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Abstract
Pharmaceuticals diclofenac and naproxen belong to class of non-steroidal anti-inflammatory drugs (NSAIDs). These substances are very often found in outlets of WWTP or in surface waters, because among all classes of pharmaceuticals, they are frequently prescribed and purchased.
These substances have by their nature a strong biological effect, so non-target organisms are affected. For example diclofenac causes cytological malformations of liver tissue within a concentration 28 μg/L (O. mykkis). Sensitive organisms to naproxen are crustaceans, where the EC50 for (C. dubia) is 330 μg/L, but degradation products of this drug are significantly more toxic. EC50 for degradation products of naproxen to C. dubia are less than 100 μg/L.
 Diclofenac and naproxen (500 μg/L) were from model water samples removed by heterogeneous photocatalysis in 4L batch reactor. After irradiation of the catalyst, the system produces •OH radicals, which causes destruction of the organic substance. As the catalyst used was 0.5 g/L titanium dioxide (TiO2, Precheza a.s.). As a source of UV radiation was used UV LED diode Luminus, with peak wavelength at 365 nm. At the same time the effect of hydrogen peroxide (H2O2) or effect of pH was determined. Samples were preconcentrated by solid phase extraction (SPE) and analyzed by high performance liquid chromatography (HPLC). At the same time characteristics and capability of pharmaceutical removal from inlet of WWTP were discussed.

Introduction
Pharmaceutical active compounds have been recognized as a group of environmental micro pollutants. This interest is due to incomplete removal in wastewater treatment plants (WWTPs) and active biological effect of these substances at low doses. Residues of pharmaceuticals were detected in natural waters, but outputs of WWTPs were identified as a main source of pharmaceutical introduction into ecosystems. Subsequently at these environmentally relevant concentrations chronic toxicity on non-target organisms occurs1-4.
Naproxen [(S) 6-methoxy-α-methyl-2-naphtalene acetic acid] is a member of nonsteroidal anti-inflammatory drugs (NSAIDs). As well as diclofenac (2-(2-(2,6-dichlorophenylamino)phenyl)acetic acid is a member of NSAIDs. These two pharmaceuticals are ubiquitously presented in surveyed surface waters. Also these two substances were found in a bile of wild species A. brama and R. Rutilus5.
These two substances were removed from water samples by heterogeneous photocatalysis. The system of heterogeneous photocatalysis is always composed of catalyst, which is oxide or sulphide of transition metals. After irradiation of the catalyst surface, the catalyst itself become polarized and the radicals are generated. These radicals are able to cause oxidative degradation of the organic substance6-9.
Experimental
Stock solutions of the drugs were prepared by dissolving of the appropriate amount of diclofenac or naproxen in tap water. The catalyst suspension of TiO2 was prepared by dispersion of appropriate amount of oxide in distilled water by ultrasonication. A 4L batch reactor was used for purpose of heterogeneous photocatalysis. The drug content was 500 μg/L and the catalyst content was 0,5 g/L. System was aerated (Secoh air pump) and stirred at a speed of 650 rpm. As a source of UV irradiation, LUMINUS UV-LED system (4, 9A) was used. It consists of 12 UV LED diodes with a peak emission at 365 nm. The lamp was placed over the reaction vessel. During irradiation, the samples were taken at 20 minute interval. Experiments lasted 1 hour. Additional experiments with pH adjustment (pH 3 and 10) or H2O2 (0.5 g/L) addition were evaluated. Hydrogen peroxide was added at the beginning of the experiment. Prior analysis, samples were 5 minutes centrifuged using Eppendorf centrifuge 5804 R at a 8 000 rpm. Samples were preconcentrated at a solid phase extraction (SPE) manifold (Macherey-Nagel) using Oasis HLB (Waters) preconcentration columns. For condition, 20 mL of methanol, 6 ml deionised (DI) water and 6 mL of DI water at pH 4 was used. 200 mL of the sample was preconcentrated at a constant value of 35 kPa. Than 12 mL of methanol/acetonitrile 1:1 was used for an elution. Samples were concentrated to 3 mL, than reconstituted using 2 mL of H2O. diclofenac and naproxen were analysed using High performance liquid chromatography (HPLC). As a stationary phase, reverse phase Nucleosil C18 was used. As a mobil phase, acetonitrile and water 3:4 was used. Drugs were detected by diod array or fluorescent detector. Using these separation conditions, the retention time of  naproxen was 5.3 min (measured at 237 nm) and diclofenac 8.8 min (at 273 nm).
Results and discussion
Fig. 1 shows removal efficiency of diclofenac by various processes after 1 hour experiments. Effect of UV irradiation at the absence of catalyst was evaluated. It was found that this effect on diclofenac removal is relatively slow mainly due to high emission wavelength of the UV system used. Using UV photolysis only 17% removal of the diclofenac occurred. Combining UV with TiO2 the conversion was achieved almost 100 %, indicating strong oxidising effect of the system. Subsequently, removal rate was explored after the addition of hydrogen peroxide H2O2. There was a significant influence of H2O2 on removal rate of the diclofenac. For example after 20 min of photocatalysis with H2O2 the removal rate is more than 70 % faster than without peroxide.
Same experiments were carried out in case of naproxen removal as shown as in Fig. 2. After UV photolysis the removal of the drug was slightly higher than in case of diclofenac. The efficiency of UV photolysis was 25 %. Using heterogeneous photocatalysis the efficiency of the process was 82 %. Combination of photocatalysis with hydrogen peroxide showed increased removal rate of the drug mainly in first 30 min of the experiment, where the removal rate was about 80 % faster. In time this reaction rate became slower due to exhaustion of the H2O2. In both cases the elimination of the drug is equivalent to heterogeneous photocatalysis without H2O2.
The influence of Ph during heterogeneous photocatalysis was explored. The pH of the system was modified by 0,1 molar HCl or NaOH. From the graph at the Fig. 3 it is evident that the adjustment to acidic area is very advantageous for diclofenac removal. After 40 minutes of experiment, diclofenac has been already eliminated from water. On the other hand in alkaline area the removal efficiency did not differ from heterogeneous photocatalysis at neutral pH. Similar results were achieved in case of naproxen removal (Fig. 4). During acidic pH there was 92% removal of this pharmaceutical. Again, conversion of naproxen in alkaline conditions was comparable to the photocatalysis in neutral pH.


Figure 1. Degradation of diclofenac using photolysis, heterogeneous photocatalysis and photocatalysis with hydrogen peroxide


Figure 2. Degradation of naproxen using photolysis, heterogeneous photocatalysis and photocatalysis with hydrogen peroxide



Figure 3. Degradation of diclofenac at different pH


Figure 4. Degradation of naproxen at different pH

Furthermore, basic parameters and capability of heterogeneous photocatalysis were evaluated for surface water from river Labe. Samples were taken in Pardubice, March 2016. Here is located the central flow of the river. Flow was approximately 60 m3/sec. In Table 1 are shown water quality parameters before and after photocatalytic process. Best results were given for COD removal, where the efficiency was 27 %, and TOC removal (10 %). Despite the COD decreased, BOD5/CODCr ratio remained stable at a value 0.35 indicating good biodegradability of the water. Good results were also evaluated for absorbance at 254 nm, where 50% decrease of absorbance occurred. Also in case of microbial removal was heterogeneous photocatalysis advantageous. 

Table I
Basic parameters of surface water from Labe

	Parameter
	Before photocatalysis
	After photocatalysis

	Ph
	 8
	8.15

	Conductivity (μS/cm)
	 330
	350

	ORP (mV)
	32
	53,5

	CODCr (mg/L)
	 16.6
	12.2

	BOD5 (mg/L)
	 5.7
	4.6

	TOC (mg/L)
N-NO3- (mg/L)
N-NO2- (mg/L)
P-PO43- (mg/L)
Absorbance254 (ZF)
Enumeration of microorganisms (CFU)
	6.3
	5.8

	
	69.4
	68.9

	
	0.59
	0.56

	
	0.096
	0.255

	
	15.3
	7.5

	
	4.9x103
	0.7x103

	
	




Conclusion
[bookmark: _GoBack]Heterogeneous photocatalysis was proved as a feasible method for treatment of waters containing pharmaceutical residues. Photocatalytic processes showed impressive results in diclofenac and naproxen removal. These values are varying from 90 % to almost 100 % for naproxen and diclofenac. Removal rate can be enhanced by H2O2 addition or acidic pH conditions. In acidic pH 100% and 92% removal for diclofenac and naproxen occurred. In case of real water determination the best results were obtained for COD removal, while BOD5/CODCr ratio remained stable at value 0.35. This topic can be considered as an interesting introduction to the study of pharmaceutical residues in real water samples. Next experiments will be dealt with trace analysis of drug residues in real water samples and coupling heterogeneous photocatalysis with drug removal in surface water. 
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TiO2/UV	0	20	40	60	1	0.82080172597221956	0.11968736546769	8.6595509899103796E-3	TiO2/UV/H+	0	20	40	60	1	8.0214889850511423E-2	1.673387096774194E-2	0	TiO2/UV/OH-	0	20	40	60	1	0.87668493477004061	0.20255767078870462	9.2652562348145728E-2	t (min)
c/co

TiO2/UV	0	20	40	60	1	0.85203079849062335	0.29438396881381412	0.16049082995565567	TiO2/UV/H+	0	20	40	60	1	0.14135850150183193	6.3018927331380453E-2	6.0771899128316514E-2	TiO2/UV/OH-	0	20	40	60	1	0.82017883846583772	0.34944294495186917	0.20822217689767841	t (min)
c/co

UV	0	20	40	60	1	0.95945446555202651	0.8720610854757197	0.82524320329198375	TiO2/UV	0	20	40	60	1	0.82080172597221956	0.11968736546769003	8.6595509899103883E-3	TiO2/UV/H2O2	0	20	40	60	1	0.50543045276969889	7.0790259260325866E-2	2.1297069523233646E-2	t (min)
c/co

UV	0	20	40	60	1	0.9612432277323445	0.81063368974663108	0.75478104778262078	TiO2/UV	0	20	40	60	1	0.85203079849062335	0.29438396881381373	0.16049082995565567	TiO2/UV/H2O2	0	20	40	60	1	0.19531974400149496	0.12386510838376499	0.1184406439649424	t (min)
c/co

