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10 text files on analytical methods, solid phase extraction (SPE) details, spectral analysis of
wetland samples and standard DOM solutions, reactive species measurements, calculation of
quantum yields and correction factors, E. faecalis and MS2 preparation and counting. 7 tables
showing HPLC analytical parameters, water pH and ions analytical results, SPE TOC mass
balances, quantum yield coefficients for SPE discharge, steady state singlet oxygen
concentrations for measurements with wetland water and linear regression analysis of pathogen
indicator inactivation. 17 figures showing lamps emission spectra, UV-Vis absorption spectra of
water samples including additional SUVA data, depletion or formation kinetics of photochemical
probe compounds, steady-state singlet oxygen concentrations and TMP depletion rate constants,
singlet oxygen quantum yields in presence of methanol, pathogen indicator inactivation results
(uncorrected for light absorption) and DOM association with E. faecalis.
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Text S1. Chemicals
All chemicals used were from commercial sources and used without further purification:
Benzene (anhydrous 99.8%, Sigma-Aldrich), furfuryl alcohol (FFA, 99%, Acros Organics)
2,4,6-trimethylphenol (TMP, 99%, Acros Organics), phenol (Fluka, ≥99.5%), sorbic acid (≥99%,
TCI), L-histidine (98%, Acros organics), lyophilized catalase (≥10,000 units mg-1, SigmaAldrich). Standard humic substances Pony Lake Fulvic Acid (PLFA, reference number 1R109F)
and Suwannee River Fulvic Acid standard II (SRFA, 2S101F) were obtained from the
International Humic Substances Society (IHSS).
Text S2. Analytical methods.
Reactive species probe compound measurements were performed using a high-performance
liquid chromatography (HPLC) system (Gynkotek) with a reverse-phase C18 column (Cosmosil
C18-5-MS-II, 100 ×3 mm Nacalay Tesque, Kyoto, Japan) equipped with a guard column
(Nacalay Tesque) and a 2µm pre-filter (Agilent Technologies). Isocratic separation methods,
detection wavelengths and retention times are given in Table S1. Concentration of total organic
carbon (TOC) for whole water samples, standard humic substances and DOM isolates was
determined using a Shimadzu V-CPH TOC analyzer (Kyoto, Japan). Dissolved ion
concentrations were measured using either IC (DX-120 Ion chromatograph, Dionex) or ICP/MS
(7700 Series, Agilent Technologies). Electronic absorption spectra were collected with a UV2600 UV-Vis Spectrophotometer (Shimadzu) using quartz-glass cuvettes (Hellma, Germany).

Text S3. Solid phase extraction of wetland DOM
Solid phase extraction (SPE) of wetland DOM was performed using the method of Dittmar et al.1
Briefly: Pre-filtered (1 μm, see sampling section) wetland water was acidified (pH 2) using
concentrated hydrochloric acid. Prior to extraction, SPE-cartridges (Bond Elut PPL, No.
12255002, Agilent Technologies) were rinsed with 2 x 5 mL methanol and 2 x 5 mL ultrapure
water. 2 L of water sample were passed through each cartridge at a flow rate of 30 – 40 mL min-1
with the assistance of a vacuum pump. Samples of the discharge were taken after passage of 100
mL, 1 L and 2 L of water through the cartridges, respectively. After the extraction, any
remaining salts were removed from cartridges with 2 x 5 mL 0.01 M HCl and cartridges were
dried for 5 min using the air stream of the vacuum. The sorbed DOM was eluted with 2 x 5mL
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methanol. Subsequently, the volume of the extracts was decreased by evaporating the methanol
in a water bath (30°C) under a gentle stream of nitrogen. The remaining concentrate was diluted
with at least 95% vol. of ultrapure water, freeze dried and stored until further use. All glassware
involved in DOM-isolation and TOC measurements was muffled for 5h at 500°C.

Text S4. Lamp emission spectra.
Spectral irradiance was routinely measured with a spectroradiometer (RPS 380, International
light) at three different sampling points of the irradiated area. Average values for the
experimental setup using the UVB-filter (standard deviation among different dates and sampling
points ≈ 15%) were 24 W m-2 (≙ 74 μEinstein m2 s-1) for the UV-portion and 271 W m-2 (≙
1228 μEinstein m2 s-1) for the total irradiance, respectively.
Few irradiations for photochemical method validation were conducted with a setup that allowed
UVB transmission, these include •OH measurements and some 1O2 and 3DOM* measurements
(Text S7, Figures S9 and S15). For these experiments the UVB-filter was replaced by an
atmospheric filter (Spectra Physics, serial no. 81017) to allow transmission of wavelengths in the
UVB region (280 – 320 nm). Values for the atmospheric setup were 40 W/m2 (≙ 124 μEinstein
m2 s-1) for the UV-portion (280 – 400 nm) and 293 W/m2 (≙ 1270 μEinstein m2 s-1) for the total
spectrum (280 – 700 nm), respectively. Representative spectra for both setups are given in Figure
S1.
Text S5. Correction of absorption spectra for nitrate and calculation of specific absorption
coefficients.
Wetland water spectra were corrected for the absorption of nitrate that accounted for <4% of
total absorption in the inlet [6.2 mg NO3-N L-1] and <2% in the outlets [2.0 – 2.3 mg NO3-N L-1
in vegetated cells and 1.6 mg NO3-N L-1 at the outlet of the open water cell, SI Table S2] for
light absorbed at relevant wavelengths i.e above 280 nm, respectively (Molar absorption
coefficient nitrate: 𝜀𝑁𝑂3 ,𝜆𝑚𝑎𝑥=302𝑛𝑚 = 7.2 𝑀−1 𝑐𝑚−1) (own data). Specific absorption coefficients
a(λ) [L (mgC)-1 m-1] were calculated according to:
𝑎(𝜆) =

𝐴(𝜆)
𝑏 ∙ [𝑇𝑂𝐶]

(S1)

S4

where A(λ) is the corrected sample absorbance, b [m] is the path length and [TOC] is the
measured organic carbon concentration of the sample.

Text S6. Reactive species measurements, quantum yields and correction of light absorption.
Reactive species were measured using furfuryl alcohol (FFA) [50 µM] (6 h irradiation) for
singlet oxygen 1O2; 2,4,6-trimethylphenol (TMP) [10 µM] (6h irradiation) for triplet state DOM
(3DOM*)2 and phenol formation from benzene [3mM] (10h irradiation) for hydroxyl radical
(•OH).3 For each probe compound 1mL samples were withdrawn at equidistant time intervals
and immediately analyzed by HPLC. Beakers containing benzene were covered with quartz-glass
lids and sealed on the edges using Parafilm resulting in stable benzene concentration over the
irradiation period. Pseudo-first order depletion rate constants of probe compounds kFFA and kTMP
were determined by linear regression of ln[FFA]t/[FFA]t=0 and ln[TMP]t/[TMP]t=0, respectively.
kphenol was determined by linear regression of its formation from benzene vs. irradiation time.
Both, rates for photochemical probe compounds and pathogen indicator organisms were
corrected by using the rate of light-absorption (RA) of the samples that was defined as
700

𝑅𝐴 =

∑
𝜆=280𝑛𝑚

𝐸𝑝 (𝜆)(𝜀𝐷𝑂𝑀 (𝜆) + 𝜀𝑁𝑂3 (𝜆))(1 − 10−((𝜀𝐷𝑂𝑀 (𝜆)[𝑇𝑂𝐶]+𝜀𝑁𝑂3 (𝜆)[𝑁𝑂3])𝑧) )
(𝜀𝐷𝑂𝑀 (𝜆)[𝑇𝑂𝐶] + 𝜀𝑁𝑂3 (𝜆)[𝑁𝑂3 ])𝑧

(S2)

where Ep is the measured photon fluence rate (Einstein m-2 s-1) of the solar simulator for the
respective filter setup, εDOM is the specific molar absorption coefficient [L (mgC)-1 m-1] of each
DOM isolate or water sample and εNO3 is the specific molar absorption coefficient of nitrate
(nitrate was present in whole water samples, only), and z is the depth of solution in the reactors
(0.025m). The integration range applies to both incident light photon fluence and absorption
spectra of the samples.
Singlet oxygen (1O2). Singlet oxygen steady-state concentrations [1O2]ss were calculated by
dividing the observed rates of FFA depletion by the second-order reaction rate of FFA with 1O2.
For all calculations, the value by Haag et al: k FFA,1O2 = 1.2x108 M-1 s-1 (4) was used. Note that the
more recently suggested value by Appiani et al is kFFA,1O2 = 1.0x108 M-1 s-1 (5) at 22°C and
includes a temperature correction of ±2%/°C between 20°C and 40°C. Applying the resulting
value of 9.6x107 M-1 s-1 results in [1O2]ss that are 24% higher. To account for •OH-induced FFA
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depletion, measurements were conducted with and without addition of 0.1 M of the •OHquencher methanol. Singlet oxygen quantum yields 𝜙 1𝑂2 were calculated according to:
𝑅𝐴 𝜙 1𝑂2

[1 𝑂2 ]𝑠𝑠 =

(S3)

𝑘𝑑1 𝑂2

where 𝑘𝑑 1 𝑂2 is the pseudo-first order deactivation rate constant for 1O2 in water (k=2.5x105s-1).6
1

O2 quenching experiments were conducted by adding 20mM histidine. For DOM isolates 𝜙 1𝑂2

was calculated by using the average of 3-5 measurements conducted at different concentrations,
error bars are shown as standard deviation of these measurements. For all other measurements
the given [DOM] of the sample was used.
Triplet state DOM (3DOM*). Quantum yield coefficients fTMP (M-1) were calculated by dividing
the observed rate constants kTMP by RA (𝑓𝑇𝑀𝑃 =

𝑘𝑇𝑀𝑃
𝑅𝐴

).7 Subsequently, quantum yield

coefficients were converted into intersystem crossing quantum yields 𝛷𝐼𝑆𝐶 according to Erickson
et al. 8
𝜙𝐼𝑆𝐶 =

𝑘𝑂2 [𝑂2 ] + 𝑘𝑑𝑇
× 𝑓𝑇𝑀𝑃
𝑘𝑇𝑀𝑃,3𝐷𝑂𝑀∗

(S4)

where 𝑘𝑂2 is the excited triplet state quenching rate constant by molecular oxygen, [O2] is the
dissolved molecular oxygen concentration (260 µM at 22°C, phosphate buffer saline), 𝑘𝑑𝑇 is the
3

DOM* pseudo-first-order deactivation rate constant and 𝑘𝑇𝑀𝑃 is the bimolecular reaction rate

constant between 3DOM* and TMP.
Rate constants used to determine 𝜙𝐼𝑆𝐶
DOM

8

𝑘𝑂2

8

SRFA
PLFA
Wetland waters/isolates

-1 -1

(10 M s )
8.1 (±0.1)
10.0 (±0.1)
8.9 (±0.6)

𝑘𝑑𝑇

4 -1

(10 s )
7.8 (±0.1)
8.4 (±0.1)
9.0 (±2.8)

𝑘𝑇𝑀𝑃,3𝐷𝑂𝑀∗
(108 M-1 s-1)
5.4 (±0.1)
12.6 (±0.2)
8.1 (±2.2)

(average values of seven DOM)8

For DOM isolates fTMP and 𝛷𝐼𝑆𝐶 were calculated using kTMP at 5 mg C L-1. For all other
measurements the given [DOM] of the sample was used. Triplet state quenching experiments
S6

were conducted with sorbic acid (2.5 mM).
Note, Φ1O2 and ΦISC may not be directly comparable due to use of different probe molecules and
averaged rate constants for ΦISC calculation. While generally higher 𝛷𝐼𝑆𝐶 can be expected than
𝛷1𝑂2, the use of different probe compounds may explain the discrepancy of approximately 50%
observed. Additionally, we used averaged rate constants to determine 𝜙𝐼𝑆𝐶 , which may be
different from those of wastewater influenced DOM. Furthermore, TMP may not account for all
3
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Hydroxyl radical(•OH). Formation rates of •OH (R•OH) from benzene with and without catalase
(20 units/ mL solution) to suppress H2O2 and apparent quantum yields for •OH formation ϕ•OH-app
were determined by the method of Dong et al 20123 and normalized to 22 W m-2 to be
comparable with earlier studies.

Text S7. Enterococcus faecalis preparation and sampling procedures.
Enterococcus faecalis (ATCC 19433) was grown in brain heart infusion broth for 24 hours at
37°C to reach stationary phase. Cells were pelleted by centrifuging at 6,800g for 3 min, washed
and re-suspended into sterile PBS. Then, cells were spiked into clear water with DOM or without
DOM as a control to obtain a final concentration of about 107 colony forming units (CFU) mL-1
and irradiated for 8h. Subsamples were collected every hour for enumeration of E. faecalis using
the spread plate method on selective media m Enterococcus agars. Experiments with DOM
solutions were conducted in duplicate. Controls with clear water only were included routinely
into every single experiment resulting in 20 replicates.

Text S8. MS2, virus propagation, purification and enumeration methods.
MS2 (ATCC 15597-B1) was propagated by broth enrichment using E. coli Famp host (ATCC
700891). Crude MS2 stocks were extracted using chloroform (1:3 vol/vol) to remove broth
constituents and precipitated overnight in polyethylene glycol solution (8% PEG 6000, wt/vol;
0.3 M NaCl) at 4 °C, and centrifuged at 23,000 x g for 30 min. The resulting virus pellets were
re-suspended in PBS, chloroform extracted (1:3 vol/vol), and filtered through 0.22 µm filters.
Purified MS2 stocks were stored at -80 °C. MS2 was assayed using the double agar layer method
S7

with modified Luria Bertani (LB) top and bottom agar consisting the following ingredients:
Bacto Agar [0.75% (top) or 1.5% (bottom) wt/vol; BD], 10 g/L Bacto Tryptone (BD), 0.137 M
NaCl, 1 g L-1 yeast extract (EMD Chemicals), 0.0055 M dextrose (EMD Chemicals), 0.002 M
CaCl2 (Fisher)]. For virus counting, MS2 containing solutions were diluted in 1:10 dilution series
using PBS until appropriate virus concentrations were reached. Subsequently, 100 μL aliquots
were added to molten top agar that was supplemented with E. coli host (exponential growth
phase). Molten top agar was mixed and poured onto bottom agar plates. After solidification,
double agar layer plates were incubated at 37°C for 18–24 h and plaque forming units (PFU)
were counted. Irradiation experiments with MS2 were conducted in duplicate, including 6
replicates for clear water, over 10h (2h sampling) at a concentration of about 104 plaque forming
units (PFU) mL-1.
Text S9. Association of E. faecalis with DOM
E. faecalis association with DOM was determined according to previously published protocols.
12-14

Bacterial stock solutions were added to 20 mL (final concentration 1010 CFU mL-1) standard

or isolated DOM solutions (25 mg C L-1) that were made with clear water. Controls were
prepared using modified PBS without DOM. Suspensions were stirred and maintained at room
temperature in the dark for 4 h to reach association steady-state conditions.14 Samples were taken
before adding bacteria and after 4 h. From samples containing bacteria, E. faecalis cells were
removed using 0.45 µm nylon filters. The light absorption at 450 nm before and after the
association experiments was measured.12 The difference in the initial and final DOM
concentration as % DOM associated with E. faecalis was calculated by comparing light
absorption data at 450nm before and after the experiments with DOM calibration solutions (0 –
30 mg C L-1).13
Text S10. Influence of hydroxyl radicals
To test whether •OH played a role in the irradiation system, FFA depletion experiments in
presence of the •OH scavenger methanol were conducted. Summarized results (Figure S13, given
as 1O2-quantum yields) show that there was no significant difference of FFA depletion in
presence of methanol. Additional experiments using benzene as a probe compound [3mM] (10h
irradiation) and control experiments with nitrate as a •OH precursor confirmed that no phenol
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was formed when the UVB-filter setup was used. However, further method validation tests with
the atmospheric filter showed a detectable formation of •OH (Figure S15).
For phenol formation measurements (Figure S15) beakers were covered with quartz glass lids to
avoid evaporation of benzene. Irradiations were performed with the atmospheric filter, no
formation of phenol from wetland water, isolated DOM and nitrate, respectively, was observed
with the UVB-blocking filter (data not shown). For measurements (a) and (b) catalase 20
unit/mL was added to avoid photo Fenton process and to suppress H2O2 formation. Hydroxyl
radical formation rates were calculated by the slope of linear regression lines shown in the figure
and normalized to 22 W m-2 3 were between 1.13 (± 0.1) x 10-10 M s-1 – 1.96 (±0.2) x 10-10 M s-1
for wetland water samples, 1.33 (±0.2) x 10-10 M -s (7.5 mg C L-1) and 1.65 (±0.3) x 10-10 (12.5
mg C L-1) for cattail (which translates roughly into a formation rate of 1.85 M MC-1 s-1) and 2.6
(± 0.4) x 10-7 M (MNO3)-1 s-1 ), respectively. These values are in the range of a previous study.3
Table S1. Isocratic HPLC analysis parameters

*

probe compound

target
reactive
species

furfuryl alcohol (FFA)
2,4,6-trimethylphenol (TMP)
phenol
benzene

1

O2
3
DOM*
•
OH
•
OH

eluent composition (%)*

acetonitrile
15
50
30
30

aqueous phase
85 (10mM H3PO4)
50 (10mM H3PO4)
70 (10mM H3PO4)
70 (10mM H3PO4)

retention
time (min)

absorption
wavelength
(nm)

1.9
3.0
2.5
9.0

215
220
210
250

at a flow rate of 0.8 mL min-1.
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Table S2. Wetland waters, solid phase extraction discharges and DOM isolates characteristics.

Parameter

pH

TOC
(mgC

L-1)

Cl(mg

L-1)

NO3(mg N

L-1)

PO43(mg P

L-1)

SO42-

Mg2+

L-1)

L-1)

(mg

(mg

Ca2+
(mg

L-1)

Fe3+
(mg

L-1)

Na+
(mg L-1)

Sample
Wetland Influent
Open water wetland effluent
Cattail wetland effluent
Bulrush wetland effluent
Wetland influent SPE discharge
Open water effluent SPE discharge
Cattail wetland effluent SPE discharge
Bulrush wetland effluent SPE discharge

8.5
8.7
8.3
8.3

4.7
5.2
5.3
5.2

362
388
392
388

6.2
1.6
2.0
2.3

1.5
3.1
2.0
2.3

157
159
156
151

4.1
4.1
4.4
4.3

0.64
0.67
0.74
0.72

10 x 10-3
11 x 10-3
30 x 10-3
12 x 10-3

39
39
40
40

-a
-a
-a
-a

2.4b
2.5b
2.6b
2.3b

-d
-d
-d
-d

6.2
1.6
2.0
2.3

1.5
3.1
2.0
2.3

157
159
156
151

n.d.
n.d.
n.d.
n.d.

n.d.
n.d.
n.d.
n.d.

n.d.
n.d.
n.d.
n.d.

n.d.
n.d.
n.d.
n.d.

Wetland influent isolated DOM
5c
n.d.*
n.d.
n.d.
n.d.
14 x 10-4
3 x 10-4
1 x 10-4
2.4
c
-4
-4
-4
Open water wetland isolated DOM
5
n.d.
n.d.
n.d.
n.d.
19
x
10
4
x
10
2
x
10
3.3
c
-4
-4
-4
Cattail wetland effluent isolated DOM
5
n.d.
n.d.
n.d.
n.d.
10 x 10
1 x 10
1 x 10
2.8
c
-4
-4
-4
Bulrush wetland effluent isolated DOM
5
n.d.
n.d.
n.d.
n.d.
5 x 10
2 x 10
1 x 10
4.6
c
-4
-4
-4
SRFA
5
n.d.
n.d.
n.d.
n.d.
350
x
10
53
x
10
3
x
10
0.4
c
-4
-4
-4
PLFA
5
n.d.
n.d.
n.d.
n.d.
22 x 10
4 x 10
3 x 10
0.3
*
n.d.: not determined. a prior to extraction pH lowered to 2 and subsequently raised to initial values. b average values. c re-dissolved at 5 mg C L-1. d addition of
hydrochloric acid led to high chloride concentrations in the discharge.
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Table S3. Fraction of TOC absorbed to SPE columns at different volumes of wetland water
sample passed over each column.
[TOC]
(mg C L-1)
Inlet
Outlet open water cell
Outlet cattail cell
Outlet bulrush cell

Initial
sample

V1 (0.1L)

V2 (0.5L)

V3 (2.0L)

Adsorption on
cartridges (%)

4.7
5.2
5.2
5.3

2.3
2.3
2.4
2.2

2.4
2.3
2.6
2.3

2.5
2.7
2.9
2.4

46.8 – 51.1
48.1 – 53.8
44.2 – 53.8
54.7 – 58.5

Table S4. Quantum yield coefficients fTMP and for SPE discharge.
fTMP (M-1) (±95% confidence)

𝛷𝐼𝑆𝐶 (%) (±95% confidence)

Wetland influent

65.6 ± 7.9

2.60 ± 0.31

Open water wetland effluent

63.1 ± 6.9

2.50 ± 0.28

Cattail wetland effluent

64.1± 10.9

2.54 ± 0.43

Bulrush wetland effluent

83.5 ± 9.0

3.31 ± 0.36

SPE discharge sample

Table S5. Steady state singlet oxygen concentration per mgC L-1 of DOM isolate.
(Results of linear regression analysis shown in Figures 2, S11 and S12)
DOM isolate

[1O2]ss (M mgC-1 L) ± standard error

correlation coefficient (R2)

Wetland influent

6.78 x 10-15 ± 0.7 x 10-15

0.929

Open water wetland effluent

7.88 x 10-15 ± 0.5 x 10-15

0.953

7.23 x 10

-15

Bulrush wetland effluent

5.75 x 10

-15

SRFA

7.15 x 10-15 ± 0.7 x 10-15

0.944

PLFA

3.50 x 10-15 ± 0.2 x 10-15

0.997

Cattail wetland effluent

± 0.5 x 10

-15

0.960

± 0.4 x 10

-15

0.961
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Table S6. Inactivation of MS2 per mgC L-1 of DOM isolate and per measured singlet oxygen
concentration. (Results of linear regression analysis shown in Figures 3a and 3b)
DOM isolate

kphoton/mgC L-1

R2

Intercept

kphoton/10-14M 1O2

R2

± standard error

Intercept ±
standard error

Wetland influent

19.5 ± 1.9

0.9821

-15.0 ± 13.6

28.8 ± 2.7

0.9821

-15.0 ± 13.5

Open water

13.0 ± 2.2

0.9249

-53.4 ± 18.2

16.5 ± 2.8

0.9428

-53.4 ± 19.0

16.1 ± 1.8

0.9750

-120.5 ± 16.0

27.9 ± 3.1

0.9750

-120.5 ± 16.0

2.4 ± 5.6

-0.695

-2.65 ± 61.5

3.2 ± 7.7

-0.695

-2.62 ± 61.2

SRFA

11.7 ± 5.3

0.6648

-80.71 ± 33.8

16.0 ± 3.2

0.7822

-50.81 ± 22.1

PLFA

6.73 ± 2.4

0.7818

6.91 ± 22.2

24.5 ± 0.9

0.9975

-63.4 ± 2.0

wetland effluent
Cattail wetland
effluent
Bulrush wetland
effluent

Table S7. Inactivation of E.faecalis per mgC L-1 of DOM isolate and per measured singlet
oxygen concentration. (Results of linear regression analysis shown in Figures 3a and 3b)
DOM isolate

kphoton/mgC L-1

R2

Intercept

kphoton/10-14M 1O2

R2

± standard error

Intercept ±
standard error

Wetland influent

0.346 ± 0.05

0.8883

9.2 ± 0.36

0.551 ± 0.07

0.8881

9.2 ± 0.36

Open water

0.658 ± 0.07

0.9047

12.1 ± 0.45

0.830 ± 0.09

0.9047

12.1 ± 0.45

0.587 ± 0.10

0.8520

11.1 ± 0.71

0.812 ± 0.14

0.8520

11.1 ± 0.71

0.379 ± 0.07

0.8272

8.8 ± 0.50

0.659 ± 0.09

0.8268

8.8 ± 0.5

SRFA

-0.051 ± 0.04

0.1412

6.3 ± 0.26

-0.07 ± 0.05

0.1412

6.3 ± 0.25

PLFA

0.244 ± 0.03

0.9205

5.3 ± 0.21

0.69 ± 0.08

0.9205

5.3 ± 0.21

wetland effluent
Cattail wetland
effluent
Bulrush wetland
effluent
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Figure S1. Full spectrum and UVB-blocked simulated sunlight emission spectra (280 – 700 nm).

Figure S2. (a) Specific absorption coefficient spectra of whole water samples uncorrected for
nitrate absorption. (b) Spectra of cattail DOM during solid phase extraction (SPE), t1,t2 and t3
show spectra of the discharge after 0.1 L, 0.5 L and 2 L wetland water were passed over each
column, respectively (readjusted to initial pH), uncorrected for nitrate absorption.
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Figure S3. Specific absorption coefficient spectra of re-dissolved wetland DOM isolates and
SRFA/PLFA.

Figure S4. SUVA280 and E2/E3 ratios of initial water samples, re-dissolved wetland DOM
isolates, mixed SPE discharge and SRFA/PLFA. E2/E3 ratios for the SPE discharges are >15 and
not shown due to analytical uncertainty given the low light-absorption at E3 (365nm) of the
discharges.
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Figure S5. Depletion kinetics of (a) FFA (50µM) and (b) TMP in cattail wetland effluent water,
re-dissolved isolated DOM and the corresponding total SPE discharge.

Figure S6. Depletion kinetics of (a) FFA (50µM) and (b) TMP in wetland influent water, redissolved isolated DOM and the corresponding SPE discharge.
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Figure S7. Depletion kinetics of (a) FFA (50µM) and (b) TMP in bulrush cell water, redissolved isolated cattail cell water DOM the corresponding SPE discharge.

Figure S8. Depletion kinetics of FFA (50µM) in open water wetland effluent, re-dissolved
isolated DOM and the corresponding SPE discharge (depletion kinetics in presence of sorbic
acid were not determined).
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Figure S9. Depletion kinetics of FFA (50 µM) in wetland waters (with and without 0.1M
methanol), re-dissolved isolated DOMs and SPE discharge using the atmospheric filter setup.
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Figure S10. Relative decrease in pseudo-first order depletion rates of TMP (kTMP) in presence of
the excited triplet state quencher sorbic acid (2.5 mM) in initial wetland water samples, redissolved isolates (including SRFA and PLFA) and SPE discharge.
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Figure S11. Steady state singlet oxygen concentrations (1O2ss) and TMP depletion rate constants
(kTMP) vs DOM concentration for (a) wetland influent (b) bulrush cell wetland effluent and (c)
open water effluent samples.
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Figure S12. Steady state singlet oxygen concentrations (1O2ss) and TMP depletion rate constants
(kTMP) vs DOM concentration for (a) SRFA and (b) PLFA.
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Figure S13. Singlet oxygen quantum yields (Φ1O2) with and without 0.1mM methanol of
wetland water samples, DOM isolates and standard DOMs (data without methanol are also given
in the main part and are shown here for better comparability).
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Figure S14. TMP quantum yield coefficients fTMP (M-1) of wetland water samples, DOM isolates
and standard DOMs (at 5 mg C L-1).
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Figure S15. Phenol formation from benzene (2 mM) for (a) wetland water samples, (b) cattail
effluent isolated DOM (c) and nitrate in buffered pure water.
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Figure S16. Inactivation rates of pathogen indicators in pure water and for constructed wetland
and standard DOMs with UVB-blocked simulated sunlight uncorrected for light screening vs
DOM concentration (left hand side figures) and measured singlet oxygen concentration (righthand side figures). (a)/(b) MS2 (c)/(d) E. faecalis. Y-axis error bars indicate ± standard error of
replicate experiments. Some error bars are smaller than data points. X-axis errors for singlet
oxygen concentration (<10%) not shown.
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Figure S17. (a) MS2 photoinactivation rates in original water samples, SPE discharge, DOM
isolates and reconstituted solutions for wetland influent and open water effluent. (b) E. faecalis
photoinactivation rates for original water samples, SPE discharge and DOM isolates. Data
uncorrected for light-screening. Error bars indicate ± standard error of replicate experiments.

Figure S18. Association of wetland and standard DOMs with E. faecalis ([DOC] = 25 mgC L-1;
~1010 CFU mL-1). Error bars indicate ± one standard error of replicate measurements.
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