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Figure S1. Experimental setup. 1 - energy source, 2 - power meter, 3 - LED control board, 4 - LED 

columns, 5 - UV rays reaching the reactor, 6 – reactor, and 7 - magnetic stirrer. 

 

Figure S2. Upview of photoreactor with 6 UV-LED strips on. 
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Table S1. Tap water composition in Zagreb, Croatia (pH = 7.4). 

Ions mg/L 

HCO3− 400 

Cl− 25 

SO42- 21 

Br− <0.020 

NO3− 15 

NO2− <0.020 

PO43− <0.040 

Na+ 13 

NH4+ <0.042 

Mg2+ 21 

Ca2+ 

TOC 

95 

<0.5 

Table S2. LED specifications. 

LED specification 
Values 

UV-A UV-C 

UV output per lamp 20 mW 2.5 mW 

Emission angle 120° 120° 

Input voltage 12 V 12 V 

LED spacing 8.3 mm 16.6 mm 

Wavelength 365 nm 272 nm 

Spectrum FWHM 

LED sources per strip 

10 nm 

15 

10 nm 

8 

Table S3. Acronyms of the performed treatments. 

TiO2 nanofilm LED strips Acronym 

No 3 UV-C  P, C 

Yes 3 UV-C  PC, C 

No 3 UV-A  P, A 

Yes 3 UV-A  PC, A 

No 1 UV-A, 2 UV-C P, SW3 

Yes 1 UV-A, 2 UV-C  PC, SW3 

No 3 UV-A, 3 UV-C  P, SW6 

Yes 3 UV-A, 3 UV-C  PC, SW6 
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Table S4.  Experiments performed (experiments 1-20: individual degradation; experiments 21-23: initial pH investigation; experiments 24-39: 

categoric design of experiments; exp 40-56: continuous surface-response design of experiments; exp 57-60: simultaneous wavelengths). 

  Initial concentration (mg/L)     Added (mg/L)       kapp (min−1) 

Exp № CIP SMX TMP VX MV Treatment Matrix HCO3- NO3- Humic acids 
Duty 

Cycle 

Initial 

pH 

Final 

pH 
CIP SMX TMP VX DV 

1 2 0 0 0 0 P,A MQ 0 0 0 1 6.0 5.4 0.0105     

2 0 2 0 0 0 P,A MQ 0 0 0 1 5.7 5.7  0.0000    

3 0 0 2 0 0 P,A MQ 0 0 0 1 6.4 6.3   0.0000   

4 0 0 0 2 0 P,A MQ 0 0 0 1 5.8 5.7    0.0000  

5 0 0 0 0 2 P,A MQ 0 0 0 1 7.0 6.7     0.0000

6 2 0 0 0 0 PC, A MQ 0 0 0 1 6.0 4.8 0.0268     

7 0 2 0 0 0 PC, A MQ 0 0 0 1 5.7 4.8  0.0038    

8 0 0 2 0 0 PC, A MQ 0 0 0 1 6.4 5.6   0.0100   

9 0 0 0 2 0 PC, A MQ 0 0 0 1 5.8 5.3    0.0097  

10 0 0 0 0 2 PC, A MQ 0 0 0 1 7.0 5.9     0.0079

11 2 0 0 0 0 P,C MQ 0 0 0 1 6.0 5.0 0.0220     

12 0 2 0 0 0 P,C MQ 0 0 0 1 5.7 4.5  0.3663    

13 0 0 2 0 0 P,C MQ 0 0 0 1 6.4 5.4   0.0000   

14 0 0 0 2 0 P,C MQ 0 0 0 1 5.8 5.1    0.0027  

15 0 0 0 0 2 P,C MQ 0 0 0 1 7.0 5.9     0.0094

16 2 0 0 0 0 PC, C MQ 0 0 0 1 6.0 5.1 0.0244     

17 0 2 0 0 0 PC, C MQ 0 0 0 1 5.7 4.7  0.1251    

18 0 0 2 0 0 PC, C MQ 0 0 0 1 6.4 5.3   0.0076   

19 0 0 0 2 0 PC, C MQ 0 0 0 1 5.8 5.1    0.0098  

20 0 0 0 0 2 PC, C MQ 0 0 0 1 7.0 5.8     0.0112

21 2 2 2 2 2 PC,A MQ 0 0 0 1 7.0 6.0 0.0526 0.0025 0.0026 0.0031 0.0030

22 2 2 2 2 2 PC,A MQ 0 0 0 1 5.0 4.4 0.0343 0.0007 0.0030 0.0017 0.0000

23 2 2 2 2 2 PC,A MQ 0 0 0 1 9.0 7.8 0.0578 0.0052 0.0015 0.0054 0.0063

24 2 2 2 2 2 P, A MQ 0 0 0 1 6.7 6.3 0.0110 0.0000 0.0000 0.0000 0.0000

25 2 2 2 2 2 PC, A MQ 0 0 0 1 6.7 5.8 0.0384 0.0012 0.0049 0.0040 0.0030

26 2 2 2 2 2 P, C MQ 0 0 0 1 6.7 5.8 0.0198 0.0908 0.0000 0.0028 0.0034

27 2 2 2 2 2 PC, C MQ 0 0 0 1 6.7 5.8 0.0226 0.0509 0.0034 0.0026 0.0064

28 2 2 2 2 2 P,A MQ 0 0 0 0.5 6.7 6.3 0.0131 0.0000 0.0000 0.0000 0.0000
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29 2 2 2 2 2 PC,A MQ 0 0 0 0.5 6.7 5.7 0.0555 0.0016 0.0042 0.0058 0.0055

30 2 2 2 2 2 P,C MQ 0 0 0 0.5 6.7 5.8 0.0271 0.0859 0.0014 0.0029 0.0034

31 2 2 2 2 2 PC,C MQ 0 0 0 0.5 6.7 5.8 0.0294 0.0505 0.0025 0.0049 0.0045

32 2 2 2 2 2 P,A TAP 0 0 0 1 7.7 7.6 0.0220 0.0000 0.0000 0.0000 0.0000

33 2 2 2 2 2 PC,A TAP 0 0 0 1 7.7 7.6 0.0306 0.0020 0.0023 0.0029 0.0000

34 2 2 2 2 2 P,C TAP 0 0 0 1 7.7 7.4 0.0525 0.0167 0.0000 0.0000 0.0032

35 2 2 2 2 2 PC,C TAP 0 0 0 1 7.7 7.4 0.0302 0.0082 0.0000 0.0040 0.0030

36 2 2 2 2 2 P,A TAP 0 0 0 0.5 7.7 7.6 0.0210 0.0000 0.0000 0.0000 0.0000

37 2 2 2 2 2 PC,A TAP 0 0 0 0.5 7.7 7.6 0.0450 0.0024 0.0021 0.0029 0.0013

38 2 2 2 2 2 P,C TAP 0 0 0 0.5 7.7 7.4 0.0530 0.0170 0.0000 0.0040 0.0030

39 2 2 2 2 2 PC,C TAP 0 0 0 0.5 7.7 7.4 0.0345 0.0087 0.0000 0.0021 0.0012

40 2 2 2 2 2 PC,A MQ 200 0 0 1 9.0 8.8 0.0335 0.0019 0.0007 0.0071 0.0079

41 2 2 2 2 2 PC,A MQ 0 30 0 1 6.8 5.7 0.0550 0.0017 0.0019 0.0011 0.0006

42 2 2 2 2 2 PC,A MQ 0 0 3 1 6.6 5.8 0.0569 0.0037 0.0017 0.0020 0.0014

43 2 2 2 2 2 PC,A MQ 400 0 0 1 9.1 8.9 0.0275 0.0012 0.0008 0.0104 0.0102

44 2 2 2 2 2 PC,A MQ 200 30 3 1 9,1 9.0 0.0223 0.0016 0.0007 0.0093 0.0106

45 2 2 2 2 2 PC,A MQ 0 15 0 1 6.7 5.8 0.0490 0.0022 0.0020 0.0025 0.0014

46 2 2 2 2 2 PC,A MQ 200 15 1.5 1 9.1 8.9 0.0302 0.0023 0.0010 0.0120 0.0131

47 2 2 2 2 2 PC,A MQ 0 0 1.5 1 5.7 5.8 0.0461 0.0019 0.0019 0.0023 0.0000

48 2 2 2 2 2 PC,A MQ 0 15 3 1 6.7 5.7 0.0538 0.0025 0.0022 0.0024 0.0016

49 2 2 2 2 2 PC,A MQ 0 30 1.5 1 6.8 5.7 0.0417 0.0025 0.0023 0.0000 0.0003

50 2 2 2 2 2 PC,A MQ 400 0 1.5 1 9.1 8.9 0.0259 0.0022 0.0015 0.0113 0.0122

51 2 2 2 2 2 PC,A MQ 200 30 3 1 9.0 8.8 0.0345 0.0027 0.0011 0.0125 0.0154

52 2 2 2 2 2 PC,A MQ 400 30 1.5 1 9.0 8.8 0.0304 0.0030 0.0006 0.0105 0.0144

53 2 2 2 2 2 PC,A MQ 400 15 3 1 9.0 8.8 0.0302 0.0029 0.0013 0.0080 0.0138

54 2 2 2 2 2 PC,A MQ 200 30 0 1 9.0 8.8 0.0404 0.0021 0.0006 0.0103 0.0130

55 2 2 2 2 2 PC,A MQ 400 15 0 1 9.1 8.8 0.0254 0.0032 0.0019 0.0115 0.0121

56 2 2 2 2 2 PC,A MQ 200 0 3 1 9.0 8.8 0.0371 0.0025 0.0010 0.0122 0.0147

57 2 2 2 2 2 P, SW3 MQ 0 0 0 1 6.7 6.0 0.0259 0.0589 0.0013 0.0034 0.0043

58 2 2 2 2 2 PC, SW3 MQ 0 0 0 1 6.7 5.6 0.0368 0.0157 0.0042 0.0061 0.0052

59 2 2 2 2 2 P, SW6 MQ 0 0 0 1 6.7 4.8 0.0373 0.0876 0.0016 0.0032 0.0035

60 2 2 2 2 2 PC, SW6 MQ 0 0 0 1 6.7 4.5 0.0659 0.0431 0.0063 0.0068 0.0056
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Text S1: Kinetics of degradation 

When photolysis and photocatalysis happen simultaneously, the concentration (C) 

of a target pollutant can be determined by: 

−
��

��
=  �� ∙ � + ��� ∙ �  

in which �� and ��� are the kinetic constants for photolysis and photocatalysis, re-

spectively. By integrating this equation in time, we obtain 

−��
�(�)

��
= (�� + ���) ∙ � 

The sum of �� and ���is the apparent degradation rate kapp, so the global reaction 

can be described by a first order equation: 

−��
�(�)

��
= ���� ∙ � 

Degradation profiles for the individual degradation (experiments 1 – 20 in Table 

S4) are shown on Figure S4. The kapp values shown in Table S4 of supplementary infor-

mation were all obtained with R2 > 0.95, reinforcing that this model describes the reac-

tion well. 
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Figure S3. Degradation profiles for the individual degradation experiments. 
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Figure S4. ANOVA results for categorical DoE by Design Expert 12 software. 
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Figure S5. ANOVA results for surface-response DoE by Design Expert 12 software. 

 

 


