
 
 
 

Photocatalytic degradation of Sulfamethoxazole in water: 
investigation of the effect of operational parameters 

 
Davoud Balarak1 

,Hossein Azarpira*2 

 
1Department of Environmental Health, Health Promotion Research Center, School of 

Public Health,  Zahedan University of Medical Sciences, Zahedan, Iran 
2Department of Environmental Health, Faculty of Heatlth School, Saveh University of 

Medical Sciences, Saveh, Iran 
 

 

Abstract : The potential of a common semiconductor, TiO2, has been explored as an effective 

catalyst for the photodegradation of Sulfamethoxazole (SMZ) antibiotics from aqueous 

solution. In this laboratory study, the effects of pH (3-11), nanoparticle dose (0.02-0.16 g/L), 
reaction time (5-150 min), initial SMZ concentration (20-100 mg/L) and lamp power (15W) 

were assessed on SMZ removal efficiency in a batch photocatalytic reactor. SMZ concentration 

in output was measured by the HPLC at the maximum wave length of 267 nm. The optimum 

obtained pH and TiO2 nanoparticle dose were 3 and 0.08 g/L respectively. In this study, at the 
optimum reaction time of 60 min, by increasing the concentration of SMZ the removal 

efficiency decreased. Under optimal conditions of concentration, the removal efficiency was 

96.5%. On the basis of the obtained results, it can be concluded thatTiO2nanoparticles 
photocatalytic process can efficiently remove SMZ from aqueous solutions. 
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Introduction:  

Water contamination is caused by various sources such as industrial effluents, agricultural runoff and 
chemical spills

1-3
.Industrial effluents contain several non-biodegradable substrates that can be harmful to 

theenvironment
4, 5

.Pharmaceutical antibiotics, which are used extensively worldwide in human therapy and the 

farming industry, have attracted increasing concern in recent years, because they have been proved to be a class 
of potent pollutants

6, 7
. Antibiotics discharged from wastewater treatment plants(WWTPs) to the environment 

have received a growing concern because of their potential toxic effect on the aquatic biota as well ashuman
8-10

. 

Sulfamethoxazole (SMX) is a sulfonamide antibiotic. It is commonly used to treat urinary tract 
infections, sinusitis, and toxoplasmosis

11
. SMX is also used to promote livestock growth and has been detected 

in raw influents. The removal rate of SMX in wastewater treatment facilities is lower as compared to other 

antibiotics including fluoroquinolone and macrolide groups
12, 13

. 

These compounds reach waterways mainly through the discharge of wastewaters and effluents
14

. 

Additional pollution sources are direct emissions from production sites, improper disposal of surplus-drugs in 
households, medical care, and therapeutic treatment of livestock

15
.Pharmaceuticals are often not completely 

removed in sewage treatment plants and therefore, are emitted into receiving water systems
16-19

.Most of the 

organic compounds are not easily degradable by standard biological methods
20-22

. Methods such as adsorption 
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on activated carbon, ultrafiltration, reverse osmosis, coagulation, ion exchange and oxidation with peroxide  are 

usually applied efficiently. Nevertheless, they do not destruct the pollutant molecule
23-26

. 

One difficulty with these methods is that they are not destructive, but only transfer the contamination  

from one phase to another, therefore, a new and different kind of pollution is faced and further treatments are 

deemed necessary
27, 28

. In recent years an alternative to conventional methods, is “Advanced Oxidation 
Processes” (AOPs), based on the generation of very reactive species such as hydroxyl radicals that quickly and 

nonselectively, oxidizes a broad range of organic pollutants
29,30

.The key advantage of this degradation method 

is that itcan be carried out under ambient conditions and lead to complete mineralization of organic carbon
31,32

.  

During the past two decades, photocatalytic processes involving TiO2 semiconductor particles under 

UV light illumination have been shown to be potentially advantageous and useful in the treatment of 

wastewaterpollutants
33,34

.In the present investigation photocatalytic degradation of SMZ in the presence of TiO2 
with UV light as the illuminant has been reported. The effect of various parameters such as pH, catalyst weight 

and the initial concentration of SMZ on the degradation of the SMZ has been examined and the results obtained 

are discussed. 

Materials and methods 

The Sulfamethoxazole (99%) (CAS Number= 723-46-6; chemical formula: C10H11N3O3S; molecular 
weight=253.279 g/mol; maximum wavelength =267 nm) were obtained from Sigma-Aldrich Ltd., USA and 

SMZ was used as such without further purification. The SMZ shows an absorption maximum at 267 nm and the 

structure of the antibiotic is shown in Fig. 1. 

 

Fig. 1.  The chemical structure of Sulfamethoxazole 

Titanium oxide (99.8% purity), used as photocatalyst was obtained fromMerck. The BET (Brunauer–

Emmett–Teller) surface area of TiO2 wasdetermined by flow method using Micromeritics pulse chemisorb2700. 

The surface area of TiO2 was found to be 34 m
2
/g. 

All other chemicals were of analytical grade obtained from Merck and used as such.The desired 

concentrations of the SMZ solutions were prepared using double distilled water. The pH of the solution was 
adjusted to the desired values between 3 and 11 by using dilute solutions of HCl or NaOH. 

The photodegradation studies were carried out in a batch reactor system and provided with a water 

circulation arrangement in order to maintain the temperature in the range of 25–30°C. The reactor consisted of a 
rectangular tray of 16 cm ×5 cm × 5 cm made of borosilicate glass, mounted suitably on a magnetic stirrer. The 

radiation source was a low-pressure mercury vapour lamp (15 W) emitting ultraviolet radiation with a peak 

wave length of 245 nm. The lamp was fitted on the top of the reactor. The light source used in the 
photocatalysis experiments was standardized by ferrioxalate actinometry and its intensity was found to be 2.42× 

10
19

  quanta per second. 

The optimum conditions used in the present study was a batch volume of 250 mL, 8 cm distance 

between UV source and solution with a stirring speed of 100 rpm and 60 min time for adsorption equilibrium. 

In all the experiments, the SMZ solution of known concentration containing a suspension of known weight of 

catalyst powder was irradiated with UV light. Samples of 5 mL were withdrawn at regular intervals of time and 
centrifuged. Absorbance of the supernatant solution was measured and returned to the reactor.SMZ analysis 

was performed using an Agilent 1200 series HPLC equipped with a C18 column, a UV detector (at wavelength 

267 nm), and a methanol/water (50/50 v/v) mobile phase at a flow rate of 0.6 ml/min. The amount of SMZ 
adsorption at equilibrium qe (mg/g) was calculated from the following equation

35-37
: 

http://www.sigmaaldrich.com/catalog/search?term=723-46-6&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=IR&focus=product
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qe = (C0 − Ct )V/W 

Where C0 and Ce (mg/L) are the liquid-phase concentrations of SMZ at initial and equilibrium, respectively, V 
(L) the volume of the solution and W (g) is the mass of adsorbent used. 

Results and discussion 

Effect of the amount of photocatalyst 

The effect of the amount of TiO2on the SMZ removal was studied as shown in Figs 3. The 
photodegradation efficiency increases with an increase in the amount of photocatalyst, reaches the higher value 

of catalyst amount (0.08 g/L) and then decreases. The most effective decomposition of SMZ was observed with 

50 mg/L of TiO2. The reason of this observation is thought to be the fact that when all SMZ molecules are 
adsorbed on TiO2, the addition of higher quantities of TiO2would have no effect on the degradation efficiency

38 ,

39
. Another cause for this is supposedly an increased opacity of the suspension, brought about as a result of 

excess of TiO2 particles. 

 

 

 

 

 

 

 

 

Fig. 3. Effect of ZnO amount on photodegradation efficiency of SMZ 

Effect of UV irradiation and TiO2particles 

Fig. 4 shows the effect of UV irradiation and TiO2 particles on photodegradation of SMZ. It can be seen 

from the figure that in the presence of both TiO2and light, 96.5% of SMZ was degraded at the irradiation time 

of 90min. This was contrasted with 29.0% degradation for the same experiment performed in the absence of 
TiO2, and the negligible 46%when the UV lamp had been switched off and the reaction was allowed to occur in 

the darkness. These experiments demonstrated that both UV light and a photocatalyst, such as TiO2were needed 

for the effective destruction of SMZ. This is due to the fact that when TiO2 is illuminated with the light of 
λ<390 nm, electrons are promoted from the valence band to the conduction band of the semiconducting oxide to 

give electron–hole pairs
41,42

. The valence band (   
 ) potential is positive enough to generate hydroxyl radicals 

at the surface and the conduction band (   
 ) potential isnegative enough to reduce molecular oxygen. The 

hydroxylradical is a powerful oxidizing agent and attacks organicpollutants present at or near the surface of 
TiO2. It causes photooxidation  of  pollutants according to the following reactions (Eq. (2-7).The mechanism is 

assumed up in Fig. 2. 
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Fig. 4. Effect of UV light and TiO2 on photocatalytic degradation of SMZ 

 

Fig. 2. General mechanism of the photocatalysis 

TiO2 + hν (λ<390 nm) → TiO2 (   
 +    

 )  (2) 

   
 + H2O (ads) → H

+
 + 

•
OH (ads)    (3) 

   
 + OH

−
(ads) →

•
OH (ads) (4) 

   
 + O2 (ads)→

•
O

−2
(ads)(5) 

•
OH (ads) + SMZ → degradation of the SMZ (6) 

   
 + SMZ → SMZ

•+
→ oxidation of the SMZ            (7) 

Effect of initial SMZ concentration 

The effect of initial SMZ concentration on photodegradation efficiency is shown in Fig. 5. It was 

observed that the photodegradation conversion of SMZ decreases with an increase in the initial concentration of 
SMZ. The presumed reason is that when the initial concentration of SMZis increased, more and more SMZ 

molecules are adsorbed onthe surface of TiO2. The large amount of adsorbed SMZ is thought to have an 

inhibitive effect on the reaction of SMZ molecules with photogenerated holes or hydroxyl radicals, because of 

the lack of any direct contact between them
42,43

. Oncethe concentration of SMZ is increased, it also causes the 
SMZ molecules to adsorb light and the photons never reach the photocatalyst surface, thus the photodegradation 

efficiency decreases. 
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Fig. 5. Effect of initial SMZ concentration on photodegradation efficiency 

 

Fig. 6. Effect of pH on photodegradation efficiency of SMZ 

Effect of pH 

pH value is one of the factors influencing the rate of degradation of some organic compounds in the 
photocatalytic process. It is also an important operational variable in actual wastewater treatment. Fig. 6 

demonstrates the photodegradation of SMZ at different pH from 3 to 11, which clearly shows that the best 

results were obtained in acidic solution, (pH =3). According to the zero point of charge of TiO2, its surface is 

presumably positively charged in acidic solution and negatively charged in alkaline solution. Since the SMZ has 
a sulfuric group in its structure, which is negatively charged, the acidic solution favors adsorption of SMZ onto 

photocatalyst surface, thus the photodegradation efficiency increases
39,44

. There is also the photocatalytic 

degradation of SMZ in acidic solutions, which is probably due tothe formation of OH
•
 as it can be inferred from 

the following reactions. 

   
 + O2(ads) → 

•  
 

(ads) 
•  
 

(ads) + H
+
 → HO2

•
 

2HO2
•
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−
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Conclusions:  

The photocatalytic degradation of an SMZ in aqueous solution with TiO2 as photo catalyst in slurry 

form have been investigated using solar light and UV. The study of the effect of various photo catalysts TiO2, 

on the degradation. The effects of various parameters such as catalyst loading and initial SMZ concentration on 
degradation have been investigated to find out optimum conditions. The result of this study clearly establish 

that TiO2 semiconductor photocatalysis can be efficiently used for the degradation of the SMZ and other 

antibiotics compounds in effluents. Rate of removal of SMZ is effected by pH, conc. of SMZ solution, amount 

of semiconductor and contact time. The optimum degradation of neutral SMZ found at pH=3, Concentration of 
SMZ =20 mg/L and amount of TiO2= 0.08 g/L and contact time 60 min. 

References 

1. Balarak D, Azarpira H, Mostafapour FK. Thermodynamics of removal of cadmium by adsorption on 

Barley husk biomass. Der Pharma Chemica, 2016,8(10):243-47. 

2. Diyanati RA, Yousefi Z, Cherati JY, Balarak D. Investigating phenol absorption from aqueous solution 
by dried azolla. Journal of  Mazandaran University of Medical Science. 2013; 22(2);13-21. 

3. Zazouli MA, Mahvi AH, Mahdavi Y, Balarakd D. Isothermic and kinetic modeling of fluoride removal 

from water by means of the natural biosorbents sorghum and canola. Fluoride. 2015;48(1):15-22. 
4. Balarak D, Mostafapour FK, Joghataei A. Adsorption of Acid Blue 225 dye by Multi Walled Carbon 

Nanotubes: Determination of equilibrium and kinetics parameters. Der Pharma Chemica, 2016, 

8(8):138-45. 
5. Diyanati RA, Yousefi Z, Cherati JY, Balarak D. The ability of Azolla and lemna minor biomass for 

adsorption of phenol from aqueous solutions. Journal of Mazandaran University Medical Science. 

2013; 23(106).17-23. 

6. Peng X, Hu F, Dai H, Xiong Q. Study of the adsorption mechanism of ciprofloxacin antibiotics onto 
graphitic ordered mesoporous carbons. Journal of the Taiwan Institute of Chemical Engineers.2016; 8; 

1–10. 

7. Amini M, Khanavi M, Shafiee A. Simple High-Performance Liquid Chromatographic Method for 
Determination of Ciprofloxacin in Human Plasma. Iranian Journal of Pharmaceutical Research.2004; 2: 

99-101. 

8. Balarak D, Mahdavi Y,  Maleki A, Daraei H and Sadeghi S. Studies on the Removal of Amoxicillin by 

Single Walled Carbon Nanotubes. British Journal of Pharmaceutical Research. 2016;10(4): 1-9. 
9. Ibezim EC, Ofoefule SI, Ejeahalaka N, Orisakwe E. In vitro adsorption of ciprofloxacin on activated 

charcoal and Talc.Am J Ther. 1999; 6(4);199-201. 

10. Azarpira H, Mahdavi Y, Khaleghi O and Balarak D. Thermodynamic Studies on the Removal of 
Metronidazole Antibiotic by Multi-Walled Carbon Nanotubes. Der Pharmacia Lettre,  2016, 8 

(11):107-13. 

11. Balarak D, Mostafapour FK. Batch Equilibrium, Kinetics and Thermodynamics Study of Sulfa 
methoxazole Antibiotics Onto Azolla filiculoides as a Novel Biosorbent Journal of Pharmaceutical 

Research.2016; 13(2): 1-14. 

12. Liu Z, Xie H, Zhang J, Zhang C. Sorption removal of cephalexin by HNO3 and H2O2 oxidized activated 

carbons. Sci China Chem. 2012;55:1959–67. 
13. Liu H, Liu W, Zhang J, Zhang C, Ren L, Li Y. Removal of cephalexin from aqueous solution by 

original and Cu(II)/Fe(III) impregnated activated carbons developed from lotus stalks kinetics and 

equilibrium studies. J Hazard Mater. 2011;185:1528–35. 
14. Garoma T, Umamaheshwar SH, Mumper A. Removal of sulfadiazine, sulfamethizole, 

sulfamethoxazole, and sulfathiazole from aqueous solution by ozonation. Chemosphere. 2010;79;814–

20. 
15. Carabineiro A, Thavorn-Amornsri T, Pereira F, Figueiredo L. Adsorption of ciprofloxacin on surface 

modified carbon materials. Water Res. 2011; 45, 4583-91. 

16. Balarak D, Joghataei A. Biosorption of Phenol using dried Rice husk biomass: Kinetic and equilibrium 

studies. Der Pharma Chemica, 2016, 8(6):96-103. 
17. Balarak D, Mahdavi Y, Bazrafshan E, Mahvi AH, Esfandyari Y. Adsorption of fluoride from aqueous 

solutions by carbon  nanotubes: Determination of equilibrium, kinetic and thermodynamic parameters. 

Flouride. 2016;49(1):35-42. 

http://jmums.mazums.ac.ir/files/site1/user_files_0d0bf0/shokohi-A-10-27-31-65f995e.pdf
http://jmums.mazums.ac.ir/files/site1/user_files_0d0bf0/shokohi-A-10-27-31-65f995e.pdf


Hossein Azarpira et al /International Journal of ChemTech Research, 2016,9(12): 731-738. 737 

 
 

18. Balarak D. Kinetics, Isotherm and Thermodynamics Studies on Bisphenol A Adsorption using Barley 

husk. International Journal of ChemTech Research.2016;9(5);681-90. 

19. Balarak D, Azarpira H. Rice husk as a Biosorbent for Antibiotic Metronidazole Removal: Isotherm 
Studies and Model validation. International Journal of ChemTech Research.2016; 9(7); 566-573. 

20. An T, Yang H, Li G, Song W, Nie X. Kinetics and mechanism of advanced oxidation processes (AOPs) 

in degradation of ciprofloxacin in water. Applied Catalysis B: Environmental. 2010; 94; 288–94. 
21. Zazouli MA, Mahdavi Y, Bazrafshan E, Balarak D. Phytodegradation potential of bisphenolA from   

aqueous solution by Azolla Filiculoides. Journal of Environmental Health Science & Engineering 

2014;12(66):1-5. 

22. Diyanati RA, Yazdani J, Balarak D. Effect of sorbitol on phenol removal rate by lemna minor. Journal 
of  Mazandaran University Medical Science. 2013;22(87):58-64. 

23. Sultana S, Ramabadran S, Swathi PR. Photocatalytic Degradation of Azo Dye using Ferric Oxide 

Nanoparticle. International Journal of ChemTech Research. 2015; 8(3);1243-47. 
24. Fairooz NY. Evaluation of new couple Nb2O5/Sb2O3 oxide for photocatalytic degradation  of Orange G 

dye. International Journal of ChemTech Research. 2016;9(3);456-61. 

25. Shelke R, Bharad J, Madje B  Milind, Ubale M. Pineapple peel waste activated carbon as an adsorbent 
for the effective removal of methylene blue dye from aqueous solution.  International  Journal  of 

ChemTech Research. 2016; 9(5); 544-50. 

26. Sudha R, Premkumar P, Lead Removal by Waste Organic Plant Source Materials Review, International 

Journal of ChemTech Research,2016, 9(1);47-57. 
27. Hayat K, Gondal MA, Khaled MM, Ahmed S, Shemsi AM. Nano ZnO synthesis by modified sol gel 

method and its application in heterogeneous photocatalytic removal of phenol from water.Applied 

Catalysis A: General .2011;393;122–29. 
28. Fan J, Hu X, Xie Z, Zhang K, Wang J. Photocatalytic degradation of azo dye by novel Bi-based 

photocatalyst Bi4TaO8I under visible-light irradiation. Chemical Engineering Journal. 2012;179; 44–51.  

29. Asahi R, Morikawa T, Ohwaki T, Aoki K, Taga Y. Visible-light Photocatalysis in nitrogen-doped 
titanium oxides, Science. 2011; 293; 269–71. 

30. Karuppuchamy S and Dhilip Kumar R. Synthesis and Characterization of Visible Light Active 

Titanium Dioxide Nanomaterials for PhotocatalyticApplications. International Journal of ChemTech 

Research. 2015; 8(7);287-83.   
31. Al-Gubury HY and Al – Murshidy GS.Photocatalytic Decolorization of Brilliant Cresyl Blue using 

Zinc Oxide. International Journal of ChemTech Research. 2015; 8(2);289-97. 

32. Abdulrazzak FH. Enhance photocatalytic Activity of TiO2 by Carbon Nanotubes. International Journal 
of PharmTech Research. 2016; 9(3);431-43. 

33. Galindo C, Jacques P, Kalt A. Photodegradation of the aminoazobenzene acid orange 52 by three 

advanced oxidation processes: UV/H2O2, UV/TiO2 and VIS/TiO2. Journal of Photochemistry and 

Photobiology A: Chemistry . 2000. 130, 35-47. 
34. Vaiano V, Sacco O, Sannino D, Ciambelli P. Photocatalytic removal of spiramycin from wastewater 

under visible light with N-doped TiO2 photocatalysts. Chemical Engineering Journal.2014; 39; 42–50. 

35. Balarak D, Jaafari J, Hassani G, Mahdavi Y, Tyagi I, Agarwal S, Gupta VK. The use of low-cost 
adsorbent (Canola residues) for the adsorption of methylene blue from aqueous solution: Isotherm, 

kinetic and thermodynamic studies.Colloids and Interface Science Communications. Colloids and 

Interface Science Communications.2015; 7;16–19. 
36. Zazouli MA, Yazdani J, Balarak D, Ebrahimi M, Mahdavi Y. Removal  Acid Blue 113 from Aqueous 

Solution by Canola. Journal of  Mazandaran University Medical Science. 2013:23(2);73-81. 

37. Balarak D, Mahdavi Y , Bazrafshan E , Mahvi AH. Kinetic, isotherms and thermodynamic modeling  

for adsorption of acid blue 92  from  aqueous solution by modified azolla filicoloides. Fresenius 
Environmental Bulletin.2016;25(5); 1321-30. 

38. Muruganaadham M, Swaminathan M. Solar photocatalytic degradation of a reactive azo dye in TiO2-

suspension, Solar Energy Mater. Solar Cells.2004; 81; 439–57. 
39. Hequet V, Gonzalez C, Cloirec PL. Photochemical processes for atrazine degradation: methodological 

approach. Water Res. 2001; 35; 4253–60. 

40. Zazouli MA, Mahvi AH, Dobaradaran S, Barafrashtehpour M, Mahdavi Y, Balarak D. Adsorption of 
fluoride from aqueous solution by modified Azolla Filiculoides. Fluoride. 2014;47(4):349-58. 

41. Balarak D, Azarpira H, Mostafapour FK. Study of the Adsorption Mechanisms of Cephalexin on to 

Azolla Filiculoides. Der Pharma Chemica, 2016, 8(10):114-121. 



Hossein Azarpira et al /International Journal of ChemTech Research, 2016,9(12): 731-738. 738 

 
 

42. Anandan S, Kathiravan K, Murugesan V, Ikuma Y. Anionic (IO3) non-metal doped TiO2 nanoparticles 

for the photocatalytic degradation of hazardous pollutant in water. Catalysis Communications.2009; 10; 

1014–19. 
43. Karthikeyan N , Narayanan V and Stephen A. Degradation of Textile Effluent using Nanocomposite 

TiO2/SnO2 Semiconductor Photocatalysts. International Journal of ChemTech Research.2015; 

8(11);443-49. 
44. Kumaresan N, Ramamurthi K , Mathuri S, Sinthiya MMA, T Manimozhi T, Margoni MM, 

Rameshbabu R.Karthikeyan N , Narayanan V and Stephen A. Degradation of Textile Effluent using 

Nanocomposite TiO2/SnO2 Semiconductor Photocatalysts. International Journal of ChemTech 

Research.2014;7(3);1598-1602. 

 

***** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Hossein Azarpira et al /International Journal of ChemTech Research, 2016,9(12): 731-738. 739 

 
 

 

Extra Page not to be Printed out.  

 

For your Research work, for citations/References Log on to= 

www.sphinxsai.com 

International Journal of ChemTech Research 

International Journal of PharmTech Research 101513130 

Sai Scientific Communications 

***** 

 

 

http://www.sphinxsai.com/

