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Table S1. Molecular structures, physico-chemical properties and formation processes of sulfamethoxazole and the 11 tested transformation products
reported in literature; * computed using MarvinSketch; ®SRC PhysProp database; 15¢ Lin et al., 1997; 16 4 this study; © Bonvin et al., 2012; 6 exp. =

experimental.
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S1 Synthesis and Analytical Data

Synthesis of 4-Methoxy-N-(5-methylisoxazol-3-yl)benzenesulfonamide as an
intermediate

3-Amino-5-methylisoxazole (1.00 g, 10.19 mmol, 1 equiv.) was dissolved in pyridine (11 mL)
and cooled to 0 °C. Subsequently, p-methoxybenzenesulfonyl chloride (2.53 g, 12.2 mmol,
1.2 equiv.) was added in portions over 20 minutes. The reaction mixture was warmed up to
room temperature and stirred overnight. Water (50 mL) was added and the mixture was stirred
for further 20 min. The precipitate was filtered and washed with water. The crude product was
then dissolved in 2 N NaOH (30 mL), filtered to remove insoluble by-products, and
precipitated from the filtrate with 1 N HCI. The resulting precipitate was again filtered,
washed with water and dried to afford 2.36 g (86% yield) of the title compound as a white

powder.

Nuclear Magnetic Resonance (NMR), Mass Spectrometry and High Resolution Mass
Spectrometry (MS; HRMS), and Infrared Spectroscopy (IR) Data

4-Methoxy-N-(5-methylisoxazol-3-yl)benzenesulfonamide (intermediate)

NMR. "H NMR (400 MHz, [D4]-DMSO): & = 2.28 (s, 3 H, CHs), 3.81 (s, 3 H, OCH3), 6.13 (s,
1 H, isox.), 7.11 (d, 2 H, H 4., *Jun= 8.9 Hz ), 7.78 (d, 2 H, H 4., *Jun = 8.9 Hz), 11.29 (s, 1 H,
NH) - "C NMR (400 MHz, [D¢]-DMSO): & = 12.0 (+, CH; isox.), 55.7 (+, OCH3), 95.3 (+,
4’-CHisox), 114.5 (+, 3,5-CH), 129.0 (+, 2,6-CH), 131.0 (Cg, 1-Cay), 157.6 (C¢3’-C is0x), 162.8
(Cq, 4-Car), 170.2 (Cy,5°-C isox). ppm.

MS and HRMS. MS (FAB, 3-NBA), m/z (%): 269 (100) [M+H']. HRMS (C;;H;304N,S):
caled. 269.0591; found 269.0589

IR. IR (ATR): & (cm™") = 3094 (vw), 2981 (vw), 2843 (vw), 1609 (w), 1593 (w), 1496 (w),
1472 (w), 1438 (w), 1393 (w), 1338 (w), 1315 (w), 1260 (m), 1182 (w), 1163 (m), 1114 (w),
1090 (w), 1031 (w), 1007 (w), 931 (w), 897 (w), 843 (w), 796 (m), 712 (w), 688 (w), 667 (m),
635 (w), 570 (m), 551 (s), 489 (W).

Elemental analysis. Calcd. for C;1Hjy NyO4S: C 49.24, H 4.51, N 10.44, S 11.95; found C
49.26, H4.52, N 10.26, S 11.98.
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4-Hydroxy-N-(5-methylisoxazol-3-yl)benzenesulfonamide (4-OH-SMX)

NMR.'H NMR (400 MHz, [Dg]-DMSO): & = 2.29 (s, 3 H, CHj), 6.11 (s, 1 H, isx.), 6.90 (d,
2H,H ., Jun=8.8 Hz), 7.67 (d, 2 H, H 4., *Jun= 8.7 Hz), 10.56 (s, 1 H, OH), 11.19 (s, 1 H,
NH). —"*C NMR (400 MHz, [Dg]-DMSO): & = 12.1 (+, CHj isox.), 95.4 (+, 4’-CHiox), 115.7
(+, 3,5-CH), 129.2 (+, 2,6-CH), 129.3 (Cq, 1-Cay), 157.7 (C43’-Cisox), 161.7 (Cq, 4-Cay), 170.2
(Cy5’-Cisox). PP

MS and HRMS. MS (FAB, 3-NBA), m/z (%): 255 (100) [M+H"]. — HRMS (CoH;;04N,S):
calcd. 255.0434; found 255.0433

IR. IR (ATR): & (cm ') = 3246 (w), 1600 (w), 1584 (w), 1469 (w), 1435 (w), 1388 (w), 1374
(w), 1330 (w), 1287 (w), 1259 (w), 1218 (w), 1175 (w), 1160 (m), 1103 (w), 1089 (w), 1029
(w), 1007 (w), 927 (w), 878 (w), 837 (w), 820 (w), 789 (W), 686 (m), 634 (w), 605 (w), 565
(w), 544 (m), 446 (vw).

Elemental analysis. Calcd. for C;oH9N,O4S: C 47.24, H 3.96, N 11.02, S 12.61; found C
46.52, H3.97, N 10.36, S 12.36.

N -Hydroxyacetylsulfamethoxazole (OH-acetyl-SMX)

NMR.'H NMR (400 MHz, [D]-DMSO): & = 2.29 (s, 3 H, CH3), 4.03 (s, 2 H, COCH,OH),
5.74 (brs, 1 H, NHCO) 6.14 (s, 1 H, isox.), 7.79 (d, 2 H, Haromat., Jun= 8.6 Hz ), 7.91 (d, 2 H,
Haromat, Jun = 8.6 Hz), 10.12 (s, 1 H, SO,NH), 11.35 (s, 1H, CH,0H) - “CNMR
(400 MHz, [D¢]-DMSO): 6 = 12.0 (+, CH3 isox.), 61.9 (-, CH,OH), 95.3 (+, 4’-CH), 119.4 (+,
3,5-CH), 127.9 (+, 2,6-CH), 133.3 (Cq, 1-Ca), 142.8 (Cq, 4-Cyr), 157.6 (C3°-C is0x), 170.3
(Cq,5°-Cisox.), 171.7 (Cq, NHCO). ppm.

MS and HRMS. MS (FAB, 3-NBA), m/z (%): 312 (28) [M+H'], 307.2 (22), 289.1 (15), 154
(100). — HRMS (C;2H;405N3S): calc. 312.0649; found 312.0650.

IR. IR (ATR): & (cm') = 3363 (vw), 3289 (w), 3216 (W), 2924 (vw), 1662 (w), 1613 (w),
1594 (w), 1543 (m), 1510 (w), 1461 (w), 1390 (w), 1324 (w), 1267 (w), 1210 (w), 1187 (w),
1162 (m), 1077 (m), 1029 (w), 1008 (w), 986 (w), 925 (w), 899 (w), 855 (w), 833 (w), 786
(w), 727 (w), 619 (m), 566 (m).

Elemental analysis. Calcd. for C;Hj3 N3OsS: C 46.30, H 4.21, N 13.50, S 10.30; found C
46.70, H 4.36, N 13.13, S 10.11.
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S2 Substrate composition and test validation experiments

Growth medium. Seawater complete medium (SWC) was prepared according to ISO 11348-3
with NaCl (20 g L"), MgCl," 6 H,O (2 g L") and KCI (0.3 g L") in double distilled water for
use in validation tests between the ISO method and the bioassay with growth substrate. Since
the luminescent light emission of V. fischeri rapidly decreases within a few hours, additional
carbon and nutrient sources have to be added in order to maintain luminescent light
emission" and facilitate bacterial growth, which can be simultaneously tracked by optical
density measurements.'* This additional growth medium was prepared using the salts of the
SWC at the same concentrations as well as yeast extract (5 g L™), trypton (5 g L) and
glycerol (3 g L™). All stock solutions of SMX and the TPs were prepared in growth medium
to avoid dilution effects when adding to the samples. Same amounts of pure growth medium

were added to the controls ensuring identical volumes and nutrient contents.

Test Procedure. 1 mL of growth substrate was added to each Microtox™ glass tubes and
acclimatized to 15°C for approximately 1 h. Dilution series of the target compounds were
carried out separately by 1:1 dilutions in growth substrate from the lower pmol L' to the
upper mmol L™ range or until solubility was reached at 20°C and pH 6.8. Subsequently, 0.5
mL of each compound dilution solution as well as pure growth substrate for the controls was
added to the glass tubes. Each test was performed twice in independent experiments except
for N*-OH-SMX and the mixture experiment as only a limited amount of reference material
was available. The starting concentration of the replicate experiments was diluted by 3:4 in
growth medium prior to pipetting of the dilution series in order to better describe the dose-
response relationship by filling the gaps between the data points of the first experiment. Three
negative controls and one positive control were run with each test. According to the ISO
method phenol was selected as a positive control for LI and GI, since Zn”" of the alternatively
applicable ZnSO, can precipitate and in this way bias the results."* Glass tubes used in the
experiments were homogenized using a vortex prior to measurement.

SMX and some of the investigated TPs show slow and low water solubility. Usually,
NaOH is added to increase the ionized species and thus, water solubility. However, since
significant pH changes can be critical for ecotoxicological testing and comparability,
solutions were prepared one day before testing and treated with an ultrasonic heater (max.
30°C). For NO,- and NO-SMX, dimethylsulfoxide (DMSQO) was added as co-solvent (<1%)
to the stock solution to enhance solubility. Although DMSO was often reported to be used for
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this purpose, its effect on the luminescence and growth of V. fischeri was checked before

experiments (see below, section “DMSO as co-solvent™).

Growth medium interference test. In order to check for possible effects such as toxicity
masking between the growth medium and tested target compound, 1:1 dilutions series of the
growth medium with distilled water were prepared from 100 % growth substrate as used in
the experiments to 6.25 % (five dilutions), while the target compound concentration was kept
constant (tested for SMX and SFA). Controls had to be prepared as references for each
growth substrate dilution since the latter show different absorbances at 600 nm. SMX and

SFA exhibit no absorbance at 600 nm.

S3 Validation test results

Luminescence and growth kinetics. The kinetics of luminescence and growth without any
toxicant were tracked on an hourly time-scale (Figure S1, Supporting Information) to
determine an adequate test duration. It can be observed that bioluminescence drops to near 0
after 3 hours and increases then strongly reaching a plateau after 20 h, while growth is
permanent and the stationary phase has not been reached after 24 h. Consequently, a test

duration of 24 h was selected for both endpoints luminescence and growth inhibition.

200 T T T ! T : T | T : - 1.0
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Figure S1. Luminescence (n = 3) and growth (n = 3) kinetics over the applied test duration of
24 h.
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Growth medium interference. Since the compounds used in the test validation used by Menz
et al. (2013)14 clearly differ from the molecular features of SMX and its TPs, the influence of
the additional growth substrate was exemplarily checked for SMX and SFA. Micropollutants
including antibiotics are well known to interact with dissolved and particulate organic matter
via non-polar or ionic interactions, which can lead to the masking of their actual toxicological
impact. Among the two compounds, SMX is present as around 80% of its ionized species at
pH 6.8 (negatively charged sulfonamide group) exhibiting a possible site for ionic interaction
while SFA is completely neutral. Apart from that, as sulfonamides act via competitive enzyme
inhibition, the ratio between substrate and toxicant may be relevant as well as possible
luminescence light absorption by the growth medium itself. Results revealed that there was no
significant effect of the substrate concentration from 100 % substrate (no dilution) to 6.3 %
(diluted with distilled water) on the luminescence or growth inhibition results (Figure S2,
Supporting Information). This was additionally confirmed by the Ll3omi, results of SMX
tested using both the ISO medium and the growth medium (Figure S3, Supporting
Information). The shape of the dose-response fits differed only marginally and ECs values
were in very good agreement with 649 pmol L (/2 = 0.90, n = 18) and 658 pumol L (=
0.99, n = 26), respectively.

100 ——— : A —

80 =

60 -| O/—O_\O\o—o .

X
s —— SMX luminescence
= 40| —o— SMX growth 7
LD .
= SFA luminescence
£ SFA growth

20 - b
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™ T T T T T T LI |
10 100

Fraction of initial growth medium [%]

Figure S2. Effect of growth medium concentration on the luminescence and growth inhibition
of sulfamethoxazole (SMX) and sulfanilamide (SFA); 100% = initial growth medium
concentration used in this study, which was subsequently diluted with distilled water; test
duration: 24 h.
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Figure S3. Dose-response relationship of sulfamethoxazole in SWC medium and growth
medium using luminescence inhibition of V. fischeri over 30 min; each curve represents the
results of two independent experiments; concentrations used in the replicate test were selected
to fill the data gaps and to obtain a well-defined curve shape; solubility was reached at
approximately 1.3 mmol L™

DMSO as co-solvent. For both compounds, NO,-SMX and NO-SMX, DMSO was used as a
co-solvent when preparing the solutions. To avoid possible toxic effects, DMSO alone was
tested for LI and GI in the growth medium (Figure , Supporting Information). ECs, values
were found at 5.8 — 5.9 % DMSO solution for LIz, LI4 and Gl4. Consequently, DMSO
concentrations less than 1 % in the final solution were used in samples as well as in the

negative controls.
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S4 Dose-response relationships of growth inhibition
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Figure SS5. Growth inhibition dose-response relationships of sulfamethoxazole (SMX), 3-
amino-5-methyl-isoxazole (3A5MI), sulfanilic acid (SA), benzenesulfonamide (BSA),
sulfanilamide (SFA) and aniline (AN).
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Figure S6. Growth inhibition dose-response relationships of sulfamethoxazole (SMX), N*-
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