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Figure 1: DOC/UVA254 correlation for samples taken from column A effluent (n = 25). Correlation was used to estimate DOC 
values in column A effluent prior to pilot-scale ozonation.
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Table SI-1: Limits of quantitation (LOQ), average concentrations with standard deviations in wastewater treatment plant effluent and number of detections above LOQ and 3.5 x 
LOQ during 10 sampling campaigns.

Compound LOQ
[ng/L]

c0

[ng/L]
Std. dev.

[ng/L]

Occurrence 
above LOQ

Occurrence 
above 3.5 x 

LOQ

kO3

[M-1 s-1]
kOH

[M-1 s-1]

4-Formylaminoantipyrine (4-FAA) 10 670 260 10 10 n/a n/a
Atenolol 10 30 10 10 2 1.7x103  a 6.3x105  c

Antipyrine 10 30 10 10 2 6.2x105  j 8.9x109  k

Benzotriazole 50 5,880 1,190 10 10 2.4x102 g 7.6x109  i    

Caffeine 50 170 90 4 2 2.5x104  j 6.4x109  l

Carbamazepine 5 410 40 10 10 3.0x105  a 8.8x109  b

Citalopram 5 160 60 10 10 n/a n/a
Climbazole 5 90 20 10 10 n/a n/a
Diclofenac 5 1,440 450 10 10 106  a 7.5x109  b

Gabapentin 2.5 1,530 420 10 10 2.2x102 g 9.1x109  g

Iopromide 50 90 40 4 1 <1  b 3.3x109  b

Metoprolol 2.5 280 60 10 10 2.0x103  g 7.3x109  c

Phenytoin 5 6 1 4 0 <10  a 6.3x109  d

Primidone 10 50 10 10 10 <10  a 6.7x109  e

Sotalol 5 60 20 10 10 1.9x104  g 1010  g

Sulfamethoxazole 5 180 70 10 10 5.7x105  a 5.5x109  b

tris(2-chloroethyl) phosphate (TCEP) 50 118 40 8 2 <1  a 5.6x108  g

Tramadol 5 210 70 10 10 4.0x103 g 6.3x109 h

Venlafaxine 2.5 370 60 10 10 8.5x103 g 1010 g

Trimethoprim 5 40 30 10 8 2.7x105 6.9x109  f

Valsartanic acid 5 3,440 1,330 10 10 n/a 7.9x109  k

a Lee et al. (2013); b Huber et al. (2003); c Benner et al. (2008); d Yuan et al. (2009); eReal et al. (2009); f Watts and Linden (2009); g Lee et al. (2014); h Zimmermann et al. (2012); i Naik 
and Moorthy (1995); j Javier Rivas et al. (2011); k Wols et al. (2014); l Wols and Hofman-Caris (2012)
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Figure SI-2: Breakthrough curves for indicator compounds from RSSCTs fed with WWTP effluent and effluent of systems 
SBF(Air) and SBF(O3). Full symbols indicate values <LOQ, empty values indicate values >LOQ.



Supplementary information: Proposing sequential biofiltration-based hybrid systems for the enhanced 
removal of trace organic chemicals from wastewater treatment plant effluents

5

Literature

Benner, J., Salhi, E., Ternes, T., von Gunten, U., 2008. Ozonation of reverse osmosis concentrate: Kinetics and efficiency of beta 
blocker oxidation. Water Res. 42, 3003–3012. https://doi.org/10.1016/j.watres.2008.04.002

Huber, M.M., Canonica, S., Park, G.-Y., von Gunten, U., 2003. Oxidation of Pharmaceuticals during Ozonation and Advanced 
Oxidation Processes. Environ. Sci. Technol. 37, 1016–1024. https://doi.org/10.1021/es025896h

Javier Rivas, F., Sagasti, J., Encinas, A., Gimeno, O., 2011. Contaminants abatement by ozone in secondary effluents. Evaluation 
of second-order rate constants. J. Chem. Technol. Biotechnol. 86, 1058–1066. https://doi.org/10.1002/jctb.2609

Lee, Y., Gerrity, D., Lee, M., Bogeat, A.E., Salhi, E., Gamage, S., Trenholm, R.A., Wert, E.C., Snyder, S.A., Von Gunten, U., 2013. 
Prediction of micropollutant elimination during ozonation of municipal wastewater effluents: Use of kinetic and water 
specific information. Environ. Sci. Technol. 47, 5872–5881. https://doi.org/10.1021/es400781r

Lee, Y., Kovalova, L., McArdell, C.S., von Gunten, U., 2014. Prediction of micropollutant elimination during ozonation of a 
hospital wastewater effluent. Water Res. 64, 134–148. https://doi.org/10.1016/j.watres.2014.06.027

Naik, D.B., Moorthy, P.N., 1995. Studies on the transient species formed in the pulse radiolysis of benzotriazole. Radiat. Phys. 
Chem. 46, 353–357. https://doi.org/10.1016/0969-806X(94)00129-8

Real, F.J., Benitez, F.J., Acero, J.L., Sagasti, J.J.P., Casas, F., 2009. Kinetics of the Chemical Oxidation of the Pharmaceuticals 
Primidone, Ketoprofen, and Diatrizoate in Ultrapure and Natural Waters. Ind. Eng. Chem. Res. 48, 3380–3388. 
https://doi.org/10.1021/ie801762p

Watts, M.J., Linden, K.G., 2009. Advanced Oxidation Kinetics of Aqueous Trialkyl Phosphate Flame Retardants and Plasticizers. 
Environ. Sci. Technol. 43, 2937–2942. https://doi.org/10.1021/es8031659

Wols, B.A., Harmsen, D.J.H., Beerendonk, E.F., Hofman-Caris, C.H.M., 2014. Predicting pharmaceutical degradation by UV 
(LP)/H2O2 processes: A kinetic model. Chem. Eng. J. 255, 334–343. https://doi.org/10.1016/j.cej.2014.05.088

Wols, B.A., Hofman-Caris, C.H.M., 2012. Review of photochemical reaction constants of organic micropollutants required for UV 
advanced oxidation processes in water. Water Res. 46, 2815–2827. https://doi.org/10.1016/j.watres.2012.03.036

Yuan, F., Hu, C., Hu, X., Qu, J., Yang, M., 2009. Degradation of selected pharmaceuticals in aqueous solution with UV and 
UV/H2O2. Water Res. 43, 1766–1774. https://doi.org/10.1016/j.watres.2009.01.008

Zimmermann, S.G., Schmukat, A., Schulz, M., Benner, J., Gunten, U. von, Ternes, T.A., 2012. Kinetic and Mechanistic 
Investigations of the Oxidation of Tramadol by Ferrate and Ozone. Environ. Sci. Technol. 46, 876–884. 
https://doi.org/10.1021/es203348q


