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Abstract— In the present scenario industries to antibiotics release in to the environment is potentially linked to microbial  
flora and fauna, which may result to disturbed aquatic ecosystems and make humans and animals more vulnerable to 
sustain. The present study focuses on the application of advanced oxidation processes (AOP’s) technolo gies, which 
works based on generation of hydroxyl radicals to oxidize recalcitrant organic compounds. Ciprofloxacin (CIP) 
commonly uses in day-to-day life, but it entering into wastewater streams due to over consumption. The effect of UV, 
different reactant concentrations and pH has been assessed for removal of ciprofloxacin. Ciprofloxacin compound 
degradation, chemical oxygen demand (COD), and total organic carbon (TOC) have been monitored to know the removal 
rate of the ciprofloxacin. Among all the processes studied UV, UV/TiO2 and UV/ TiO2 immobilized glass beads (IGBT). 
In the UV/TiO2 process has shown maximum removal (92 %) of the ciprofloxacin. 
Index Terms-— Antibiotics, industrial wastewater, Ciprofloxacin, Photooxidatoion, Recalcitrant 
 
 
1. Introduction 

 
In recent years, the occurrence, fate, and potential toxic 
effects of industrial waste water have become one of the 

emerging research areas in the environmental field. 

Several antibiotics have been generally used for humans 

and animals, but the overuse and misuse of such drugs 

potentially contribute to the emergence and spread of 
antibiotic resistance in the environment. From an 

environmental side, the major effects of that may be 

exerted on aquatic organisms and disruption of the 

ecological balance. Antibiotics are one of the most 

important groups of pharmaceuticals. They often have 
little to no biodegradability (K. Kümmerer et al., 2000; 

R. Alexy et al., 2004) and can have been toxic effects 

on bacteria. They can also contribute to the 

improvement of resistant bacteria in aqueous systems 

(K. Kümmerer 2009).  
The ciprofloxacin is one of the most important 

pharmaceuticals used in global wise for humans and 

veterinary purposes. Ciprofloxacin is a broad-spectrum 

fluoroquinolone antimicrobial which is energetic 

against both gram-positive and gram-negative bacteria 

and is frequently used to treat human or animal bacterial 

infections. Ciprofloxacin has been generally entering in 
to the environment through release of untreated sewage 

water, hospital water, wastewater, manure stockpiles in 

confined animal feeding operations, agricultural 

applications of manures and biosolids, and runoff from 

agricultural lands to nearby streams (Aristilde et al., 

2008; K. H. Peng et al., 2015) 4- 6]. 

 

Ciprofloxacin concentration ranges has been 
detected in hospital effluents at concentrations varying 

from 11-99 μg/L (M. Seifrtova et al., 2008; A.F. 

Martins et al., 2008) 7-8] in sewage treatment plant 

(STP) influents at concentration of 0.14 μg/L (L. Gao et 

al., 2012), effluents at concentrations between 105 ng/L 

and 0.055 
μg/L (A. Jia, et al., 2012; pravin et al., 2014), surface 

water and raw drinking water at concentration of 0.032 

μg/L (B. Morasch et al., 2010) and detected in near 
industrial drug manufacturing plants at concentration of 

50 mg/L (D.W. Kolpin et al., 2002; E.M. Golet et al., 

2003; A.L. Batt et all., 2006; D.G. Larsson et al., 2007). 
The presence of ciprofloxacin environment might pose 

serious risk to the ecosystem, human health and the 

biological treatment process of wastewater treatment 
even at low concentrations.  
To avoid the dangerous accumulation of antibiotic 

concentration in the aquatic environment, research 
efforts are underway to develop powerful treatment 

methods that can be applied to ensure their complete 

destruction from natural waters and wastewaters. 

Although different wastewater treatment systems are 

available like physical, biological and chemical. Hence 
antibiotics are non-biodegradable, for choosing as the 

most promising techniques are the so-called advanced 

oxidation processes (AOPs), which works based on the 

generation of hydroxyl radicals as oxidant. AOPs are 

very efficient techniques for destruction and 
mineralization of non- biodegradable organic 

compounds industrial effluents. 

 
Recent study revealed that significant works have been 
carried out on the treatment of drug wastewater by 
AOPs (G. Zhang et al., 2006; I. Arslan-Alaton et al., 
2004). UV/H2O2 process also could degrade 
carbamazepine very effectively (D. Vognac et al., 2004)  
. UV/TiO2 process is used effectively degraded for a 
Lorazepam (M.A. Sousa et al., 2013). UV/TiO2 
immobilization glass beads process have been used 
effectively for decolorization of an Azo Dye C.I. Direct 
Red 23 N. (Daneshvar et al., 2005). 
Hence, an attempt has been made for the degradation of 
ciprofloxacin using combination technologies and their 

comparative study. In this study, the decomposition of 
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ciprofloxacin by UV combination methods such as 
UV/H2O2, Fenton process, photo-Fenton, UV/TiO2, and 
UV/IGBT have been investigated. 

 

2. Materials and methods 

 

2. 1. Chemicals & Reagents: 

 
Ciprofloxacin has been procured from one of the 
reputed pharma laboratory with purity of 99 %. H2O2 
solution (30 %, reagent grade) has been procured from 
Lobacheme. Degussa P25 Titanium dioxide has been 
obtained from Degussa Corporation, Pune, India. 
FeSO4.7H2O (Ferrous Sulphate) as the source of Fe (II), 
H2SO4 (Sulphuric acid) & NaOH (Sodium hydroxide) 
have been purchased from Merck. 

 

All the chemicals are used in the current study are of 
analytical grade. Distilled water is used for the total 

study. Chemical structure of ciprofloxacin shown 
figure.1.  
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.1-Structure of ciprofloxacin (1-cyclopropyl-6-
fluoro-4-oxo-7-piperazin-1-ylquinoline-3-carboxylic 

acid) 

 
2.2. Reactor set-up.  

All the experiments have been performed in a 

cylindrical photo reactor (Figure.2) with a total volume 

of 1.0 L (diameter 12cm and height 13.3cm). The 

reactor is covered in a quartz tube to shelter it from 

direct contact with an aqueous solution flowing through 
an annulus between the inside surface of the vessel and 

the outside surface of the quartz tube, located at the axis 

of the vessel. The reactor is providing with inlets for 

feeding reactants, and ports for determining temperature 

and withdrawing liquid samples. The reactor is open to 

air with a Teflon coated magnetic stirring bar placed in 
the bottom for homogenization. The UV irradiation 

sources is 250 W low-pressure mercury vapor lamp 

(maximum emission at 365 nm) encased in a quartz 

tube. The lamp was axially centered and was immersed 

in the solution containing the respective Ciprofloxacin. 
A gas tight syringe is used to collect the sample at 

regular intervals from the sample-port of the reactor.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

2.3. Experimental Set-up.  
Desired quantities of Ciprofloxacin has been dissolved 

in distilled water to prepare 1,000 ppm stock solution. 
The shelf life of the stock solutions has been maintained 

for 1 week. Additional dilutions are done from stock 
solution. All the stock solutions, standards and pure 

compounds are stored in dark room at 21ºC. The 
samples are brought to room temperature (27±2ºC) 
before experimentation. Control samples are run for 

every experiment to validate the self-degradation and 
also check for any loss on volatilization. Solutions are 

treated at different pH values with UV process. The 
adjustment of pH is made with 0.1 N /1.0N solution of 
H2SO4 or 0.1N/1.0N NaOH. 

 
Experiments are carried out in batch mode. In 
photocatalytic experiments with TiO2, the dosage of 
TiO2 has been varied from 0.1 gm to 0.5 gm. The 
reaction mixture is homogenized by magnetic agitation 
for 15 min before introducing in to the photo reactor. 
Samples are withdrawn at every 30 min and it 
centrifuged, followed by filtration through 0.25 μm 
membrane disc filters (MDI, India type SY25NN). The 
filtrate is stored at 4°c and further analyzed for 
compound degradation, TOC removal and COD 
reduction. In order to arrest oxidation after treatment 
time, the samples are quenched by adding 10 % Na2SO3 
aqueous solution (M. Trapido et al., 2000). 
 
2.4 Preparation of Immobilization of TiO2 on Glass 
Beads. 
 
TiO2 is supported on glass beads by heat attachment 
method as follows. Glass beads are etched with dilute 
hydrofluoric acid (5% v/v) for 24 h and washed with 
distilled water, creating a rough surface for better 
contact of TiO2 on the glass beads surface. TiO2 slurry 
is prepared with a known amount of TiO2 (2 gm) in 200 
mL distilled water and continuously mixed for 24 h. 
The glass beads are immersed in the slurry of TiO2 and 
were thoroughly mixed for 20 min. It is then removed 
from the suspension and placed in an oven for 1.5 hr at 
150◦C. It is consequently placed in the furnace for 2 h 
at 500◦C. The samples are washed with doubly distilled 
water for the removal of free TiO2 particles (M. Bideau 
et al., 1995; J. C. Lee et al., 2002; S. Sakthivel et al., 
2001; J. A. Byrne et al.,1996). The preparation of 
immobilization of TiO2 on glass beads under 
microscopic image it has been observed from figure.3. 
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Fig. 3-Immobilization of TiO2 on glass beads (surface 

observation of glass beads under microscope 10 * 
100X) 

 

2.5. Analytical procedure. 

 
Ciprofloxacin concentration is measured by shimazdu-
2450 UV-vis Spectrophotometer at a wave length of 
275 nm, TOC measured by shimadzu TOC-L CPH E 
200 and Immobilization of TiO2 on glass beads surface 
observed by Microscope–Olympus CH20i. COD 
analyzed as per the standard method No. 5220 C, from 
STANDARD METHODS for the examination of Water 
and Wastewater 22

nd
 addition 2014, APHA.  

The ciprofloxacin removal percentage (%) is calculated 
as follows: 

Ci─ Cf 

Removel of the ciprofloxacin (%) = ───── x 100  
(1) 

Ci  
Where: Ci is the initial pollutant concentration (mg/L) 

and Cf is the final pollutant concentration (mg/L). 

 

3.0. Results and discussion 

3.1. UV Photolysis  
3.1.1 Variation of Initial pH on the degradation of 

ciprofloxacin.  
Effect of pH on the degradation of ciprofloxacin 
exhibits that pH plays an important role in the 
photochemical oxidation of ciprofloxacin in aqueous 

solution (D. Lu et al., 2014). Hence, to determine the 
optimum pH for the degradation of ciprofloxacin under 
direct UV photolysis, experiments are carried at pH 3, 
5, 7, 9 and 11 at 180 min irradiation time. It has been 

observed that the degradation rate of ciprofloxacin is 
(fig. 4) 40 %, 44 %, 50 %, 47 %, and 38 % respectively. 
The percentage degradation of ciprofloxacin is 

decreased from 50 % to 38 % with increasing of pH 
from 7 to 11. Stefan et al., (1996) also observed the 

direct photolysis contributions decreased while the pH 
is increased.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4-Variation of Initial pH on the degradation of 

ciprofloxacin and initial drug concentration of 100ppm 

 
3.2. Variation of Initial concentration on the 

degradation of ciprofloxacin.  
Optimization experiments of ciprofloxacin has been 

studied in direct photolysis by irradiating the aqueous 

solution to determine the effect of initial concentration 

with 250W UV lamp. Photolysis is a common method 
for generating free radicals through sigma bond 

cleavage. These radicals are most often the precursors 

that generate other free radicals (J. Gimenez et al., 

1999). The photolysis effect on different concentration 

of ciprofloxacin has been studied at 50 ppm, 100 ppm, 
150 ppm, 200 ppm and 250 ppm. From the fig. 5, it has 

been observed that the degradation of ciprofloxacin rate 

is 48 %, 52 %, 32 %, 22 %, and 16 % respectively. 

From the concentration screening experiments, it is 

concluded that 100 ppm of the concentration is 
efficiently degraded (52 %) and at higher 

concentrations degradability diminished (16 %) (P. 

Saritha et al., 2009). For all further experiments 100 

ppm of the ciprofloxacin is considered as optimum 

concentration. This might be due to insufficient OH 

radical production, where the dosage of ciprofloxacin 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

 

Fig. 5-Variation of initial ciprofloxacin concentration 
 
3.4. TiO2 mediated photooxidation 
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The effect of different TiO2 dosages on the degradation 
of ciprofloxacin has been illustrated in figure 6 by 
varying the dosage of TiO2 from 0.1 g, 0.2 g, 0.3 g, 0.4 
g and 0.5 g and 61 %, 72 %, 92 %, 80 % and 68 % 
compound degradation has been observed respectively 
at pH-7. From these experiments it has been concluded 
that the optimum TiO2 dosage is found to be 0.3 g, at 
which 92 % compound degradation has been achieved 
after 180 min irradiation. UV/TiO2 results absorved that 
degradation of ciprofloxacin is influenced by the pH 7 
(W.Y. Wang et al., 2007). Therefore, the surface of the 
TiO2 is positively charged under acidic conditions and 
negatively charged under alkaline conditions. The 
maximum oxidizing capacity of the TiO2 is at lower pH 
however the reaction rate is known to decrease at low 
pH due to excess H

+
 (M. Kosmulski et al., 2006). In the 

presence of TiO2 process, the efficiency increased with 
increasing TiO2 dosage. However, increased initial TiO2 
dosage enhanced the oxidation only up to a certain 
level. On further increase in the dosage of the catalyst, 
TiO2 inhibition on the photolytic degradation of the 
ciprofloxacin is observed. The basis of photocatalysis is 
the photo-excitation of a semiconductor that is solid as a 
result of the absorption of electromagnetic radiation, 
often, but not exclusively, in the nearby UV spectrum. 
Under nearby UV irradiation a suitable semiconductor 
material might be excited by photons possessing 
energies of sufficient magnitude to produce conduction 
band electrons and valence band holes (M.Y. Ghaly et 
al., 2001).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6-Effect of TiO2 dosage on the degradation of 100 
ppm of ciprofloxacin at pH7 
 
3.5 UV/ TiO2 immobilized glass beads (IGBT): 
The effect of different IGBT dosage on the degradation 
of ciprofloxacin in IGBT is indicated in figure 7 by 
varying IGBT of 2, 4, 6, 8 and 10 g and the degradation 
of ciprofloxacin percentage rate of 56 %, 65 %, 70 %, 
85 % and 78 % has been observed respectively. From 

these experiments it is concluded that the optimum 
IGBT is 8 g at which 85 % of ciprofloxacin degradation 
has been observed after 180 min irradiation at pH 7 
(W.Y. Wang et al., 2007). In the presence of UV 
process, the efficiency increased with increasing IGBT. 
However, increased initial IGBT enhanced the 
oxidation only up to a certain level. On further increase 

in the IGBT dose, TiO2 inhibition on the photolytic 
degradation of the ciprofloxacin is observed.  

Ciprofloxacin that may be adsorbed on the TiO2 in its 
close vicinity can react with the 

•
 OH radicals, thus 

important to the oxidation of the ciprofloxacin. IGBT of 
Titanium dioxide absorbs radiation in the near 
ultraviolet range to form electron hole pairs, as shown 
in equation 2. 
TiO2+ hv → TiO2+ (e

-
 + H

+
) (2) 

In the occurrence of redox species adsorbed on the 
semiconductor particle and under illumination, 
oxidation and reduction reactions occur simultaneously 
on its surface. Photoreduction reactions are generated 
by the so photogenerated holes. Later than emigrating 
to the surface, holes react with adsorbed substances, 
particularly water (Equation 2) or OH

−
 ions (Equation 

4) to generate 
•
 OH radicals. 

TiO2 + (h
+
) + H2Oads → TiO2 + 

•
 OHads + H

+ 
(3) 

TiO2 + (h
+
) + OH

-
ads → TiO2 + 

•
 OHads (4)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.7-Effect of TiO2 immobilized glass beads on the 
degradation of 100 ppm of ciprofloxacin at pH 7 
 
3.6. Comparison of various AOPs 

3.6.1. COD and TOC Reduction.  
In comparison to determine the efficacy of the 
treatment systems of UV, UV/TiO2 and UV/IGBT 
processes in terms of COD and TOC reduction (Initial 
COD 520 mg L

-1
 and TOC 415 mg/L). Percentage 

reduction of COD and TOC with different AOP’s has 
been shown in Figure 8 and 9. UV alone could not 
totally remove COD and TOC (51% and 46%). 
However, in the presence of UV/IGBT enhanced the 
reduction of COD and TOC (82% and 78%). But in 
UV/TiO2, process has 
  
been found to be more efficient in reducing COD and 
TOC (87 %, 80 %). 
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Fig.8-COD reduction in ciprofloxacin using various 
(AOPs) 
 
 

 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.9-TOC reduction in ciprofloxacin using various 

(AOPs) 

 

Conclusions 

 
The results of this study showed that the degradation of 
ciprofloxacin is maximum accelerated by the oxidation 
process. Among all the AOP’s (UV, UV/TiO 2 and 
UV/IGBT) UV/TiO2 process has been found to be more 
efficient in degrading ciprofloxacin (92 %). The 
optimum conditions obtained for the highest 
degradation with UV/TiO2 are pH 7, dosage of TiO2 and 
initial 100 ppm of ciprofloxacin concentration. IGBT to 
be considerable for the degradation of ciprofloxacin in 
UV irradiation. 
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