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Table S1. Specifications for the Aquaporin Inside TM FO hollow fiber module as provided by the 

membrane manufacturer. 

Manufacturer Aquaporin A/S (Copenhagen, Denmark) 

Membrane module HFFO.6 

Active area 0.6 m2 

Number of fibers 8000 

Fiber length 120 mm 

Inner diameter of fibers 200 μm 

Wall thickness of fiber 35 μm 

Active layer Polyamide thin film composite (TFC) with AQP 

vesicles 

Porous support layer Polysulfone (PS) 

Cross sectional area shell 3.28E-05 m2 

Cross sectional area lumen 2.51E-04 m2 

Water flux (DI water vs.0.5M NaCl, 25 L/h as feed 

flow rate and 15 L/h as draw flow rate, temperature 

298 K) 

11 ± 1.5 L/m2h 

Specific reverse salt flux (DI water vs.0.5M NaCl, 25 

L/h as feed flow rate and 15 L/h as draw flow rate, 

temperature 298 K) 

0.15 ± 0.05 g/L 

 

  



Table S2. Operational conditions of the UHPLC-MS/MS equipment. 

 

  

Analytes Q1 Q3 
Declustering 

potential (V) 

Collision 

energy (V) 

Cell extraction 

potential (V) 

Retention 

time (min) 

Penicilina G 
335 

 

160 111 

 

23 18 4.98 

 176 19 16 

Oxytetracycline 
461 

 

426 151 

 

27 30 3.64 

 443 19 32 

Doxycycline 
445 

 

428 111 

 

27 34 4.52 

 410 37 36 

Tetracycline 
445 

 

410 51 

 

27 32 3.30 

 427 19 32 

Marbofloxacin 
363 

 

320 66 

 

23 24 2.77 

 327 25 24 

Enrofloxacin 
360 

 

316 
91 

29 38 
4.18 

342 33 38 

Danofloxacin 358 
340 86 

 

33 24 4.16 

 314 27 38 

Sulfadiazine 
251 

 

156 71 

 

23 20 1.50 

 108 31 12 

Sulfathiazole 
256 

 

156 96 

 

21 8 1.84 

 108 33 12 

Sulfamethizole 
271 

 

156 31 

 

21 10 3.61 

 108 35 12 

Sulfadimidine 
279 

 

186 86 

 

25 22 3.76 

 124 33 6 

Sulfamethoxazole 
254 

 

156 66 

 

23 24 4.18 

 108 33 16 

Tylosin 
916 

 

772 156 

 

43 36 4.79 

 174 51 10 

Tiamulin 
494 

 

192 51 

 

29 10 4.72 

 119 59 12 

Apramycin 
271 

 

156 50 

 

20 19 3.57 

 - - - 

Trimethoprim 291 
230 51 

 

33 18 2.18 

 261 35 16 

Florfenicol 
358 

 

340 66 

 

13 24 4.18 

 241 25 14 

Fenbendazol 
300 

 

268 96 

 

29 22 5.14 

 159 49 10 

Dexamethasone 
393 

 

355 41 

 

19 20 5.06 

 147 39 10 

Progesterone 
315 

 

109 141 

 

31 10 5.39 

 297 23 28 

Methylparaben 
153 

 

121 66 

 

21 14 4.48 

 109 15 30 

Carbamazepine 
237 

 

194 66 

 

29 12 4.94 

 193 47 6 



Table S2. Cont. 

 

Propanolol 

260 

 

183 66 

 

25 12 4.47 

 116 25 8 

Sulfapyridine 
250 

 

156 61 

 

23 10 1.93 

 108 35 12 

Metronidazole 
172 

 

128 41 

 

21 6 0.91 

 82 35 14 

Ofloxacin 
362 

 

318 86 

 

29 26 5.91 

 261 37 14 

Naproxen 
231 

 

185 56 

 

21 12 5.15 

 170 37 10 

Clarithromycin 
748 

 

590 96 

 

25 40 6.19 

 158 41 26 

Erythromycin 
734 

 

576 46 

 

25 36 5.06 

 158 37 22 

Clofibrate 
243 

 

169 86 

 

17 22 5.38 

 197 13 10 

Levofloxacin 362 
318 

6 
27 20 

3.90 
261 37 24 

Norfloxacin 
320 

 

276 96 

 

27 18 3.93 

 233 37 16 

1,4-Benzoquinone 
109 

 

81 121 

 

19 4 
5.09 

53 29 12 

Atorvastatin 
559 

 

440 26 

 

33 38 5.32 

 250 59 18 

Atenolol 267  
145 

11 
33 24 

0.80 
190 29 4 

Caffeine 195 
138 

71 
27 18 

3.81 
110 31 16 

Atrazine 
216 

 

174 71 

 

25 22 5.02 

 104 41 16 

DEET 192 
119 

56 
23 10 

5.25 
91 41 10 

Ciprofloxacin 332 
314 

31 
29 38 

4.07 
231 57 16 

17-α-

Ethynylestradiol 

297 

 

107 
71 

33 12 5.56 

 77 79 10 

Crotamiton 204 
69 

61 
35 12 

5.63 
136 27 14 

Estrone (E1) 271 
253 

101 
19 10 

5.54 
133 35 12 

Ethylparaben 
165 

 

137 
-35 

-20 -11 
4.84 

136 -20 -13 

Propylparaben 
179 

 

137 
-60 

-20 -13 
5.03 

136 -24 -17 

Diclofenac Sodium 

Salt 

294 

 

250 
-10 

-18 -7 
5.47 

214 -28 -9 

Ibuprofen 
2054 

 

159 
-35 

-10 -15 
5.38 

161 -12 -21 



Table S2. Cont. 

 

  

Salicylic acid 137 
93 

-40 
-22 -15 

4.42 
- - - 

Clofibric acid 
213 

 

127 
-35 

-24 -15 
5.14 

85 -14 -9 

Triclosan 
287 

 

287 -90 

 

-6 -17 
5.50 

142 -48 -15 

4-Hydroxybenzoic 

acid 
137 

93 
-5 

-16 -15 
4.43 

65 -40 -13 

Gemfibrozil 249 
121 

-5 
-30 -7 

6.65 
127 -14 -5 



Table S3. Method Limits of Detection (MLD) and Method Limits of Quantitation (MLQ). 

  

Analytes 
MLD 

(ng/L) 

MLQ 

(ng/L) 
Analytes 

MLD 

(ng/L) 

MLQ 

(ng/L) 

Penicillin G 218.14 727.13 Naproxen 8.88 29.60 

Oxytetracycline 83.16 277.24 Clarithromycin 6.91 23.04 

Doxycycline 30.63 214.30 Erythromycin 134.83 449.43 

Tetracycline 7.62 25.41 Clofibrate 111.50 371.68 

Marbofloxacin 160.94 536.46 Levofloxacin 7.16 23.86 

Enrofloxacin 35.72 119.07 Norfloxacin 188.59 628.62 

Danofloxacin 159.26 530.86 1,4-Benzoquinone 1371.98 4573.26 

Sulfadiazine 93.97 313.24 Atorvastatin 0.84 2.81 

Sulfathiazole 110.06 366.87 Atenolol 13.57 45.22 

Sulfamethizole 31.04 103.48 Caffeine 4.41 14.71 

Sulfadimidine 27.39 91.23 Atrazine 2.52 8.41 

Sulfamethoxazole 2.45 8.17 DEET 0.82 2.72 

Tylosin 104.45 348.17 Ciprofloxacin 5.05 16.85 

Tiamulin 23.60 78.62 17-α-Ethynylestradiol 706.46 2354.87 

Apramycin 125.33 417.76 Crotamiton 3.15 10.51 

Trimethoprim 0.81 2.69 Estrone 300.91 1003.05 

Florfenicol 502.39 1674.65 Ethyl Paraben 77.11 257.02 

Fenbendazol 0.68 2.25 Propyl Paraben 138.19 460.64 

Dexametasone 110.10 367.00 Diclofenac Sodium Salt 24.47 81.57 

Progesterone 24.49 81.64 Ibuprofen 266.37 887.89 

Methyl paraben 7.64 25.46 Salicylic acid 72.52 241.74 

Carbamazepine 2.31 7.72 Clofibric acid 14.28 47.61 

Propanolol 5.75 19.15 Triclosan 986.85 3289.51 

Sulfapyridine 0.27 0.90 4-Hydroxybenzoic acid 112.73 375.76 

Metronidazole 80.94 269.80 Gemfibrozil 5.27 17.56 

Ofloxacin 6.23 20.75 



Table S4. Diffusion coefficient and Van t́ Hoff values [1-4]. 

 

Salt i theorist Van t́ Hoff i experimental Van t́ Hoff Diffusion coefficient (m2/s) 

NaCl  2 1.87 1.610 

MgCl2 3 2.84 1.249 

MgSO4 2 1.04 0.849 

AcNa 2 1.92 1.200 

Glucose 1 1.00 0.673 

 

Table S5. Ionic radius of the ions studied [5]. 

 

 

 

 

 

 

Table S6. Chemical Oxygen Demand (COD) recovery in aquaporin forward osmosis membrane. 
 

Samples COD recovery % 

FS experiment 81.32 

FS 1wash 27.75 

FS 2wash 3.36 

FS 3wash 10.08 

total 122.51 

 

Table S7. Inorganic Carbon (IC) and Total Carbon (TC) recovery in aquaporin forward osmosis 

membrane. 

Samples IC recovery % TC recovery % 

FS experiment 69.39 72.31 

FS 1wash 9.15 10.02 

FS 2wash 3.78 4.45 

FS 3wash 1.82 2.07 

total 84.15 88.84 

  

Ion Ionic radius (pm) 

Ac- 162 

Cl- 184 

SO42- 258 

Na+ 102 

Mg2+ 72 



Table S8. Properties of compounds present in effluent of urban WWTP in the city of Valladolid. 

 

Analytes MW (amu) log Kow at 25 °C log D Charge pH 7  

Sulfamethoxazole 253.28 0.659 -0.558 Negative 

Diclofenac  296.15 4.548 1.727 Negative 

Naproxen 230.26 2.876 0.713 Negative 

Ibuprofen 206.28 3.502 0.911 Negative 

Gemfibrozil 250.33 4.302 2.050 Negative 

Atorvastatin 558.64 3.846 1.135 Negative 

Ciprofloxacin 331.34 1.625 1.625 Neutral 

Ofloxacin 361.37 1.855 1.855 Neutral 

Carbamazepine 236.27 1.895 1.895 Neutral 

Caffeine 194.19 -0.628 -0.628 Neutral 

DEET 191.27 2.419 2.419 Neutral 

Fenbendazole 299.35 2.033 2.033 Neutral 

Methylparaben 152.15 1.882 1.882 Neutral 

Sulfapyridine 249.29 0.469 0.469 Neutral 

Levofloxacin 361.37 1.855 1.855 Neutral 

Clarithromycin 747.95 2.805 1.616 Positive 

Atenolol 266.34 0.335 -2.097 Positive 

Trimethoprim 290.32 0.594 0.273 Positive 



Table S9. Some properties of the compounds taken from the SciFinder database and additional information. 
 

Analytes 
Therapeutic 

subclass 

Therapeutic 

class 

MW 

(amu) 

Molecular 

formula 
Structure pKa at 25 °C 

Ciprofloxacin 

Fluroquinolones 

Antibiotics 

331.34 C17H18FN3O3 

 

Most acidic: 6.43 

     Most basic: 8.68 

Ofloxacin 361.37 C18H20N3FO4 

 

Most Acidic: 5.19 

Most Basic: 7.37 

Levofloxacin 361.37 C18 H20 F N3 O4 

  

Most acidic: 5.19 

Most basic: 7.37 

Sulfamethoxazole Sulfonamides 253.28 C10H11N3O3S 

 

Most acidic: 5.81 

Most basic: 1.39 



Clarithromycin Macrolides 747.95 C38H69NO13 

 

Most acidic: 13.08 

      Most basic: 8.16 

Sulfapyridine Antibacterial 249.29 C11H11N3O2S 

 

Most Acidic: 8.54 

   Most Basic: 2.13 

Trimethoprim Antibacterial 290.32 C14H18N4O3 

 

Most Basic: 7.04 



Diclofenac  

AINE 

(antiinflamatorio no 

esteroideo) 

Analgesics/anti-

inflammatories 

296.15 C14H11Cl2NO2 

  

Most acidic: 4.18  

Most basic: -2.26 

Naproxen 230.26 C14H14O3 

  

Most acidic: 4.84 

Ibuprofen 206.28 C13H18O2 

  

Most acidic: 4.41 

Fenbendazole Anti-parasitics 

  

299.35 C15H13N3O2S 

  

        

  Most Acidic: 12.13 



Methylparaben Preservative   152.15 C8H8O3 

 

Most acidic: 8.31 

Atorvastatin 
Lipid-lowering 

drug 
Statins 558.64 C33H35FN2O5 

 

   Most acidic: 4.29 

   Most basic: 0.38 

Gemfibrozil   
Fibric Acid 

Agents 
250.33 C15H22O3 

  

Most Acidic: 4.75 

Carbamazepine   

Psychiatric 

drugs/ 

anticonvulsants 

236.27 C15H12N2O 

 

 

  Most Acidic: 13.94 

   Most Basic: -0.49 



Atenolol   Beta-Blockers     266.34 C4H22N2O3 

  

Most Acidic: 13.88 

   Most Basic: 9.43 

Caffeine   Stimulant 194.19 C8H10N4O2 

  

Most Basic: 0.52 

DEET   Insect repellant 191.27 C12H17NO 

  

Most basic: -1.37 

 



Table S10. Further properties of the compounds taken from SciFinder database and additional 

information. 
 

Analytes 
Boiling Temp. Tb 

(°C) at 101325 Pa 

 Vapor pressure Vp 

(Pa) at 25 °C 
Supplier 

Ciprofloxacin 581.80 2,99E-12 Sigma-Aldrich 

Ofloxacin 571.50 6,70E-14 Fisher 

Levofloxacin 571.50 8,93E-12 Sigma-Aldrich 

Sulfamethoxazole 482.10 2,49E-07 Fisher 

Clarithromycin 805.50 6,75E-28 Sigma-Aldrich 

Sulfapyridine 473.50 3,90E-09 Fisher 

Trimethoprim 526.00 3,74E-11 Sigma-Aldrich 

Diclofenac  412.00 2,12E-05 Sigma-Aldrich 

Naproxen 403.90 4,01E-05 Sigma-Aldrich 

Ibuprofen 319.60 1,85E-02 Sigma-Aldrich 

Fenbendazole 568.20 2,81E-15 Sigma-Aldrich 

Methylparaben 265.50 7,40E-01 Sigma-Aldrich 

Atorvastatin 722.20 9,12E-20 Sigma-Aldrich 

Gemfibrozil 158.50  6,13E-07 Fisher 

Carbamazepine 411.00 7,71E-05 Sigma-Aldrich 

Atenolol 508.00  3,82E-11 Fisher 

Caffeine 416.80  3,72E-07 Fisher 

DEET 160.00 1,35E-03 Fisher 

  



Table S11. EC50 (mg/L) for daphnia, fish and green algae for the 18 studied contaminants [6-13]. 
 

  EC50 (mg/L) 

ANALYTES Daphnia  Fish  Green algae  

Sulfamethoxazole 25.2 562.5 0.0 

Diclofenac  22.0 38.4 14.5 

Naproxen 126.1 190.0 96.6 

Ibuprofen 9.0 42.0 4.0 

Gemfibrozil 10.4 7.1 9.5 

Atorvastatin 0.1 0.1 0.2 

Ciprofloxacin 620.7 197.1 0.0 

Ofloxacin 31.8 316.8 179.7 

Carbamazepine 11.9 35.4 85.0 

Caffeine 0.4 70.0 150.0 

DEET 75.0 71.3 388.0 

Fenbendazole 0.0 0.3 1.0 

Methylparaben 24.6 160.0 31.4 

Sulfapyridine 1.8 377.5 6.4 

Levofloxacin 1790.0 19400.0 2440.0 

Clarithromycin 25.7 280.0 2.1 

Atenolol 51.4 774.3 2.1 

Trimethoprim 123.0 635.0 16.0 

  



Table S12. Evaluation of ecological risks of pollutants in the water recovered after passing through 

the membrane. 

 

ANALYTES RQ Daphnia RQ Fish RQ Green algae 

Sulfamethoxazole 0.00 0.00 0.00 

Diclofenac  0.00 0.00 0.00 

Naproxen 0.00 0.00 0.00 

Ibuprofen 0.00 0.02 0.00 

Gemfibrozil 0.00 0.00 0.00 

Atorvastatin 0.00 0.02 0.01 

Ciprofloxacin 0.00 0.00 0.00 

Ofloxacin 0.00 0.00 0.00 

Carbamazepine 0.00 0.00 0.00 

Caffeine 0.27 0.02 0.01 

DEET 0.00 0.00 0.00 

Fenbendazole 0.00 0.00 0.00 

Methylparaben 0.00 0.00 0.00 

Sulfapyridine 0.00 0.00 0.00 

Levofloxacin 0.00 0.00 0.00 

Clarithromycin 0.00 0.00 0.00 

Atenolol 0.00 0.00 0.00 

Trimethoprim 0.00 0.00 0.00 
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