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1. Introduction –

The indiscriminate use of pharmaceutical products in developed countries has increased exponentially in 

recent decades and some of them are considered as emerging pollutants [1], [2]. Numerous studies 

confirm the presence of a great variety of this type of contaminants in different  water matrix (surface and 

underground) [3], [4] as well as in the effluents of conventional water treatments plants, which have 

shown not to be able to degrade completely the most of these compounds [5]–[7]. Among the 

pharmaceutical products, diuretics are found with high frequency and high concentration in municipal 

wastewater, specifically, HCTZ (6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfonamide -1,1-

dioxide), [3],which is a thiazide-class diuretic that acts by inhibiting the re-absorption of electrolytes in 

the renal tubules. It is widely used, by itself or in combination with other drugs, for the treatment of 

edema and hypertension, as well as for other disorders like diabetes insipidus, hypoparathyroidism or 

hypercalciuria. 

To guarantee its minimum discharge in the future, the implantation of new technologies like Advanced 

Oxidation Processes (PAOs) is necessary. These technologies have been proven to be very effective in the 

oxidation of a large number of organic and inorganic compounds that are resistant to conventional 

biological treatments [8], [9]. 

The objectives of this study are: i) to determine the quantum yield and photochemical kinetic parameters 

of the degradation process of HTCZ by UV photolysis with the influence of the different operating 

variables (initial HTCZ concentration, pH solution and chemical composition of different waters), ii) to 

investigate indirect photodegradation in the presence of radical promoters (HO• and SO4
•-) iii) to identify 

degradation by-products iv) to measure the cytotoxicity of by-products in the HEK-293cell line v) to 

analyse the economic viability of the different oxidation processes. 

2. Experimental –

The photodegradation experiments of HCTZ by Solar radiation were carried out in the solar simulator 

model 1500 Solarbox, Neurtek, equipped with a Xenon lamp of 1500 W (PHILIPS XOP-15-OF, 1500W) 

where the photodegradation experiments were conducted in an irradiance of 450W·m−2 in quartz tubes 

with a 92% transmittance across the 200–2500nm range.  

For experiments carried out using UV radiation, the experimental system consisted of a photoreactor 

equipped with a low-pressure mercury lamp (254 nm Hg), Heraeus Noblelight, TNN 15/32 model, 

(nominal power 15 W). 

The influence of the different operational parameters such as medium pH (3,.5, 8, 9), initial HCTZ 

concentration (10,15,25 mg·L-1) and different water matrix was analysed. The pH values have been 

selected in accordance with the HCTZ pKa value and the speciation diagram. To study the influence of 

the presence of the radical promoters, different concentrations of them were added (3,5,7,10 

mg·L-1) to the corresponding solution of HCTZ, (15mg·L-1). 
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Hydrochlorothiazide (HCTZ) concentration in aqueous solution was determined by reversed phase high 

performance liquid chromatography (HPLC) using a liquid chromatograph (Thermo-Fisher) equipped 

with a visible ultraviolet detector and auto-sampler with capacity for 120 vials. The chromatographic 

column was a Kinetex® C18 (2.6μm particle size; 4.6·150mm). The mobile phase was 70% of 0.1% 

formic acid aqueous solution v/v and 30% of acetonitrile in isocratic mode at flow of 0.35mL·min−1. 

Detector wavelength was 310nm and injection volume was 100μL. 

Degradation by-products of HCTZ were identified for all experiments by using Acquity ultra performance 

liquid chromatography (UPLC) system (Waters) equipped with a CORTECS™ C18 column (2.1 x 75 

mm, 2.7 µm). The mobile phase, in gradient mode (baseline: 0 % B, T8: 95 % B, T8.1: 0 % B), was 

channel A, water with 0.1 % formic acid and channel B, acetonitrile with 0.1 % formic acid, at flow of 

0.4 mL min-1, injection volume of 10 µL, and column temperature of 40 °C. 

To determinate the concentration of and  generated during the process, pCBA was used. The total 

concentration of the radicals generated at the different times were calculated by the following Eq ( 1) and 

Eq.( 2) [10]: 

( 1) 

( 2) 

To study the cytotoxicity of the reaction by-products, an MTS assay was used to determine the% viability 

in the human embryonic kidney cell line (HEK-293). 

3. Results and Discussion

Significant differences are observed between different 

kinds of radiation. The calculated value of k by UV 

lamp is three times higher than the one calculated using 

the solar lamp. The UVC light emits monochromatic 

radiation at 254 nm, where the absorbance level of 

HCTZ is higher. Meanwhile, although the solar 

radiation covers a wider spectrum, the intensity in this 

wavelength range is much lower and it is not absorbed 

by HCTZ. Figure X shows the kinetics of these direct 

photodegradations. 

In terms of operational parameter, the initial 

concentration affects the photodegradation rate as 

shown in Figure 1. HCTZ photodegradation rate 

decrease as concentration increases, due to the energy 

absorbed by each molecule. 

Figure 2 shows the variation of the HCTZ concentration 

as a function of the pH of the solution. The most 

reactive species is cationic and the corresponding rate 

constant is the highest. 

The degradation rate of the HCTZ varies according to 

the nature of the water in the following order: distilled> 

superficial> tap. The highest degradation percentage 

occurs with the UV/ system in the same order. These 

differences between the different water matrix are due 

to the presence of organic and inorganic matter in 

Figure 1: Kinetics of HCTZ removal by UV and Solar 

photodegradation. [HCTZ]0 = 15mg·L-1, T = 298K. 

Figure 2: Influence of initial HCTZ concentration on 

photodegradation with UV radiation. pH=7 and T=298 K. 

Figure 3: Influence of pH of the medium on photodegradation 

with UV radiation. [HCTZ]0=15mg·L-1, T = 298 K. 
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surface and tap water, as well as bicarbonates, nitrates, 

and chlorides that react with the radicals generated, 

which reduces the availability of radical species, 

generating competitive kinetics 

In term of indirect photodegradation, figure 3 shows 

variation of HCTZ relative concentration as a function 

of the irradiation time at different initial concentrations 

of , where thee experiments have been carried out 

adding different amounts of oxygen peroxide and a 

constant initial concentration of HCTZ of 15mg·L-1. 

The apparent reaction rate constant also increases with 

the addition of . 

Figure 4 shows the results obtained in the 

photodegradation of the HCTZ varying the 

concentrations of  an increase in the degradation 

rate, produced when peroxodisulphate concentration 

increases as a consequence of a greater amount of . 

To compare the efficiency of both systems, the radicals 

generated by each of them are quantified [11]. Figure 5 

and Figure 6 show the generation of radical promoters 

in the HCTZ degradation at different initial radical 

promoter concentrations, 1.47x10-4 M and 4.4x10-4 M. 

UV /  system generates more radicals than the 

UV / system, which may be due to the 

recombination of the  radicals 

The viability of all cell cultures in the presence of 

HTCZ or the different degradation by-products was> 

75%. The comparison of the viability of by-product 

treated cell cultures with the viability of original product 

treated cell cultures (time 0) shows a greater viability of 

the by-product treated cells, reason why these products 

are considered less toxic than the original product. 

The applicability of the different systems in the 

treatment plants depends both on its effectiveness and 

Figure 3: Variation in the relative concentration of HCTZ as a function of the 

irradiation time at different initial concentrations of H2O2. 

Figure 4: Variation in the relative concentration of HCTZ as a function of 

the irradiation time at different initial concentrations of . 

Figure 5: Influence of  as promoter of OH• radicals in the 

degradation of HCTZ at different  concentrations. 

[HCTZ]0=15 mg L-1, pH=7, T=298 K 

Figure 6: Influence of  as promoter of SO4
•- radicals in 

the degradation of HCTZ at different  concentrations. 

[HCTZ]0=15 mg L-1, pH=7, T=298 K. 

Figure 4: HEK-293 % Cell viability in the different HCTZ 

experiments after different periods of UVC radiation. [HCTZ]0= 

15 mg L-1, [
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its cost, for this reason an economic analysis has been carried out, based on the EE / O concept [12]. The 

total cost of UV/  and UV/  calculated for this study were 0.0040kWh·L-1 and 0.0036 

kWh·L-1 respectively, thereby UV/  system cost less than UV/  system because HCTZ 

reacted rapidly with . 

4. Conclusions

Based on the experimental results, direct photolysis by solar and UV irradiation achieves low percentage 

degradation after 1 hour of treatment due to the low absorbance that HCTZ presents in the range of 

wavelengths used in this work. For this reason, it can be concluded that the direct photolysis is 

insufficient and therefore this method widely used for the disinfection of waters is not adequate to remove 

this diuretic. 

Direct photolysis by UV radiation of HCTZ is influenced by its initial concentration where the 

degradation rate is the higher, the lower the initial concentration of the pollutant is, which is related to the 

energy absorbed by each HCTZ molecule. 

Moreover, the degradation rate is favored at acidic pH values where the HCTZ cationic form 

predominates. 

The nature of water also plays an important role in degradation, which decreases in the order: distilled> 

superficial> tap. 

The presence of the radical promoters has a significant impact on the overall degradation process. The 

rate of photodegradation and mineralization varies depending on the system used, decreasing in the order: 

Solar radiation<UVC<UV/ <UV/ . 

UV/ system requires more energy than UV/  what is an important factor for its applicability in 

the treatment of real wastewater. 

The degradation products identified for the different systems studied showed less toxicity than the 

original products. 
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