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Abstract

In this study, Nano Graphene Oxide Magnetite (Nano-GO/M) composite 
was prepared and characterized under laboratory conditions with FTIR 
and SEM analysis to investigate the metabolites of Ciprofloxacin (CIP) and 
Ofloxacin (OFL) antibiotics formed during photooxidation under sunlight. Two 
different metabolites of CIP and OFL namely desenthylenciprofloxacin (M1) 
and oxociprofloxacin (M3); and 9-Piperazino Ofloxacin (POF) and des-Methyl 
Ofloxacin (MOF) were in HPLC. For maximum removal efficiency (80%) of 
1 mg/L initial CIP concentration, 250 min irradiation time were obtained as 
optimum time for photo-oxidation via sunlight irradiation at 80 W power in 
august at hours between 10.00 am and 17.00 pm (for 24 hours experiments, we 
keep going at these hours for 4.5 days). Best results were obtained at 1mg/L 
initial concentration of CIP, at original pH of CIP solutions (6.5) and at 2g/L 
Nano-GO/M concentration. For maximum OFL removal (82%) the optimum 
Nano-GO/M concentration was found to be 2g/L at 1mg/L OFL concentration, at 
pH 6.5, after 350 min irradiation time, at 35°C±5°C. Final concentrations of M1, 
M3, POF and MOF metabolites were found as 0.425, 0.125, 0.098 and 0.075 
mg/L, respectively.
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that are produced in various ways, depending on the technique 
applied [16]. Nowadays, AOPs have been developed to remove FQs 
from wastewater [4,12,17,18]. Photocatalytic oxidation is a type of 
AOP. Serpone and Emiline [19], defined that photocatalysis, in its 
most simplistic description, is the acceleration of a photoreaction by 
action of a catalyst. Among the AOPs, heterogeneous photocatalysis 
has attracted attention as a promising technique for solving 
environmental problems especially in the degradation of organic 
pollutants in water treatment [20]. Furthermore, in photo driven 
AOPs, energy costs can be saved by using sunlight. 

Graphene is Two-Dimensional (2D) sheets of carbon atoms 
arranged in a honeycombed network and gained much attention in 
last fifteen years. Owing to their chemical, physical, and mechanical 
properties, such as large special surface area, excellent electrical 
and thermal conductivity, high mechanical strength, flexibility, 
high surface to volume ratio and efficient wide range of light 
adsorption, graphene-based materials are popular in a broad range of 
applications [21,22]. Graphene Oxide (GO), originated from sheets 
of GO. There are a lot of oxygen-containing functional groups on GO 
nanosheets such as epoxy (C-O-C), Hydroxyl (OH) and Carboxyl 
(COOH) [23]. The oxygen containing groups on the GO nanosheets 
makes it easy to functionalize them. Iron oxide nanoparticles have 
received great interest in different applications due to their superior 
magnetic properties. Fe3O4, one of the iron oxides, has an inverse 
spinel structure where all the Fe2+ ions are located in the octahedral 
spaces and Fe3+ ions are located in the tetrahedral and octahedral 
spaces [24]. Being magnetic, abundant, biocompatible, and almost 
semiconductor, magnetite has received great attention in various 
fields especially in photocatalytic removal of organic pollutants [25]. 
Magnetic Fe3O4 has the advantage for the usage as support material of 

Introduction 
Antibiotics are commonly utilized for treatment and prevention 

of deadly infections in humans and animals [1]. Fluoroquinolones 
antibiotics (FQs) are one type of the most important synthetic 
antibiotics that are widely employed to treat infections [2]. 
Ciprofloxacin (CIP), Ofloxacin (OFL), Moxifloxacin (MOX), and 
Norfloxacin (NOR), are the antibacterial synthetic drugs, belonging to 
fluoroquinolones group [3]. They usually used to treat infections due 
to their potent antibacterial activity against gram-positive and gram-
negative bacteria. Since the inefficient removal in the industrial and 
domestic wastewater treatment plants, FQs have been a frequently 
detected category of antibiotics in natural waters and wastewaters 
around the world, with concentrations ranging from ng/L to mg/L 
[4]. FQs in aquatic ecosystems could induce transcriptional changes 
in microbial communities, thus contributing to the development of 
resistant bacteria and genes [4]. FQs may also cause the physiological 
teratogenesis of plants/algae and be genotoxic/carcinogenic for 
organisms. Unfortunately, FQs are only weakly biodegradable [5]. As 
a consequence, the application of complementary processes able to 
efficiently eliminate antibiotics from water is urgently required [1]. 
So far, many different treatment technologies, such as adsorption [6-
8], biodegradation [9,10] and mainly chemical oxidation [2,11-15] 
have been applied in FQ removal. Among these approaches, chemical 
oxidation by means of a catalyst is a crucial subject for removal of 
complex compounds. Therefore, it is necessary to develop efficient 
catalyst for FQ removal. 

Advanced Oxidation Processes (AOPs) are used to oxidize complex 
compounds in wastewater which are not degrading biologically. AOP 
benefit from the reactions of highly reactive hydroxyl radicals (•OH) 
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composite nano graphene oxide (Nano-GO/M) composite because it 
can be easily separated by an external magnetic field [26]. Iron oxide 
nanomaterials composited with GO as magnetic adsorbents were 
useful and do not need extra filtration or centrifugation. 

Yoon et al. [27] studied arsenic removal using Fe3O4– graphene 
oxide composite (M-GO) and Fe3O4- reduced graphene oxide 
composite (M-rGO). The M-GO was obtained more effective to 
adsorb both As(III) and As(V) than M-rGO, because the more 
functional groups existing on the M-GO. The adsorption capacity 
of M-GO and M- rGO for As(III) and As(V) were 85mg/g (M-
GO for As(III)), 38mg/g (M-GO for As(V)), 57mg/g (M-rGO for 
As(III)), and 12mg/g (M- rGO for As(V)). Kinetic results indicated 
that the adsorption process could be defined by the pseudo-second-
order kinetic model under the selected arsenic concentration range 
(1mg/L, 0.3mg/L and 0.15mg/L), and the adsorption isotherm was 
fitted well to Freundlich model. Dong et al. [26], recently reported 
a study about removal of two pollutants namely Levofloxacin (LEV) 
and Lead (Pb) by using GO. 10mL GO suspension (40mg/L) was used 
as the adsorbent. 10mL of LEV or Pb solutions of seven different 
concentrations (LEV: 1, 2, 5, 10, 20, 30, and 40 mg/L; and Pb: 1, 2, 5, 
10, 20, 40, and 60 mg/L) were used for sorption experiments for 24 
h retention time at 25°C. GO showed strong affinity for LEV and Pb 

in aqueous solutions with Langmuir maximum adsorption capacities 
of 256.6 and 227.2 mg/g, respectively. Liu et al. [28], reported the use 
of graphene as an adsorbent for removal of Methylene Blue (MB) 
from its aqueous solution. The dye uptake capacity increased from 
153.5mg/g to 204.08mg/g with the rise in temperature from 293 K 
to 333 K while the maximum dye removal (~ 99.68%) was observed 
at pH 10.0. Adsorption equilibrium data fitted well to the Langmuir 
isotherm model than the Freundlich model. Tayyebi et al [29], studied 

Figure 1: Molecular structures of CIP and its metabolites namely M1 
(desenthylenciprofloxacin) and M3 (oxociprofloxacin).

Figure 2: Molecular structures of OFL and its metabolites namely POF 
(9-piperazino ofloxacin) and MOF (des-methyl ofloxacin).

Figure 3: Calibration graph of CIP.

Figure 4: Calibration graph of M1 (desenthylen ciprofloxacin).

Figure 5: Calibration graph of M3 (oxociprofloxacin).

Figure 6: Calibration graph of OFL.
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the removal of Sr2+ and Co2+ ions (50mg/L initial concentration) by 
using magnetic GO (M-GO). 20mg of adsorbent was added to vessels 
which contained 100mL of Co2+ or Sr2+ solution at pH 6.5. M-GO is 
saturated at the loading of 0.28 and 0.56 meq/g of Sr2+ and Co2+ ions, 
respectively. Adsorption isotherms of Sr2+ and Co2+ ions, which were 
fitted by Langmuir monolayer model. 

The objective of this study was i) to synthesize a novel nano 
particle, ii) to obtain the optimum operational conditions for 
maximum removal yields of CIP and OFL iii) and to evaluate the 
formation of by-products of CIP (M1 and M3) and OFL (POF and 
MOF) during photocatalytic decomposition under sunlight with 
Nano-GO/M. 

Material and Methods 
Quartz glass reactors for the photocatalytic treatment 
under sunlight

In sunlight studies, quartz glass reactors coated with teflon were 
used for photocatalytic experiments. Experiments were carried out 
at different retention times of the day (30,120,250,350 min and 24h) 
and different initial concentration of CIP and OFL and the reactors 
were placed at an angle of 90 degrees to the sun at hours 08.00-17.00. 
The pH of the reaction mixture was adjusted from 4 to 6.5 and 10 
using 1 mol/L of H2SO4 and NaOH solutions. The effects of 0.5g/L,2g/
L,3.5g/L,5g/L and 10g/L Nano-GO/M composite concentrations 
on the removals of CIP and OFL with constant sunlight time (250 
min for CIP removal, 350 min for OFL removal were chosen due to 
preliminary studies results) at original pH of CIP and OFL solution 
(pH=6.5) under sunlight irradiation with a power of 80 W at outdoor 
temperature (35°C ± 5°C). 

Synthesis of nano-GO/M composite under laboratory 
conditions

GO was synthesized using modified Hummer’s method that 
involved both oxidation and exfoliation of graphene. In a typical 
synthesis, 5 g purchased graphene was dispersed in 120ml H2SO4 by 
adding 2.5 g of NaNO3 in glass flasks coated by teflon on a magnetic 
stirrer for 30min placed in a water bath at a temperature of 18°C 
by the procedure given by Nengsheng et al. [30]. After stirring the 
mixture mentioned above at a rpm of 5000; 15 g of KMnO4 was 
added gradually, and continued to stir the last mixture overnight, 
continuously at 18°C. Then, 150ml H2O was slowly added and 
continued to mix a day at 98°C. Finally, 50mL of 30% H2O2 was 
added to the final mixture. The mixture was washed with 5% HCl 
and deionized water for several times and then, centrifuged and 
dried under vacuum for purification the GO which was obtained in a 
solid phase. The Fe3O4 nano particles were dispersed in 25mL water 
and added to 50mL GO aqueous solution. This mixture contained 1 
mg Fe+3 /1mL GO and it was stirred at 60°C through 1h. The nano-
composite was collected by using a magnet from the outside of the 
glass reactor and washed with water three times [30]. 

Analytical methods
HPLC equipment specifications: A HPLC Degasser (Agilent 

1100), a HPLC Pump (Agilent 1100), a HPLC Auto-Sampler (Agilent 
1100), a HPLC Column Oven (Agilent 1100) and a HPLC Diode-
Array-Detector (DAD) (Agilent 1100) were used. Figure 1,2 shows 
the molecular structure of CIP and OFL and their metabolites, 

respectively.

For quantification, an external standard method was utilized. 
Peak areas from the HPLC chromatogram were plotted against to the 
known concentrations of stock solutions at varying concentrations. 
Equations generated by linear regression were used to establish 
concentrations for CIP and OFL standard solutions.

Standard solutions and calibration curves for CIP and its 
metabolites: Mean areas generated from the standard solutions were 

Figure 7: Calibration graph of POF (9-piperazino ofloxacin).

Figure 8: Calibration graph of MOF (des-methyl ofloxacin).

Figure 9: FTIR analysis of the synthesized Nano-GO/M composite.
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plotted against concentration to establish calibration equations. CIP, 
M1 (desenthylenciprofloxacin) and M3 (oxociprofloxacin) peaks 
were seen at 7.342, 6.51 and 8.49 min (Figures 3-5). The mobile phase 
consisted of KH2PO4 in aqueous solution and Acetonitrile (95:5, v/v). 
The flow rate was set at 1.5mL/min and injection volume at 20μL. C18 
column was used for the analysis.

Standard solutions and calibration curves for OFL and its 
metabolites: The mobile phase consisted of acetonitrile (18:82, 
v/v). The aqueous component of the mobile phase was prepared 
using ammonium acetate and potassium perchlorate by ultrasonic 
treatment. The column was equilibrated to stable baseline at a flow 
rate of 1.0 mL min-1, maintaining the temperature of the column 
at 45°C. Detection was at 294 nm [31]. OFL, POF (9-piperazino 
ofloxacin) and MOF (des-methyl ofloxacin) metabolites peaks were 
seen at 10.01, 7.99 and 9.68 min (Figures 6-8).

Instrumental characterization
Fourier Transform Infrared (FT-IR): FT- IR spectra’s of Nano-

GO/M after different conditions applied were measured with the 
Perkin Elmer FTIR System Spectrum BX with the KBr method for 
photocatalytic processes. 

SEM: The morphological and structural observation was made 
on a scanning electron microscope VegaII/LMU (Tescan, Czech 
Republic) for photocatalytic processes. 

Results and Discussion
Physicochemical properties of nano-GO/M

FTIR analysis of nano-GO/M: The produced nano-composite 
was characterized using Fourier Transform Infrared spectroscopy 
(FTIR). In the spectrum of Nano-GO/M, the peaks at 2359, 1568 
cm-1 are the characteristics spectrum of benzene ring of Nano-GO/M 
while the peak at 1073 cm-1 is the characteristic spectrum of the C–
OH rings of Nano-GO/M (Figure 9). This confirms the presence of 
graphene oxide peak at 600 cm-1 which is the characteristics of Fe3O4 
giving an evidence of the successful preparation of the Nano-GO/M 
as reported by Huamin et al., [32].

SEM analysis of nano-GO/M: The SEM images of synthesized 
GO, Fe3O4 nanoparticles and Nano-GO/M were given in Figure 10-
12. While GO structure was seen in a sheet form, Fe3O4 nanoparticles 
seen as small dots on the GO sheets (Figure 10). The anchored 
spherical clusters of magnetite nanoparticles on the wrinkled and 
layered GO platelets can be observed in the micrographs (Figure 11) 
[33]. Fe3O4 and GO were dispersed densely and evenly on the surface 
of the Nano-GO/M composites and they had a core shell structure 
(Figure 12).

Determination of optimum operational conditions for the 
maximum removal yields of CIP and OFL

Effects of concentration of nano-go/m composite on the 
treatment of CIP and OFL under sunlight: Effects of 0.5g/L,2g/
L,3.5g/L,5g/L and 10g/L Nano-GO/M composite concentrations on 
the removals of CIP and OFL were studied with constant sunlight time 
(for CIP: 250 min, for OFL: 350 min was chosen due to preliminary 
studies results) at original pH of CIP and OFL solution (pH=6.5) under 
sunlight irradiation with a power of 80 W at outdoor temperature 
(35°C±5°C). Figure 13 summarizes the effects of increasing Nano-

GO/M concentrations (0.5,2,3.5,5 and 10g/L) on CIP removal yields 
at a CIP concentration of 1 mg/L after 250 min irradiation time at 
pH=6.5 and at 35°C±5°C and with a power of 80 W sunlight. The 
effect of Nano-GO/M concentration on the degradation efficiency of 
CIP was investigated over the concentration range from 0.5 to 10 g/L. 
A significant increase is observed in the efficiency of degradation of 
CIP within the range of Nano-GO/M concentration from 0.5 to 3.5 
g/L. As the concentration of Nano-GO/M was increased from 0.5 g/L 
to 2 g/L and to 3.5 g/L, the CIP removal efficiency increased from 49% 
to 80% and to 82% for initial CIP concentration of 1 mg/L (Figure 
13). The number of available adsorption and Nano-GO/M sites on 
the Nano-GO/M surface increases with increasing in Nano-GO/M 
concentration, resulting in the observed enhancement in degradation 
efficiency [34]. However, a further increase in Nano-GO/M (from 3.5 
to 10 g/L) concentration also reduces the removal efficiency of CIP 
antibiotic. Because, further increases in Nano-GO/M catalyst loading 

Figure 10: SEM imagine of synthesized GO (1 µm).

Figure 11: SEM imagine of Fe3O4 (500 nm).

Figure 12: SEM image of raw Nano-GO/M.
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led to an evident decrease of degradation efficiency due to the excess 
catalyst acts as scatter or reflects photons to hinder the excitation 
of the photocatalyst. Moreover, with increasing quantities of 
photocatalyst, the population of active sites was found to be reduced 
due to the aggregation of photocatalyst particles [2]. As a result, the 
optimum Nano-GO/M concentration was chosen as 2g/L to reduce 
the operational cost of photocatalytic removal of both CIP and OFL.

To investigate the effect of Nano-GO/M dosage on the removal 
efficiency of OFL; CIP treatment procedure was applied to OFL 
antibiotic. Effects of 0.5 g/L, 2 g/L, 3.5 g/L, 5 g/L and 10 g/L Nano-
GO/M composite concentrations on the removals of OFL studied 
with constant sunlight time (350 min was chosen due to preliminary 
studies results) at original pH of OFL solution (pH=6.5) under sunlight 
irradiation with a power of 80 W at outdoor temperature (35°C±5°C). 
The results were given in Figure 14. A significant increase is observed 
in the efficiency of degradation of OFL within the range of Nano-
GO/M concentration from 0.5 to 3.5 g/L. The number of available 
adsorption and Nano-GO/M sites on the Nano-GO/M surface 
increases with increasing in Nano-GO/M concentration, resulting 
in an enhancement in degradation efficiency. However, a further 
increase in Nano-GO/M (from 3.5 to 10 g/L) concentration also 
reduces the specific activity of the catalyst because of agglomeration 
of catalyst particles and light scattering and screening effect, thus 
leading to the decreased photocatalytic degradation efficiency from 
82% to 73% for 1 mg/L initial OFL concentration. Therefore, all 

experiments were carried out with 2 g/L Nano-GO/M to avoid the 
excessive usage of the catalyst.

Effects of irradiation time on the treatment of CIP and OFL 
under sunlight: The optimum dosage of catalyst and light irradiation 
time were necessary to ensure strong degradation efficiency [35]. 
Since the optimum Nano-GO/M composite concentration was 
found as 2 g/L; the effects of five different sunlight irradiation times 
(30 min, 120 min, 250 min, 350 min and 24h) on the CIP and OFL 
photooxidation times were studied at a pH of 6.5 and at constant 
2 g/L Nano-GO/M composite concentration with a power of 80 
W sunlight. As the irradiation time was increased from 30 min to 
120 min, to 250 min and to 350 min the CIP removals increased 
from 55% to 75% to 80% and to 81% for initial CIP concentration 
of 1mg/L (Figure 15). Further increase in irradiation time from 350 
min to 24 h did not affect the CIP removal yield significantly. CIP 
removal efficiency was increased only 2% (from 81% to 83%). The 
optimum sunlight irradiation time can be considered as 250 min for 
the maximum removal efficiency of CIP.

To determine the optimum irradiation time for maximum OFL 
removal yields, increasing irradiation (30 min, 120 min, 250 min, 350 
min and 24h) times were used (Figure 16). As aforementioned in the 
upper section, the optimum Nano-GO/M composite concentration 
was found as 2g/L. Therefore, the effects of irradiation times of 
sunlight on the removal of OFL studied under the same operational 
conditions {at constant OFL concentration (1mg/L), at five different 

Figure 13: Effect of increasing concentration of Nano-GO/M (0.5, 2, 3.5, 5 
and 10 g/L) on the yields of CIP removal for constant CIP concentration (1 
mg/L) at pH=6.5, at 35°C±5°C and 250 min irradiation time and with a power 
of 80 W sunlight (<α (0.05)).

Figure 14: Effect of increasing concentration of Nano-GO/M (0.5, 2, 3.5, 5 
and 10 g/L) on the yields of OFL removal for constant OFL concentration (1 
mg/L) at pH=6.5, at 35°C ±5°C and 350 min irradiation time and with a power 
of 80W sunlight (<α (0.05)).

Figure 15: Effect of irradiation time on the yields of constant CIP concentration 
(5 mg/L), at a constant Nano-GO/M concentration (2g/L), at a pH of 6.5 and 
at 35°C ± 5°C and at increasing irradiation time and with a power of 80 W 
sunlight (<α (0.05)).

Figure 16: Effect of irradiation time on the yields of constant OFL 
concentration (5 mg/L), at a constant Nano-GO/M concentration (2g/L), at 
a pH of 6.5 and at 35°C ± 5°C and at increasing irradiation time and with a 
power of 80 W sunlight (<α (0.05)).
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sunlight irradiation times (30 min, 120 min, 250 min, 350 min and 
24h), at a pH of 6.5 and at constant 2 g/L Nano-GO/M composite 
concentration with a power of 80 W sunlight)}. The removal yields of 
OFL were obtained as 57%, 77%, 79% and 82% at 30 min, 120 min, 
250 min and 350 min, respectively. Further increase in irradiation 
time from 350 min to 24 h did not affect the OFL removal yield 
significantly (Figure 16). OFL removal efficiency was increased only 
3% (from 82% to 85%). The optimum sunlight irradiation time can 
be considered as 350 min for the maximum removal efficiency of 
OFL (82%- for 1mg/L OFL). Lin and Wu [36] showed that CIP was 
degraded as a function of time at a Na2S2O8 concentration of 1.92g/L. 
The efficiency of photo-degradation of CIP (initial concentration 
10mg/L) reached 70% after 5min and then increased with time and 
the maximum CIP yield was recorded as 90%. They also reported that 
after 30 min irradiation time the degradation efficiency did not show 
a significant increase compared to our study.

Effects of pH on the of removal CIP and OFL throughout 
photodegradation under sunlight: Due to the chemical nature of 
fluoroquinolones, pH is the parameter ruling the photodegradation 
of CIP onto the catalyst surface. The pH value is among the most 
important parameters that has an impact on the photocatalytic 
capacity of Nano-GO/M. The effects of pH on the on the 1mg/L 
CIP and OFL concentrations were studied under acidic, neutral and 
alkaline pHs (4, 6.5 and 10) at an irradiation time of 250 min for CIP 
and 350 min for OFL, at a Nano-GO/M concentration of 2 g/L and 
at 35°C±5°C. Table 1 represents the effects of different pH’s on the 
removal efficiency of CIP. Photocatalytic removal efficiency of CIP 
and OFL on Nano-GO/M was relatively high at pH 6.5 (Table 1). 
The zero charge point of (pHpzc) Nano-GO/M is at pH ≈ 5.5 [37]. 
Thus, the surface of Nano-GO/M was positively charged when pH < 

CIP concentrations 
(1 mg/L)

OFL concentrations 
(1 mg/L)

Removal efficiency (%) at 
pH= 4 69 71

Removal efficiency (%) at 
pH= 6.5 80 82

Removal efficiency (%) at 
pH= 10 50 53

Table 1: Photocatalytic removal efficiencies of CIP and OFL at acidic, neutral 
and alkaline pH’s (4, 6.5 and 10) at 35°C ± 5°C and at 2 g/L constant Nano-GO/M 
concentration at 250 min under 80W sunlight.

Influent 
(mg/L) Effluent (mg/L) Removed 

concentration (mg/L)
CIP 1 0.2 0.8

M1 (desenthylen 
ciprofloxacin) 0 0.425 0.425

M3 (oxociprofloxacin) 0 0.125 0.125

Total metabolites 0 0.54 0.54

The rest of CIP 1 0.25 0.05

OFL 1 0.18 0.82
POF (9-piperazino 

ofloxacin) 0 0.098 0.8211

MOF (des-methyl 
ofloxacin) 0 0.075 2.211

Total metabolites 0 0.173 3.032

The rest of OFL 1 0.467 0.647

Table 2: Shows the influent/effluent and removed/transformed CIP (250 min) 
and OFL (350 min), (operational conditions: pH 6.5, 2 g/L Nano-GO/M and 80 
W sunlight).

pHpzc, and negatively charged when pH > pHpzc. CIP has positively 
charged (cationic; pH=3), negatively charged (anionic; pH=7.5), 
and/or zwitterionic (pH=10) species at pH’s due to different pKas of 
6.1 and 8.7, respectively [38]. In the case of pH 6.5 (the natural pH 
of CIP), photocatalytic removal efficiency was the highest and the 
surface of Nano-GO/M was still in the positive form and the CIP was 
in its neutral form [39]. The low photodegradation efficiency at more 
acidic pH (for example, at 4) may be related to the decomposition and 
corrosion of catalyst in acidic medium [40]. On the other hand, both 
Nano-GO/M and CIP were negatively charged in basic conditions, 
leading to electrostatic repulsion between them and the lower 
photodegradation efficiency of CIP. In the case of pH 6.5 (the natural 
pH of CIP), photocatalytic removal efficiency was the highest and 
the surface of Nano-GO/M was still in the positive form and the CIP 
was in its neutral form [39]. The photooxidation of OFL depends on 
pH value of OFL solution same as CIP antibiotic. Since it determines 
the surface charge properties of the photocatalyst and therefore the 
adsorption behavior of the organic substrate. pH 4 and 10 are not 
suitable for OFL adsorption on the Nano-GO/M surface. According 
to the protonation constants of OFL (log K1 8.28, log K2 = 6.00), 
OFL exists as a species positively charged on the piperazine nitrogen 
atom at pH 4, as zwitterionic form, positively charged on piperazine 
moiety and negatively charged on quinoline moiety, at pH 7, and as 
the species negatively charged on quinoline at pH 9 [41].

Determination of by-products of CIP and OFL
In this study we also investigated the metabolites of CIP (M1: 

desenthylenciprofloxacin ans M3: oxociprofloxacin) and OFL (POF: 
9-Piperazino Ofloxacin and MOF: Des-methyl Ofloxacin) which are 
released during photocatalytic processes. To measure the metabolites 
of CIP and OFL (initial antibiotic conc. 1mg/L), all experiments were 
realized at original pH (6.5) of antibiotic solutions with 2 g/L Nano-
GO/M at photooxidation times of 250min and 350min for CIP and 
OFL, respectively. It was observed that after photocatalytic treatment 
1mg/L initial CIP degraded with a yield of 80%. 0.8mg/L CIP was 
photodegraded into the final product such as CO2 and H2O (Table 2). 
20% of CIP was remained in the effluent with an effluent concentration 
of 0.2mg/L. After photocatalytic treatment from 1mg/L OFL 0.82mg/L 
OFL was photodegraded while 18% of OFL was not removed. Final 
concentrations of M1, M3, POF and MOF metabolites were found 
as 0.425, 0.125, 0.098 and 0.075 mg/L, respectively. Mella et al. [42] 
found that 7-[(2-aminoethyl) amino]-6-fluoroquinoline) formed by 
the loss of the piperazine ring. This pathway was widely reported in 
the literature as being the primary one for CIP photo-degradation 
under acidic conditions [43]. Previous studies demonstrated that 
with longer irradiation times, therefore mentioned product photo-
degraded, resulting in 7-amino-6-fluoroquinoline [43]. However, this 
species was not detected in the present study. Despite the fact that these 
compounds were preferentially found under acidic conditions, they 
have been observed to a very low extent at neutral pH [42], as well as 
in alkaline medium (pH 8.6 and 10.6) [44]. According to the authors, 
under such alkaline conditions several additional photo-degradation 
products were detected, corroborating our results. However, no 
consistent information was found regarding the mechanism of these 
reactions. Albini and Monti [45] have suggested possible hydrogen 
abstraction either through some excited state or by hydroxyl radicals 
arising through the direct oxidation of water or the activation of 
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residual dioxygen. Because an air-flushed solution was used in our 
study, the latter hypothesis must especially be considered here. The 
differences in metabolites could be attributed to the differences in 
the nanocomposites used, to the temperature, to the pH and to the 
other environmental conditions. However, Pico and Andrew, Bobu 
et al., Senta et al [46] and Radjenovic et al [47] investigated similar 
metabolites from CIP and OFL although the removal processes 
(photodedradation, biological treatment in membrane bioreactor) 
are quite different. 

Fluoroquinolones in the triplet state can be quenched by oxygen 
through energy transfer with organic metabolites containing -NH 
and -F groups. The formation of singlet oxygen and electron transfer 
to form the superoxide anion and the fluoroquinolone cation radical 
[45]. Another possibility is the direct decarboxylation of the CIP. In 
the current investigation no other electrolyte or buffer was present 
and, under such conditions, HO- would work as an electron donor 
following the mechanisms mentioned above. Starting from there and 
considering the capacity of quinolones without a piperazine moiety 
to convert to a triplet state is possible, after partial degradation of 
the piperazine side chain and subsequent formation of a metabolite 
containing the -OH, -NH2, -O and NH groups can be occurred. Xing 
et al., [48] examined eighteen of degradation products (some of these 
DP8: C15H14FN3O4; DP9: C13H11FN2O3; DP10: C17H19N3O4; DP11: 
C17H18FN3O6 etc.) of CIP and the most of the degradation products 
had lower toxicity (e.g. DP16, DP19, DP 41, DP46) than CIP, but 
some of the degradation products (e.g. DP10, DP11, DP20 etc.) were 
more toxic.

Conclusion
In this paper, we synthesized and characterized a novel nano 

particle namely Nano-GO/M. After a successfully preparation, 
this nano particle was used for the treatment of two different and 
commonly used antibiotics (CIP and OFL), which are belong to 
fluoroquinolone group antibiotic, at different operational conditions. 
Also, four metabolites of these antibiotics were investigated by 
HPLC. The maximum photooxidation yield of CIP (1 mg/L) under 
sunlight was found to be 80% at a Nano-GO/M concentration of 2 
g/L at a pH of 6.5 and at a temperature of 35°C±5°C after 250 min 
irradiation time. The maximum photooxidation yield under sunlight 
was found to be 82% for 1mg/L OFL at a Nano-GO/M concentration 
of 2g/L at a pH of 6.5 and at a temperature of 35°C±5°C after 350min 
irradiation time. The CIP metabolites were desenthylenciprofloxacin 
and oxociprofloxacin while 9-piperazino ofloxacin and des-methyl 
ofloxacin are the phtooxidation metabolites of OFL. 
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