Electronic Supplementary Material (ESI) for Environmental Science: Water Research & Technology.
This journal is © The Royal Society of Chemistry 2020

Supplementary Information

Simultaneous ozonation of 90 organic micropollutants including illicit drugs and their
metabolites in different water matrices

Garyfalia A. Zoumpouli*?3 Fernanda Siqueira Souza®3#°, Bruce Petrie®®’, Liliana Amaral
Féris®, Barbara Kasprzyk-Hordern®®, Jannis Wenk?3"

! Centre for Doctoral Training, Centre for Sustainable Chemical Technologies, University of
Bath, BA2 7AY, UK

2 Department of Chemical Engineering, University of Bath, Bath BA2 7AY, UK.
% Water Innovation & Research Centre (WIRC), University of Bath, Bath BA2 7AY, UK

4 Federal University of Rio Grande do Sul, Department of Chemical Engineering, Porto Alegre,
Brazil.

® La Salle University, 2288 Victor Barreto Av, 92010-000 Canoas, Rio Grande do Sul, Brazil.
® Department of Chemistry, University of Bath, Bath BA2 7AY, Bath, UK

7 School of Pharmacy and Life Sciences, Robert Gordon University, Aberdeen AB10 7GJ, UK
*j.h.wenk@bath.ac.uk



Table S1. Molecular structure and additional information about the 90 OMPs (in alphabetical order). LC-MS performance data was obtained from

Petrie et al. [1], where more parameters can also be found (linearity range, precision, accuracy).
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Cocaethylene

Cocaine

Codeine
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Creatinine
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Lisinopril
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Methadone

Methamphetamine

Methotrexate

Methylparaben

Metoprolol

Mirtazapine

76-99-3
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Morphine

Naproxen

N-desmethyltramadol

Nicotine

Norcodeine

Norephedrine

57-27-2
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Pholcodine

Propranolol

Propylparaben

Quetiapine

Ranitidine

Sertraline

509-67-1
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Triclosan

Trimethoprim

Tylosin

Valsartan

Venlafaxine

3380-34-5

738-70-5

1401-69-0

137862-53-4

93413-69-5

289.55

290.32
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Table S2. Second order rate constants for the reaction of 40 OMPs with OH radicals.

Experimentally determined, unless otherwise specified (QSAR: Quantitative structure—activity

relationship).

Compound kon (M1 s7Y) Reference
Acetaminophen 2.2x10° [2]
Atenolol 8.0x10° [3]
Atorvastatin 1.9x10% [4]
Azathioprine 1.86%10° [5]
Azithromycin 2.9x10° [6]
Benzophenone-3 2.97x10% [7]
Benzoylecgonine 5.13x10° [8]
Bezafibrate 7.4x10° [9]
Bisphenol A 1.02x10%° [10]
Butylparaben 9.2x10° [11]
Caffeine 5.9x10° [12]
Carbamazepine 8.8x10° [9]
Cimetidine 6.5x10° [13]
Diclofenac 7.5x10° [9]
El 2.6x101 [14]
E2 1.41x10% [10]
EE2 1.08x10%0 [10]
Ethylparaben 7.7x10° [11]
Fluoxetine 9x10° [15]
Ibuprofen 7.4x10° [9]
Ifosfamide 3.6x10° [16]
lopromide 3.3x10° [9]
Ketoprofen 8.4x10° [17]
Metformin 1.4x10° [16]
Methamphetamine 7.9x10° [18]
Methotrexate 8.7x10° [19]
Methylparaben 6.8x10° [11]
Metoprolol 7.3x10° [3]
Morphine 10%° (QSAR) [20]
Naproxen 9.6x10° [21]
Propranolol 1.0x10% [3]
Propylparaben 8.6x10° [11]
Ranitidine 1.5x10% [13]
Sulfamethoxazole 5.5x10° [9]
Tramadol 6.3x10° [22]
Triclosan 5.4x10° [23]
Trimethoprim 6.9x10° [6]
Tylosin 8.2x10° [6]
Valsartan 10%° (QSAR) [20]
Venlafaxine 8.8x10° [16]

18



References

1.

10.

11.

12.

13.

14.

15.

Petrie, B., J. Youdan, R. Barden, and B. Kasprzyk-Hordern, Multi-residue analysis of
90 emerging contaminants in liquid and solid environmental matrices by ultra-high-
performance liquid chromatography tandem mass spectrometry. J Chromatogr A,
2016. 1431: p. 64-78.

Andreozzi, R., V. Caprio, R. Marotta, and D. Vogna, Paracetamol oxidation from
aqueous solutions by means of ozonation and H202/UV system. Water Research, 2003.
37(5): p. 993-1004.

Benner, J., E. Salhi, T. Ternes, and U. von Gunten, Ozonation of reverse osmosis
concentrate: Kinetics and efficiency of beta blocker oxidation. Water Research, 2008.
42(12): p. 3003-3012.

Lam, M.W. and S.A. Mabury, Photodegradation of the pharmaceuticals atorvastatin,
carbamazepine, levofloxacin, and sulfamethoxazole in natural waters. Aquatic
Sciences, 2005. 67(2): p. 177-188.

Zhang, Y., J. Zhang, Y. Xiao, V.W.C. Chang, and T.-T. Lim, Kinetic and mechanistic
investigation of azathioprine degradation in water by UV, UV/H202 and
UV/persulfate. Chemical Engineering Journal, 2016. 302: p. 526-534.

Dodd, M.C., M.-O. Buffle, and U. von Gunten, Oxidation of Antibacterial Molecules
by Aqueous Ozone: Moiety-Specific Reaction Kinetics and Application to Ozone-Based
Wastewater Treatment. Environmental Science & Technology, 2006. 40(6): p. 1969-
1977.

Gong, P., H. Yuan, P. Zhai, Y. Xue, H. Li, W. Dong, and G. Mailhot, Investigation on
the degradation of benzophenone-3 by UV/H202 in aqueous solution. Chemical
Engineering Journal, 2015. 277: p. 97-103.

Spasiano, D., D. Russo, M. Vaccaro, A. Siciliano, R. Marotta, M. Guida, N.M. Reis, G.
Li Puma, and R. Andreozzi, Removal of benzoylecgonine from water matrices through
UV254/H202 process: Reaction kinetic modeling, ecotoxicity and genotoxicity
assessment. Journal of Hazardous Materials, 2016. 318: p. 515-525.

Huber, M.M., S. Canonica, G.-Y. Park, and U. von Gunten, Oxidation of
Pharmaceuticals during Ozonation and Advanced Oxidation Processes. Environmental
Science & Technology, 2003. 37(5): p. 1016-1024.

Rosenfeldt, E.J. and K.G. Linden, Degradation of Endocrine Disrupting Chemicals
Bisphenol A, Ethinyl Estradiol, and Estradiol during UV Photolysis and Advanced
Oxidation Processes. Environmental Science & Technology, 2004. 38(20): p. 5476-
5483.

Tay, K.S., N.A. Rahman, and M.R.B. Abas, Ozonation of parabens in aqueous
solution: Kinetics and mechanism of degradation. Chemosphere, 2010. 81(11): p.
1446-1453.

Shi, X., N.S. Dalal, and A.C. Jain, Antioxidant behaviour of caffeine: Efficient
scavenging of hydroxyl radicals. Food and Chemical Toxicology, 1991. 29(1): p. 1-6.
Latch, D.E., B.L. Stender, J.L. Packer, W.A. Arnold, and K. McNeill, Photochemical
Fate of Pharmaceuticals in the Environment: Cimetidine and Ranitidine.
Environmental Science & Technology, 2003. 37(15): p. 3342-3350.

Nakonechny, M., K. lkehata, and M. Gamal EI-Din, Kinetics of Estrone
Ozone/Hydrogen Peroxide Advanced Oxidation Treatment. Ozone: Science &
Engineering, 2008. 30(4): p. 249-255.

Lam, M.W., C.J. Young, and S.A. Mabury, Aqueous Photochemical Reaction Kinetics
and Transformations of Fluoxetine. Environmental Science & Technology, 2005.
39(2): p. 513-522.

19



16.

17.

18.

19.

20.

21.

22.

23.

Wols, B.A., C.H.M. Hofman-Caris, D.J.H. Harmsen, and E.F. Beerendonk,
Degradation of 40 selected pharmaceuticals by UV/H202. Water Research, 2013.
47(15): p. 5876-5888.

Real, F.J., F.J. Benitez, J.L. Acero, J.J.P. Sagasti, and F. Casas, Kinetics of the Chemical
Oxidation of the Pharmaceuticals Primidone, Ketoprofen, and Diatrizoate in Ultrapure
and Natural Waters. Industrial & Engineering Chemistry Research, 2009. 48(7): p.
3380-3388.

Gu, D., C. Guo, J. Lv, S. Hou, Y. Zhang, Q. Feng, Y. Zhang, and J. Xu, Removal of
methamphetamine by UV-activated persulfate: Kinetics and mechanisms. Journal of
Photochemistry and Photobiology A: Chemistry, 2019. 379: p. 32-38.

Lai, W.W.-P., M.-H. Hsu, and A.Y.-C. Lin, The role of bicarbonate anions in
methotrexate degradation via UV/TiO2: Mechanisms, reactivity and increased toxicity.
Water Research, 2017. 112: p. 157-166.

Lee, Y., L. Kovalova, C.S. McArdell, and U. von Gunten, Prediction of micropollutant
elimination during ozonation of a hospital wastewater effluent. Water Research, 2014.
64: p. 134-148.

Packer, J.L., J.J. Werner, D.E. Latch, K. McNeill, and W.A. Arnold, Photochemical
fate of pharmaceuticals in the environment: Naproxen, diclofenac, clofibric acid, and
ibuprofen. Aquatic Sciences, 2003. 65(4): p. 342-351.

Zimmermann, S.G., A. Schmukat, M. Schulz, J. Benner, U.v. Gunten, and T.A. Ternes,
Kinetic and Mechanistic Investigations of the Oxidation of Tramadol by Ferrate and
Ozone. Environmental Science & Technology, 2012. 46(2): p. 876-884.

Latch, D.E., J.L. Packer, B.L. Stender, J. VanOverbeke, W.A. Arnold, and K. McNeill,
Aqueous photochemistry of triclosan: Formation of 2,4-dichlorophenol, 2,8-
dichlorodibenzo-p-dioxin, and oligomerization products. Environmental Toxicology
and Chemistry, 2005. 24(3): p. 517-525.

20



