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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
HCOs 400
Cl- 25
SO« 21
Br- <0.020
NOs- 15
NO: <0.020
PO~ <0.040
Na* 13
NHa4 <0.042
Mg 21
Ca? 95
TOC <0.5
Table S2. LED specifications.
ips . Values
LED specification UV-A Uv-C
UV output per lamp 20 mW 2.5 mW
Emission angle 120° 120°
Input voltage 12V 12V
LED spacing 8.3 mm 16.6 mm
Wavelength 365 nm 272 nm
Spectrum FWHM 10 nm 10 nm
LED sources per strip 15 8
Table S3. Acronyms of the performed treatments.

TiO:z nanofilm LED strips Acronym
No 30V-C p,C
Yes 3 UV-C PC, C
No 3UV-A P, A
Yes 3UV-A PC A
No 1UV-A,2UV-C P, SW3
Yes 1U0V-A,2U0V-C PC, SW3
No 3UV-A,3UV-C P, SW6
Yes 3 UV-A,3UV-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‘l)

Exp Ne CIP SMX TMP VX MV Treatment Matrix HCOs NOs Humic acids gy‘:;’; I‘;;‘Ial F}‘)‘I‘;l cIP SMX TMP VX DV
1 2 0 0 0 0 PA  MQ 0 0 0 1 60 54 00105

2 0 2 0 0 0 PA  MQ 0 0 0 1 57 57 0.0000

3 0 0 2 0 0 PA  MQ 0 0 0 1 64 63 0.0000

4 0 0 0 2 0 PA  MQ 0 0 0 1 58 57 0.0000

5 0 0 0 0 2 PA MQ 0 0 0 1 70 67 0.0000
6 2 0 0 0 0 PGCA MQ 0 0 0 1 60 48  0.0268

7 0 2 0 0 0 PGCA MQ 0 0 0 1 57 48 0.0038

§ 0 0 2 0 0 PCA MQ 0 0 0 1 64 56 0.0100

9 0 0 0 2 0 PGCA MQ 0 0 0 1 58 53 0.0097

0 0 0 0 0 2 PCA MQ 0 0 0 1 70 59 0.0079
1 2 0 0 0 0 P,C MQ 0 0 0 1 60 50  0.0220

2 0 2 0 0 0 P,C MQ 0 0 0 1 57 45 0.3663

3 0 0 2 0 0 P,C MQ 0 0 0 1 64 54 0.0000

4 0 0 0 2 0 P,C MQ 0 0 0 1 58 51 0.0027

5 0 0 0 0 2 P,C MQ 0 0 0 1 70 59 0.0094
6 2 0 0 0 0 PGC MQ 0 0 0 1 60 51  0.0244

7 0 2 0 0 0 PCC MQ 0 0 0 1 57 47 0.1251

8 0 0 2 0 0 PCC MQ 0 0 0 1 64 53 0.0076

9 0 0 0 2 0 PGC MQ 0 0 0 1 58 51 0.0098

20 0 0 0 0 2 PGC MQ 0 0 0 1 70 58 0.0112
200 2 2 2 2 2 PCA MQ 0 0 0 1 70 60 00526 00025 0.0026 0.0031 0.0030
2 2 2 2 2 2 PCA MQ 0 0 0 1 50 44 00343 0.0007 0.0030 0.0017 0.0000
2 2 2 2 2 2 PCA MQ 0 0 0 1 90 78 00578 00052 0.0015 0.0054 0.0063
24 2 2 2 2 2 PA  MQ 0 0 0 1 67 63 00110 00000 0.0000 0.0000 0.0000
25 2 2 2 2 2 PGA MQ 0 0 0 1 67 58 00384 00012 0.0049 0.0040 0.0030
26 2 2 2 2 2 PC MQ 0 0 0 1 67 58 00198 0.0908 0.0000 0.0028 0.0034
27 2 2 2 2 2 PGC MQ 0 0 0 1 67 58 00226 00509 0.0034 0.0026 0.0064
2 2 2 2 2 2 PA  MQ 0 0 0 05 67 63 00131 0.0000 0.0000 0.0000 0.0000
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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:

dc
—E: kp'C+kpC'C

in which k, and k,. are the kinetic constants for photolysis and photocatalysis, re-
spectively. By integrating this equation in time, we obtain

Co
—LTLC— = (kp + kpc) t
0

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

can be described by a first order equation:

Co
—LTlC—O = kapp t
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 R?> 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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Source ::;Er‘;fs df sh::::e F-value p-value cIp Source Ss::;rzfs df S':I:::e F-value  p-value VX
Model 0.0028 8 0.0004 32.58 <0.0001 significant Model 0.0135 7 0.0019 47.20 <0.0001 significant

A-Matrix ~ 0.0003 1 00003  30.66  0.0009 A-Matrix 0.0015 1 00015 3734  0.0003
B-Wavelength 0.0001 1 0.0001 5.72 0.0480
B-Wavelength 0.0006 1 0.0006 13.94 0.0058
C-Tio, 0.0003 1 0.0003 2490 0.0016
D-Duty Cycle 0.0002 1 0.0002 15.90  0.0053 Griey 0.0088 1 0.0088 216.99  <0.0001
AB 0.0005 1 0.0005 13.15 0.0067
AB 0.0003 1 0.0003 28.03 0.0011
C 00004 1  0.0004 2080  0.0004 AC 0.0002 1 0.0002 5.09 0.0541
BC 00012 1 00012 10844 <0.0001 BC 0.0009 1 0.0009 21.46 0.0017
D 0.0001 1 0.0001 6.17  0.0420 ABC 0.0009 1 0.0009 22.46 0.0015
Residual 0.0001 7 0.0000 Residual 0.0003 8 0.0000
Cor Total 0.0029 15 Cor Total 0.0138 15
Source ss::;::s df S':I:::e F-value p-value SMX Source SS::;r:fs df Sn:s::e F-value p-value TMP
Model 0.0133 6 0.0022 45.59 <0.0001 significant Model 0.0000 6 6.5x10°¢ 99.34 <0.0001 significant
A-Matrix 0.0024 1 0.0024 49.05 <0.0001 A-Matrix 9.4x10°% 1 9.5x 107 144.09 <0.0001
B-Wavelength  0.0053 1 0.0053 108.83 <0.0001 B-Wavelength 2.2x10° 1 2.2x10°® 33.15 0.0003
C-Tio2 0.0002 1 0.0002 3.79 0.0833 C-Tio, 0.0000 1 0.0000 246.87 <0.0001
AB 0.0040 1 0.0040 82.91 <0.0001 AB 53x107 1 5.3x107 8.01 0.0197
AC 0.0005 1 0.0005 9.27 0.0139 AC 33x10° 1 3.3x10°¢ 50.75 <0.0001
BC 0.0010 1 0.0010 19.68 0.0016 BC 7.4x10°% 1 7.4x10°° 113.15 <0.0001
Residual 0.0004 9 0.0000 Residual 59x107 9 6.6x10°%
Cor Total 0.0137 15 Cor Total 0.0000 15
Source sumof = Mean  fvalue  p-value DV Source SIOGS Mean™ " Fvaluel p-value A
Squares Square Squares Square Luminescence
Model 0.0135 5 0.0027 17.26 0.0001  significant Model 4433.49 5 886.70 19.91  <0.0001  Significant
A-Matrix 0.0020 1 0.0020 12.56 0.0053 A-Matrix 435.77 1 435.77 9.78 0.0107
B-Wavelength  0.0065 1 0.0065 41.61 <0.0001 B-Wavelength  2113.70 1 2113.70 47.46  <0.0001
C-TiO, 0.0021 1 0.0021 13.69 0.0041 C-TiO, 435.77 1 435.77 9.78 0.0107
AC 0.0016 1 0.0016 10.06 0.0100 AB 1070.93 1 1070.93 24.05 0.0006
BC 0.0013 1 0.0013 8.38 0.0160 AC 377.33 1 377.33 8.47 0.0155
Residual 0.0016 10 0.0002 Residual 445.36 10 44.54
Cor Total 0.0151 15 Cor Total 4878.85 15
Source S df e F-value p-value B2
Squares Square decrease
Model 1268.04 7 181.15 3970.38 <0.0001 significant
A-Matrix 611.33 1 611.33  13398.92 <0.0001
B-Wavelength 17.43 1 17.43 382.04 <0.0001
C-TiO, 94.58 1 94.58 2072.89 <0.0001
AB 66.02 1 66.02 1446.92 <0.0001
AC 18.28 1 18.28 400.56 <0.0001
BC 288.15 1 288.15 6315.63 <0.0001
ABC 172.27 1 172.27 3775.68 <0.0001
Residual 0.3650 8 0.0456
Cor Total 1268.40 15

Figure S4. ANOVA results for categorical DoE by Design Expert 12 software.
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Source

Model

A-Bicarbonates

B-Nitrates
C-Humic acid

AB

AC

BC
Residual
Cor Total

Source

Model

A-Bicarbonates

B-Nitrates
C-Humic acid
AB
AC
BC
AZ
BZ
CZ
Residual
Cor Total

Sum of
Squares

0.0116

0.0070

5.9x10°¢

0.0001

2.8x10°

0.0000
0.0011
0.0008
0.0125

Sum of
Squares

0.0010
0.0005

0.0000
0.0001

0.0002
0.0000
2.2x10°
0.0001
0.0000
0.0000
0.0000
0.0010

LED F-value p-value cip Source SImC o
Square Squares Square
0.0019 21.37 <0.0001  significant Model 32%x10° 6 5.3x107
0.0070 76.67 <0.0001
A-Bicarbonates 1.2x10° 1 1.2x107°
59x10°  0.0647 0.8049 X
B-Nitrates 20x10®% 1 2.0x10¢®
0.0001 0.7926 0.3965 C-Humicacid 3.4x107 1 3.4x107
2.8x10%  0.0309  0.8645 AB 57x107 1 57x107
0.0000  0.4399  0.5238 AC 59x107 1 5.9x107
0.0011 11.66 0.0077 BC 69x107 1 6.9x107
0.0001 Residual 29x10% 9 3.2x107
Cor Total 6.0x10° 15
S F-value p-value SMX Source Sum of df —
Square Squares Square
0.0001 21.96 0.0006 significant Model 0.0003 9 0.0000
0.0005 90.20 <0.0001 A-Bicarbonates  0.0002 1 0.0002
0.0000 3.40 0.1148 B-Nitrates 1.6x10° 1 1.6x10°
0.0001  23.13 0.0030 C-Humicacid 2.5x10°% 1 2.5x10°
0.0002 36.62 0.0009 AB 1.6x10° 1 1.6x10°
0.0000 2.77 0.1473 AC 1.2x10° 1 1.2x10°
2.2x10°® 0.4350 0.5340 BC 29x10% 1 29x10°
0.0001 18.56  0.0050 A? 0.0001 1 0.0001
0.0000 1.98 0.2095 B2 1.5x10° 1 1.5x10°
0.0000 4.55 0.0768 c 6.2x10°% 1 6.2x10°
5.0x10° Residual 9.0x10°% 6 1.5x10°
Cor Total 0.0003 15
Source S df el 3 p-value DV
Squares Square value
Model 0.0279 9 0.0031 21.90 0.0006  significant
A-Bicarbonates 0.0187 1 0.0187 13;'8 <0.0001
B-Nitrates 0.0002 1 0.0002 1.30 0.2984
C-Humicacid 0.0003 1 0.0003 2.25 0.1841
AB 0.0000 1 0.0000 0.23 0.6518
AC 0.0001 1 0.0001 0.45 0.5261
BC 0.0003 1 0.0003 1.78 0.2310
A? 0.0053 1 0.0053 37.67 0.0009
B? 0.0003 1 0.0003 1.87 0.2202
@2 0.0001 1 0.0001 0.64 0.4550
Residual 0.0008 6 0.0001
Cor Total 0.0288 15

F-value

1.65

0.0037

0.06
1.07

1.80
1.84
2.15

F-value

22.63

111.08

1.05
1.64

1.07

0.77

1.93
48.33
0.0978
0.0412

p-value TMP

not

02394 significant

0.9530

0.8059
0.3279

0.2128
0.2083
0.1768

p-value VX

0.0006  significant

<0.0001

0.3460
0.2475

0.3403
0.4149
0.2146
0.0004
0.7651
0.8459

Figure S5. ANOVA results for surface-response DoE by Design Expert 12 software.



