baffled reactor

The biodegradability of different solutions can be con-
firmed with respect to their BODs/COD results or other
combinations of their COD, BOD, and TOD Ilevels. For
instance, the average oxidation state (AOS) and carbon oxida-
tion state (COS) parameters can be evaluated as the indicators
of biodegradability. In this study, the biodegradability of the
effluents was verified by calculating the values of these two
indicators through Eqgs. 10 and 11:

CODt

AOS =4-1.5 (10)
TOCt
CODt

COS=4-15 - (11)
TOCi

where TOC is the TOC content of the treated TRI solutions
(mg L), COD is their COD content (mg L1, and the i and ¢
subscripts, respectively, indicate their values at the beginning
and time ¢ of the UIZ process [19, 20]. After analysis of the
biodegradability of the effluents, those with a BOD5/COD
ratio greater than 0.4 were proceeded to the biodegradation
step (as a post-treatment). The chemical oxygen demand
(COD) index was utilized to calculate the mineralization
level. Samples containing CIP were measured for COD
and biochemical oxygen demand (BOD) using the methods
5220B and 5210B described in the standard procedure (1).
A CECILCE-4100 HPLC with UV detector (CE-4900) and
C18 column (250 mm x 4.6 mm x 5 wm) was used to quan-
tify TRI concentration. For TRI acetonitrile: acidic water
(acetic acid 0.1 wt.%) (50:50, v/v) at 280 nm at a flow rate
of 1.0 mL/min [20, 21], additionally, the impact of various
anions on the TRI photo-degradation in the photo-reactor
was examined. Additionally, LC-MS with ESI in the nega-
tive mode is employed to examine the TRI intermediates.

Photo Catalyst Reactor

2.3 Kinetic Model, Energy, and Effective Cost
Analyses

A pseudo-1st-order (PFO) kinetic model was used to inves-
tigate TRI photo-degradation in solutions and was imple-
mented in accordance with Egs. (12-13):

C
In C_; = —Kopst (12)
Tobs = —KkobsC TRI (13)

K is the constant response rate coefficient in this equation.

When selecting a treatment technique, important consid-
erations including wastewater quality, economic, cost, etc.,
also play a significant influence. Electrical energy plays a
significant role in operational expenses and is a substantial
component of the cost of photoprocesses used to remove
water contaminants. Despite the fact that there are numerous
methods in the literature for calculating the AORP electri-
cal energy consumption, which varies depending on the kind
of pollutant, effluent quality, reactor configuration, and the
type of source of light used, etc., it is essential to conduct an
experimental study of the AORP electrical energy consump-
tion. To calculate the amount of electrical energy (kWh) used
in UV-based processes, the [UPAC proposed the parameter
of energy used for each order (figure-of-merit), abbreviated
Ego. Electrical energy per order (Eg,) Eg, shows the total
energy needed and enables quick calculation of electrical
energy usage. Egp values are used to compare the effective-
ness of various processes’ treatment strategies. This indicates
that energy was required to photo-remove over 90% of the
pollutants from a cubic meter of contaminated water [22].

@ Springer




16284

Arabian Journal for Science and Engineering (2023) 48:16281-16292

P xt x 1000
IUPACEgp = —————+ (14

Vx60x10gc—;_

P, V, and t in this equation stand for power (Kw), volume
(L), and water’s photo-reaction time (minutes), respectively.
Equations (12) and (14) are combined and rearranged to pro-
duce a new Egp based on the kinetic equation [23].

Kinetic P x 384 as)
1mnetic = =
EO = oy S Kops

The anticipated values of Eg, might be estimated using the
ITUPAC and kinetic model [23, 24]. Total cost of the system
(TCS) ($ ') was also applied to cost-effective evaluation
[25, 26]. For industrial customers, the global average price
of electricity in 2020 is 0.121 US dollars per kWh.

Pt
FEM= ———M (16)
VM x (c;i — ce)

TCS = 1.45(EEM(k W h g™") x Power cost($/k W h)
+Oxidant cost($g71)Reductant cost($g{1 )) (A7)

3 Results and Discussion
3.1 pH Role on TRI Photo-Degradation

There is investigation of TRI degradation with/without in
various procedures. According to Fig. 2, only UV processes
are significantly impacted by pH changes, while UV irra-
diation immediately breaks all bonds on the TRI structure
(efficiency ranged from 12.7 to 13.7% and 22.87 to 21.03%
in conventional and PCBR reactors, respectively). These data
show that more than 80% more material is broken in the same
time in the baffled reactor. While efficiency varied between
31.1 and 54.2% and 50.2 to 79.1% in conventional and PCBR
reactors, respectively, solution pH had a substantial impact
on TRI degradation in the UV/ZnO process. At an alka-
line pH, the created positive holes (h*) and the hydrogen
ion (OH™) (Eq. 3) rapidly react, resulting in the production
of OH'. Additionally, TRI degradation in the UV/Sulfite pro-
cess ranged from about 27 to 61.54% and in conventional and
PCBR reactor and also from 42.3 to 74.04%, respectively.
As is evident, pH changes have far less of an impact on the
UV/Sulfite process. This was caused by the UV light’s high
efficiency of absorption (gi, 254 = 220 M-! cm_l), which
also produced alot of e;q ™ (e.g., 0.286 mol E~! at 253.7 nm)
[14]. The USZ process does not depend on the pH of the solu-
tion because of the high levels of eaq™ and OH" r and other
agents (efficiency ranged from 76.74 to 86.21% and 94.87
to 96.71% in traditional and PCBR reactors, respectively)
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[27]. Tt is crucial that the baffle is incorporated into the reac-
tor’s design to improve the TRI molecules’ ability to degrade.
This issue was evident in Mohseni et al., the CFD simulation,
and the movement of the liquid, so near to the bulb is what
caused it. This indicates that more pollutants will be imme-
diately broken down and more reducing and oxidizing will
be produced the closer the liquid (and the substance inside
it) is to the light. The reaction rate consequently accelerates
[28-30].

3.2 Impact of Molar Ratio on the UV/lodide Process
for TIR Photo-degradation

The findings of the investigation into the effects of various
[Sulfite]/ [ZnO]/ [TRI] molar ratio in the USZ process (tak-
ing into account TIR concentration of 100 mg L™, pH9, and
reaction period O to 30 min) are shown in Fig. 3. According
to Fig. 3, the maximum efficiency of around 100% for TIR
was found at a 2:1 molar ratio between Sulfite and ZnO. The
increase in efficiency varies based on the kind of contamina-
tion and is greatly reliant on whether it is proportionate to the
bonds in the TIR molecule or the target molecule. Figure 3
depicts the pattern of TIR breakdown as the Sulfite and ZnO
molar ratio changes. As can be observed, the removal effec-
tiveness is higher in the 2:1 Sulfite: ZnO molar ratio than it is
in other molar ratios. This is because the Sulfite: ZnO molar
ratio plays an important role in the production of reducing
and oxidative species. However, excessive increase can lead
to Sulfite recombination and various other species that are
much less effective (2). The key point is that when the Sul-
fite content is lower than the TIR, too much Sulfite reacts with
these materials and is therefore not exposed to UV, resulting
in significantly reduced e,q~ production(3). These Sulfite
derivatives can react with intermediate organic matter or TIR
and be converted back to Sulfite. If the amount of Sulfite is
lower than that of TIR, a significant amount of it will naturally
be reacted with organic matter and the reaction with photons
will be reduced, resulting in less reducing species such as
€aq (3). Based on Beer-Lambert’s law, increasing the anion
concentration due to increased UV adsorption leads to an
increase in reactive species and thus better decomposition
efficiency (4, 5). The result presented in this study is very
similar to the study conducted by Jang et al. (6).

3.3 Kinetics, Energy, and Cost Analyses

Energy usage is a limiting constraint in the adoption of the
AORPs procedure in terms of cost-effectiveness. In this work,
photo-process energy consumption was calculated using the
kinetic and TUPAC methods. The computed R? (0.95) in
Table 1 shows that the pseudo-first-order (PFO) kinetics gov-
ern the TRI photo-degradation process. According to Fig. 4,
the values of R? are calculated and provided in Table 1. The
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Fig.2 The performance of

(a) conventional, (b) BPCR
reactor and the impact of pH on
TRI degradation. The settings for

©

© © © 3)
pH
pH

e
the experiment were Sulfite: 1 %
mM, TRI: 100 mg L', and a 30 £
minutes reaction duration S

5

D

a
[
o
=
©
X
=
2
N
<
=
<
1
50
9
=]
L]
=7
h
Fig. 3 Impact of Sulfite: ZnO 100
molar ratio on TIR
photo-degradation (reaction time 90 1 31
=30 min, pH=7)

S

&

o

H

H

oxidizing and reducing species interacting with TRI caused
the reaction rate to accelerate with concentration. Reaction
constant kgps and reaction rate rops of TRI degradation were
directly impacted by TRI starting concentration [16, 27,
31]. In convectional and PCBR, respectively, kops ranges

5 10 20 30

Time (min)

from 0.0748 to 0.0918 and from 0.0813 to 0.1218 (min~'),
whereas rops ranges from 3.74 to 18.36 and from 4.06 to 24.36
(mg L~! min~!). These data demonstrate that, firstly, Kobs
and rp rise with increasing TRI concentration, and secondly,
in the PCBR reactors compared to a conventional reactor, Kobs
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Table 1 Data from the kinetics, energy, and total cost models

Degradation-PFO

Type of TRI(mgL~!) R? Kops (min™!)  rops (mg/L.min)  Kinetic Figure-of-merit ~ TCS ($g— 1)
reactor EEeoxwh/ /im3) EEO(kwh /m3)
Convectional 50 0.9872  0.0748 3.74 15.23 12.66-17.41 12.54
PCBR 50 0.9723  0.0813 4.06 13.31 8.66-13.61 10.71
Convectional 100 0.9535  0.0791 7.01 12.53 9.81-14.77 9.12
PCBR 100 0.9814  0.1174 11.74 9.98 8.31-11.31 6.28
Convectional 200 0.9615  0.0918 18.36 8.61 7.26-10.15 3.56
PCBR 200 09672 0.1218 24.36 537 3.24-8.12 1.22

Fig. 4 Degradation efficiency 100
versus time (conditions: pH 7
and fixed ratio of [Sulfite]/
[ZnO)/ [TRI] = 1:2:100) 5

S
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== 100 mg I-1
—————— =—0— 100 mg I-1 (PCBR reactor)
== 200 mg l-1

—0— 200 mg I-1 (PCBR reactor)

increases by approximately 17% to 50% with increased TRI
concentration from 50 and 200 mgL ™!, respectively. Addi-
tionally, rops in the convectional and PCBR reactors rises
by around 4.9 and 6 times, respectively, with an increase in
TRI concentration from 50 to 200 mg L~!. Figure-of-merit
Eg, ranges from 12.66-17.41 to 7.26-10.15 kWhm? for con-
vectional reactors and from 8.66—13.61 to 5.24-8.12 kWhm?
when TRI concentration is increased from 50 to 200 mg L™ 1
as shown in Table 1. Additionally, in the kinetic model, the
Eg, in the convectional and PCBR drops from 15.23 to 8.61
and from 13.31 to 5.37 kW h m™3, respectively. As a result,
the energy consumption in the PCBR reactor decreased by
about 14% at 50 mg L~! TRI concentration and by about 60%
at 200 mg L~! TRI concentration. The Eg, value was in a
different UV/Iodide/ZnO process research on 1 to 10 mgL ™!
triclosan (2.48-12.29 kW hm—3) [32]. Activated carbon pho-
tocatalyst is with TiO; coating for carbofuran breakdown
(124.8 to 540.3 kW h m~3) [33]. In many studies, energy
usage rises as pollutants increase, while in certain studies, the
contrary is true and energy consumption falls as pollutants

S @ Springer

10 15 20 25 30

Time (min)

rise in concentration [34, 35]. At various concentrations, the
total cost of the system (TCS) was examined. PCBR reactors
have lower TCS than conventional reactors, as indicated in
Table 1. Additionally, the TCS falls as the TIR concentration
and reaction rate rise.

3.4 The Effect of Anion in Water Matrix on TRI
Degradation

The main anion found in surface and groundwater, which
might come into contact with reactive species in AORPs
and lessen their reactivity. To better study the interaction
and competition of anions, their concentration was consid-
ered equal to the pollutant (100 mg L™!). In the presence
of nitrate anion, removal efficiency decreased from 100%
in the presence of any anion to 78.85%. In the presence of
NO;—,HCO3;—,Cl, and SO42_, respectively, TRI degrada-
tion decreases to 78.85%, 82.35%, 89.28%, and 94.94% in
Fig. 4. Onion UV absorption and the production of anionic
radicals result in less TRI breakdown. Additionally, NO3 ™
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has a stronger impact than other anion due to its higher acid
dissociation constant (ka) [36].

HCOj; +*HO — COj + Hy0 (18)
ClI” +*HO — CIOH*~ (19)
NOj3 +*HO — NO$+ OH™ (20)
SO}™ +*HO — SO} + OH™ 1)
HCOj + e, — HCO3~ (22)
ClI™ + e;g+ H* > HCI (23)
NO; + e,y — (NO3)**~ (24)
SO} + ey — SO;~ (25)

The effect of nitrate is larger because it has a higher acid
solubility constant (ka) than any other anion [36]. In addi-
tion, it should be attributed to the fact that the TIR molecule
contains N atoms, where the N atom in TIR is oxidized to
NOj by the action of *OH radicals, as seen in Eq. (26) [37].
Following the equilibrium law (Le Chatelier’s), the produced
NO3™ may reduce the TIR photo-degradation efficiency.

CigH20FN304 +* HO — NOj + products (26)

Additionally, the primary inference mechanism for nitrate
reduction is that nitrate undergoes a reaction with the gener-
ated electron and is converted to nitrogen gas in two steps:
Nitrate is reduced by an electron to nitrogen gas (N») [38].

NOj + 5ez+ 6H" — Na(g) + 3H0 Q27

Nitrate reduction to nitrite and nitrite reduction to N; are
the two components of this process.

NOj + 2 ey + 2H" — 2NO; + H0 (28)

NO3 + 3 e, + 4H* — Ny (g) + 2H,0 (29)

3.5 TRl Intermediate and Degradation Pathways

By taking a sample of the reactor’s effluent after a 30-min
reaction time, the manufacturing intermediates in the USZ
process’s TRI breakdown were studied. The LC-MS with
ESI in the negative mode is employed to examine the TRI

intermediates. Within 5.1 min and 295.20 m/z of retention
time, the molecular ion for TRI was visible. Eight intermedi-
ates in total, as shown in Table 2, were found. A potential TRI
breakdown mechanism was hypothesized based on the inter-
mediates found, and it is shown in Figs. 5 and 6. The initial
TRI degradation can occur in four different ways (Fig. 7). A
C—C breaking band is followed by a C = C breaking band, a
C = C conversion to a C—C, and an N—C breaking band. TRI
hydrolysis (I1—I3) or TRI ring breaking to two halves occurs
in the first stage (Is —Ig). The TRI molecules are broken down
by both e, and "OH. The fluoride atom stings the benzene
ring due to its strong electronegativity, and detaching it with
eaq significantly aids in breaking the ring [14, 39]. The com-
pounds with a high capacity to complete mineralization such
as hexane-1,6-diol (C¢H140,), formaldehyde (CH,0), (E)-
prop-1-en-1-yl-12-azane (C3HgN), acetic acid CoH4O; were
generated in the third phase (COD lowering) (I7-I) and then
to CO,, H,O, NH4*, and NH3. In 30 min, no substance was
detected, which of course could be due to a decrease in the
concentration of intermediate substances or a decrease in the
carbon content that was not detected by the device.

3.6 USZ-Based TRI Mineralization
and Biodegradability

When organic materials are mineralized to reduce pollution,
very stable inorganic chemicals including water, carbon diox-
ide, and salt are created. At 100 mg L! TRI, under ideal
conditions, the TRI mineralization is studied. COD and TOC
levels in the effluent of the USZ process were measured to
ascertain the extent of mineralization. Within an 80-min pho-
toreaction, the USZ technique lowers the BOD and COD
levels by 66% and 86.29%, respectively. However, due to
the high energy consumption at this period and the need
for 80 min for 86% of mineralization, despite the fact that
BOD/COD ratio starts off at 0.26 and increases to 0.6 after
30 min of photoreaction, the BOD/COD value was in a differ-
ent UV/Iodide/ZnO process research on 10 mgL~! triclosan
(0.57 to 0.66). The BOD/COD ratio for triclosan is the rapid
consumption of linear materials, as well as the need to con-
vert some of the ring-shape structures to linear constituent
[32]. As aresult, this reactor can be used to degrade persistent
organic pollutants (POPy) and emerging contaminants (ECs)
in aqueous medium and then enter the resulting effluent into
the biological reactor. This method reduces the toxicity of
drugs, and microorganisms are able to completely decom-
pose them as a carbon source. A biological reactor after a
photocatalytic reactor (after 30 min) will help mineralize all
metabolites, because the researchers said that biodegradation
is a recommended method for mineralizing biodegradable
organic compounds [40].
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Nitrite chloride Z:ll:::t sulfate  bicarbonate logical degradability of wastewater containing the antibiotic
TRI. Also, the baffles are cut in a corner and placed at an

angle of 180 degrees. This type of placement of the baf-
Fig.5 Anions effect on 100 mg L.~! TRI degradation (pH = 7, reaction fles causes more movement of the liquid on the surface near
time = 30 min, Sulfite /ZnO/TRI molar ratio = 2:1:100) the lamp. It is very important to consider the short penetra-
tion depth of 256-nm radiation in the degradation efficiency

because it causes more UV rays to hit Sulfite ions, and as
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Fig.6 LC/MS chromatograms of the USZ process effluent in the negative ESI mode (pH = 7, reaction time = 10 to 30 min, Sulfite /ZZnO/TRI molar
ratio = 2:1:100)
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Fig.7 TRI intermediates in the USZ treatment process (pH = 7, reaction time = 10 to 30 min, Sulfite /ZnO/TRI molar ratio = 2:1:100)

a result, more reducing species are produced. The baffles
in the photoreactor were placed at an angle of 180 between
each other to increase the mass transfer and interaction of
UV rays with Sulfite ions in the reactor, which improved
the removal efficiency and caused a significant reduction.
This way of placing the baffles gave two advantages: 1 The
liquid containing the pollutant and Sulfite anion gets closer

@ Springer

to the UV radiation source; 2 circulating the liquid and
thus exposing the entire liquid and mixing it in the reac-
tion medium. The kinetics of the reaction was investigated
by the pseudo-first-order model method, and the reaction
constant and reaction rate decreased with increasing concen-
tration. The energy consumption was calculated by kinetic
and IUPAC methods, which shows that in both models, the
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amount of energy consumption increased with increasing
concentration. The effect of the main water anions on the per-
formance of the UV/Sulfite/ZnO redox reaction system was
investigated, and the most negative effect on the process was
found for nitrate, bicarbonate, sulfate, and chloride. Reac-
tive species were investigated using scavengers, and reducing
species (hydrated electrons, hydrogen radicals) played an key
roles in the photo-degradation of pollutants. By examining
the intermediate compounds identified, it was found that the
cyclic compounds have been transformed into linear and sim-
ple organic and rapidly biodegradable compounds. Within an
80-min photoreaction, the USZ technique lowers the BOD
and COD levels by 66% and 86.29%, respectively. Despite
the fact that BOD/COD ratio starts off at 0.26 and increases
to 0.6 after 30 min of photoreaction. As a consequence of
this work, it is now possible to treat wastewater containing
refractory organic materials, such as TRI, in an effective and
ecologically beneficial manner by using a biological process
that comes after the ARP procedure.
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