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Introduction

The safety of drinking water and wastewater-treated
water has attracted much attention due to the lack of

Abstract
Background: Pharmaceutical pollutants are one of the most
important pollutants for water resources, and their health and
environmental effects have been well estimated. Absorption
is one of the best methods of the removal of antibiotics using
nanocomposite.
Methods: This experimental study was performed on Nano
composites. The PAC/Fe/Si/Zn Nano composite was successfully
synthesized using a co-precipitation method in which iron (Fe),
silicon (Si) and zinc (Zn) were loaded on the activated carbon powder
(PAC). The structural features of the as-synthesized Nano composite
were determined using X-ray diffraction (XRD), field emission
scanning electron microscopy (FESEM) and energy dispersive
X-ray spectroscopy (EDS). The as-synthesized Nano composite
was utilized to remove azithromycin and cefixime from aqueous
solution with the assistance of UV light. The effect of operational
parameters such as pH, irradiation time, initial azithromycin/
cefixime concentration and Nano composite dose on U V-assisted
removal performance was evaluated using an optimization process.
Results: The UV-assisted removal activities indicated more
removal percentage (99.7%) for azithromycin compared to cefixime
(95.6%). The kinetics of removal was tested using Langmuir-
Hinshelwood model, indicating the first-order reaction kinetics
as the best model for UV-assisted removal of both azithromycin
and cefixime. Adsorption equilibrium data were modeled using
Langmuir and Freundlich isotherms. Azithromycin equilibrium
adsorption showed a good fit with both Langmuir and Freundlich
models, while the most suitable model for cefixime adsorption
was estimated to be Langmuir isotherm.
Conclusion: The findings showed that PAC/Fe/Si/Zn Nano
composite were well able to degrade non-biodegradable
antibiotics in aqueous solutions, which is very valuable from
environmental aspects.
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water resources. However, human society is suffering
from the adverse outcomes related to the contamination
of aquatic systems deriving from domestic, agricultural
and industrial activities." > The earth’s life has been
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threatened by pharmaceutical compounds being detected
in samples from aqueous environment, such as river
water, ground water and drinking water related to the
effluent of wastewater treatment plants.>* Antibiotics,
as a main category of widely-used drugs to treat an
extensive number of bacterial infections, can be detected
in various water bodies as a result of their incomplete
absorption during their metabolization and continuous
use. It has been revealed that antibiotics can induce the
selection of resistant bacterial strains in contact with
living beings that would cause diseases untreatable with
antibiotics and decreasing the ability to stop epidemics.>*

Many attempts have been made by different
research groups to remove azithromycin (C,;H, N, O,))
and cefixime (C,;H /N,O.S)), as broad-spectrum
antibiotics, from aquatic environments. In this
respect, Munoz-Calderén et al. presented a report
on the use of low frequency ultrasound to treat
water from azithromycin.” Naraginit et al. described
visible light degradation of macrolide antibiotic
azithromycin by novel ZrO,/Ag@TiO, nanorod
composite.® Sayadi et al. demonstrated photocatalytic
degradation of azithromycin using GO@Fe,0,/
ZnO/Sn0O, nanocomposites.” Cano et al. utilized
simulated sunlight radiation and hydrogen peroxide
in azithromycin removal from water assessing the
effects of operational parameters like the initial pH
and peroxide concentration.” Moreover, Shokri et al.
reported removal efficiency of Azithromycin from
wastewater using advanced oxidation process and
moving- bed biofilm reactor.'” Salimi et al. reported
photocatalytic degradation of cefixime with MIL-
125(Ti)-mixed linker decorated by g-C,N, under
solar driven light irradiation."" Another study by
Salimi et al. also described the application of MIL-
53(Fe)/urchin-like g-C,N, nanocomposite for efficient
degradation of cefixime.!? Pham et al. explained
adsorption characteristics of beta-lactam cefixime
onto nanosilica fabricated from rice HUSK with
surface modification by polyelectrolyte.'®

It is believed that UV-assisted degradation lacks
applicability for the pharmaceuticals removal in the
wastewater treatment systems.'* However, recently, a
considerable amount of literature has been found on
the removal of organic pollutants like hydrocarbons
and pharmaceuticals with UV treatment. A study
on the advanced oxidation of the pharmaceutical
drug diclofenac with UV/H,O, and ozone was
performed by Vogan et al."® Shokri et al. applied
UV activation of hydrogen peroxide method for
removal of Azithromycin antibiotic from aqueous
solution.!* Kim et al. explained the performance
of UV and UV/H,O, processes for the removal of
pharmaceuticals detected in the secondary effluent
of a sewage treatment plant in Japan." Fu et al.
presented a report on mechanisms and efficiency of
degradation of three nonsteroidal anti-inflammatory

drugs by UV/Persulfate.” Experimental and model
comparisons of H,O, assisted UV photodegradation
of microcyctin-LR in simulated drinking water were
made by Li et al.'® Application of the UV/sulfoxylate/
phenol process in the simultaneous removal of nitrate
and pentachlorophenol from the aqueous solution was
described by Asgari et al.'” Janssens et al. performed
an investigation on the coupling of nano-filtration and
UV, UV/TiO, and UV/H,O, processes for the removal
of anti-cancer drugs from real secondary wastewater
effluent.?

In recent years, powder activated carbon (PAC)
adsorption has been reported to be an effective material
for the removal of pharmaceuticals from wastewater
and water streams.?! However, reports have indicated
that the separation of such a material from aqueous
solutions has been a main disadvantage, which can be
promoted through inducing the magnetic properties.?
This study focused on the synthesis of PAC/Fe/Si/Zn
nanocomposite for the removal of azithromycin and
cefixime from aqueous solution with the assistance of
UV light. Batch removal experiments were conducted
to investigate the effects of the operational factors
including pH, irradiation time, initial azithromycin/
cefixime concentration, and nanocomposite dose.
The UV-assisted removal kinetics was modeled
using Langmuir-Hinshelwood functions, while the
adsorption equilibrium data were analyzed using
Langmuir and Freundlich models. The recycling tests
were finally carried out to survey the stability features
of the synthesized nanocomposite. To the best of our
knowledge, this was the first report on examining
the UV-assisted removal properties of PAC/Fe/Si/
Zn nanocomposite to decrease azithromycin and
cefixime.

Methods

Experimental

All reagents and materials were purchased from
Merck. All chemicals were at an analytical grade and
utilized without further purifications. Distilled water
had been used throughout the experiments.

The X-ray diffraction pattern was obtained using
an Ultimate IV Multipurpose X-ray diffractometry
system with Cu Ka radiation (=0 154061m) t©
estimate the crystalline phase. The morphology and
composition of the nanoparticles were investigated
using a field emission scanning electron microscopy
(FESEM, Zeiss SIGMA VP-500) equipped with
a high-resolution elemental mapping detector
(EDS, SAMAX) and an energy dispersive X-ray
spectroscopy (EDX, Oxford Instruments).

Preparation of the Sample
The PAC/Fe/Si/Zn nanocomposite was synthesized
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via a three-step process as shown in Figure 1. The
first step was to load the iron on the powder activated
carbon (PAC) through co-precipitation and reduction
techniques.” In this stage, FeSO,.7H,0 (5 g) was
first dissolved in a methanolic solution (100 mL)
with 30:70 volumetric ratio of methanol to distilled
water under constant stirring for 30 min. PAC (5 g)
was then added to the obtained mixture and pH was
adjusted at 7 with the addition of NaOH (3.8 M). An
aqueous NaBH, solution obtained through adding
NaBH, (4 g) to distilled water (100 mL) was added
into the above mixture and magnetically stirred for
1 h. The obtained PAC/Fe particles were separated
from the liquid phase by a magnet (1.2 T) and washed
with acetone for three times. The wet precipitate was
finally maintained under N_-purged environment for
3 h and dried at 30°C for 4 h.

The second step was involved in loading silicon
on PAC/Fe particles by a co-precipitation method. In
this experiment, as-synthesized PAC/Fe powders (1
g) along with trisodium citrate dehydrate (1 g) were
first dissolved in an ethanolic solution (100 mL) with
2.5:1 volumetric ratio of ethanol to distilled water
under continuous stirring for 30 min. An ammonia
solution (I mL) and TEOS (1 mL) was then dropped
into the above suspension and stirred at 40°C for 3
h. The obtained precipitate was finally collected by
a magnet (1.2 T), washed by ethanol, and dried at
60°C for 1 h. The third step was adding Zn to the
prepared PAC/Fe/Si (1.5 g) was first dispersed into
99% ethanol (50 mL) and followed by the addition
of 0.1 M Zn(NO,),.6H,0O (50 mL) under continuous
stirring for 30 min. The final product was collected
by a magnet (1.2 T), washed with ethanol, and dried
at 120°C for 24 h.

Experimental Removal Procedure

The UV-assisted removal experiments were
conducted to reduce azithromycin (AZT) and cefixime
(CEF) as model pollutants from aqueous solutions using
the PAC/Fe/Si/Zn nanocomposite. In brief, a certain
amount of AZT or CEF (100 mg) was first dissolved
in methanol (40 mL) under continuous stirring for 30
min followed by the addition of distilled water to reach
a 100 mL volume. A typical removal experiment was
then carried out in 250 mL of AZT or CEF solution with
certain initial concentration, pH, and nanocomposite
dosage. The reaction temperature was maintained
constant using two fans being set at two sides of the used
reactor system. Suspensions were vigorously shaken on
a magnetic stirrer under dark conditions for 30 min to
reach an adsorption-desorption equilibrium. After that,
a UV lamp (UV-C lamp, 254 nm and 6W PHILIPS) was
set into the open central region of the sample. A certain
amount of solutions (3 mL) was withdrawn every 30
min and centrifuged (3000 rpm for 10 min) to remove
the nanocomposite particles. The concentrations of
AZT and CEF were determined by ultraviolet-visible
spectroscopy using a UV-Vis spectrophotometer
(Hach DR 5000) at a wavelength of 274 and 288 nm,
respectively. The equilibrium capacity of nanocomposite
in dark was calculated using the following equation:*

_ (CO - Ce )V
¢ m M

where, parameters C, and C, are the initial and
equilibrium concentrations of AZT or CEF in mgL-!,
respectively. V' is the initial solution volume in L
and m is the catalyst amount (g), respectively. The
UV-assisted removal percentages of AZT and CEF
were estimated as:**
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Figure 1: Schematic illustration of synthesis route of the PAC/Fe/Si/Zn nanocomposite
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M %100
C, )

where, C and C, are AZT or CEF concentrations
after absorption equilibrium in mgL "' at each irradiated
time of 7, respectively.

D(%) =

Results

Structural Studies

The phase nature of the as-synthesized
nanocomposite was investigated using X-ray
diffractometery (XRD). Figure 2 shows XRD
spectrum of PAC/Fe/Si/Zn sample in 20 ranging
from 20° to 80°. The XRD spectrum of PAC/Fe/Si/
Zn sample indicated the presence of PAC crystals
by showing the characteristic peaks of 24.12° and
42 47" assigned to 002 and 100 planes of carbon,
respectively.” The XRD spectrum of the PAC/Fe/Si/
Zn nanocomposite also presented reflection peaks at
20 0f 29.46° and 43.47° indexed to 102 and 110 planes
of hexagonal SiO, with space group P63/mmc (00-018-
1169). The XRD spectrum of PAC/Fe/Si/Zn sample
indicated the presence of hexagonal ZnO structures
with space group P63 by showing 100, 002 and 103
planes at 31.83°, 34.45° and 62.71°, respectively (00-
036-1451). The results shown in Figure 3 confirmed
the presence of C, Si and Zn elements in PAC/Fe/Si/Zn
sample. The existence of Fe would be further justified
by FESEM-EDS and EDX analysis (Figures 4 and 5).

Field emission scanning electron microscopy
(FESEM) analysis was carried out to investigate the
morphology of the as-synthesized nanocomposite.
Figure 3 illustrates FESEM micrographs of PAC/
Fe/Si/Zn sample in two different magnifications. It
can be seen in Figure 3a

T e C

and b that PAC/Fe/Si/Zn

2500 W_.pPAC @ ~Si0O, —~7ZnO
. N
5 2000 5
“ —~
-~ ma
z =)
= =~
Z 1500 o= =
£ 5
= 0
o —
‘ S -
1000 4 i 8
500

2.0 3'0 4'0 5'0 6'0 ’;0 80
20 (Degree)
Figure 2: XRD pattern of the PAC/Fe/Si/Zn nanocomposite

sample consisted of a mixed morphology including
fiber-like, sphere-like, and irregular shapes. A closer
look at high-resolution images shown in Figure 3c
and d revealed an average diameter of about 60 nm
for fiber-like particles. It is also obvious from Figure
3c and d that the diameter of the ¢ of nanometers is a
few micrometers.

The chemical compositional analysis of PAC/Fe/Si/
Zn nanocomposite was performed using FESEM-EDS
mapping, as shown in Figure 4. It can be seen in Figure
4b that the elemental mapping images illustrated the
presence of C, Fe, Si and Zn elements in the boxed
surface area (Figure 4a). The result obtained from
Figure 4 indicated that Fe, Si and Zn elements were
uniformly dispersed on the surface of PAC structures.
Figure 5 shows the EDX spectrum of PAC/Fe/Si/Zn
sample to estimate the quantitative elemental values.
The EDX spectrum shown in Figure 5 revealed the
existence of C, Fe, Si and Zn elements with weight
percentages presenting in Table 1.
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Figure 4: (a) FESEM map image and (b) the corresponding elemental mappings for the PAC/Fe/Si/Zn nanocomposite.

0 2 4 6 8 keV
Figure 5: EDX spectrum of the PAC/Fe/Si/Zn nanocomposite

UV-assisted Removal Studies

A series of experiments were carried out to
examine the factors affecting UV-assisted removal
processes in the batch system. The AZT and CEF
removal experiments were performed in the presence
of the PAC/Fe/Si/Zn nanocomposite and the results
are presented in Figure 6. One of the most important
parameters affecting the efficiency of AZT and CEF
removal is pH. Figure 6a shows the pH changes
(3, 7, 9 and 11) on the removal percentage of AZT
and CEF in the presence of PAC/Fe/Si/Zn sample.
The experiments were performed for solutions
with the initial AZT/CEF concentration of 10 ppm,
nanocomposite amount of 0.02g, and irradiation time
of 120 min. It can be seen in Figure 6a that the AZT
removal percentage increased from 30.0% to 73.2%
with increasing pH value from 4 to 9. However, the
AZT removal percentage showed a decrease of 48.0%
with further increasing pH value of 11. It is obvious
from Figure 6a that the CEF removal percentage
showed an increasing trend from 32.3% to 72.8%
with increasing pH from 4 to 11. Therefore, values
equivalent to 9 and 11 were considered as the optimal
pH for AZT and CEF removal in the presence of PAC/

Table 1: Quantitative EDX analysis of the PAC/Fe/Si/Zn nanocomposite

Fe/Si/Zn sample.

The effect of UV irradiation time on the AZT
and CEF removal in the presence of PAC/Fe/Si/Zn
nanocomposite was investigated in regular time
intervals of 20 min up to 120 min. The studies were
done in solutions with optimal pH and initial AZT/
CEF concentration of 10 ppm containing 0.02g of
nanocomposite; the results are shown in Figure 6b.
As plotted in Figure 6b, both AZT and CEF removal
percentages initially indicated an increase in the
presence of PAC/Fe/Si/Zn sample as time prolonged
to 120 min. Both AZT and CEF removal percentages
then decreased and reached an equilibrium state at
irradiation time of 120 min. Figure 6b proposed an
optimal time of 120 min in the presence of PAC/Fe/Si/
Zn with the removal percentages equal to 61.1% and
81.0% for AZT and CEF, respectively.

The effect of initial concentrations of AZT and
CEF on the removal processes was examined by
considering the established optimized conditions.
The results for samples with initial AZT/CEF
concentrations of 10, 20, 30 and 40 ppm after 120
min of UV irradiation are plotted in Figure 6¢. It
can be seen in Figure 6¢ that the increase of initial
CEF concentration from 10 to 20 ppm increased the
removal rate from about 72.8% to 86.4%. However,
the further increase of initial CEF concentration to 40
ppm showed a decrease in the removal rate to about
58.3%. It can also be concluded from Figure 6¢ that
the removal rate decreased from 83.2% to 55.6% with
increasing initial AZT concentration from 10 to 40
ppm. The obtained results suggested values equal to
20 and 10 ppm for initial CEF and AZT concentrations
in the presence of the PAC/Fe/Si/Zn nanocomposite.

The effect of nanocomposite dose on AZT/CEF
removal rate was investigated in samples with the
established optimal conditions under a UV irradiation
period of 120 min. Figure 6d shows the removal AZT
and CEF percentages for different nanocomposite

Element Carbon (C)

Iron (Fe)

Silicon (Si) Zinc (Zn)

Wt% 52.1 1.6

12.2 34.1
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Figure 6: The effect of (a) pH, (b) UV irradiation time, (c) initial AZT/CEF concentration and (d) nanocomposite dose on the AZT/CEF

removal in the presence of the PAC/Fe/Si/Zn nanocomposite

amounts (0.01, 0.02, 0.03 and 0.04 g). It is obvious
from Figure 6d that an increase in the nanocomposite
amount from 0.01 to 0.04 g showed an enhancement
from about 52.7% (86.4%) to 99.7% (95.6%) for the
removal rate of AZT (CEF). Such a result proposed an
optimal amount equivalent to 0.04 g for the PAC/Fe/
Si/Zn nanocomposite for AZT/CEF removal.

Langmuir-Hinshelwood model was utilized to
investigate the reaction kinetics of UV-assisted
removal processes. Langmuir-Hinshelwood model
was described based on the following formulas:?¢

(CO - Cz) = kot ?3)

NS @
0

CL—CL =kt ®)
t 0

where, parameters of k, k, and k, are the reaction
rate constants of zero-, first- and second-order models
in mgL'min!, min™ and Lmg'min’’, respectively. The
studies were conducted under optimized conditions
determined in UV-assisted AZT/CEF removal

processes. Figure 7a-c displays the variations of

(C,-C,). —h(C,/C,) and (1/C, -1/C,)

as a function of reaction time, respectively. The
reaction kinetic constants (k) were estimated by the
slop of theoretically fitted lines to Eqgs. (3)-(5) and the
best-fitting kinetic model was estimated using the
highest correlation coefficients (R’). The constants of
UV-assisted AZT/CEF removal rate and their
corresponding correlation coefficients for the PAC/Fe/
Si/Zn nanocomposite are listed in Table 2. It can be
concluded from Table 3 that the UV-assisted removal
reaction of both AZT and CEF followed the first-order
reaction kinetics.

It is believed that the stability of a practical
nanocomposite is significant in the removal of
aqueous pollutants as well as its performance. The
recycling experiment was conducted to examine
the stability of the PAC/Fe/Si/Zn nanocomposite on
the UV-assisted AZT/CEF removal. Figure 8 shows
the results of four successive runs for the AZT/CEF
removal under estimated optimized conditions. It
can be seen in Figure 8 that the UV-assisted removal
activities of the recycled PAC/Fe/Si/Zn samples
could be well maintained after three times reuse,
indicating that the as-synthesized samples had a
good stability.
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Figure 7: (a) zero-, (b) first- and (c) second-order kinetic curves for UV-assisted AZT/CEF removal in the presence of the PAC/Fe/Si/Zn

nanocomposite

Table 2: Kinetic analysis for AZT/CEF using the PAC/Fe/Si/Zn nanocomposite

Pollutant Zero-order First-order Second-order

K, (mgL'min™) R K, (min™) R’ K, (Lmg'min™) R,
AZT 0.0056 0.9946 0.0097 0.9962 0.0185 0.9577
CEF 0.0068 0.9879 0.0100 0.9935 0.0184 0.9743

Table 3: Langmuir and Freundlich isotherm parameters for AZT/CEF adsorption using the PAC/Fe/Si/Zn nanocomposite

Pollutant Langmuir Freundlich
q,,(mgg") K (Lmg") R R? 1/n,(gmg") R?
n (mgg™ K, (mgg™)
AZT 7.93 0.16 (0.13) - (0.37)  0.9700 0.293 3.41 2.44 0.7206
CEF 5.76 0.07 (0.25) - (0.57)  0.9676 0.431 2.32 0.92 0.9029
Adsorption Equilibrium Studies C, 1 C,
It is well known that analyzing isotherm data before q - q. K + q
UV irradiation can be useful for finding a logical ¢ max = L max ©)
relationship between the adsorbed pollutant amount _ 1
and its equilibrium concentration.?”-*® Langmuir and L
Ant o . 1+K,C,
Freundlich isotherms were utilized to examine the (M

adsorption equilibrium conditions, and the results of
both AZT and CEF pollutants are shown in Figure 9.
Langmuir adsorption isotherm can be described by

the following formula:*-3
[ZZ Azithromycin
{77 Cefixime

100 4

80 4

Removal (%)
(=)
<

S
<
M

[
<
M

§

1 2 3 4
Repeat times

Figure 8: Recycling test on the PAC/Fe/Si/Zn nanocomposite for
the UV-assisted removal of AZT and CEF.

where C, and C, (mgL™")stand for the initial and
equilibrium concentration, respectively. g, (mgg™)
stands for the adsorption capacity, and ¢, (Lmg”)
stands for the maximum adsorption capacity. g,
describing the affinity of the binding sites is calculated
from the intercept of the linear plot of C /g, vs. C,. K,
(mgg™) that is well-known as Langmuir constant, and
can be also estimated from the slop of C /g, vs. C.. The
Langmuir model would be favorable if the numerical
value of R is placed between zero and one. However,
a R, value bigger than one shows that the Langmuir
isotherm is unfavorable for the system under the study.
Freundlich adsorption isotherm can be explained by
the following formula:3!

logg, =logK, +LlogCe
np @®

where K, (mgg' or (L’"g_l)”"r) describes the
adsorption capacity and is calculated using the
intercept of the plot of log g, vs. log C,. Parameter 1/
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Figure 9: (a) Langmuir and (b) Freundlich plots for AZT/CEF adsorption using the PAC/Fe/Si/Zn nanocomposite

n, stands for the adsorption intensity and is estimated
from the slop of the line of log g, vs. log C . The
Freundlich adsorption isotherm would be favorable if
n, is placed between one and ten.”

Figure 9 plots adsorption equilibrium data obtained
for the PAC/Fe/Si/Zn nanocomposite under optimized
conditions estimated in UV-assisted removal
processes. The adsorption equilibrium experiments
were performed in solutions with initial AZT/CEF
concentrations of 10, 20, 30 and 40 ppm. As shown in
Figure 9, the experimental data have been presented
by symbols, while the theoretical fits were given using
solid lines. Table 3 summarizes the numerical data
estimated using theoretical fits. As given in the Table,
the R, values for both AZT and CEF were estimated
to be between zero and one, revealing a favorable
Langmuir adsorption model on active sites of the PAC/
Fe/Si/Zn nanocomposite with similar affinity. The
Freundlich coefficients n  were found to be between
one and 10, indicating that Freundlich model was also
favorable for the adsorption of both AZT and CEF
on PAC/Fe/Si/Zn surfaces. It is shown in Table 3 that
CEF adsorption on the surface of the PAC/Fe/Si/Zn
nanocomposite was well fitted by both Langmuir and
Freundlich models with high correlation coefficients.
However, Langmuir isotherm with higher correlation
coefficient was a more suitable adsorption model for
AZT compared to Freundlich isotherm model.

Discussion

X-Ray diffraction test was used to characterize the
synthesized sample. The results obtained from X-Ray
diffraction test confirmed the presence of C, Si and Zn
elements in PAC/Fe/Si/Zn sample. In order to study the
morphology of the synthesized nanostructures, we used a
filed-based scanning electron microscopy test (FESEM).
The results showed a mixed morphology including fiber-
like, sphere-like, and irregular shapes with average
diameter of about 60 nm for fiber-like particles and

few tens nm for sphere-like structures. The result of
elemental mapping analysis showed the distribution
of nanocomposite elements in the PAC/Fe/Ag/Zn
nanostructures. The elements Si, activated carbon, zinc
and iron are evenly distributed on the nanostructured
surface and the elements are well dispersed.

The results showed that the efficiency of AZT and
CEF removal increases by increasing amount of the
absorbent. Increasing the amount of absorbent will
increase the efficiency of AZT and CEF removal due
to the specific and inner pores of absorbent.

pH is one of the most important parameters
affecting the efficiency of pollutant removal in
wastewater. The pH affects the adsorption capacity,
degradation of target compound, distribution of
electrical charge on the photocatalyst, and oxidation
of the capacity band. A previous study has also
showed that pH plays an important role in the removal
of antibiotics. Results of Mohammed et al. about
Tetracycline removal by using Pistachio shell coated
with ZnO nanoparticles from wastewater revealed that
the Tetracycline removal efficiency increased as the
pH solution increased from 3 to 5. Greater removal
efficiency (78.21%) was obtained at pH 5, while after
pH 9, the efficiency decreased from 78.21 to 55.79%.%*

In the present study, the amount of adsorption of
AZT and CEF was increased by increasing the contact
time. This is due to the increase in the probability
of the collision of AZT and CEF molecules with
absorptive surface. Gashtasbi et al. reported that
when adsorbent dosage increased from 0.1 to 2 g/L,
antibiotic removal efficiency showed an enhancing
trend from 22.50 to 96.43%.%

By increasing the initial concentration of AZT
and CEF, the removal efficiency is reduced. It means
that with increasing the initial concentration of the
contaminant, the removal efficiency is reduced,
which is normal because with increasing the initial
antibiotic concentration, the number of adsorption
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sites remains constant compared to the increase in
number of molecules of the adsorbed substance, and
the adsorbent surface is saturated at high antibiotic
concentrations; similar results have been observed
in previous studies. Gashtasbi et al. reported that
photocatalytic degradation of CEX witnessed a
significant decline with increasing initial CEX
concentration from 5 to 50 mg/L. In fact, at specific
catalyst dosage, an increase in the initial contaminant
concentrations leads to a decrease in its photocatalytic
removal.?®

The compatibility of the experimental data with
isothermal models of Langmuir and Frendelich was
investigated using correlation coefficient. Through
comparing the values of correlation coefficient in
the two models of isothermal Langmuir (R?=0.97),
Freundlich Isotherm (R*=0.7206) for Azithromycin
and isothermal Langmuir (R*=0.9676), Freundlich
(R?=0.9029) for Cefixime, it is clear that isothermal
Langmuir is more consistent with the data obtained
in the present study for two antibiotics; also, the
absorption of AZT and CEF on nano adsorbent PAC/
Fe/Si/Zn is a single layer and distributed homogenous
active sites on the absorbent surface. Huizar-Félix
et al. about Removal of Tetracycline Pollutants by
Adsorption for o-Fe203 Nanoparticles reported
that adsorption fitted very well with the Freundlich
Isotherm model, whereas the adsorption isotherm for
a-Fe203/RGO fits better with the Langmuir model.*

Conclusion

The PAC/Fe/Si/Zn nanocomposite was successfully
synthesized via loading iron (Fe), silicon (Si) and zinc
(Zn) on powder activated carbon (PAC). The structural
characteristics were analyzed using X-ray diffraction
(XRD), field emission scanning electron microscopy
(FESEM), and energy dispersive X-ray spectroscopy
(EDS). The as-synthesized product was applied for the
removal of azithromycin and cefixime from aqueous
solutions by a UV system. The conditions of the
UV-assisted reactions were optimized by changing
pH, irradiation time, initial azithromycin/cefixime
concentration, and nanocomposite dose. The results
revealed higher removal efficiency of about 99.7% for
azithromycin compared to the removal percentage for
cefixime that was found to be about 95.6%.

The findings of kinetic studies using Langmuir-
Hinshelwood model showed that UV-assisted removal
had the best fit with the first-order kinetics for both
azithromycin and cefixime. Adsorption equilibrium
data were modeled using Langmuir and Freundlich
isotherms. The isotherm models including Langmuir
and Freundlich were valued and the equilibrium data
were in agreement with both Langmuir and Freundlich
models for the azithromycin adsorption, and by
Langmuir isotherm for the cefixime removal. The

findings showed that PAC/Fe/Si/Zn Nano composite
were well able to degrade non-biodegradable
antibiotics in aqueous solutions, which is very valuable
from an environmental aspects.
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