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Table S1. Chemical structures of target bisphenols and the corresponding human 
metabolites considered. 
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Table S2. Details on WWTPs sampled. Sampling Mode: time proportional, followed by 
subsampling interval and volume taken per subsample. Dates presented as 
DD.MM.YYYY. 

Code Location 1 Location 2 Location 3 Location 4 

Country Spain Spain Spain Portugal 

Population served 860,237 136,500 255,052 150,000 

Sampling date 1 20.10.2021 19.10.2021 19.10.2021 21.04.2021 

Sampling date 2 21.10.2021 20.10.2021 20.10.2021 22.04.2021 

Sampling date 3 22.10.2021 21.10.2021 21.10.2021 23.04.2021 

Sampling date 4 23.10.2021 22.10.2021 22.10.2021 24.04.2021 

Sampling date 5 24.10.2021 23.10.2021 23.10.2021 25.04.2021 

Sampling date 6 25.10.2021 24.10.2021 24.10.2021 26.04.2021 

Sampling date 7 26.10.2021 25.10.2021 25.10.2021 27.04.2021 

Flow (m3day-1) day 1 205916 39866 70100 31670 

Flow (m3day-1) day 2 203351 42948 70400 36500 

Flow (m3day-1) day 3 231651 39397 67300 36170 

Flow (m3day-1) day 4 191835 36981 68000 35110 

Flow (m3day-1) day 5 191507 40300 66000 37780 

Flow (m3day-1) day 6 194848 41486 61200 35370 

Flow (m3day-1) day 7 200330 42081 66200 35460 

Sampling mode  60 min, 100 mL 10 min, 150 mL 10 min, 150 mL  15 min, 125 mL 
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Table S3. Chromatographic conditions used with the EC 150/2 Nucleodur HILIC and 
Luna Omega Polar C18 columns. 

 

 

 

 

 

 

 

 

 

 

 

 

Mobile Phase A 5 mM of ammonium formiate in ultrapure water: 
acetonitrile 95: 5 at pH 4 5 mM of ammonium acetate in ultrapure water 

Mobile Phase B 5 mM of ammonium formiate in ultrapure water: 
acetonitrile 5: 95 at pH 4 5 mM of ammonium acetate in MeOH 
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Flow rate 0.3 mL min-1 0.4 mL min-1 
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Table S4. Chemical formulae, retention time (RT), transitions (Qn) used for quantification (Q1) and confirmation (Q2 and Q3), ratio between the 
transitions, optimal collision energy (CE) values and compounds used as internal standards (IS) for bisphenols and their glucuronides. 

 

Compound Chemical formulae 
RT 

(min) 

Q1 

(m/z) 

CE 

(eV) 

Q2 

(m/z) 

CE 

(eV) 

Q3 

(m/z) 

CE 

(eV) 
IS 
 

BPA C15 H16 O2 5.05 a 227 > 211 37 227 > 133 25 227 > 93 57 BPA-d6 

BPF C13 H12 O2 4.27 a 199 > 93 21 199 > 105 21 199 > 77 29 BPF-d10 

BPS C12 H10 O4 S 3.13 a 249 > 108 29 249 > 156 21 249 > 92 37 BPS-d8 

BPA-d6 C15 H10 2H6 O2 5.05 a 233 > 138 25 - - - - - 

BPS-d8 C12 H2 2H8 O4 S 3.13 a 257 > 112 29 - - - - - 

BPF-d10 C13 H2 2H10 O2 4.27 a 209 > 97 21 - - - - - 

BPA-G C21 H24 O8 7.35 b 403 > 227 29 403 > 175 13 403 > 113 17 13C12BPA-G 

BPA-DG C27 H32 O14 10.1 b 579 > 403 21 579 > 113 33 579 > 227 49 13C12BPA-G 

BPS-G C18 H18 O10 S 7.90 b 425 > 249 25 425 > 156 49 425 > 113 17 13C12BPA-G 

BPF-G C19 H20 O8 7.65 b 375 > 199 33 375 > 175 9 375 > 113 13 13C12BPA-G 

13C12BPA-G C9 13C12 H24 O8 7.35 b 415 > 113 17 - - - - - 

a: referred to Omega Polar C18 column. 

b: referred to EC 150/2 Nucleodur HILIC column . 
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Table S5. Instrumental quantification and detection limits (IQL and IDL) obtained with 
the EC 150/2 Nucleodur HILIC and the Omega Polar C18 columns. 
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Figure S1. Chromatogram of a 500 ng mL-1 standard obtained on the EC 150/2 

Nucleodur HILIC column.  
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Figure S2. Chromatograms showing the 3 SRM transitions of a wastewater extract 

spiked with 500 ng mL-1 of BPA-S obtained with the EC 150/2 Nucleodur HILIC 

column.  
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Figure S3. Absolute recoveries obtained with ultrapure water with the Oasis HLB and 

Oasis WAX protocols. 
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Table S6. Concentration of bisphenols’ sulfates in the wastewater samples. BPA-DS was below 
the MDL in all samples. 

 

Location Date 
(DD.MM.YYYY) 

Concentration (ng L-1) 
BPA-S BPA-DS BPS-S BPF-S 

Location 
1 
 

20.10.2021 44.0 <MDL 35.1 56.7 
21.10.2021 63.1 <MDL 38.6 57.5 
22.10.2021 196 <MDL 14.8 139 
23.10.2021 121 <MDL 17.0 102 
24.10.2021 36.2 <MDL 17.3 24.3 
25.10.2021 500 <MDL 17.2 142 
26.10.2021 172 <MDL 17.7 63.7 

Average  ± SD 162 ± 162 <MDL 22.5 ± 9.9 83.7 ± 45.1 

Location 
2 

19.10.2021 1.53 <MDL 3.58 <MDL 
20.10.2021 3.74 <MDL 2.37 <MDL 
21.10.2021 6.14 <MDL <MDL <MDL 
22.10.2021 5.59 <MDL <MDL <MDL 
23.10.2021 4.00 <MDL 2.04 <MDL 
24.10.2021 <MQL <MDL <MDL <MDL 
25.10.2021 5.60 <MDL 6.78 <MDL 

Average  ± SD 3.91 ± 2.09 a <MDL 2.19 ± 2.42 a <MDL 

Location 
3 

19.10.2021 151 <MDL <MDL 12.9 
20.10.2021 95.8 <MDL <MDL 7.56 
21.10.2021 109 <MDL <MDL 5.32 
22.10.2021 170 <MDL <MDL 19.4 
23.10.2021 264 <MDL <MDL 20.2 
24.10.2021 57.3 <MDL <MDL 18.2 
25.10.2021 120 <MDL <MDL 8.34 

Average  ± SD 138 ± 66 <MDL <MDL 13.4 ± 6.2 

Location 
4 

21.04.2021 16.2 <MDL 5.10 <MDL 
22.04.2021 8.48 <MDL 3.28 <MDL 
23.04.2021 29.0 <MDL <MDL <MDL 
24.04.2021 6.78 <MDL 4.76 <MDL 
25.04.2021 8.96 <MDL <MDL <MDL 
26.04.2021 11.3 <MDL 2.88 <MDL 
27.04.2021 9.60 <MDL 5.10 <MDL 

Average  ± SD 12.9  ± 7.7 <MDL 2.37 ± 2.18 a <MDL 
a Average and standard deviation calculated by substituting the values  <MQL and <MDL by MQL/2 and MDL/2, respectively. 

MDL/MQL: method detection/quantification limit. 
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Table S7. Population normalized daily loads (PNDLs) calculated from the concentrations 
measured in wastewater (Table S6) after considering WWTP flow data and population 
served (Table S2).  

Location Date 
(DD.MM.YYYY) 

PNDL (µg day-1 inhabitant-1) 
BPA-S BPA-DS BPS-S BPF-S 

Location 1 
 

20.10.2021 11 <MDL 8.4 14 
21.10.2021 15 <MDL 9.1 14 
22.10.2021 53 <MDL 4.0 37 
23.10.2021 27 <MDL 3.8 23 
24.10.2021 8.1 <MDL 3.9 5.4 
25.10.2021 113 <MDL 3.9 32 
26.10.2021 40 <MDL 4.1 15 

Average  ± SD 38 ± 37 <MDL 5.3 ± 2.4 20 ± 11 

Location 2 

19.10.2021 0.45 <MDL 1.0 <MDL 
20.10.2021 1.2 <MDL 0.74 <MDL 
21.10.2021 1.8 <MDL <MDL <MDL 
22.10.2021 1.5 <MDL <MDL <MDL 
23.10.2021 1.2 <MDL 0.60 <MDL 
24.10.2021 <MQL <MDL <MDL <MDL 
25.10.2021 1.7 <MDL 2.1 <MDL 

Average  ± SD 1.1 ± 0.6 a <MDL 0.66 ± 0.74 a <MDL 

Location 3 

19.10.2021 42 <MDL <MDL 3.5 
20.10.2021 26 <MDL <MDL 2.1 
21.10.2021 29 <MDL <MDL 1.4 
22.10.2021 45 <MDL <MDL 5.2 
23.10.2021 68 <MDL <MDL 5.2 
24.10.2021 14 <MDL <MDL 4.4 
25.10.2021 31 <MDL <MDL 2.2 

Average  ± SD 37 ± 18 <MDL <MDL 3.4 ± 1.6 

Location 4 

21.04.2021 3.4 <MDL 1.1 <MDL 
22.04.2021 2.1 <MDL 0.80 <MDL 
23.04.2021 7.0 <MDL <MDL <MDL 
24.04.2021 1.6 <MDL 1.1 <MDL 
25.04.2021 2.3 <MDL <MDL <MDL 
26.04.2021 2.7 <MDL 0.68 <MDL 
27.04.2021 2.3 <MDL <MDL <MDL 

Average  ± SD 3.0  ± 1.8 <MDL 0.54  ± 0.49 a <MDL 
a Average and standard deviation calculated by substituting the values  <MQL and <MDL by MQL/2 and MDL/2, 
respectively. MDL/MQL: method detection/quantification limit. 
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Table S8. Urinary concentration of bisphenol metabolites estimated from PNDLs 
(Table S7). 

Location Date (DD.MM.YYYY) 
Urinary concentration (µg L-1  ) 

BPA-S BPS-S BPF-S 

Location 1 
 

20.10.2021 6.7 5.4 8.6 
21.10.2021 9.5 5.8 8.7 
22.10.2021 34 2.5 24 
23.10.2021 17 2.4 14.5 
24.10.2021 5.1 2.5 3.4 
25.10.2021 72 2.5 21 
26.10.2021 26 2.6 9.5 

Average  ± SD 24.3 ± 25.3 3.4 ± 1.5 12.7 ± 7.3 

Location 2 

19.10.2021 0.28 0.67 <MDL 
20.10.2021 0.75 0.47 <MDL 
21.10.2021 1.1 <MDL <MDL 
22.10.2021 0.96 <MDL <MDL 
23.10.2021 0.75 0.38 <MDL 
24.10.2021 0.15 <MDL <MDL 
25.10.2021 1.1 1.3 <MDL 

Average  ± SD 0.73  ± 0.39 a 0.59 ± 0.34 a <MDL 

Location 3 

19.10.2021 26 <MDL 2.3 
20.10.2021 17 <MDL 1.3 
21.10.2021 18 <MDL 0.89 
22.10.2021 29 <MDL 3.3 
23.10.2021 44 <MDL 3.3 
24.10.2021 8.8 <MDL 2.8 
25.10.2021 20 <MDL 1.4 

Average  ± SD 23.2 ± 11.1 <MDL 2.2 ± 1.0 

Location 4 

21.04.2021 2.2 0.69 <MDL 
22.04.2021 1.3 0.51 <MDL 
23.04.2021 4.5 <MDL <MDL 
24.04.2021 1.0 0.71 <MDL 
25.04.2021 1.4 <MDL <MDL 
26.04.2021 1.7 0.43 <MDL 
27.04.2021 1.4 <MDL <MDL 

Average  ± SD 1.9 ± 1.2 0.55 ± 0.10 a <MDL 
a Average and standard deviation calculated by substituting the values  <MQL and <MDL by MQL/2 and MDL/2, 
respectively. MDL/MQL: method detection/quantification limit. 
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Table S9. Compilation of literature studies where the excretion factors of sulfate 
metabolites were investigated. 

 

*References: 

Pottenger LH, Domoradzki JY, Markham DA, Hansen SC, Cagen SZ, Waechter JM, Jr. The 
relative bioavailability and metabolism of bisphenol A in rats is dependent upon the route of 
administration. Toxicol Sci 2000; 54: 3-18. 

Pritchett JJ, Kuester RK, Sipes IG. Metabolism of bisphenol a in primary cultured hepatocytes 
from mice, rats, and humans. Drug Metab Dispos 2002; 30: 1180-5. 

Doerge DR, Twaddle NC, Woodling KA, Fisher JW. Pharmacokinetics of bisphenol A in 
neonatal and adult rhesus monkeys. Toxicology and Applied Pharmacology 2010; 248: 1-11. 

Kurebayashi H, Okudaira K, Ohno Y. Species difference of metabolic clearance of bisphenol A 
using cryopreserved hepatocytes from rats, monkeys and humans. Toxicology Letters 2010; 
198: 210-215. 

Bisphenol Metabolite(s) Number of 
individuals Study model 

Molar 
excretion 

percentage 
(in 24 hours) 

Reference * 

BPA BPA-S 5 Rats 3 Pottenger, 2000  

BPA BPA-S  - In-vitro (Human hepatocytes) 7.5 Pritchett, 2002  

BPA BPA-S + 
BPA-DS 4 Monkeys 15 Doerge, 2010  

BPA BPA-S 

- In-vitro (Human hepatocytes) 9 
Kurebayashi, 

2010  - In-vitro (Monkeys hepatocytes) 20 

- In-vitro (Rats hepatocytes) 18 

BPA BPA-S + 
BPA-DS 30 Humans 21 Ye, 2005  

BPA BPA-S + 
BPA-DS 140 Humans 6.25 Ho, 2017  

BPA BPA-S 14 Humans 3 Thayer, 2015  

BPA BPA-S 10 Humans 12 Teeguarden, 
2015  

BPS BPS-S - In-vitro (Human hepatocytes) 10.5 Le Fol, 2015  

BPS BPS-S 24 Mice 7.9-20.7 Song, 2017  

BPS BPS-S 9 Rats 18-21  Waidyanatha, 
2018  

BPS 

BPS 

BPS-S 9 Mice 4  Waidyanatha, 
2018  

Sonker, 2021  BPS-S 9 Rats 4 

BPS BPS-S 30 Rats 16 Mao, 2022  

BPF BPF-S 18 Rats > 50 Cabaton, 2006  

BPF BPF-S - In-vitro (Human hepatocytes) 54.1 Dumont, 2011  
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Ye X, Kuklenyik Z, Needham LL, Calafat AM. Quantification of urinary conjugates of 
bisphenol A, 2,5-dichlorophenol, and 2-hydroxy-4-methoxybenzophenone in humans by online 
solid phase extraction–high performance liquid chromatography–tandem mass spectrometry. 
Analytical and Bioanalytical Chemistry 2005; 383: 638-644. 

Ho KL, Yuen KK, Yau MS, Murphy MB, Wan Y, Fong BMW, et al. Glucuronide and Sulfate 
Conjugates of Bisphenol A: Chemical Synthesis and Correlation Between Their Urinary Levels 
and Plasma Bisphenol A Content in Voluntary Human Donors. Archives of Environmental 
Contamination and Toxicology 2017; 73: 410-420 

Thayer KA, Doerge DR, Hunt D, Schurman SH, Twaddle NC, Churchwell MI, et al. 
Pharmacokinetics of bisphenol A in humans following a single oral administration. 
Environment International 2015; 83: 107-115. 

Teeguarden JG, Twaddle NC, Churchwell MI, Yang X, Fisher JW, Seryak LM, et al. 24-hour 
human urine and serum profiles of bisphenol A: Evidence against sublingual absorption 
following ingestion in soup. Toxicology and Applied Pharmacology 2015; 288: 131-142. 

Le Fol V, Aït-Aïssa S, Cabaton N, Dolo L, Grimaldi M, Balaguer P, et al. Cell-Specific 
Biotransformation of Benzophenone-2 and Bisphenol-S in Zebrafish and Human in Vitro 
Models Used for Toxicity and Estrogenicity Screening. Environmental Science & Technology 
2015; 49: 3860-3868. 

Song Y, Xie P, Cai Z. Metabolism of bisphenol S in mice after oral administration. Rapid 
Communications in Mass Spectrometry 2018; 32: 495-502. 

Waidyanatha S, Black SR, Snyder RW, Yueh YL, Sutherland V, Patel PR, et al. Disposition and 
metabolism of the bisphenol analogue, bisphenol S, in Harlan Sprague Dawley rats and 
B6C3F1/N mice and in vitro in hepatocytes from rats, mice, and humans. Toxicology and 
Applied Pharmacology 2018; 351: 32-45. 

Sonker AK, Bhateria M, Karsauliya K, Singh SP. Investigating the glucuronidation and 
sulfation pathways contribution and disposition kinetics of Bisphenol S and its metabolites 
using LC-MS/MS-based nonenzymatic hydrolysis method. Chemosphere 2021; 273: 129624. 

Mao W, Mao L, Zhao N, Zhang Y, Zhao M, Jin H. Disposition of Bisphenol S metabolites in 
Sprague-Dawley rats. Science of The Total Environment 2022; 811: 152288. 

Cabaton N, Chagnon M-C, Lhuguenot J-C, Cravedi J-P, Zalko D. Disposition and Metabolic 
Profiling of Bisphenol F in Pregnant and Nonpregnant Rats. Journal of Agricultural and Food 
Chemistry 2006; 54: 10307-10314. 

Dumont C, Perdu E, de Sousa G, Debrauwer L, Rahmani R, Cravedi J-P, et al. 
Bis(hydroxyphenyl)methane—bisphenol F—metabolism by the HepG2 human hepatoma cell 
line and cryopreserved human hepatocytes. Drug and Chemical Toxicology 2011; 34: 445-453. 
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Table S10. Human exposure to bisphenols calculated from the PNDL (Table S7) after considering 
the correction factor (CF) and human intake for bisphenols calculated from human exposure ,after 
considering the average European population weight (70.8 kg).  

Location Date 
(DD.MM.YYYY) 

Human exposure (µg day-1 inhabitant-1) Human intake (µg kg-1 day-1) 

BPA from 
BPA-S 

BPS from 
BPS-S 

BPF 
from 

BPF-S 

BPA from 
BPA-S 

BPS from 
BPS-S 

BPF from 
BPF-S 

Location 
1 
 

20.10.2021 113 92 140 1.6 2.0 1.3 
21.10.2021 160 100 140 2.3 2.0 1.4 
22.10.2021 565 44 387 8.0 5.5 0.62 
23.10.2021 288 41 235 4.1 3.3 0.59 
24.10.2021 86 42 56 1.2 0.79 0.60 
25.10.2021 1213 43 333 17 4.7 0.60 
26.10.2021 430 45 153 6.1 2.2 0.64 

Average  ± SD 408 ± 396 58 ± 26 206 ± 118 5.8 ± 5.6 2.9 ± 1.7 0.82 ± 0.37 

Location 
2 

19.10.2021 4.8 11 <MDL 0.068 0.16 <MDL 
20.10.2021 13 8.2 <MDL 0.18 0.12 <MDL 
21.10.2021 19 <MDL <MDL 0.27 <MDL <MDL 
22.10.2021 16 <MDL <MDL 0.23 <MDL <MDL 
23.10.2021 13 6.6 <MDL 0.18 0.093 <MDL 
24.10.2021 <MQL <MDL <MDL <MQL <MDL <MDL 
25.10.2021 18 23 <MDL 0.26 0.32 <MDL 

Average  ± SD 12 ± 6 a 7.3 ± 8.1 a <MDL 0.17 ± 0.09 a 0.10 ± 0.11 a <MDL 

Location 
3 

19.10.2021 455 <MDL 37 6.3 <MDL 0.52 
20.10.2021 283 <MDL 22 4.0 <MDL 0.30 
21.10.2021 307 <MDL 14 4.3 <MDL 0.20 
22.10.2021 486 <MDL 53 6.9 <MDL 0.76 
23.10.2021 733 <MDL 54 10 <MDL 0.76 
24.10.2021 147 <MDL 45 2.1 <MDL 0.64 
25.10.2021 334 <MDL 22 4.7 <MDL 0.32 

Average  ± SD 391± 187 <MDL 35 ± 16 5.5 ± 2.6 <MDL 0.50 ± 0.23 

Location 
4 

21.04.2021 37 12 <MDL 0.52 0.17 <MDL 
22.04.2021 22 8.5 <MDL 0.31 0.12 <MDL 
23.04.2021 75 <MDL <MDL 1.1 <MDL <MDL 
24.04.2021 17 12 <MDL 0.24 0.17 <MDL 
25.04.2021 24 <MDL <MDL 0.34 <MDL <MDL 
26.04.2021 29 7.3 <MDL 0.40 0.11 <MDL 
27.04.2021 24 <MDL <MDL 0.34 <MDL <MDL 

Average  ± SD 33  ± 20 6.0  ± 5.4 a <MDL 0.46 ± 0.28 0.084 ± 0.076 a <MDL 
a Average and standard deviation calculated by substituting the values  <MQL and <MDL by MQL/2 and MDL/2, 
respectively. MDL/MQL: method detection/quantification limit. 


