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Abstract: Some of xenoestrogens presented in aqueous environment can mimic or/and block natural hormones 

(Endocrine disrupting compounds - EDCs). Those hazardous contaminants consist of many natural and synthetic 

organic compounds, but are mostly man-made substances such as pharmaceuticals and additives for personal care 

products. The presence of EDCs in the aquatic environment at low concentrations, coupled with their toxicity to 

microbe cause that the classical method of water purification, including biodegradation are ineffective. Removal of 

EDCs from the aquatic environment can be effectively carried out by oxidation using advanced oxidation 

processes and photosensitized oxidation. Applications of photochemical processes permit to obtain a high degree 

of reduction of EDCs in relatively short time. Photosensitized oxidation, that has shown satisfactory results, has an 

unquestionable advantage in being able to use oxygen from the air and the energy of sunlight. The paper presents 

the application of several photochemical methods for degradation of phenolic compounds belonging to the EDCs - 

parabens, chlorophenols, phenylphenol. 
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The scientific studies provide data that some chemical compounds endocrine 

disrupting compounds (EDCs) found in the surface waters can influence on animal and 

human endocrine systems. It is well-established that aquatic wildlife in marine and 

freshwater is exposed to natural and synthetic EDCs which are able to interfere with the 

hormonal system, thus possibly causing adverse effects on the intact physiology of 

organisms [1]. EDCs are highly diverse and include synthetic chemicals used as 

plasticizers, detergents, pesticides, and pharmaceuticals, natural and synthetic hormones. 

Widespread use of these compounds can cause their accumulation and the occurrence of 

irreversible changes in nature. Generally EDCs are present in water at low levels 

concentration (1 ng/dm
3
 - 1 µg/dm

3
) which makes their removal in conventional sewage 

treatment plant inefficient. Many pharmaceuticals, pesticides and other compounds that 

demonstrate estrogenic effects are not removed by physical methods. Research conducted 

over the degradation of EDCs using biological methods are relatively slow and indicate low 

efficiency [2]. The degradation of EDCs in aerobic and anaerobic sludge permitted on the 

above 90% concentration reduction of contaminant, but this process took over 30 days [3]. 

For this reasons EDCs are emerging as a major concern for water quality. 

The use of UV light for disinfection of water has been known for several decades. The 

absorption of light energy may result in photodegradation, but some of molecules are 

recalcitrant to photolysis. Chemical methods like advanced oxidation processes (AOP) are 

very effective in removing pollutants present in wastewater at low concentrations. Mainly 

AOP rely on the formation of reactive and short-lived oxygen intermediates such as 
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hydroxyl radicals (
•
OH). The hydroxyl radicals are a powerful, non-selective chemical 

oxidant (the redox potential is 2.80 V [2]). In literature several AOPs have been described: 

UV combined with H2O2, UV combined with ozone (O3), O3 in combination with H2O2, 

UV combined with O3 and H2O2. Apart from a direct reaction of ozone with the organic 

pollutants, aqueous solutions of ozone especially at high pH lead to ozone transformation to 

hydroxyl radicals give reactions. Other methods, like heterogeneous photocatalysis  

(eg TiO2/h� or ZnO/h�) are based on the use of wide-band gap semiconductors (3.2 eV for 

TiO2) [4]. Homogeneous photo-Fenton produces 
•
OH in the reaction of H2O2 with dissolved 

iron salts [5]. Both processes can occur under UV-Vis radiation and after some 

modification can be indicated by the solar light. Although AOPs have been shown to be 

effective, removal of pollutant from wastewater is a process with high energy consumption, 

where cost and efficiency are the key limit for their potential application. Introduction  

of AOPs before a biological treatment process may be likely because of the 

chemical/photochemical oxidation renders recalcitrant EDCs more biodegradable and less 

toxic, and improves their degradation in the following treatment process. To reduce the cost 

of energy consumed in the AOP, generally available solar energy should be applied for the 

degradation of compounds. However, among the advanced oxidation methods, many of 

them are unsuitable for degradation of pollutants in the environment with the use of solar 

energy. Only photocatalysis and photo-Fenton reaction under modification can use the solar 

radiation.  

Another possibility of removing the water pollutants using solar light is the 

photosensitized oxidation. The main reactant formed in this process is very reactive species 

- molecular singlet oxygen. Photochemical oxidation, particularly using molecular oxygen, 

is unquestionable one of the most important of photochemical methods, since it does not 

formed any additional pollutant. Important issue in this process is to find the proper 

photosensitizer characterized by high efficiency in initiating oxidation processes. 

Photosensitized oxidation may occur in homogeneous and heterogeneous systems. 

Disadvantage of the homogenous process is the necessity of removing photosensitizer from 

the solution as the reaction has been completed. This problem can be overcome by using 

immobilized photosensitizers which show the advantage of easy operation, but sometimes 

demonstrate a reduced rate of reaction due to mass transfer effects. 

The best results for removing EDCs from wastewater gain method combining the 

characteristics of strong oxidants and UV or VIS radiation. The most effective methods 

employing photochemical reactions include: photocatalysis with titanium peroxide 

(TiO2/UV), ozonolysis or/and hydrogen peroxide with UV radiation (O3/UV, H2O2/UV), 

photo-Fenton process (Fe
2+

/H2O2/UV), photolysis and photosensitized oxidation or 

photocatalysis [6-9].  

The paper presents the application of several photochemical methods for degradation 

of phenolic compounds belonging to the EDCs - parabens (Fig. 1), phenylphenols (Fig. 2), 

and chlorophenols (Fig. 3). 

Parabens 

The literature about degradation of parabens is rather scarce. The degradation of  

n-butylparaben (BP) by direct irradiation using UV (254 nm) was inefficient [8]. In turn, 
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the application of H2O2/UV system for BP decomposition was proved to be extremely 

efficient [10]. Oxidation using chlorine resulted in a reduction of BP and benzylparaben 

(BeP) concentration after 15 min by 67 and 71%, respectively [11]. However in this process 

chlorinated byproducts appeared in the reaction solution [11, 12]. The use of solar radiation 

for BP and BeP degradation did not give satisfactory results [12]. Parabens were also 

degraded by photocatalysis and ozonation processes. Heterogeneous reaction in the system 

TiO2/UV caused 90% (pH 6) and 100% (pH 9) reduction of metylparaben concentration in 

120 min, and 180 min, respectively [2]. Degradation with ozone at pH 6.9 was the most 

effective method of removal parabens - 99% decomposition after 12 min [13]. 

Photosensitized oxidation was successfully applied for decomposition of BP and BeP with 

the successful effect as well in homogenous and heterogeneous systems. Both of pollutants 

were completely removed from the solution after 120 min [14, 15]. 

 

 
Fig. 1. General chemical structures of a parabens: metylparaben, etylparaben, propylparaben, butylparaben, 

benzylparaben 

Phenylphenols 

 
Fig. 2. General chemical structures of a phenylphenols: orto-phenylphenol, meta-phenylphenol, para-

phenylphenol 

 

There are a limited number of literature data on the degradation of phenylphenol 

isomers in an aqueous solution. Among the tested biodegradation processes two methods 

can be distinguished by using enzymes [16, 17] and activated sludge [18]. Enzymatic 

degradation of phenylphenol proceeds relatively quick however the preparation  
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of enzymes to the process are very tedious and expensive. Photocatalytic degradation  

of para-phenylphenol in the presence of TiO2 leads to the formation of bicyclic aromatic 

compounds [19]. Sarakham et al studied the photosensitized oxidation of meta- and  

para-phenylphenol [20]. These compounds were total removed from the solution after  

50 min, but the received final product was identified as oligomers of phenylphenols. 

Photocatalytic degradation of 2-phenylphenol (2-PP) irradiated between � = 300  

and 450 nm was examined. The use of ZnO caused the 80% reduction of 2-PP 

concentration during 7 h, while the use of TiO2 in the same time removed 50% of 2-PP.  

In both cases, the main identified photoproducts were hydroquinone, p-benzoquinone, 

phenylhydroquinone, phenylbenzoquinone, 2,2- and 2,3-dihydroxybiphenyls [21]. During 

ozonation process at neutral solution 2-PP was completely removed just after 250 s [22].  

Chlorophenols 

 
Fig. 3. The molecular structures of chlorophenols which are belonging to EDCs: 2-chlorophenol, 4-chlorophenol, 

2,4-dichlorophenol and pentachlorophenol 

 

Chlorophenols are a group of contaminants whose degradation was most extensively 

studied. Several methods were successfully applied for chlorophenol degradation: UV 

radiation [23], photochemical methods (using hydrogen peroxide, Fenton reaction, ozone 

[24, 25]), electrochemical methods [26] and photocatalysis with TiO2 [27-29]. 

Photodegradation of chlorophenols using singlet oxygen in a homogeneous system has been 

also thoroughly studied [30-33]. The level of chlorination of phenol molecule influenced on 

the efficiency of all photodegradation methods and higher substituted phenols demonstrated 

lower reactivity. The efficiency depended also on the position of chlorine substituent in the 

aromatic ring.  

Summary 

Applying AOPs for effective water pollutants degradation, they had several 

disadvantages. The application of photocatalytic technology with TiO2 to wastewater 

treatment is limited to the wavelength range of radiation. Modification of TiO2 leading to its 

activation under visible radiation can lead to the broad employment of this method [27]. 

The drawbacks of H2O2/UV process consist in the high energy requirements associated 

with the use of UV lamps and the need of the use of high H2O2 concentrations [34]. 

Disadvantages of photo-Fenton reactions are connected with the necessity of acidic reaction 

condition and the difficulty in removing the sludge containing iron ions after the treatment 

[35].  

AOPs are effective methods for removing EDCs from water solution, but the costs of 

the processes are high due to the use expensive reagents such as H2O2 and O3 and electric 
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energy when UV radiation is applied. For this reason interesting option among the 

photochemical processes seems to be the use of photosensitized oxidation. The main 

advantage of this process is the use of visible light or solar energy and using oxygen from 

air. 

References 

[1] Pojana G, Gomiero A, Jonkers N, Marcomini A. Environ Int. 2007;33:929-936. DOI: 

10.1016/j.envint.2007.05.003. 

[2] Liu ZH, Kanjo Y, Mizutani S. Sci Total Environ. 2009;407:731-748. DOI: 10.1016/j.scitotenv.2008.08.039. 

[3] Ogawa H, Kitamura H, Miyata N. J Water Treat Biol. 2005; 41:83-92.  

[4] Gogate PR, Pandit AB. Adv Environ Res. 2004;8:501. DOI: 10.1016/S1093-0191(03)00032-7. 

[5] Pera-Titus M, Garcıa-Molina V, Banos MA, Gimenez J, Esplugas S. Appl Catal B Environ. 2004;47:219. 

DOI: 10.1016/j.apcatb.2003.09.010. 

[6] Oyama T, Aoshima A, Horikoshi S, Hidaka H, Zhao J, Serpone N. Sol Energy. 2004;77:525-532. DOI: 

10.1016/j.solener.2004.04.020. 

[7] Dura´n A, Monteagudo JM, Amores E. Appl Catal. 2008;80:42-50. DOI: 10.1016/j.apcatb.2007.11.016. 

[8] Bł�dzka D, Gryglik D, Miller JS. J Photochem Photobiol A Chem. 2009;20:131-136. DOI: 

10.1016/j.jphotochem.2009.01.006. 

[9] Esplugas S, Bila DM, Krause LGT, Dezotti M. J Hazard Mater. 2007;149:631-642. DOI: 

10.1016/j.jhazmat.2007.07.073. 

[10] Bł�dzka D, Gmurek M, Gryglik D, Olak M, Miller JS, Ledakowicz S. Catal Today. 2010;1-2:125-130. DOI: 

10.1016/j.cattod.2010.03.040. 

[11] Canosa P, Rodriguez I, Rubi E, Negreira N, Cela R. Anal Chim Acta. 2006;575:106-113. DOI: 

10.1016/j.aca.2006.05.068. 

[12] Yamamoto H, Watanabe M, Katsuki S, Nakamura Y, Moriguchi S, Nakamura Y, Sekizawa J. Environ Sci. 

2007;14:97-105. 

[13] Tay KS, Rahman NA, Abas MR. Chemosphere. 2010;81:1446-53. DOI: 

10.1016/j.chemosphere.2010.09.004. 

[14] Gmurek M, Kubát P, Mosinger J, Miller JS. J Photochem Photobiol A. 2011;223:50-56. DOI: 

10.1016/j.jphotochem.2011.07.015. 

[15] Gryglik D, Lach M, Miller JS. Photochem Photobiol Sci. 2009;8:549-555. DOI: 10.1039/B817846A. 

[16] Bratkovskaja I, Ivanec R, Kulys J. Biochemistry. 2006;5:550-554. DOI: 10.1134/S0006297906050130. 

[17] Bratkovskaja I, Vidziunaite R, Kulys J. Biochemistry. 2004;9:985-992. DOI: 

10.1023/B:BIRY.0000043540.87287.80. 

[18] Yu JT, Bouwer EJ, Coelhan M. Agricultural Water Manage. 2006;86:72-80. DOI: 

10.1016/j.agwat.2006.06.015. 

[19] Bouquet-Somrani C, Finiels A, Graffin P, Oliv JL. Appl Catal B. 1996;8:101-106. DOI:  

10.1016/0926-3373(95)00059-3. 

[20] Sarakha M, Burrows H, Bolte M. J Photochem Photobiol A Chem. 1996;97:81-86. DOI:  

10.1016/1010-6030(96)04313-4. 

[21] Khodja AA, Sehili T, Pilichowski J-F, Boule P. J Photochem Photobiol A. 2001;141:231-239. DOI: 

10.1016/S1010-6030(01)00423-3. 

[22] Olak M, Miller JS, Ledakowicz S. IOA IUVA World Congress & Exhibition. Paris; 2011.  

[23] Du Y, Fua QS, Lic Y, Su Y. J Hazard Mater. 2011;186:491-496. DOI: 10.1016/j.jhazmat.2010.11.023. 

[24] Poulopoulos SG, Nikolaki M, Karampetsos D, Philippopoulos CJ. J Hazard Mater. 2008;153:582-587. DOI: 

10.1016/j.jhazmat.2007.09.002. 

[25] Hu J, Wang J, Chen R. Science in China Series B Chemistry. 2006;49:186-192.  

[26] Chen J, Chiou W, Wu C. Desalination. 2010;264:92-96. DOI: 10.1016/j.desal.2010.07.009. 

[27] Han DM , Dai GL, Jia WP, Liang HD. Micro & Nano Letters. 2010;5:76-80. 

[28] Ku Y, Lee YC, Wang WY. J Hazard Mater. 2006;138:350-356. DOI: 10.1016/j.jhazmat.2006.05.057. 

[29] Ahmed S, Rasul MG, Wayde N, Brown R, Hashi MA. Desalination. 2010;261:3-18. DOI: 

10.1016/j.desal.2010.04.062. 

[30] Gryglik D, Miller JS, Ledakowicz S. J Hazard Mater. 2007;146:502-507. DOI: 

10.1016/j.jhazmat.2007.04.048. 



 

 

 

 Marta Gmurek, Magdalena Olak and Jacek S. Miller 

 

 

90

[31] Miller JS. Water Res. 2005;39:412-422. DOI: 10.1016/j.watres.2004.09.019. 

[32] Song Q, Niu T, Wang H. J Mol Struct. THEOCHEM. 2008;861:27-32. DOI: 

10.1016/j.theochem.2008.04.008. 

[33] Silva E, Pereira MM, Burrows HD, Azenha ME, Sarakha M, Bolte M. Photochem Photobiol Sci. 

2004;3:200-204. DOI: 10.1039/B308975D. 

[34] Ijpelaar GF, Harmsen DJH, Beerendok EF, Van Leerdam RC, Metrz DH, Knol AH, Fulmer A, Krijnen S. 

Ozone: Science & Engineering. 2010;32:329-337. DOI: 10.1080/01919512.2010.508017. 

[35] Vilve M, Vilhunen S, Vepsäläinen M, Kurniawan TA, Lehtonen N, Isomäki H, Sillanpä M. Environ Sci 

Pollut Res Int. 2010;17:875-84. DOI: 10.1007/s11356-009-0291-5. 

KSENOESTROGENY - �RODOWISKOWE ZAGRO�ENIA  

I ICH FOTOCHEMICZNA DEGRADACJA 

Katedra In�ynierii Bioprocesowej, Wydział In�ynierii Procesowej i Ochrony �rodowiska, Politechnika Łódzka  

Abstrakt: Niektóre ksenoestrogeny wyst�puj�ce w �rodowisku wodnym mog� na�ladowa	 lub/i blokowa	 
naturalne hormony (EDCs). Do grupy tych gro�nych substancji zaliczy	 mo�na wiele naturalnych i syntetycznych 

organicznych zwi�zków, ale głównie s� to substancje stworzone przez człowieka, takie jak farmaceutyki czy 

�rodki higieny osobistej. Obecno�	 EDCs w �rodowisku wodnym w niewielkich st��eniach i cz�sto toksycznych 

wobec mikroorganizmów powoduje, �e klasyczne metody oczyszczania wód ł�cznie z biodegradacj� s� 
nieefektywne. Usuwanie EDCs ze �rodowiska wodnego mo�e by	 skutecznie realizowane na drodze utleniania 

poprzez zastosowanie zaawansowanych technik utleniania (AOP) oraz fotosensybilizowanego utleniania. 

Zastosowanie procesów fotochemicznych pozwala na uzyskanie wysokiego stopnia redukcji EDCs w relatywnie 

krótkim czasie. Metoda fotosensybilizowanego utleniania posiada niekwestionowan� zalet�, jak� jest mo�liwo�	 
wykorzystania tlenu z powietrza i energii �wiatła słonecznego. W pracy przedstawiono zastosowanie szeregu 

fotochemicznych metod do degradacji zwi�zków fenolowych zaliczanych do EDCs - parabenów, chlorofenoli, 

fenylofenoli. 

Słowa kluczowe: ksenoestrogeny, zaawansowane metody utleniania, fotosensybilizowane utlenianie 


