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Section S1. Materials and methods

Table S1. Classification of endocrine-disrupting (EDCs) and related compounds analysed in this study with their chemical structure (ChemDraw
21.0.0) and respective physicochemical properties.
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Benzylparaben 0w O
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Figure S1. Central-catchment sampling collection point (red pointer) in the R. Liffey (Dublin,
Ireland) and, downstream, Ringsend WWTP (blue pointer).

Imagery 2022 TerraMetrics, Map data €2022 5 km

Figure S2. Central-catchment sampling collection point (red pointer) in the R. Thames
(London, UK) and six WWTPs discharging straight into the tidal river (blue pointers). Insert
shows sewer storm overflow vents (green pointers) in closets proximity to the sampling
collection location (red pointer).
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Figure S3. DO, conductivity (a), ammonium ion concentration, temperature, and pH (b)
monitoring data of the R. Thames on the Putney site during the sample campaign. Data taken
every 15-minute intervals.

Imagery ©2022 Ajuntament de Girona, CNES / Airbus, Institut Cartografic de Catalunya, Maxar Technologies, Map data 2022 200 m

Figure S4. Sampling collection point (red pointer) in the R. Ter (Girona, Spain) and Girona
WWTP, on the left, upstream location and another WWTP downstream the sampling point
(blue pointers).



Table S2. River flow data for the R. Ter extracted from the Agéncia Catalana de I'Aigua
(Catalan Water Agency) online platform for the sampling dates at the 170792-002 monitoring
station (coordinates: 485021 X — 4648705 Y).

Sampling date Flow (m®day)
23/10/20 342,097
28/10/20 332,640
02/11/20 458,033
11/11/20 579,664
18/11/20 372,604
25/11/20 439,496
02/12/20 3691,374
08/12/20 535,177
17/12/20 336,096

Mean 787,465
Median 439,496

Table S3. Summary of monitoring dates for the three river locations.

Sampling dates
R. Liffey 23/10/20  28/10/20  02/11/20 11/11/20 18/11/20  25/11/20  02/12/20  08/12/20 17/12/20 20/01/21
R. Ter 21/10/20  28/10/20  04/11/20 11/11/20 18/11/20  25/11/20  02/12/20  09/12/20 16/12/20 20/01/21
R. Thames 23/10/20  28/10/20  02/11/20 11/11/20 18/11/20  25/11/20  02/12/20  09/12/20 16/12/20 20/01/21

Table S4. Summary of MRM transitions for both negative (-) and positive (+) modes.

Precursor ion Product ions

Compounds (m/2) (m/2) tr (min)  Polarity SIL-IS
Caffeine 195 138 Quan 3.76 + Caffeine-ds
110 Qual + -
Caffeine-ds; 198 138 Quan 3.75 + -
110 Qual +
BT 120 65 Quan 3.91 + BT-d,
92 Qual + -
BT-d, 124 69 Quan 3.89 + -
96 Qual + -
TCEP 287 98 Quan 4.34 + Triphenylphosphate-d;s
225 Qual + -
TCPP 327 98 Quan 4.71 + Triphenylphosphate-d;s
80 Qual + -
TBEP 399 299 Quan 5.34 + Triphenylphosphate-d;s
199 Qual + -
Triphenylphosphate-d;s 342 160 Quan 4.97 + -
159 Qual + -
Testosterone 289 97 Quan 4.82 + Progesterone-dg
109 Qual + -
Progesterone 315 97 Quan 5.10 + Progesterone-dg
109 Qual + -
Progesterone-dg 323 100 Quan 5.10 + -
Caffeine C*3; (surrogate) 198 140 Quan 3.80 + -
112 Qual + -
El 269 145 Quan 6.37 - El-ds
143 Qual - -
El-d4 273 145 Quan 6.37 - -
147 Qual - -
E2 271 183 Quan - E2-d;
145 Qual 6.39 - -
E2-d, 273 147 Quan 6.36 - -
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241
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92
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Qual
Quan
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Quan
Qual
Quan
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5.18

6.36

6.35

3.61

4.69

4.63

4.60
5.29

5.86
6.32
7.79
7.76
8.01
8.00
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4.29

6.51

7.38

5.26

E2-d,

EE2-d,s

E2-d,
El-d,
MeP-d4
MeP-d4

MeP-d,
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Quan: quantification ion.

Qual: qualifier ion.
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Sample filtration details:

In order to remove patrticles from aqueous samples, the use of microporous membrane filters
is a simple and effective method. In this study, river water samples had high suspended solids
and therefore, samples were filtered twice using two different pore sizes. First, a higher pore
size (0.7 ym) was used and then a smaller one (0.45 pym), this allows the sample to go through
without blocking the filter by using the higher pore size first. The 0.45 ym pore size is needed
to remove smaller particles that can block the solid-phase extraction (SPE) cartridges used
for extraction. Moreover, glass fibre filters are commonly used as the primary filter in
environmental water samples for analysis of contaminants of emerging concern due to a large
variety of pore sizes available and their low cost (Hidayati et al., 2021; Jardim et al., 2012);
also removing trace metals (Fuhrmann and Fitts, 2004) that can cause interferes with some
of the analytes selected when analysed. PVDF filters are also regularly used for water samples
(Alonso et al., 2022; Alsohaimi et al., 2012; Santana-Mayor et al., 2021) targeting compounds
such as pharmaceuticals (Boltner et al., 2016; Carlson and Thompson, 2000) due to their high

solid particle retention and by lowering the levels of extractable impurities.

Chromatographic method details:

Chromatographic separations were achieved using mobile phases of HPLC grade methanol
(A) and water (B) with two different gradients for the negative and positive ionisation modes.
The negative mode was utilized applying 20 uL sample injection volume, where mobile phases
were at a constant flow rate of 0.4 mL/min for a total run time of 10.5 minutes. At starting
conditions, A was set at 20 % for a minute; 1-2.75 min: another linear ramp of A increased to
50 %; 2.75-6.50 min: A further increased to 100 %; 6.50-8: A stayed at 100 %; 8-9.50: A
returned to the initial conditions of 20 % and maintained there for 1 extra minute. On the other
hand, the positive mode method was performed using an injection volume of 10 pL applying
the same mobile phases at a constant flow rate set at 0.3 mL/min. The gradient elution was
as follows: A was set at 10 % for a minute; from 1-2.75 min: A increased to 100 %; 2.75-5.50:
A stayed at 100 %; 5.50-6.50: A returned to the initial conditions of 10 % and re-equilibrated

for 1 extra minute, resulting in a total run time of 7.5 minutes.
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Table S5. Recovery data (x%RSD) and limits of detection (LOD) and quantification (LOQ) for the three river matrices investigated in this study
(R. Liffey, R. Thames and R. Ter).

Analtes Recovery + %RSD LOD (ng-LY) LOQ (ng-L?)

Liffey Thames Ter Liffey Thames Ter Liffey Thames Ter
Caffeine 115+6 150+5 103 +3 7.3 9.8 5.9 24.2 32.8 19.7
BT 1014 138+8 1175 1.7 1.9 1.2 5.8 6.2 4.0
TCEP 26+8 17 £19 19+15 4.1 6.5 1.8 13.7 21.7 6.1
TCPP 79+ 12 149 + 14 64 + 19 17.3 15.3 9.7 57.6 51.0 32.3
Testosterone 39+12 48 £ 12 40+9 0.1 0.1 0.3 0.4 0.4 0.9
Progesterone 57+14 53+21 68+1 0.1 0.1 0.2 0.4 0.4 0.6
TBEP 78+8 124 +19 111 +7 14 0.3 0.3 4.8 1.0 0.8
E1-3S 95,1* 95,1* 149+ 0 1.2 2.2 1.0 3.9 7.2 3.3
BPS 146+ 3 107 +5 138+1 0.1 0.04 0.02 0.2 0.1 0.1
E3-S3 n.r. n.r. 124+ 0 6.3 14.3 5.0 20.3 47.5 16.6
MeP 90+5 97 +7 62+3 5.0 5.9 3.8 16.8 19.8 12.7
E3 74 + 4 113 +10 635 8.4 9.8 5.4 27.9 32.7 17.9
EtP 94+3 96 £ 12 69+4 0.6 0.8 0.5 2.1 2.6 1.8
BPF 93+4 92+7 78+0 13.7 18.2 11.0 45.6 60.8 36.7
PrP 91+3 92 +13 61+2 1.3 1.2 11 4.4 4.0 3.7
BPA 71+4 75+ 15 48+ 1 10.8 9.5 5.0 36.0 31.8 16.8
BPB 106 £ 7 887 85+3 2.8 1.6 3.7 9.5 53 12.3
BeP 92+4 80+ 20 61+3 1.2 1.2 11 4.1 3.9 3.6
EE2 98 + 13 104,0* 78 £ 19 11.2 6,5* 11.6 37.2 21.8* 38.6
E1l 78 +13 78 +15 72+2 1.3 3.4 0.7 4.9 11.2 2.4
E2 124 +8 103 +21 794 5.3 6.3 7.4 17.7 20.9 24.6
Triclosan 75+ 11 56 +0 48 + 40 211 9.9 2.6 70.2 33.0 8.8
TBBPA 125* 125* 125* 0,1* 0,1* 0,1* 0,3* 0,3* 0,3*
OoP 59* 59*% 59*% 6,0* 6,0* 6,0* 20* 20* 20*
NP 24* 24* 24* 7.4* 7.4* 7.4* 25% 25% 25%
BPAF 108 + 13 57 +20 67 +2 0.2 0.3 0.1 0.9 0.8 0.5

*from method development (Becker et al., 2017).
n.r. = not recovered.
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Section S2. Results and Discussion

Table S6. Occurrence (average for n=2 replicates in ng-L™*) and frequency of detection (%) of EDCs in surface waters for the R. Liffey (Ireland).

Analyte River Liffey Frequency
23/10/20 28/10/20 02/11/20 11/11/20 18/11/20 25/11/20 02/12/20  08/12/20  17/12/20  20/01/21 (%)
Testosterone 3.63 - - - - - - - - <LOQ 20
Progesterone - 0.6 - - - - - - - - 10
El - - <LOQ - - <LOQ - - - <LOQ 30
E2 - - - - - - - - - - 0
E1-3S - - - - <LOQ <LOQ - - - - 20
E3-3S - - - - - - - - - - 0
E3 - - - - - - - - - - 0
EE2 - - - - - - - - - - 0
Caffeine 73.7 338 192 128 139 102 58.2 57.8 65.9 151 100
Triclosan <LOQ - <LOQ <LOQ <LOQ - - - <LOQ <LOQ 60
MeP <LOQ - - - - - - - - - 10
EtP 3.69 <LOQ 291 2.34 <LOQ <LOQ <LOQ 3.34 <LOQ 2.53 100
PrP - - - - - - - - - - 0
BeP - - - - - - - - - - 0
BPA <LOQ - - - - - - <LOQ - - 20
BPB - - - - - - - - - - 0
BPF - - - - - - - - - - 0
BPS - - - - - - - 13.0 - 5.40 20
BPAF - - - - - - - - - - 0
OP - - - - - - - - - - 0
NP - - - - - - - - - - 0
BT 75.0 74.1 102 127 90.5 131 156 218 100 125 100
TCEP <LOQ <LOQ - - - - - - <LOQ <LOQ 40
TCPP 107 187 524 150 161 277 221 293 222 322 100
TBEP 11.2 7.55 14.0 7.39 13.1 25.6 5.87 5.13 8.57 6.19 100
TBBPA - - - - - - - - - - 0

-2 not detected.
<LOQ: concentration obtained lower than the limit of quantification.
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Table S7. Occurrence (average for n=2 replicates in ng-L™?) and frequency of detection (%) of EDCs in surface waters for the R. Thames (UK).

Analyte River Thames Frequency
23/10/20 28/10/20 02/11/20 11/11/20 18/11/20 25/11/20 02/12/20 09/12/20 16/12/20 20/01/21 (%)
Testosterone - - - - - <LOQ - - - - 10
Progesterone - - - - - - - - - - 0
El - - - - - <LOQ - - - <LOQ 20
E2 - - - - - - - - - - 0
E1-3S - <LOQ <LOQ <LOQ <LOQ <LOQ - <LOQ <LOQ <LOQ 80
E3-3S - - - - - - - - - - 0
E3 - - - - - - - - - - 0
EE2 - - - - - - - - - - 0
Caffeine 331 324 259 432 274 132 130 344 246 300 100
Triclosan 35.7 40.6 37.7 36.2 - - - - 75.8 - 50
MeP - <LOQ - - - <LOQ <LOQ <LOQ - - 40
EtP <LOQ <LOQ <LOQ <LOQ - <LOQ 19.5 12.8 7.82 <LOQ 90
PrP - - - - - - - - - - 0
BeP - - - - - - - - - - 0
BPA <LOQ - - - <LOQ <LOQ - - - <LOQ 40
BPB - - - - - - - - - - 0
BPF - - - - - - - - - - 0
BPS 60.0 19.2 26.7 14.0 2.87 16.4 7.73 1.87 20.8 79.3 100
BPAF - - - - - - - - - - 0
OoP - - - - - - - - - - 0
NP - - - - - - - - - <LOQ 10
BT 357 301 276 186 193 173 351 340 353 258 100
TCEP 62.3 4767 268 274 1034 1033 <LOQ <LOQ <LOQ 116 100
TCPP 431 1065 402 445 523 692 257 469 298 559 100
TBEP 65.8 75.6 25.4 79.2 23.3 46.0 22.4 66.9 32.9 41.1 100
TBBPA - - - - - - - - - - 0

-2 not detected.
<LOQ: concentration obtained lower than the limit of quantification.
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Table S8. Occurrence (average for n=2 replicates in ng-L™*) and frequency of detection (%) of EDCs in surface waters for the R. Ter (Spain).

Analyte River Ter Frequency
21/10/20 28/10/20 04/11/20 11/11/20 18/11/20 25/11/20 02/12/20 09/12/20 16/12/20 20/01/21 (%)
Testosterone - - - <LOQ <LOQ - - <LOQ <LOQ - 40
Progesterone - - - - - <LOQ 54 - - - 20
El - - 30.6 - - - - 15.2 30.0 - 30
E2 - - - - - - - - - - 0
E1-3S - - - - - - - - - - 0
E3-3S - - - - - - - - - - 0
E3 - - - - - - - - - - 0
EE2 - - - - - - - - - - 0
Caffeine 111 705 107 429 112 105 33.6 184 199 148 100
Triclosan - <LOQ - - <LOQ <LOQ <LOQ - <LOQ - 50
MeP - - - 39.2 <LOQ <LOQ <LOQ - - - 40
EtP <LOQ <LOQ <LOQ 9.53 7.86 8.92 <LOQ <LOQ - - 80
PrP - - - - - - - - - - 0
BeP - - - - - - - - - - 0
BPA - - - - <LOQ <LOQ - <LOQ - <LOQ 40
BPB - - - - - - - - - - 0
BPF - - - - - - - - - <LOQ 10
BPS - 261 9.31 4.68 8.24 3.62 - 0.24 2.10 79.3 80
BPAF - - - - - - 36.9 - - - 10
OP - - - - 26.9 - 54.1 54.0 26.8 - 40
NP - - - - - - - - - - 0
BT 129 94.7 93.5 102 86.7 94.2 50.3 62.7 117 136 100
TCEP - - - - - - - - - - 0
TCPP 63.9 132 71.2 117 111 <LOQ <LOQ <LOQ <LOQ 47.6 100
TBEP 14.7 7.59 6.30 20.8 18.4 <LOQ 16.5 <LOQ <LOQ 8.36 100
TBBPA - - - - - - - - - - 0

-: not detected.

<LOQ: concentration obtained lower than the limit of quantification.
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and 11/11/2020 (c), a standard at a concentration of 25 ppb (d) and a procedural blank (e).
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Figure S7. Time series plot of concentrations of quantified compounds in all samples of the R.
Thames on the left (ng-L!) with daily total precipitation data (mm) (a) and the high correlation

obtained for triclosan compound (R?=0.7138) in the R. Thames between concentrations and
rainfall.
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Figure S8. Principal component analysis (PCA) of the relationship between EDCs detected in
the R. Liffey (pink), R. Ter (green) and R. Thames (blue) without caffeine; where the
percentage explained by the axes is presented in brackets and concentrations were
normalised by compound.
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