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The medicinal chemistry is rooted of all 

branches of chemistry and biology sciences. 

Ciprofloxacin is an antibiotic used to treat a 

number of bacterial infections such as bone and 

joint infections, intra-abdominal infections, 

certain type of infectious diarrhea, respiratory 

tract infections, skin infections, typhoid fever 

and urinary tract infections. 

Environmental pollution is one of the important 

problems in human health. In recent years, due 

to the excessive use of drugs, it can be 

concluded that pharmaceutical substances are 

present in aquatic environments (1). These 

compounds are often excreted via urine or feces 

since they are not metabolized, entering the 

wastewaters and eventually reaching 
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 Background & Aims of the Study: Pharmaceutical compounds have a variety of forms and 

applications. Specific amounts of toxic organic compounds in the process of their 

manufacturing and utilization cause environmental pollution problems. So, degradation and 

removal these compounds are necessary. The aim of this paper is the study photocatalytic 

degradation of ciprofloxacin drug in aqueous solution using photo-Fenton process in a 

batch photoreactor. 

Materials and methods: This is an experimental study on a laboratory scale. Fe
2+

 ions as a 

homogeneous catalyst applied for the degradation of ciprofloxacin in aqueous solution. The 

study was performed on synthetic wastewaters that contain ciprofloxacin as a pollutant. The 

effect of operational parameters such as pH, Fe
2+

 concentration and H2O2 concentration on 

reaction kinetics were studied and the optimum conditions were determined for the 

photocatalytic degradation of ciprofloxacin using one factor at the time (OFAT) 

experimental design method. 

Results: The optimal conditions were obtained at pH =3, Fe
2+

 concentration at 35 ppm and 

H2O2 concentration at 25 ppm. A first order reaction with rate constant (k=0.0291 min
−1

) 

was observed for the photocatalytic degradation reaction. The chemical oxygen demand 

(COD) analysis of the ciprofloxacin under optimum conditions showed 92% reduction 

COD in a 49 min period. 

Conclusions: The results showed that the photo-Fenton process can be a suitable 

alternative method to degradation of pharmaceutical compounds from synthesis 

wastewaters. 
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groundwaters, if they are not degraded or 

removed during the wastewater treatment 

process (2, 3). Pharmaceuticals and personal 

care products (PPCPs) have gained increasing 

environmental attention due to their incomplete 

removal by conventional wastewater treatment 

plants (WWTPs) (4-7). The presence of 

fluorine atom in the antibiotic composition of 

ciprofloxacin has been stabilized and therefore 

is considered as a pollutant in the environment. 

In among water pollutants, pharmacy 

wastewater pollutants such as ciprofloxacin (8, 

9) under the photocatalytic degradation process 

to produce less harmful products indicates some 

potential for photocatalytic treatments of 

wastewater using catalyst and UV light. Among 

different techniques for the removal or 

degradation of medicines in water, the 

traditional processes, such as adsorption (10, 

11) electrocoagulation–electrooxidation (12) 

ozonation (13, 14) H2O2 oxidation, photo-

oxidation (15) and combination of several 

techniques have been applied (16). Advanced 

oxidation processes (AOPs) offer a highly 

reactive, nonspecific oxidant namely hydroxyl 

radical (OH
•
), that oxidize a broad range of 

pollutants quickly and non-selective in water 

and wastewater. In the oxidation process, a 

wide range of organic compounds will be 

converted into harmless compounds such as 

CO2, H2O, and inorganic acids. The Fenton’s 

reagent is one of the most popular AOPs and it 

is an economic, simple and effective treatment 

process to oxidize recalcitrant organic 

compounds. The photo-Fenton process consists 

of a combination of the Fenton reagent 

(Fe
2+

/H2O2) and UV light. The mechanism of 

the photo-Fenton reaction is usually described 

by the following (Eqs.1-5) (17-19): 

Fe
2+

+H2O2Fe
3+

+OH  +OH
•
                

   
 (1) 

Fe
3+

+H2O2Fe
2+

+HO2
•
+H

+
                   (2) 

Fe
3+

+H2O+hυFe
2+

+OH
•
+H

+
                 (3) 

H2O2+hυ2OH
•
                                   (4) 

OH
• 

+pharmaceutical compoundsOxidized 

products                             (5)   

In the presence of UV light, the degradation 

rate of the photo-Fenton reaction was increased 

by the Fe
3+

 photo-reduction (Eq. (3)) that 

generates new hydroxyl radical and regenerates 

Fe
2+

 ions, and Fe
2+

 ions can further react with 

H2O2 (20). As can be seen in Eq. (4), photolysis 

of H2O2 can produce hydroxyl radical directly. 

So the catalytic activity of photo-Fenton 

process can be enhanced by the synergistic 

effects. 

Aims of the study: 

In this study, photocatalytic degradation of 

ciprofloxacin in aqueous solution using photo-

Fenton process was employed to enhance the 

degradation rate of ciprofloxacin. The reaction 

kinetics of ciprofloxacin was studied. The 

effects of an operational parameter such as pH, 

Fe
2+

 concentration and H2O2 concentration on 

the process were studied and optimized by one 

factor at the time the experiment design.  

 
Materials 

Ciprofloxacin was obtained from Farabi 

Pharmaceutical Company (Iran). The structure 

and characteristics of ciprofloxacin are shown 

in Table 1. 

The pH values were adjusted at the desired 

level using dilute NaOH and H2SO4. Ferrous 

sulphate heptahydrate (FeSO4.7H2O) as the 

source of Fe
2+

, H2O2 (30% w/w) were all 

Merck products (Germany). Double distilled 

water was used for the preparation of solutions. 

Apparatus 

Fig. 1 shows the schematic diagram of Batch 

photoreactor which was used for photocatalytic 

decomposition of ciprofloxacin. In this 

equipment, a basin with 1 L capacity with a 

mercury lamp Philips 15W (UV-C) was used in 

photoreactor. The residual ciprofloxacin was 

measured using UV/Vis Spectrophotometer, 

Jenway (6505). For the COD measurement, 

Materials & Methods 
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COD meter analyzer model AL250 

AQUALYTIC was used. pH values were 

measured with Horiba M12 pH meter. 

 
Table 1) The structure and characteristics of ciprofloxacin. 

MW 

(g/mol) 

λmax 

(nm) 
Structure Formula Name 

331.346 275 

 

 

 

 

C17H18FN3O3  
Ciprofloxacin 

 

Procedures 

For the photodegradation, 35 ppm ciprofloxacin 

solutions were prepared as initial concentration. 

The suspension pH values were adjusted at the 

desired level using dilute NaOH 0.1N and 

H2SO4 0.1N. Then, hydrogen peroxide and iron 

ion were added to the solution. The prepared 

suspension was transferred to reaction flask 

(Pyrex). The degradation reaction took place 

under the radiation of a mercury lamp at the top 

of reaction flask. The concentration of the 

samples was determined (at 7 min intervals) 

using a Spectrophotometer (UV-Vis 

Spectrophotometer, Jenway (6505)) at 

λmax=275 nm. The degree of photodegradation 

(X) as a function of time is given by (Eq.6):   

 

 ,                                 (6) 

 

where C0 and C are the concentration of 

ciprofloxacin at t=0 and t, respectively. 

   

The effects of pH 

pH is one of the main factors that can affect the 

degradation of organic compounds in the 

photocatalytic process. The effect of pH in 

degradation rate was studied from pH 3 to 11. 

The results of pH using photo-Fenton process 

are shown in Fig. 2. The degradation of 

ciprofloxacin decreases with increasing pH. It 

can be seen that the best results obtained in 

acidic solution, (pH=3).  

 

The effect of Fe
2+

 concentration 

The concentration of Fe
2+

 is one of the main 

parameters that influence the photo-Fenton 

process. At this stage, the effect of different 

concentration of Fe
2+

 between 20 to 40 ppm to 

obtaining optimum concentration was tested. 

The results are shown in Fig. 3. So, maximum 

Fe
2+

 concentration=35 ppm was obtained. 

 

The effect of H2O2 concentration 

Fig. 4 shows the relationship between the 

degradation rate of ciprofloxacin and H2O2 

concentration for the photo-Fenton process. The 

effect of H2O2 concentration on the degradation 

of ciprofloxacin was performed at a range of 5-

25 ppm. The degradation rate increases with an 

increase of H2O2 concentration. 

 

Reaction kinetics study 

Photocatalytic degradation reaction kinetics of 

ciprofloxacin completely correspond the kinetic 

of pseudo-first-order reaction model reaction 

(9,21). In the kinetic equation of first order 

relationship between [ciprofloxacin] and time 

(t) is in (Eq.7): 

productcinciprofloxa k


 

   Acinciprofloxa 
 

 
 

 Ak
dt

Ad



,                                       (7)  

The integral Eq.7 is in Eq.8: 

Results 





C

CC
X




http://goldbook.iupac.org/E02063.html
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 
  




][

][ 0
][

][

][

][
A

A
A

Ad
kdt

A

Ad
Ak

dt

Ad
  

 

t

kt
A

A
ktAAdtK

0

0

0 .
][

][
ln]ln[]ln[                    (8)  

In which that k is the apparent first order rate 

constant (that is affected by [A]) and t the 

reaction time. 

A plot of  
  














A

A 0ln  versus t for optimum 

condition of photocatalytic degradation of 

ciprofloxacin is shown in Fig. 5. The linear plot 

suggests that the photodegradation reaction 

approximately follows the pseudo first order 

kinetics with a rate constant k=0.0291 min
-1

. 

 

Photocatalytic mineralization of 

ciprofloxacin 

The COD test is commonly used to indirectly 

measure the amount of ciprofloxacin in 

synthesized solution as organic matter. In this 

paper, the COD test was used to confirm that 

the organic pollutants are decomposed and are 

converted into the minerals matter. The results 

of these experiments are shown in Fig. 6. The 

degradation of ciprofloxacin under optimal 

operational conditions and the removal 92% 

from organic pollutant have been performed in 

49 min period. These results can be confirmed 

by the decomposition of organic matter that 

was present in the drug sewage sample. The 

COD removal efficiency (%) has been 

calculated by (Eq.9): 

COD removal efficiency (%) = ,100
0

0 


COD

CODCOD

      

(9) 

                                    

(9) 

where COD0 and COD are COD values at t=0 

and t, respectively. 

In Table 2, the amount of COD removal 

efficiency (%) obtained from the ciprofloxacin 

solution is shown in various times.

Table 2) The COD removal efficiency (%) of ciprofloxacin 

time (min) 0 7 14 21 28 35 42 49 

COD removal efficiency (%) 0 20 39 57 68 76 89 92 

 

 
Figure 1) Schematic diagram of Batch photoreactor 

1) reaction flask (Pyrex), 2) UV lamp, 3) power 

supply, 4) sampling , 5) heater stirrer, 6) magnet. 

 
 

 

 

 

 

 

 

 
 

Figure 2) Effect of pH in degradation of ciprofloxacin 

(Fe
2+

 concentration=35 ppm, H2O2 concentration=25 

ppm, drug concentration= 35 ppm, irradiation 

time=49 min). 
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Figure 3) Effect of Fe

2+
 concentration in degradation 

of ciprofloxacin (pH=3, H2O2 concentration=25 ppm, 

drug concentration= 35 ppm, irradiation time=49 

min). 

 

 

 
Figure 4) Effect of H2O2 concentration in degradation 

of ciprofloxacin (pH=3, Fe
2+

 concentration=35 ppm, 

drug concentration= 35 ppm, irradiation time=49 

min). 

 

 
Figure 5) Kinetic for degradation of ciprofloxacin in 

photo-Fenton process (pH=3, Fe
2+

 concentration=35 

ppm, H2O2 concentration=25 ppm, drug 

concentration=35 ppm, irradiation time=49 min). 

 

 
Figure 6) COD removal efficiency of ciprofloxacin 

(pH=3, Fe
2+

 concentration=35 ppm, H2O2 

concentration=25 ppm, drug concentration= 35 ppm, 

irradiation time=49 min). 

 

In this paper, degradation of ciprofloxacin as 

drug sewage is used in the batch photoreactor. 

In this process, the effect of operational 

parameters such as Fe
2+

 and H2O2 concentration 

and pH, was studied. pH is the most effective 

factor in this process. The photo-Fenton 

reactions are strongly pH dependent. The pH 

value influences the generation of hydroxyl 

radicals and thus the oxidation efficiency. pH 

changes on photo-Fenton process performance 

are shown in Fig. 2. The degradation rate in 

acidic condition is higher than that in alkaline 

condition. There is also the photocatalytic 

degradation of ciprofloxacin in acidic solutions, 

which is due to the formation of hydroxyl 

radical as it can be inferred from H2O2 

oxidation. In higher pH iron ions the sludge is 

exited from the reaction. At pH above 3, the 

degradation rate of ciprofloxacin decreased 

because the Fe
3+

 starts to precipitate as Fe 

(OH)3 and cause the decomposition of H2O2 

into O2 and H2O. Also complexes formation 

Fe
2+

 in higher pH reduced its concentration in 

the reaction and thus of reproduction Fe
2+

 is 

prevented according to the Eq. 2 (22-24). 

The results of Fe
2+

 ion concentration is shown 

in Fig. 3. From results, it can be seen that the 

degradation rate of ciprofloxacin increased with 
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increasing the Fe
2+

 concentration to 35 ppm 

according to the Eq.1. Addition concentration 

of Fe
2+

 above 35 ppm in the process decreases 

the degradation rate. Because hydroxyl radical 

was consumed by the side reaction according to 

the Eq.10, the degradation rate is decreased 

(25). 

OH
• 
+Fe

2+Fe
3+ 

+OH 
                     (10) 

 

Fig. 4 showed the effect of H2O2 concentration 

from 5 to 25 ppm. The degradation rate will 

increase with increasing H2O2 concentration. 

Because hydroxyl radical will be produced by 

some reactions as shown in Eqs.1,3,4 (26). 

The mineralization of ciprofloxacin was 

monitored by the COD during the process. The 

COD analysis is showing that the organic 

pollutant was decomposed and converted into 

minerals such as intermediates, CO2, H2O, and 

inorganic compounds. 

 

 

In this study, photocatalytic degradation of 

ciprofloxacin was investigated by the photo-

Fenton process (UV/Fe
2+

/H2O2). The results 

demonstrated that the photo-Fenton process 

was a powerful method for degradation of 

ciprofloxacin. Various factors are affecting the 

degradation process such as pH, initial 

concentration Fe
2+

 and H2O2 concentration 

were analyzed and optimized. The results show 

that pH, Fe
2+

 and H2O2 concentration at 3, 35 

ppm and 25 ppm was optimum conditions for 

this reaction recpectively. Kinetics of 

photocatalytic decomposition reaction was 

determined. Pseudo-first-order model reaction 

with a rate constant (k=0.0291 min
−1

, 

R
2
=0.9376) has corresponded to the 

experimental data of photocatalytic degradation 

of ciprofloxacin. The COD analysis of the 

ciprofloxacin under optimum conditions 

showed 92% reduction COD in a 49 min 

period. The results of COD experiments 

indicated that ciprofloxacin was mineralised 

completely after 49 min of the process. 
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