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Text S1. Estimation of the lifetime of LLPO

Two deactivation pathways for LLPO are considered.

1) A hypothetical unimolecular decay of LLPO, with first-order rate constant kgtopo.

LLPO > LLPOueact (S1)

2) The reaction of LLPO with a target compound (TC).
LLPO + TC - LLPOdcact + TCox (82)

The pseudo-first-order rate constant attributed to this reaction is the product of the second-

order-rate constant krrpo tc for the reaction of LLPO with the TC and the concentration of

the target compound ([TC] = [TC]o), i.e. krLro,rc x [TC]. We estimate a maximum ALLpo,Tc

value of 3 x 10° M! 5! for electron-rich phenols based on a review of available experimental

second-order rate constants for organic peroxyl radicals (Neta et al. 1990) and phenoxyl

radicals (Neta and Grodkowski 2005).

The overall deactivation of LLPO in the presence of TC can be described by the pseudo-first-

order rate constant k&, oo

d,
kfpo = kiipo *+ kiporc [TC] (S3)

Assuming an at least 50% reduction of the steady-state concentration of LLPO upon addition
of TC at [TC] =5 x 10°® M, which corresponds (at an unchanged formation rate of LLPO) to

the condition:

kyiporc [TC] > kSLOPO (S4)

and substituting the mentioned numeric values of kp; pg 7c and [TC] into eq. (S4), one obtains
k0, <1.5x 10* s, corresponding to an LLPO lifetime 7y po = kSLPO_l > 67 us.

This lifetime is in a similar range as estimated in a previous study (> 100 us) (Canonica and

Hoigné 1995).
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Text S2. Estimation of the lifetime of 3CDOM*

We refer here to the methodology used in a previous review article (Rosario-Ortiz and Canonica
2016) and Scheme 1 in the main paper. Accordingly, the pseudo-first-order deactivation rate

constant of 3\CDOM?* in the presence of a target compound (TC) can be defined as:

d _ 1,d,0 q q
Kicpomr = K scoom T k 3CDOM* ,0, [02] + k 3cpoM* ,TC [TC] (S5)
d,0 . i s .. 3 « 1.4 )
where k'’ cpom* 1 the first-order-deactivation rate constant of “CDOM*, k7 cooM* 0,18 the

second-order rate constant for the quenching of *CDOM* by oxygen, [0,] is the oxygen

concentration, K s.pou+ 1c 1S the second-order rate constant for the quenching of 3CDOM* by

the target compound, and [TC] is the concentration of the latter. Correspondingly, the lifetime

of 3CDOM* is defined as:

-1
T3cpom* = kd3CD0M* (S6)

d,0 q
In the case of [TC] < 10 uM, k 5.p00- 7c [TCIK k3pomr + K3cpom 0, [0,], and eq. (S5)

simplifies to:

d _ 1,d,0 q
k Scoom* T k 3cpom* + k 3cpom* ,02[02] (S7)

q

d,0
For k 3cpoM* and k 3cpom* 0,

different values were proposed in the literature. Sharpless et al.

(Sharpless 2012) estimated a *CDOM?* lifetime of ~ 20 us in the absence of oxygen (i.e.,

kd,O

Scpomt = 0 X 10* s1). Schmitt et al. (2017) measured lifetimes between 12 — 26 s, for

different natural water (i.e., kds‘gDOM* = (3.8 — 8.3) x 10* s!). Zepp et al. (1985) proposed

kq

3cpoM” 0, = 2 X 10° M! 5!, based on quenching rate constants of organic photosensitizers.
2

In aerated waters ([O2] = 258 puM) this leads to lifetimes of around 2 ps (k¢ coom* 0,102] =
Y2

5 x 10° s7!). Golanoski et al. (2012) determined values of k%CDOM* o, in the range of 0.5 - 2.1
2

x 10° M g1, Taking all the above different measurements of kd3’gDOM* and k9 CDOM* © nto
2

consideration, the lifetimes of *\CDOM* in aerated water at 25 °C and normal atmospheric

pressure are expected to fall in the range of 1.6 — 6.3 ps.
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Table S1. HPLC methods for the analysis of individual compounds ¢

Compound Eluent composition (%) Retention Absorption Excitation/Emission
time (min) wavelength / nm wavelength / nm
(Photodiode array (Fluorescence
water acetonitrile buffer detector) detector)
phenol - 30 70 33 220 275/310
4-methylphenol - 40 60 3.2 220 225/316
2,4,6-trimethylphenol - 20 80 4.1 220 230/325
3,4-dimethoxyphenol - 25°¢ 75 ¢ 2.7°¢ 220 230/325
trolox - 43 57 33 220 -
DMABN 40 60 - 2.5 298 290/488
4-cyanoaniline 70 30 - 3.0 273 274/384
4-acetylaniline 75 25 - 2.7 312 230/390
aniline 70 30 - 3.0 242 232/343
4-methylaniline 40 60 - 3.0 242 232/343
sulfadiazine - 15 85 2.7 266 -
sulfamethoxazole - 15 85 2.6 270 -
sulfadimethoxine - 20 80 2.2 270 -
isoproturon 55 45 - 2.5 242 -
diuron - 55 45 2.6 242 -
DMP 55 45 - 2.4 242 -
2-acetonaphthone - gradient method ¢ 9.5 242 -
4-cyanophenol - gradient method ¢ 6.5 242 -

“ All compounds were analyzed on a reverse-phase Cis column (COSMOSIL 5C18-MS-II packed column, pore size 120 A, particle size 5 pm, internal diameter
3.0 mm, length 100 mm) with a column oven temperature of 25 °C (Agilent system) or 30 °C (Dionex system), a flow rate of 0.5 mL min™', and an injection volume
of 100 pL. The employed measuring ranges for phenols, anilines and 2-acetonaphthone were 0.5 — 5 uM with the photodiode array detector, and 0.01 — 0.1 uM
with the fluorescence detector, the measuring range for trolox, phenylureas and sulfonamides was 0.01 — 5.0 uM with the photodiode array detector. Standard
deviations of measured concentrations were typically < 5 %. ” Buffer composition: 10 mM H3POy in ultrapure water, pH=2.1. ¢ In the presence of 2-acetonaphthone
and 4-cyanophenol, the method described in note d was used, and the retention time was 4.1 min. ¢ Time course of the gradient method (acetonitrile (ACN)/buffer):
0.0 min (start), 15% ACN; 3.0 min, 15% ACN; 7.0 min, 70% ACN; 10.8 min, 70% ACN; 12.8 min, 15% ACN; 14 min (stop), 15% ACN.
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Text S3. Light screening corrections

Light screening corrections were performed according to the methods developed in previous
studies (Leresche et al. 2016, Wenk et al. 2011). In brief, the wavelength-dependent light
screening factor of a DOM solution, S pom ([DOM]), can be calculated based on the following

Morowitz-type equation (Morowitz 1950):

1—¢~2303(ex pom[DOM] )b

2.303(&y pom[DOM])b

Sapom([DOM]) = (S8)

where A (nm) is the wavelength of light, b (cm) is the path length of light through the sample,
&xpom (L mgc! em™) is the decadic specific absorption coefficient of DOM, and [DOM] is the
concentration of DOM (mgc L™).

The geometries of the lamp and the sample quartz tubes were taken into consideration to
calculate the average optical path length, b, which was determined to be 1.785 cm,
corresponding to the internal diameter of the quartz tubes (1.5 cm) multiplied by a factor of
1.19 (Leresche et al. 2016). Substituting b for b in eq. (S8) yields the light screening factor for
the specific irradiation conditions of the used photoreactor, Sypom([DOM]). Since the
absorption of light in the photoreactor occurs at only two relevant wavelengths, namely 366 nm
(major component) and 334 nm (minor component), a wavelength-averaged screening factor,

57 pom ([DOM]), was subsequently calculated employing eq. (S9):

'S_‘X,DOM([DOM]) — IA=334anA'=334—nm§x=334—nm+IA'=366anA-=366nm§A=366nm (89)

In=334 nmTA=334 nm&r=334 nm+IA=366 nmTA=366 nm&A=366 nm

Where I, is the photon flux emitted by the lamp (32334 nm = 17 x 107 mol quantum hour’!;
D=366 nm = 236 x 107 mol quantum hour™) (Wenk et al. 2011) and T is the transmission of
the NaNOs filter solution used in the photoreactor (Th—334 nm = 0.483; Th—366nm = 0.816)
(Wenk et al. 2011). §, pom([DOM]) values for 2 = 366 and 334 nm were calculated using the
specific absorption coefficients of the employed DOM isolates, which were determined at the
relevant wavelengths of 366 nm and 334 nm (Table S3) in phosphate-buffered aqueous
solutions (5 mM, pH 8.0) with [DOM] in the range of 1 — 10 mgc L.

Light screening corrections of rate constants obtained using DOM solutions were performed by
dividing the observed rate constant by the applicable screening factor, $7 pon ([DOM]) (see also

Text S4).
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Table S2. Decadic specific absorption coefficients of the used DOM isolates

€334 nmpom/ €366 nm,poM’

DOM Type L mgc'em! L mgc!em?!

SRFA 0.0116 0.0087
SRHA 0.0174 0.0164
PLFA 0.0063 0.0241

Table S3. Screening factors (S7 pom ([DOM])) for the various DOM types and

concentrations
[DOM]/ mgc L!
DOM Type 1.0 2.5 5.0 10.0
SRFA 0.98 0.95 0.90 0.82
SRHA 0.97 0.93 0.86 0.75
PLFA 0.99 0.97 0.95 0.90
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Text S4. Rate constants and corrections

For each target compound, a set of four pseudo-first-order rate constants from duplicate

independent experiments was determined, namely kdll‘ 0.1 and kdll‘ 5.0- (blank experiments,

DOM-free solutions) and k3% o1, and k3% 5o (DOM-containing solutions). The subscripts
_0.1and 5.0 are used to designate the initial concentration of the target compound, namely 0.1

uM and 5.0 uM, respectively. In a first step, kg%siv[ were corrected for the light screening effect

(see Text S3 and Table S3) to give kDOM according to eq. (S10). In a second step, with some

exceptions explained below, kggslvfc was further corrected for the often minor non-DOM-

induced phototransformation (mainly attributed to direct photolysis) by subtracting kglbrs

yield kDOM , according to eq. (S11).
kgl())s'lv?c = Sl())sivl/s)t pom([DOM]) (S10)
kpow = kpow® — k&b (S11)

The second correction was not performed in the cases in which kS2S was dominant, thus

excluding the determination of the enhancement factor (EF) as defined by eq. 2 of the main
paper. The phototransformation of aniline and 4-methylaniline at 5 uM initial concentration in
the absence of DOM appeared to be significantly affected by an autocatalytic effect. Therefore,

kdll‘ 5.0 Was determined in a limited time range. In the case of aniline, kdlr 5.0 Was still high

compared to kjgyrs.o- For this reason, kins, was obtained by subtracting k3S,; from

kons's.o- This correction leads to a possible underestimation of EF for aniline.
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Table S4. Observed and corrected pseudo-first-order transformation rate constants ¢ of target compounds used for Fig. 1 in the main paper

Target compound Kghos " Keheso’ Knor®  komaso'  kwaor'  Kewaso” EF
phenols

phenol 0.27 +£0.08 0.10+0.03 2.27+0.01 2.37+0.04 2.00+0.08 2.27+0.06 0.88 = 0.06
4-methylphenol 03+0.2 0.22 +£0.02 7+2 8.3+0.1 T£2° 8.1+0.2 0.8+0.2
2,4,6-trimethylphenol <1 0.39+£0.01 190 + 40 31.9+0.7 190+ 40° 31.5+0.7 61
3,4-dimethoxyphenol 20+ 10 <1 1700 £ 100 150+ 9 1700 £ 100 © 150+9°¢ 11+2
trolox 24 +£3 16 £2 1140 + 50 87+ 1 1120+ 50 72+3 16 £1
anilines

DMABN 6.86 +0.08 1.8+0.5 17.83 £0.03 19+2 11.0£0.1 17+3 0.6+0.1
4-cyanoaniline 0.551 £0.002 0.14+0.04 1.48 £ 0.04 1.9+04 0.93+0.04 1.7+0.5 0.5+0.2
4-acetylaniline 5.0£0.2 48+0.2 7.51 £0.04 49+0.1 25+0.2 nd.” n.d.
aniline 0.6£0.2 9+2¢ 10.7+0.2 48+03 10.1+£0.4 42+05" 24+04
4-methylaniline 1.4+04 1.36 £0.02 ¢ 28 £1 11.93+0.04 27+£2 10.6 £ 0.06 26+02
phenylureas

diuron 0.73 +£0.02 0.48 +0.02 1.8+04 1.10+0.02 1.1+0.5 0.62+0.04 1.7+0.8
isoproturon 0.7+£0.5 0.200 + 0.004 7.1£0.5 6.2+0.1 64+09 6.0+0.1 1.1+£0.2
DMP 7T+2 09+0.2 63+1 243+ 0.7 56+3 23.4+09 24+0.2
sulfonamides

sulfamethoxazole 34+04 23+04 2.8+0.5 1.98 +£0.01 n.d. n.d. n.d.
sulfadimethoxine 94+09 3.1£0.5 3.0+£0.7 2.1+0.1 n.d. n.d. n.d.
sulfadiazine 4.8+0.6 ES! 11.3+£0.5 5.97+£0.04 6.5+0.8 n.d. n.d.

¢ Units for all rate constants: in 105s™'. Average values and standard deviations from two independent experiments are given. > Measured for buffered
aqueous solutions (10 mM phosphate, pH 8.0) in the absence of DOM. ¢ Measured for buffered aqueous solutions (10 mM phosphate, pH 8.0) in the
presence of 2.5 mgc L' Suwannee River fulvic acid and corrected for the light screening effect (Text S4, eq. S10). ¢ Corrected rate constants (Text
S4, eq. (S11)). ¢ Correction had no effect on the significant digits./ n.d.: Not determined for the reasons explained in Text S4. ¢ Evaluated in the time

range 0 — 2160 s. " Conservative estimate calculated by subtracting k355, ;. from kgpyass o-
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Table S5. kj; .1 for DMOP in aqueous solutions of DOM isolates at various concentrations (pH 8.0)

[DOM] / mgc L

DOM Type 1 2.5 5 10
SRFA (5.4+0.4)x 1073 (1.7+0.1) x 102 (231+0.01)x 102 (4.3+0.5) x 107
SRHA (8.11+£0.02) x 10°  (1.46+0.08) x 10° (3.1 +0.1) x 10 (44+0.1)x 102
PLFA (8 +4)x 10" (2.5+0.2)x 1073 (5.0+0.3) x 107 (1.16 +0.03) x 107

Table Sé. k;’,l;,s;;j_o for DMOP in aqueous solutions of DOM isolates at various concentrations (pH 8.0)

[DOM] / mgc L

DOM Type 1 2.5 5 10

SRFA (54+0.3)x10* (149+0.09) x 10° (3.1 +0.4)x 107 (6.1 +£0.4)x 107
SRHA (8.6+0.2)x 10* (1.6 +02)x 107 (3.52+0.05)x 107  (6.4+0.3)x 107
PLFA (32+0.5)x 10* (13+0.1)x 107 (2.8+02)x 107 (5.1 £0.5)x 107
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Text SS5. Stability of 2-acetonaphthone and 4-cyanophenol during irradiation experiments

of chemical model system solutions

The concentrations of the photosensitizer 2-acetonaphthone and of the electron-poor phenol
4-cyanophenol were also monitored during the irradiation experiments performed to study the
transformation kinetics of 3,4-dimethoxyphenol (DMOP) in the chemical model system
solutions. Figure S1 illustrates the typical evolution of concentration of DMOP,
2-acetonaphthone and 4-cyanophenol as a function of irradiation time for the highest (5.0 uM,
Fig. S1a) and lowest (0.1 uM, Fig. S1b) initial concentrations of DMOP. In these two specific
cases, after the whole irradiation period, the concentration of 2-acetonaphthone decreased by
7% and 1%, respectively, and the concentration of 4-cyanophenol decreased by 2% and 3%,
respectively, compared to their initial concentration. These minor reductions, which are mostly
even smaller than the analytical precision in the quantification of concentrations (= 5%),
confirm the stability of 2-acetonaphthone and 4-cyanophenol under the employed experimental
conditions. Therefore, no corrections were applied to the determination of the pseudo-first-

order rate constants k°®® for the transformation of DMOP.

13107 1x107°
(@ 4-cyanophenol (b)
. [ ] L L[] [ ) [ ] L L] L] [ ) L[] [ ] L]
L] n -
DMOP " "
A A A A A A A A A A A A A A
131076+ 2-acetonaphthone 1x1074
= =
o o
1x107 1x107¢
n
n
X107 11075 .
[DMOP], =5 uM [DMOP],=0.1 uM
0 200 400 600 800 0 50 100 150 200
Irradiation time / s Irradiation time / s

Fig. S1. Experimental runs of the concentrations of 3,4-dimethoxyphenol (DMOP, gray
squares), 2-acetonaphthone (blue triangles), and 4-cyanophenol (red circles) for the irradiation
of solutions (pH 8.0) with initial DMOP concentration of (a) 5 uM, and (b) 0.1 uM. Note the
logarithmic scale of the y-axes. The initial concentrations of 2-acetonaphthone and

4-cyanophenol were 1.5 uM and 5.0 uM, respectively.
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Text S6. Kinetic modelling for the system including 2-acetonaphthone as a
photosensitizer, 4-cyanophenol as an electron-poor phenol, and 3,4-dimethoxyphenol

(DMOP) as a target compound

The reactions considered for the modelling and explained in detail in the main paper, Section

3.4., are compiled in Table S8, together with details about the used rate constants.

Particular attention had to be paid to the determination of the first-order rate constant for the

excitation of the photosensitizer 2-acetonaphthone (2-AN) to yield its excited triplet state
32-AN* (eq. (3) in the main paper), kf32_ an+ (the superscript "f" stays for "formation"), which

depends on the experimental conditions used for irradiation. To obtain this rate constant, the

experimental value of the pseudo-first-order phototransformation rate constant of DMOP at an

initial concentration of 5.0 x 10° M, k$5% pmop 5.0, Was used. Since at this initial DMOP

concentration the transformation of DMOP is almost exclusively induced by *2-AN*, for which

the lifetime is not significantly affected by the presence of DMOP, the following equation
holds:

kgB\SN,DMOP_s.o = krsz_AN*,DMop X[ 32'AN*]SS (S12)

where kr32_ An*pmop 1S the second-order rate constant for the reaction of 32-AN* with DMOP

leading to the transformation of the latter (the superscript "r" stands for "reaction" of DMOP),

and [*2-AN*] is the steady—state concentration of >2-AN*. This can be expressed as the ratio

f

between the formation rate of *2-AN* (= k X [2-AN] ) and the pseudo-first-order

32-AN*
deactivation rate constant of >2-AN*, k%’;‘_i[r\N*:
3 _ o f dai
I 2-AN*]SS = ks, X [2-AN]/K32" (S13)

Substituting eq. (S13) into eq. (S12) and solving for kf32_ AN+ Yields:

b d,air
¢ K3-AN,DMOP._5.0 XK 3, AN*
k = (S14)

3
2-AN* r -
k 32-AN*,DMOPX[2 AN]

To calculate kf32_ An+ USIng eq. (S14), the values of the following three rate constants are needed:

1) kg—E)ASN,DMOP_S.O : This pseudo-first-order rate constant was determined in this study as

9.7 x 10* s
S11



2) kds‘;_i;N* : The first-order deactivation rate constant of *2-AN* in aerated aqueous

solution (see eq. (4) in the main paper) was determined as 6.44 x 10° s™! in a previous
study using laser flash photolysis (Canonica et al. 2000).

3) : This rate constant (corresponding to the reaction of eq. (5) in the main

r32-AN*,DM0P
paper) was set equal to the second-order rate constant for the quenching of *2-AN* by
DMOP (3.1 x 10° M! s!) determined in a previous study by laser flash photolysis
(Canonica et al. 2000). The validity of this approximation is supported by the high
radical yields (approaching 1.0) determined for the quenching of the excited triplet
states of aromatic ketones by phenoxides in water-acetonitrile solutions (Das and
Bhattacharyya 1981).

Inserting the above-mentioned rate constant values and [2-AN] = 1.5 x 10 M into eq. (S14),

one obtains kf35ens* =0.134 s

The second-order rate constant for the reaction of *2-AN* with the 4-cyanophenoxide ion
(4-CN-PhO") leading to the formation of the 4-cyanophenoxyl radical (4-CN-PhO*, eq. (6) in

the main paper) was estimated as k's, ,\., cvpno- = | ¥10° M 57! based on the quenching

rate constant determined for aqueous solutions of 4-cyanophenol at pH 6.0 (Canonica et al.
2000) and the high radical yields (approaching 1.0) determined for the quenching of the excited
triplet states of aromatic ketones by phenoxides in water-acetonitrile solutions (Das and
Bhattacharyya 1981). Note that the reaction of *2-AN* with undissociated 4-cyanophenol was

neglected in the kinetic model because it is < 10’ M! s (Canonica et al. 2000).

The second-order rate constants for the reactions of 4-CN-PhO* with DMOP (eq. (7) in the main
paper) and its oxidation products DMOPox (eq. (8) in the main paper) are unknown. They were
estimated as 2 x 10° M! s, i.e. the maximum values measured for the reactions of various

phenoxyl radicals with different phenoxides (Steenken and Neta 1979).
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Table S7. Overview of reactions and rate constants in the kinetic model

Reaction

Equation number

(main paper)

Rate constant

Notes and references

hv
2-AN — 32-AN*
32-AN* — 2-AN

32-AN* + DMOP — 2-AN + DMOPx

32-AN* + 4-CN-PhO~ — 2-AN + 4-CN-PhO*
4-CN-PhO* + DMOP — 4-CN-PhO~ + DMOPx

4-CN-PhO* + DMOP.x — 4-CN-PhO~ + DMOPx

3)
4
)
(6)

(7

(8)

k', e =0.134 5

K =644 x10%s!

Ky anepmop = 31 x 10°M 5™
K'syansacnpno = 1 X 10°M7 s

r _ 9 a1 o1
k4.cn-phopmop =2 % 10° M7 s

! — 9 A -1 o1
k4 cN-pho DMOP,, =2 % 10° M7 s

determined in this study ¢

(Canonica et al. 2000)

(Canonica et al. 2000) ¢

estimated based on
(Canonica et al. 2000) ¢
Estimated based on
(Steenken and Neta 1979) ¢
Estimated based on

(Steenken and Neta 1979) ¢

“ For further explanations, see Text S6.
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