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Table S1. Physicochemical properties of the selected pharmaceuticals (adapted from Chemspider, Drugbank, 
Pubchem and ECOSARv1.11). 

Therapeutic 
Group/Compound 

Cas 
Number 

Structural Formula 
Molecular 

Weight 
pKa (DB) log Kow  

log Dow 

(pH 7.4) 

log Koc (pH 
7.4) 

Solubility 
(mg L-1) 

Anxiolitics   307.40–321.16 5.1–18.3 2.41–3.87 2.49–3.06 2.73–3.01 16.6–32.4 

Alprazolam (ALP) 28981-97-7 

 

 

C17H13ClN4 

308.77 5.1/18.3 3.87 2.63 2.81 32.4 

Lorazepam (LOR) 846-49-1 

 

 

C15H10Cl2N2O2 

321.16 10.6 2.41 2.49 2.73 16.6 

Zolpidem (ZOL) 82626-48-0 

 

 

C19H21N3O 

307.40 5.65 3.85 3.06 3.01 31.3 

Antibiotics   331.35–749.00 5.76–12.46 0.01–3.24 -2.23–1.69 0–2.33 217–1350 



Therapeutic 
Group/Compound 

Cas 
Number 

Structural Formula 
Molecular 

Weight 
pKa (DB) log Kow  

log Dow 

(pH 7.4) 

log Koc (pH 
7.4) 

Solubility 
(mg L-1) 

Azithromycin (AZI) 83905-01-5 

 

 

C38H72N2O12 

749.00 9.57/12.43 3.24 1.36 1.24 514 

Ciprofloxacin (CIP) 85721-33-1 

 

 

C17H18FN3O3 

331.35 5.76/8.68 0.01 -2.23 0 1350 

Clarithromycin (CLA) 81103-11-9 

 

 

C38H69NO13 

747.97 8.38/12.46 3.16 0.67 2.33 217 

Erythromycin (ERY) 114-07-8 

 

 

C37H67NO13 

733.95 8.38/12.44 3.06 1.69 1.96 459 

Lipid regulators   250.34–418.58 3.83–14.91 4.25–5.19 -0.11–4.60 0–3.88 1.5–27.8 



Therapeutic 
Group/Compound 

Cas 
Number 

Structural Formula 
Molecular 

Weight 
pKa (DB) log Kow  

log Dow 

(pH 7.4) 

log Koc (pH 
7.4) 

Solubility 
(mg L-1) 

Bezafibrate (BEZ) 41859-67-0 

 

 

C19H20ClN1O4 

361.83 3.83 4.25 -0.11 0 1.5 

Gemfibrozil (GEM) 25812-30-0 

 

 

C15H22O3 

250.34 4.42 4.77 1.58 1.04 27.8 

Simvastatin (SIM) 79902-63-9 

 

 

C25H38O5 

418.58 14.91 5.19 4.60 3.88 12.2 

Antiepileptic         

Carbamazepine (CAR) 298-46-4 

 

 

C15H12N2O 

236.28 15.96 2.45 2.28 2.62 152 

Selective serotonin reuptake 
inhibitors (SSRIs) 

  291.06–329.14 9.05–10.5 1.22–4.82 0.5–3.14 0.37–2.16 0.1–58.8 



Therapeutic 
Group/Compound 

Cas 
Number 

Structural Formula 
Molecular 

Weight 
pKa (DB) log Kow  

log Dow 

(pH 7.4) 

log Koc (pH 
7.4) 

Solubility 
(mg L-1) 

Citalopram (CIT) 59729-33-8 

 

 

C20H21FN2O 

324.16 9.78 1.39 1.27 1.10 58.8 

Desmethylcitalopram (N-Cit) 

(metabolite) 
62498-67-3 

 

 

C19H19FN2O 

310.15 10.50 3.53 0.50 0.37 57.0 

Escitalopram (ESC)         

Fluoxetine (FLU) 54910-89-3 

 

 

C17H18F3NO 

309.13 9.80 1.22 1.75 1.18 1.7 

Norfluoxetine (Nor-FLU) 

(metabolite) 
83891-03-6 

 

 

C16H16F3NO 

295.12 9.05 4.18 2.23 1.84 35.7 



Therapeutic 
Group/Compound 

Cas 
Number 

Structural Formula 
Molecular 

Weight 
pKa (DB) log Kow  

log Dow 

(pH 7.4) 

log Koc (pH 
7.4) 

Solubility 
(mg L-1) 

Paroxetine (PAR) 61869-08-7 

 

 

C19H20FNO3 

329.14 10.30 1.37 1.46 1.16 35.3 

Sertraline (SER) 
87857-41-8 

79617-96-2 

 

 

C17H17Cl2N 

305.07 9.85 1.37 3.14 2.16 0.1 

Desmethylsertraline (Nor-SER) 

(metabolite) 
87857-41-8 

 

 

C16H15Cl2N 

291.06 9.41 4.82 2.83 2.13 10.6 

Anti-inflammatories   109.13–312.15 4.0–10.46 0.24–4.02 0.16–1.37 0.29–1.60 
4.5–101 

200 

Diclofenac (DIC) 15307-86-5 

 

 

C14H11Cl2NO2 

296.15 4.00 4.02 1.37 0.71 4.5 



Therapeutic 
Group/Compound 

Cas 
Number 

Structural Formula 
Molecular 

Weight 
pKa (DB) log Kow  

log Dow 

(pH 7.4) 

log Koc (pH 
7.4) 

Solubility 
(mg L-1) 

4-hydroxydiclofenac (4-OH-DIC) 

(metabolite) 
64118-84-9 

 

 

C14H11Cl2NO3 

312.15 - 3.18 1.18 0.59 17.9 

Ibuprofen (IBU) 15687-27-1 

 

 

C13H18O2 

206.29 4.90 3.80 0.45 0.29 68.4 

Naproxen (NAP) 22204-53-1 

 

 

C14H14O3 

230.3 4.20 3.50 0.45 0.47 51.1 

Paracetamol (PARA) 103-90-2 

 

 

C8H9NO2 

151.17 9.50 0.27 0.40 1.60 4150 

4-aminophenol (4-PARA) 

(transformation product) 
123-30-8 

 

 

C6H7NO 

109.13 5.48/10.46 0.24 0.16 1.46 101 200 



Therapeutic 
Group/Compound 

Cas 
Number 

Structural Formula 
Molecular 

Weight 
pKa (DB) log Kow  

log Dow 

(pH 7.4) 

log Koc (pH 
7.4) 

Solubility 
(mg L-1) 

Hormones   270.37–296.41 10.33 3.43–4.12 3.38–3.87 3.21–3.48 3.9–21.3 

Estrone (E1) 

(natural hormone/metabolite) 
53-16-7 

 

 

C18H22O2 

270.37 10.33 3.43 3.38 3.21 3.9 

17β-estradiol (E2) 50-28-2 

 

 

C18H24O2 

272.39 10.33 3.94 3.62 3.34 21.3 

17α-ethinylestradiol (EE2) 57-63-6 

 

 

C20H24O2 

296.41 10.33 4.12 3.87 3.48 6.8 

 



Table S2. Occurrence of pharmaceuticals in wastewaters influents (WWIs). 

Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

Anxiolytics           

Alprazolam 
(ALP) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

18/60 0 ND ND [1] 

China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 

 China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/6 5 <LOQ <LOQ [3] 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/0.1 100 7.6 8.6 [4] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 14.5 20.5 69 [5] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/5 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 32.3 49.1 [7] 

 Portugal NA TP/1 48 SPE-LC-MS NA 35 NA 4705 [8] 

 Spain 
2008/200
9 

TP/3 42 
SPE-UPLC-
MS/MS 

0/33 0 ND ND [9] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/30 0 ND ND [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/30 0 ND ND [9] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 6 6 [10] 

       29.5(100) 6.0(32.3) 403.1(4705.0)  

Lorazepam 
(LOR) 

China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/55 63 <LOQ <LOQ [3] 

China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/4.8 100 35.8 40.7 [4] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 78.5 36 95 [5] 

 International NA NA NA NA NA NA ND ND [11] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

2/7 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 299 446 [7] 

 Portugal NA TP/1 48 SPE-LC-MS NA 0 ND ND [8] 

 Spain 
2007/200
9 

CS/3 24 
SPE-LC-
MS/MS 

2.1/NA NA 69 NA [12] 

 Spain 
2008/200
9 

TP/3 42 
SPE-UPLC-
MS/MS 

0/54 0 ND ND [9] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/50 0 ND ND [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/150 0 ND ND [9] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 72 18 34 [10] 

       37.6(100) 35.2(299.0) 51.3(446.0)  

Zolpidem 
(ZOL) 

Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/3 0 ND ND [6] 

Portugal NA TP/1 48 SPE-LC-MS NA 0 ND ND [8] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 43 13 NA [13] 

       14.3(43.0) 4.3(13.0) NA  
Total       31.2(100) 19.9(299.0) 209.7(4705.0)  
Antibiotics           
Azithromycin 
(AZI) 

Croatia NA NA/5 5 
SPE-LC-
MS/MS 

7/23 NA 152 300 [14] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

Czech Republic 
2011/201
2 

TP/1 136 
SPE-LC-
MS/MS 

NA/7 99 140 510 [15] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

19/58.5 25 ND 64 [16] 

 International NA NA NA NA NA NA 400 3000 [11] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

2/NA NA 120 NA [17] 

 Japan 
2007/200
9 

NA/9 9 NA NA NA 645 NA [18] 

 NA NA NA 6 NA NA 100 260 NA [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

2/6 100 594 617 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 186 295 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.06/0.18 16.65 18.95 67 [20] 

 Portugal NA TP/1 48 SPE-LC-MS 3/11 17 NA 210 [8] 

 Spain 2011 GS/3 3 
SPE-UPLC-
MS/MS 

3.3/10.9 66 368 437 [21] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.7/11 NA <LOQ 280 [22] 

       65.5(100) 240.3(645.0) 578.0(3000.0)  

Clarithromycin 
(CLA) 

Czech Republic 
2011/201
2 

TP/1 136 
SPE-LC-
MS/MS 

NA/3 100 1480 3090 [15] 

Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

1.9/5.8 100 1377 2683 [16] 

 International NA NA NA NA NA NA 1300 8000 [11] 

 Italy 
2007/200
8 

TP/4 24 
SPE-LC-
MS/MS 

NA/NA NA 476 NA [23] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

6/NA NA 200 NA [17] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Japan 
2007/200
9 

NA/9 9 NA NA NA 964 NA [18] 

 NA NA NA 6 NA NA 100 647 NA [19] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA 22.2 52.3 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.06/0.20 16.65 24.15 48.2 [20] 

 Spain 
2007/200
9 

CS/3 24 
SPE-LC-
MS/MS 

1.5/NA NA 62 NA [12] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/10 100 230 620 [9] 

 Spain 2011 GS/3 3 
SPE-UPLC-
MS/MS 

16.6/55.5 100 358 632 [21] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 29 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.5 NA 324 NA [24] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.2/9.6 NA <LOQ 5.6 [22] 

       88.1(100) 499.6(1480.0) 1891.4(8000.0)  

Ciprofloxacin 
(CIP) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

75/250 70 698 NA [1] 

Czech Republic 
2011/201
2 

TP/1 136 
SPE-LC-
MS/MS 

NA/3 100 410 860 [15] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

5.4/16.3 100 1588 2881 [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

18.4/60.7 29.2 152 591 [25] 

 International NA NA NA NA NA NA 1600 11 000 [11] 

 Italy 
2007/200
8 

TP/4 24 
SPE-LC-
MS/MS 

NA/NA NA 68 NA [23] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

3/NA NA 2200 NA [17] 

 Kenya 
2012/201
3 

GS/3 3 SPE-LC-MS NA/NA 66.6 136.6 270 [26] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 10 182 246 [28] 

 NA NA NA 20 NA NA 83 413 571 [19] 
 Portugal 2007 TP/1 2 SPE-LC-FD 17/NA 100 433.0 418.8 [29] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

2/6 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 221 330 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

28.1/84.2 38.9 196 251 [20] 

 Portugal NA TP/1 48 SPE-LC-MS 1/3 10 NA 15 397 [8] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/320 100 2450 3850 [9] 

 Spain 2011 GS/3 3 
SPE-UPLC-
MS/MS 

13.6/34.5 100 414 613 [21] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 5524 13 625 [30] 

 Sweden 
2002/200
3 

FP/5 10 SPE-LC-MS NA/6 100 158 300 [31] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 71 196 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.5 NA 157 NA [24] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.3/6.7 NA <LOQ 8.7 [22] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 USA NA CS/7 10 SPE-LC-MS NA/50 40 150 210 [32] 
       62.2(100) 754.2(5524.0) 2706.4(15 397)  

Erythromycin 
(ERY) 

Croatia NA NA/5 5 
SPE-LC-
MS/MS 

6/20 NA ND ND [14] 

Czech Republic 
2011/201
2 

TP/1 136 
SPE-LC-
MS/MS 

NA/6 100 110 350 [15] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

155/470 0 ND ND [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

32.8/108.2 83.3 70.8 320 [25] 

 International NA NA NA NA NA NA NA 10 000 [33] 
 International NA NA NA NA NA NA 1800 10 000 [11] 

 Italy 
2007/200
8 

TP/4 24 
SPE-LC-
MS/MS 

NA/NA NA 0.9 NA [23] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

7/NA NA 46 NA [17] 

 Japan 
2007/200
9 

NA/9 9 NA NA NA 212 NA [18] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 1050 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 47 23 46 [28] 

 NA NA NA 3 NA NA 100 413 571 [19] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 92.7 220 [7] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

3/12 NA 1130 NA [34] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/20 0 ND ND [9] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 346 2310 [30] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Sweden 
2002/200
3 

FP/5 10 SPE-LC-MS NA/160 0 ND ND [31] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.1 NA 319 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 2070 10 025 [35] 

 UK NA NA NA NA NA NA NA 2530 [36] 

 USA 2010 TP/1 6 
SPE-LC-
MS/MS 

2.2/7.3 0 ND ND [37] 

 USA NA CS/7 10 SPE-LC-MS NA/50 60 340 1200 [32] 
       53.7(100) 367.0(2070.0) 2413.9(10 025)  
Total       64.8(100) 502.9(5524.0) 2093.5(15 397)  
Lipid regulators           

Bezafibrate 
(BEZ) 

Brazil 1997 TP/1 6 SPE-GC-MS NA NA 1200 NA [38] 

China 
2009/201
0 

GS/2 24 
SPE-UPLC-
MS/MS 

NA 100 72.6 159 [39] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

9/31 NA 23 50 [14] 

 Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 66 137 946 [40] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

7.9/26.1 8.3 <LOD 51.8 [25] 

 International NA NA NA NA NA NA NA 1390 [33] 
 International NA NA NA NA NA NA 3500 15 000 [11] 

 Mexico 
2015/201
6 

TP/2 8 
SPE- LC-
MS/MS 

4.9/16 100 2342.5 3445 [41] 

 NA NA NA 25 NA NA 100 2400 7600 [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

5/18 100 3283 5217 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 490 623 [7] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Spain 
2007/200
9 

CS/3 24 
SPE-LC-
MS/MS 

1.2/NA NA 381 NA [12] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/20 100 160 460 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/30 100 80 100 [9] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/5.0 100 53 59.1 [42] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 141 361 [30] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 429 1391 [35] 

 UK NA NA NA NA NA NA NA 971 [43] 
       88.6(100) 918.3(3500) 2364.0(15 000)  

Gemfibrozil 
(GEM) 

Brazil 1997 TP/1 6 SPE-GC-MS NA NA 350 NA [38] 

Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 260 36 530 [44] 

 China 
2009/201
0 

GS/2 24 
SPE-UPLC-
MS/MS 

NA 100 116 359 [39] 

 China 
2012/201
3 

GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 70 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 100 7.2 26.6 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

3/9 NA 155 360 [14] 

 Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 66 174 899 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

2.6/7.9 100 348 753 [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

38.7/127.7 0 ND ND [25] 

 International NA NA NA NA NA NA NA 17 100 [33] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 International NA NA NA NA NA NA 2400 12 000 [11] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 20 [27] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 222 318 [47] 

 Mexico 
2015/201
6 

TP/2 8 
SPE- HPLC-
MS/MS 

11/38 100 111.5 225 [41] 

 NA NA NA 4 NA NA 25 1630 3000 [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

11/40 100 299 307 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA <LOQ 22.5 [7] 

 Spain 
2007/200
9 

CS/3 24 
SPE-LC-
MS/MS 

0.9/NA NA 144 NA [12] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/50 100 1110 2120 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/70 100 210 540 [9] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/10 100 336 371.8 [42] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 3525 17 055 [30] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 710 710 [48] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.6/4.8 100 180 1200 [22] 

       86.1(100) 561.7(3525.0) 4472.2(36 530)  

Simvastatin 
(SIM) 

Canada 2002 NA/1 3 
SPE-LC-
MS/MS 

1.0/NA NA 4 NA [49] 

Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 34 20 91 [40] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

28/84.2 38 147 914 [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

11.6/38.3 8.3 49.1 718 [25] 

 International NA NA NA NA NA NA 4 4 [11] 

 Malaysia 2013 GS/4 12 
SPE-LC-
MS/MS 

NA/15 50 27 35 [50] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

8/29 50 976 976 [6] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/130 0 ND  ND [9] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 29 115 798 [35] 

 UK NA NA NA NA NA NA NA 115 [43] 
       29.9(50.0) 149.1(976.0) 405.7(976.0)  
Total       75.0(100) 604.1(3525.0) 2943.3(36 530)  
Antiepileptic           

Carbamazepine 
(CAR) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

39/129 100 609.6 NA [1] 

Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

54/108 NA 305 NA [51] 

 China 
2009/201
0 

GS/2 24 
SPE-UPLC-
MS/MS 

NA 100 70.7 233 [39] 

 China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/0.3 84 NA 23.7 [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 100 21.3 23 [2] 

 China 
2012/201
3 

GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 50 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 75 3.9 15.1 [46] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/2.5 100 45.2 68.2 [4] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

18/61 NA 420 950 [14] 

 Czech Republic 
2011/201
2 

TP/1 136 
SPE-LC-
MS/MS 

NA/8 100 460 710 [15] 

 Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 100 76 355 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

21/64.2 100 533 1713 [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

2.1/7 100 34.1 114 [25] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 100 500 750 [5] 

 International NA NA NA NA NA NA NA 3780 [33] 
 International NA NA NA NA NA NA 1200 12 000 [11] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

4/NA NA 570 NA [17] 

 Japan 
2001/200
3 

TP/5 12 SPE-GC-MS NA NA 54 270 [52] 

 Kenya 
2012/201
3 

GS/3 3 SPE-LC-MS NA/NA 33.3 116.66 350 [26] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 500 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 100 1920 21 600 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 72 127 [47] 

 Malaysia 2013 GS/4 12 
SPE-LC-
MS/MS 

NA/22 83 62 182 [50] 

 Mexico 
2015/201
6 

TP/2 8 
SPE- LC-
MS/MS 

5.5/18 100 214 380 [41] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  
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(Highest Value) 
(ng L-1) 
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 NA NA NA 64 NA NA 100 968 1900 [19] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 565 673 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.06/0.18 100 94.95 226 [20] 

 Portugal NA GS/5 10 SPE-LC-MS 2/7 20 NA 994 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 2/7 8 NA 1950 [8] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

268/891 NA 4560 NA [34] 

 Spain 
2003/200
4 

TP/1 10 
SPE-LC-
MS/MS 

30/NA 100 150 310 [54] 

 Spain 
2007/200
9 

CS/3 24 
SPE-LC-
MS/MS 

0.6/NA NA 591 NA [12] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 129 173 [30] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 1680 1680 [48] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 284 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.1 NA 24.8 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 1322 3110 [35] 

 UK NA NA NA NA NA NA NA 2593 [43] 

 USA 2010 TP/1 6 
SPE-LC-
MS/MS 

86.5/288.3 NA 5 NA [37] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

2.7/8.2 100 72 310 [22] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 193 588 [10] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  
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(Highest Value) 
(ng L-1) 

Reference 

       89.0(100) 513.6(4560.0) 1832.8(21 600)  
Selective serotonin reuptake inhibitors 
(SSRIs) 

         

Citalopram 
(CIT) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.077/NA 100 52.5 52.7 [55] 

China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/0.1 100 NA 3.5 [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 100 2.5 4 [2] 

 Czech Republic 
2011/201
2 

TP/1 136 
SPE-LC-
MS/MS 

NA/5 100 83 180 [15] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.6 100 257 612 [56] 

 Norway 2007 FP/2 3 
LPME-LC-
MS/MS 

0.017/0.057 100 156 303.6 [57] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 23.3 34.3 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.96/2.94 38.85 19.4 35.7 [20] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 266 NA [13] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 96 170 [10] 

       93.9(100) 106.2(266.0) 155.1(612.0)  

Desmethylcitalop
ram 
(N-CIT) 

Norway 2007 FP/2 3 
LPME-LC-
MS/MS 

0.229/0.762 100 253 425.7 [57] 

USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 50 34 126 [10] 

       75.0(100) 143.5(253.0) 275.9(425.7)  
Escitalopram 
(ESC) 

Portugal NA TP/1 48 SPE-LC-MS 14/47 21 NA 32 228 [8] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 
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Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 
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(Highest Value) 
(ng L-1)  
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(ng L-1) 
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       21.0(21.0) NA 32 228(32 228)  

Fluoxetine 
(FLU) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

8.6/29 0 ND ND [1] 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.05/NA 100 3.3 3.5 [55] 

 China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/4 68 <LOQ <LOQ [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 

 China 
2012/201
3 

GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 40 NA [45] 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/0.2 100 2.6 4.7 [4] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 0 ND ND [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

35/100 NA ND ND [14] 

 England NA GS/7 109 
SPE-LC-
MS/MS 

NA 100 31.3 175.9 [43] 

 International NA NA NA NA NA NA 540 4000 [11] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.12 100 1.4 2.4 [56] 

 Norway 2007 FP/2 3 
LPME-LC-
MS/MS 

0.150/0.490 100 8.4 18.7 [57] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/5 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA <LOQ 29.7 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.08/0.24 100 8.77 17.8 [20] 

 Portugal NA GS/5 10 SPE-LC-MS 15/57 50 NA 1704 [53] 



Pharmaceutical Country Year 
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Of Samples 
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LOD/LOQ 
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 Portugal NA TP/1 48 SPE-LC-MS 17/57 42 NA 3465 [8] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 585 1827 [30] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 0 ND ND [13] 

 UK NA NA NA NA NA NA NA 86 [36] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.5/10.5 100 20 95 [22] 

       57.3(100) 68.9(585.0) 571.5(4000.0)  

Norfluoxetine 
(Nor-FLU) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.087/NA 100 3.0 4.2 [55] 

England NA GS/7 109 
SPE-LC-
MS/MS 

NA 97 15.4 118.0 [43] 

 International NA NA NA NA NA NA 12 12 [11] 

 Norway 2007 FP/2 3 
LPME-LC-
MS/MS 

0.160/0.540 100 4.2 9.3 [57] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 112 226 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.28/0.82 11.1 48.2 51.2 [20] 

 UK NA NA NA NA NA NA NA 63 [36] 
       81.6(100) 32.5(112.0) 69.1(226.0)  

Paroxetine 
(PAR) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

202/674 0 ND ND [1] 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.096/NA 100 5.0 5.3 [55] 

 China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/60 0 ND ND [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 
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 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

6/22 NA ND ND [14] 

 International NA NA NA NA NA NA 16 16 [11] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.12 100 5.1 12.3 [56] 

 Norway 2007 FP/2 3 
LPME-LC-
MS/MS 

0.053/0.205 100 9.1 12.9 [57] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/3 100 75 105 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 0 ND ND [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

4.32/13.1 16.65 22.8 23.6 [20] 

 Portugal NA GS/5 10 SPE-LC-MS 27/89 30 NA 1312 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 27/89 44 NA 39 732 [8] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/200 0 ND ND [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/270 0 ND ND [9] 

       37.7(100) 10.2(75.0) 2747.9(39 732)  

Sertraline 
(SER) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.048/NA 100 6.1 6.1 [55] 

China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/8 95 <LOQ <LOQ [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 

 Czech Republic 
2011/201
2 

TP/1 136 
SPE-LC-
MS/MS 

NA/3 70 12 27 [15] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

1.5/4.9 20.8 <LOD 21.0 [25] 
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 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 64 31.5 91 [5] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.29 100 2.1 2.5 [56] 

 Norway 2007 FP/2 3 
LPME-LC-
MS/MS 

0.160/0.520 100 12.5 19.8 [57] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 0 ND ND [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.34/1.02 5.55 NA NA [20] 

 Portugal NA TP/1 48 SPE-LC-MS NA 0 ND ND [8] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 36 NA [13] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 62 114 [10] 

       58.1(100) 13.5(62.0) 25.6(114.0)  

Desmethylsertrali
ne 
(Nor-SER) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.072/NA 100 4.6 5 [55] 

Norway 2007 FP/2 3 
LPME-LC-
MS/MS 

0.618/4.1 33 30.5 30.6 [57] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 68 183 [10] 

       77.7(100) 34.4(68.0) 72.9(183.0)  
Total       62.2(100) 48.8(585.0) 1291.3(39 732)  
Anti-
inflammatories 

          

Diclofenac 
(DIC) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

35/118 100 1073 NA [1] 

Brazil 1997 TP/1 6 SPE-GC-MS NA NA 800 NA [38] 

 Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 170 2450 [44] 
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 Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

70/196 NA 256 NA [51] 

 China 
2009/201
0 

GS/2 24 
SPE-UPLC-
MS/MS 

NA 100 286 438 [39] 

 China 
2012/201
3 

GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 300 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 100 49 71.8 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

10/39 100 250 540 [14] 

 Greece 
1998/199
9 

NA/4 11 SPE-GC-MS 1/2 0 0 0 [58] 

 Greece 2009 FP/2 18 SPE-GC-MS NA NA 1410 2170 [59] 

 Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 94 249 5164 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

21/63.6 100 738 1001 [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

18.9/62.4 37.5 413 4869 [25] 

 International NA NA NA NA NA NA NA 94 200 [33] 
 International NA NA NA NA NA NA 1000 10 000 [11] 

 Kenya 
2012/201
3 

GS/3 3 SPE-LC-MS NA/NA 100 1186.6 1510 [26] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 30 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 20 237 523 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 131 243 [47] 

 Luxembourg 
2007/200
8 

TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 100 NA 43 [60] 
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 Malaysia 2013 GS/4 12 
SPE-LC-
MS/MS 

NA/182 42 2008 5048 [50] 

 Mexico 
2015/201
6 

TP/2 8 
SPE- LC-
MS/MS 

5.5/18 100 1726.5 2470 [41] 

 NA NA NA 91 NA NA 81 1340 4110 [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

18/84 100 1014 1597 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA 69.7 269 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

1.40/4.40 5.55 486 972 [20] 

 Portugal NA GS/5 10 SPE-LC-MS 7/24 70 NA 6674 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 7/24 96 NA 64 479 [8] 

 Spain 
2003/200
4 

TP/1 10 
SPE-LC-
MS/MS 

100/NA 100 1500 3600 [54] 

 Spain 
2007/200
9 

CS/3 24 
SPE-LC-
MS/MS 

1.2/NA NA 1002 NA [12] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/140 100 560 1490 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/140 36 530 790 [9] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/20 100 21 121.8 [42] 

 Spain NA NA NA SPE-GC-MS NA/100 NA NA 3600 [61] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 232 561 [30] 

 Spain/Belgium/Germany NA TP/NA 14 
SPE-
GC/LC-
MS/MS 

7/20 NA NA 148 [62] 

 Switzerland 
2003/200
4 

FP/5 44 SPE-GC-MS 6/20 100 1300 1900 [63] 
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 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 160 160 [48] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 615 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

1 NA 57.8 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 165 1161 [35] 

 UK NA NA NA NA NA NA NA 1500 [36] 
       81.5(100) 627.5(2008.0) 6397.2(94 200)  

Ibuprofen 
(IBU) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

312/1051 90 6993 NA [1] 

Brazil 1997 TP/1 6 SPE-GC-MS NA NA 350 NA [38] 

 Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 6770 10 210 [44] 

 China 
2012/201
3 

GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 900 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 100 300 406 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

12/20 NA 516 900 [14] 

 Greece 
1998/199
9 

NA/4 11 SPE-GC-MS 0.6/1.6 100 NA 560 [58] 

 Greece 2009 FP/2 18 SPE-GC-MS NA NA 820 1440 [59] 

 Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 59 711 8890 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

16/47 100 1269 1928 [16] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 85.5 1300 2800 [5] 

 International NA NA NA NA NA NA NA 603 000 [33] 
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 International NA NA NA NA NA NA 37 000 700 000 [11] 

 Japan 
2001/200
3 

TP/5 12 SPE-GC-MS NA NA 672 1130 [52] 

 Kenya 
2012/201
3 

GS/3 3 SPE-LC-MS NA/NA 100 8400 10550 [26] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 1050 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 0 ND ND [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 2265 2853 [47] 

 Luxembourg 
2007/200
8 

TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 100 NA 3080 [60] 

 Mexico 
2015/201
6 

TP/2 8 
SPE- LC-
MS/MS 

12/39 NA 1396.5 2835 [41] 

 NA NA NA 101 NA NA 97 14 600 83 500 [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

65/219 100 2790 3588 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA 1596 496 [7] 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

32.9/110 100 11994.5 24505 [20] 

 Portugal NA GS/5 10 SPE-LC-MS 14/46 80 NA 106 490 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 14/46 60 NA 40 168 [8] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

244/813 NA 5760 NA [34] 

 Spain 
2003/200
4 

TP/1 10 
SPE-LC-
MS/MS 

23/NA 100 8400 168 000 [54] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/640 98 12 400 39 800 [9] 
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 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/730 100 14 600 19 100 [9] 

 Spain 
2011/201
2 

NA/1 5 
SPE-LC-
MS/MS 

20.0/66.5 100 10 728 13 740 [64] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/30 100 4374 9938.3 [42] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 2687 4113 [30] 

 Spain/Belgium/Germany NA TP/NA 14 
SPE-
GC/LC-
MS/MS 

12/42 NA NA 860 [62] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 3590 3590 [48] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA NA 7755 NA [13] 

 Switzerland 
2003/200
4 

FP/4 44 SPE-GC-MS 8/30 100 2680 3100 [63] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

5 NA 2500 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 1988 6328 [35] 

 UK NA NA NA NA NA NA NA 33 764 [36] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

4.7/14 100 2100 11 000 [22] 

       90.8(100) 5459.9(37 000) 54 963.2(700 000)  

Naproxen 
(NAP) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

689/2295 24 3068 NA [1] 

Brazil 1997 TP/1 6 SPE-GC-MS NA NA 600 NA [38] 

 Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 2760 6030 [44] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 China 
2012/201
3 

GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 60 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 92 13 30.6 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

9/32 NA 99 190 [14] 

 Greece 2009 FP/2 18 SPE-GC-MS NA NA 935 2670 [59] 

 Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 72 856 5810 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

16/47 100 942 1363 [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

23.5/77.6 37.5 133 648 [25] 

 International NA NA NA NA NA NA NA 52 900 [33] 
 International NA NA NA NA NA NA 6000 100 000 [11] 

 Japan 
2001/200
3 

TP/5 12 SPE-GC-MS NA NA 100 230 [52] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 1050 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 57 3810 12 500 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 2584 5033 [47] 

 Mexico 
2015/201
6 

TP/2 8 
SPE- LC-
MS/MS 

14/46 100 2500 4210 [41] 

 NA NA NA 45 NA NA 96 26 400 611 000 [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

14/47 100 3029 3474 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 741 1617 [7] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Portugal  
2013/201
4 

FP/2 18 
SPE-
UHPLC-
MS/MS 

0.10/0.40 100 592.5 3245 [20] 

 Portugal NA GS/5 10 SPE-LC-MS 18/59 20 NA 3894 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 18/59 15 NA 244 [8] 

 Spain 
2007/200
9 

CS/3 24 
SPE-LC-
MS/MS 

6.3/NA NA 5464 NA [12] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/50 100 1550 3580 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/80 100 1320 2240 [9] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/8 100 2399 5871 [42] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 2363 5228 [30] 

 Spain/Belgium/Germany NA TP/NA 14 
SPE-
GC/LC-
MS/MS 

26/75 NA NA 455 [62] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 3650 3650 [48] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA NA 8006 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

5 NA 432 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 1006 3504 [35] 

 UK NA NA NA NA NA NA NA 1173 [36] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.0/2.9 100 3000 9400 [22] 

       81.6(100) 2910.8(26 400) 29 353.1(611 000)  



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

Paracetamol 
(PARA) 

Belgium 2013 TP/2 10 
SPE-LC-
HRMS 

1217/4057 100 60 546 ND [1] 

China 
2012/201
3 

GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 100 000 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 100 1900 3480 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

10/58 100 10 194 26 090 [14] 

 Greece 
2010/201
1 

TP/8 32 
SPE-LC-
MS/MS 

NA 88 6465 65 403 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

23/64.2 100 29 635 81 016 [16] 

 Greece 
2013/201
4 

TP/1 24 
SPE-LC-
MS/MS 

15.2/50 100 1422 2452 [25] 

 International NA NA NA NA NA NA NA 56 900 [33] 
 International NA NA NA NA NA NA 38 000 500 000 [11] 

 Kenya 
2012/201
3 

GS/3 3 SPE-LC-MS NA/NA 100 110887 161290 [26] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 10 000 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 97 13 200 51 900 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 7460 10 234 [47] 

 NA NA NA 5 NA NA 100 80 000 292 000 [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

7/25 100 17 931 20 074 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 2463 9286 [7] 

 Portugal NA TP/1 48 SPE-LC-MS 3/9 6 NA 342 [8] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

8.1/273 NA 6260 NA [34] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Spain 
2003/200
4 

TP/1 10 
SPE-LC-
MS/MS 

32/NA 100 134 000 246 000 [54] 

 Spain 
2008/200
9 

TP/3 42 
SPE-LC-
MS/MS 

NA/110 100 44 800 201 000 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/190 100 55 100 134 000 [9] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 23 202 37 458 [30] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 95 454 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.1 NA 2695 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 194 748 482 687 [35] 

 UK NA NA NA NA NA NA NA 492 349 [43] 

 USA 2010 TP/1 6 
SPE-LC-
MS/MS 

2.6/8.7 NA 2800 NA [37] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

2.5/7.5 100 18 000 150 000 [22] 

       94.3(100) 
44 048.4(194 
748) 

131 911.3(500 000)  

Total       86.6(100) 
11 192.4(194 
748) 

49 449.3(700 000)  

Hormones           

Estrone 
(E1) 

Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

1/NA 100 16 52 [44] 

Germany 2002 NA/1 18 
SPE-LC-
MS/MS 

NA/1 100 188 NA [65] 

 International NA 7 70 NA NA NA 53.9 132 [66] 
 International NA NA NA NA NA NA NA 170 [33] 
 International NA NA NA NA NA NA 80 900 [11] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Italy 2002 FP/1 7 
SPE-LC-
MS/MS 

1.2/NA 100 35 60 [67] 

 Japan 
2001/200
3 

TP/5 12 SPE-GC-MS NA NA NA 200 [52] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 47 70 [47] 

 Luxembourg 
2007/200
8 

TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 NA NA 9 [60] 

 NA NA NA 109 NA NA 100 67.2 670 [19] 
 Portugal NA GS/5 10 SPE-LC-MS 18/60 20 NA 2484 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 18/60 40 NA 177 [8] 
 UK NA NA NA NA NA NA 49 NA [43] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

2.2/6.7 NA 64 350 [22] 

       80.0(100) 66.7(188.0) 439.5(2484.0)  

17β-estradiol 
(E2) 

Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

1/NA 100 9 22 [44] 

Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

162/195 NA 310 NA [51] 

 Germany 2002 NA/1 18 
SPE-LC-
MS/MS 

NA/2 100 11.8 NA [65] 

 International NA 7 70 NA NA NA 12.0 25 [66] 
 International NA NA NA NA NA NA NA 50 [33] 
 International NA NA NA NA NA NA 250 5000 [11] 

 Italy 2002 FP/1 7 
SPE-LC-
MS/MS 

1.9/NA 100 25 31 [67] 

 Japan 
2001/200
3 

TP/5 12 SPE-GC-MS NA NA NA 30 [52] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA NA 4 4 [47] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1)  

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Luxembourg 
2007/200
8 

TP/1 24 
SPE-LC-
MS/MS 

1.0/3.0 NA NA 102 [60] 

 NA NA NA 108 NA NA 100 22.2 12.5 [19] 
 Portugal NA GS/5 10 SPE-LC-MS 4/12 10 NA 344 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 4/12 17 NA 937 [8] 
 UK NA NA NA NA NA NA 20 NA [43] 
       71.2(100) 73.8(310.0) 596.1(5000.0)  

17α-estradiol 
(α-E2) 

NA NA NA 36 NA NA 100 7.4 17.2 [19] 

USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.2/3.5 NA <LOQ 10 000 [22] 

       100(100) 3.7(7.4) 5008.6(10 000)  

17α-
ethinylestradiol 
(EE2) 

Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

140/203 NA 388 NA [51] 

Germany 2002 NA/1 18 
SPE-LC-
MS/MS 

NA/2 100 8.8 NA [65] 

 International NA NA/7 70 NA NA NA 3.7 13 [66] 
 International NA NA NA NA NA NA NA 3 [33] 
 International NA NA NA NA NA NA 20 80 [11] 

 Luxembourg 
2007/200
8 

TP/1 24 
SPE-LC-
MS/MS 

2.0/6.0 NA NA 24 [60] 

 NA NA NA 70 NA NA 91 4.2 70 [19] 
 Portugal NA GS/5 10 SPE-LC-MS 21/69 20 NA 106 [53] 
 Portugal NA TP/1 48 SPE-LC-MS 21/69 25 NA 80 [8] 
 UK NA NA NA NA NA NA 1.0 NA [43] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.3/3.8 NA <LOQ 9.4 [22] 

       59.0(100) 60.8(388.0) 48.2(106.0)  
Total       73.5(100) 62.9(388.0) 673.8(10 000)  

CS - Composite sampling 
FP - Flow proportional sampling 
FD - Fluorescence detection 
GC - Gas chromatography 



GS - Grab sampling 
HPLC - High performance liquid chromatography 
HRMS - High resolution mass spectrum 
LC - Liquid chromatography 
LDTD-APCI - Laser diode thermal desorption atmospheric pressure chemical ionization 
LPME - Liquid-phase microextraction 
LOQ - Limit of quantification 
MS - Mass spectrometry 
NA - Not available 
ND - Not detected 
SPE - Solid phase extraction 
TP - Time proportional sampling 
UPLC - Ultra performance liquid chromatography 
UHPLC - Ultra high performance liquid chromatography



Table S3. Occurrence of pharmaceuticals in wastewater efluents (WWEs). 

Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

Anxiolytics           

Alprazolam 
(ALP) 

Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

6.6/22 20 23 NA [1] 

China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/10 31 <LOQ <LOQ [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/0.1 100 4.9 6 [4] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/10 8 1.3 33.0 [68] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 29 29 57 [5] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/4 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 27.5 33.5 [7] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/10 38 <LOQ <LOQ [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/10 100 10 10 [9] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

9.1/NA 30 10 31 [69] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 5 8 [10] 

       46.3(100) 9.2(29.0) 16.2(57.0)  

Lorazepam 
(LOR) 

China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/70 50 <LOQ <LOQ [3] 

China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/4.1 100 NA 3.6 [4] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 57 17.5 47 [5] 

 International NA NA NA NA NA NA 200 200 [11] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 105 NA [70] 

 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/17 84 61 82 [71] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

2/6 100 339 438 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 294 347 [7] 

 Serbia NA GS/1 2 
SPE-LC-
MS/MS 

0.55/1.82 0 ND ND [72] 

 Spain 2007/2009 CS/3 24 
SPE-LC-
MS/MS 

1.2/NA NA 48 NA [12] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/30 55 40 60 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/50 100 140 160 [9] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 71 114 [10] 

       67.8(100) 101.2(339.0) 121.0(438.0)  

Zolpidem 
(ZOL) 

EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/0.5 58 1.5 42.6 [68] 

Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/2 0 ND ND [6] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 86 5 NA [13] 

       48.0(86.0) 2.2(5.0) 21.3(42.6)  
Total       55.6(100) 51.2(339.0) 66.9(438)  



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

Antibiotics           

Azithromycin 
(AZI) 

Croatia NA NA/5 5 
SPE-LC-
MS/MS 

3/10 100 96 210 [14] 

Czech Republic 2011/2012 TP/1 136 
SPE-LC-
MS/MS 

NA/7 75 50 220 [15] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

19/58.5 100 171 245 [16] 

 International NA NA NA NA NA NA 160 7000 [11] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 19 NA [70] 

 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/17 100 110 209 [71] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

4/NA NA 130 NA [17] 

 Japan 2007/2009 NA/9 9 NA NA NA 520 NA [18] 
 NA NA NA 6 NA NA 100 138 NA [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

2/5 100 683 836 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 171 297 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.16/0.50 66.7 NA 21.5 [20] 

 Serbia NA GS/1 2 
SPE-LC-
MS/MS 

2.58/8.59 50 150 150 [72] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

7.1/23.5 22 440 1986 [73] 

 Spain 2011 GS/3 3 
SPE-UPLC-
MS/MS 

4.6/15.5 100 393 592 [21] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.7/11 NA 110 350 [22] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 1465.2 5814.8 [74] 

       83.1(100) 300.4(1465.2) 1379.3(7000.0)  

Clarithromycin 
(CLA) 

Czech Republic 2011/2012 TP/1 136 
SPE-LC-
MS/MS 

NA/3 100 930 2310 [15] 

Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

1.9/5.8 100 1153 1476 [16] 

 International NA NA NA NA NA NA 290 800 [11] 

 Italy 2007/2008 TP/4 24 
SPE-LC-
MS/MS 

NA NA 310 NA [23] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 265 NA [70] 

 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/13 100 193 374 [71] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

2/NA NA 280 NA [17] 

 Japan 2007/2009 NA/9 9 NA NA NA 593 NA [18] 
 NA NA NA 6 NA NA 100 359 NA [19] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 22.4 40.0 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.08/0.22 44.4 18.11 70.4 [20] 

 Spain 2007/2009 CS/3 24 
SPE-LC-
MS/MS 

1.2/NA NA 38 NA [12] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

2.9/9.7 25 202 589 [73] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/3 100 20 60 [9] 

 Spain 2011 GS/3 3 
SPE-UPLC-
MS/MS 

9.1/30.4 100 198 229 [21] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 
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(Highest Value) 
(ng L-1) 
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(Highest Value) 
(ng L-1) 

Reference 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 35 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.5/NA NA 35.5 NA [24] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.2/9.6 NA <LOQ 19 [22] 

       86.9(100) 274.6(1153.0) 596.7(2310.0)  

Ciprofloxacin 
(CIP) 

Asia NA NA NA NA NA NA NA 2050 [75] 

Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

31/102 40 106 ND [1] 

 Czech Republic 2011/2012 TP/1 136 
SPE-LC-
MS/MS 

NA/3 91 65 190 [15] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/15 90 96.3 264 [68] 

 Europe NA NA NA NA NA NA NA 499 [75] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

24.5/28.2 NA NA NA [76] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

5.4/16.3 100 1116 1437 [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

14.7/48.6 41.7 199 591 [25] 

 India (industry) 2008 GS/1 NA 
SPE-LC-
MS 

NA/10 NA NA 14 000 000 [77] 

 International NA NA NA NA NA NA 860 9000 [11] 

 Italy 2007/2008 TP/4 24 
SPE-LC-
MS/MS 

NA NA 14.5 NA [23] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 208 NA [70] 

 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/7 100 155 499 [71] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 
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Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 
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(Highest Value) 
(ng L-1) 
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(Highest Value) 
(ng L-1) 

Reference 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

2/NA NA 630 NA [17] 

 Kenya 2012/2013 GS/3 3 
SPE-LC-
MS 

NA/NA 0 0 0 [26] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 9 728 2050 [28] 

 NA NA NA 29 NA NA 91 72 140 [19] 
 Portugal 2007 TP/1 2 SPE-LC-FD 17/NA 100 156.2 100.8 [29] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/4 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 369 1396 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

20.2/61.2 27.8 73 179 [20] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

3.1/10.3 94 911 5692 [73] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/50 100 700 1080 [9] 

 Spain 2011 GS/3 3 
SPE-UPLC-
MS/MS 

5.6/18.5 66 101 147 [21] 

 Spain 2016/2017 GS/3 45 
SPE-LC-
MS/MS 

NA/1.8 93.3 321 4719 [78] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 2378 5692 [30] 

 Sweden 2002/2003 FP/5 10 
SPE-LC-
MS 

NA/6 90 20 60 [31] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 61 NA [13] 
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Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
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(ng L-1) 
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 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.5/NA 0 ND ND [24] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.3/6.7 0 ND ND [22] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

10/NA 61 67 260 [69] 

 USA NA CS/7 10 
SPE-LC-
MS 

NA/50 40 60 140 [32] 

       59.8(100) 326.4(2378.0) 
501 292.4(14 000 
000) 

 

Erythromycin 
(ERY) 

Croatia NA NA/5 5 
SPE-LC-
MS/MS 

6/20 NA ND ND [14] 

Czech Republic 2011/2012 TP/1 136 
SPE-LC-
MS/MS 

NA/6 100 77 300 [15] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

155/470 0 ND ND [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

24.3/80.2 0 ND ND [25] 

 International NA NA NA NA NA NA NA 2840 [33] 
 International NA NA NA NA NA NA 730 9000 [11] 

 Italy 2007/2008 TP/4 24 
SPE-LC-
MS/MS 

NA NA 32.4 NA [23] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA 0 ND ND [70] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

8/NA NA 15 NA [17] 

 Japan 2007/2009 NA/9 9 NA NA NA 208 NA [18] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 71 130 294 [79] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 300 [27] 
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Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 
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 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 3 146 146 [28] 

 NA NA NA 3 NA NA 100 212 290 [19] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 71.2 134 [7] 

 Scotland 2005/2006 GS/2 40 
SPE-LC-
MS/MS 

0.1/0.5 55 381 2550 [80] 

 Serbia NA GS/1 2 
SPE-LC-
MS/MS 

1.65/5.48 0 ND ND [72] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

3/12 NA 240 NA [34] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

29.7/98.9 83 679 6316 [73] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/8 100 80 120 [9] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 331 760 [30] 

 Sweden 2002/2003 FP/5 10 
SPE-LC-
MS 

NA/160 0 ND ND [31] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.1/NA NA 43.9 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 1041 2841 [35] 

 UK NA GS/1 3 
SPE-LC-
MS/MS 

10/NA 100 163 180 [81] 

 UK NA NA NA NA NA NA NA 1385 [36] 

 USA 2010 TP/1 6 
SPE-LC-
MS/MS 

86.5/288.3 0 ND ND [37] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

2.7/8.2 100 180 340 [22] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 7.8 15.49 [74] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 USA NA CS/7 10 
SPE-LC-
MS 

NA/50 30 270 300 [32] 

       52.3(100) 186.6(1041.0) 1124.5(9000.0)  

Total       66.0(100) 269.5(2378.0) 
185 371.0(14 000 
000) 

 

Lipid regulators           

Bezafibrate 
(BEZ) 

Brazil 1997 TP/1 6 
SPE-GC-
MS 

NA NA 600 1100 [38] 

China 2009/2010 GS/2 24 
SPE-UPLC-
MS/MS 

NA 91 16.1 51.4 [39] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

2/6 NA NA 10 [14] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/1 60 25.4 343 [68] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

31/38.4 NA 25.05 57.6 [76] 

 Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 47 39 344 [40] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

5.3/17.4 8.3 <LOD <LOD [25] 

 International NA NA NA NA NA NA NA 670 [33] 
 International NA NA NA NA NA NA 900 8000 [11] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 126 NA [70] 

 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/3 17 3 3 [71] 

 Mexico 2015/2016 TP/2 8 
SPE- LC-
MS/MS 

0.2/0.8 100 529 950 [41] 

 NA NA NA 21 NA NA 78 816 4800 [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

5/17 100 1070 1797 [6] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 409 635 [7] 

 Spain 2007 TP/1 5 
SPE-LC-
MS/MS 

NA/3 100 97 130 [82] 

 Spain 2007/2009 CS/3 24 
SPE-LC-
MS/MS 

0.1/NA NA 190 NA [12] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

2.5/8.3 99 221 926 [73] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/10 100 70 390 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/10 100 60 80 [9] 

 Spain 2012 GS./3 21 
SPE-UPLC-
MS/MS 

NA/1.0 100 17 39.9 [42] 

 Spain 2016/2017 GS/3 45 
SPE-LC-
MS/MS 

NA/1.8 93.3 58 132 [78] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 128 280 [30] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 92 231 667 [35] 

 UK NA NA NA NA NA NA NA 418 [43] 
       80.4(100) 255.9(1070.0) 948.9(8000.0)  

Gemfibrozil 
(GEM) 

Brazil 1997 TP/1 6 
SPE-GC-
MS 

NA NA 200 1800 [38] 

Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 190 2090 [44] 

 Canada 2005 GS/2 4 
SPE-GC-
MS 

0.3/NA 100 266.3 478.2 [83] 

 China 2009/2010 GS/2 24 
SPE-UPLC-
MS/MS 

NA 77 34.3 326 [39] 

 China 2012/2013 GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 20 NA [45] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 75 1.0 2.1 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

1/3 NA 120 320 [14] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/1 60 138 3619 [68] 

 Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 50 21 356 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

2.6/7.9 88 12.3 35 [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

35/105 0 ND ND [25] 

 International NA NA NA NA NA NA NA 5240 [33] 
 International NA NA NA NA NA NA 930 7000 [11] 

 Ireland 2011/2012 TP/2 12 
SPE-LC-
MS/MS 

35/NA 83 365 650 [84] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 84 NA [70] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 43 11.2 17 [79] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 17 26 [47] 

 Mexico 2015/2016 TP/2 8 
SPE- LC-
MS/MS 

6.7/22 100 139 380 [41] 

 NA NA NA 21 NA NA 70 564 1340 [19] 
 NA NA NA NA NA NA NA NA 1500 [85] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

10/36 100 968 1183 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA <LOQ <LOQ [7] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 
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(Highest Value) 
(ng L-1) 

Reference 

 Spain 2007 TP/1 5 
SPE-LC-
MS/MS 

NA/4 100 2123 3090 [82] 

 Spain 2007/2009 CS/3 24 
SPE-LC-
MS/MS 

0.3/NA NA 183 NA [12] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

0.1/0.2 98 3903 36 364 [73] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/20 100 540 1240 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/4 100 490 910 [9] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/1.5 100 460 826.2 [42] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 845 5233 [30] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 180 180 [48] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.6/4.8 100 170 1100 [22] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

10/NA 76 420 2300 [69] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 755.63 1584.03 [74] 

       74.8(100) 442.2(3903.0) 2554.5(36 364)  

Simvastatin 
(SIM) 

Canada 2002 NA/1 3 
SPE-LC-
MS/MS 

0.2/NA NA 1 NA [49] 

Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 9 <LOQ <LOQ [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

28/84.2 25 ND 39.1 [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

9.7/32.1 37.5 205 1738 [25] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 
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Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 
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(Highest Value) 
(ng L-1) 

Reference 

 International NA NA NA NA NA NA 2 2 [11] 

 Malaysia 2013 GS/4 12 
SPE-LC-
MS/MS 

NA/4 67 12 22 [50] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

10/35 100 726 1255 [6] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

1.8/6.1 0 ND ND [73] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/20 0 ND ND [9] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 38 5 20 [35] 

 UK NA NA NA NA NA NA NA 5 [43] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

41/NA 24 <LOQ <LOQ [69] 

       33.4(100) 86.5(726.0) 280.1(1738.0)  
Total       68.9(100) 319.0(3903.0) 1601.5(36 364)  
Antiepileptic           

Carbamazepine 
(CAR) 

America NA NA NA NA NA NA NA 1550 [75] 
Asia NA NA NA NA NA NA NA 21 000 [75] 

 Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

97/323 100 637 ND [1] 

 Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

54/108 NA 274 NA [51] 

 China 2009/2010 GS/2 24 
SPE-UPLC-
MS/MS 

NA 100 88.2 277 [39] 

 China 2011 GS/3 16 
SPE-LC-
MS/MS 

NA/0.5 100 NA 21.6 [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 100 17.3 22 [2] 

 China 2012/2013 GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 60 NA [45] 



Pharmaceutical Country Year 
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LOD/LOQ 
(ng L-1) 
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(Highest Value) 
(%) 
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(ng L-1) 
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(Highest Value) 
(ng L-1) 
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 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 83 6.4 19.5 [46] 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/1.6 100 34.5 47.3 [4] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

10/40 NA 410 630 [14] 

 Czech Republic 2011/2012 TP/1 136 
SPE-LC-
MS/MS 

NA/8 100 510 730 [15] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/1 90 832 4609 [68] 

 Europe NA NA NA NA NA NA NA 150 [75] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

0.03/0.1 NA 706.73 1007 [76] 

 Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 94 126 417 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

21/64.2 100 461 501 [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

1.4/4.6 91.7 74.2 125 [25] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 100 530 770 [5] 

 International NA NA NA NA NA NA NA 4600 [33] 
 International NA NA NA NA NA NA 1040 13 000 [11] 

 Ireland 2011/2012 TP/2 12 
SPE-LC-
MS/MS 

15/NA 100 1567 3160 [84] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 387 NA [70] 

 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/10 100 183 265 [71] 

 Italy NA TP/1 4 
SPE-LC-
MS/MS 

5/NA NA 370 NA [17] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 
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 Japan 2001/2003 TP/5 12 
SPE-GC-
MS 

NA NA NA 1200 [52] 

 Kenya 2012/2013 GS/3 3 
SPE-LC-
MS 

NA/NA 33.3 106.6 320 [26] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 86 226 729 [79] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 250 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 100 1750 21 000 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 55 74 [47] 

 Malaysia 2013 GS/4 12 
SPE-LC-
MS/MS 

NA/4 83.3 27 53 [50] 

 Mexico 2015/2016 TP/2 8 
SPE- LC-
MS/MS 

0.7/2.3 100 284.5 476 [41] 

 NA NA NA 63 NA NA 100 674 2300 [19] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 460 196 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.12/0.34 100 117 245 [20] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

2/7 10 NA 238 [53] 

 Serbia NA GS/1 2 
SPE-LC-
MS/MS 

0.27/0.9 100 14 15 [72] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

268/891 NA 1460 NA [34] 

 Spain 2003/2004 TP/1 10 
SPE-LC-
MS/MS 

30/NA 100 130 230 [54] 

 Spain 2007/2009 CS/3 24 
SPE-LC-
MS/MS 

0.6/NA NA 472 NA [12] 
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(ng L-1) 
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 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

0.5/1.2 99 176 1593 [73] 

 Spain 2016/2017 GS/3 45 
SPE-LC-
MS/MS 

NA/1.8 100 64 390 [78] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 117 173 [30] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 1180 1180 [48] 

 Sweden 2007/2008 GS/1 10 
SPE-LC-
MS/MS 

NA 100 437 NA [86] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 305 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.1 NA 0.9 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 1663 4596 [35] 

 UK NA NA NA NA NA NA NA 3117 [43] 

 USA 2010 TP/1 6 
SPE-LC-
MS/MS 

2.2/7.3 NA 7 NA [37] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

2.7/8.2 100 180 340 [22] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

4.4/NA 96 97 240 [69] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

0.03/NA 71 0.61 2.04 [87] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 289 731 [10] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 118.83 158.35 [74] 

       92.7(100) 398.4(1750.0) 2016.3(21 000)  
Selective serotonin reuptake inhibitors          
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(SSRIs) 

Citalopram 
(CIT) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.077/NA 100 52.3 57.8 [55] 

China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/0.2 100 NA 5.0 [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 100 11 5 [2] 

 Czech Republic 2011/2012 TP/1 136 
SPE-LC-
MS/MS 

NA/5 100 73 120 [15] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/5 83 33.8 189 [68] 

 India (industry) 2008 GS/1 NA 
SPE-LC-
MS 

NA/10 NA NA 430 000 [77] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.16 100 151 382 [56] 

 Norway 2007 FP/2 8 
LPME-LC-
MS/MS 

0.017/0.057 100 75 238.4 [57] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 34.0 49.1 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.70/2.12 44.4 25.05 67.4 [20] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

1.3/4.4 23 108 228 [73] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 268 NA [13] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 215 414 [10] 

       87.5(100) 95.1(268.0) 35 979.6(430 000)  
Desmethylcitalop
ram 

Norway 2007 FP/2 8 
LPME-LC-
MS/MS 

0.229/0.762 100 114 300.5 [57] 
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(N-CIT) 
USA 2013 TP/2 14 

SPE-LC-
MS/MS 

NA 93 99 310 [10] 

       96.5(100) 106.5(114.0) 305.3(310.0)  

Fluoxetine 
(FLU) 

Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

11/37 0 ND ND [1] 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.050/NA 100 2.9 3.7 [55] 

 China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/10 100 <LOQ <LOQ [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 

 China 2012/2013 GS/1 4 
SPE-LC-
MS/MS 

0.1/NA 0 ND ND [45] 

 China 2014 TP/5 5 
SPE-LC–
MS/MS 

NA/0.2 100 1.4 2.2 [4] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 0 ND ND [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

20/70 NA ND ND [14] 

 England NA GS/7 81 
SPE-LC-
MS/MS 

NA 57 16.2 44.9 [43] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/5 2 2.1 21.5 [68] 

 International NA NA NA NA NA NA 240 12 000 [11] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 44 NA [70] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 14 1.7 1.7 [79] 

 NA NA NA NA NA NA NA NA 841 [85] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.12 67 1.3 1.3 [56] 
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 Norway 2007 FP/2 8 
LPME-LC-
MS/MS 

0.150/0.490 100 3.6 8.4 [57] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/4 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA <LOQ <LOQ [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.04/0.12 100 14.8 34 [20] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

15/57 0 ND ND [53] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

0.9/2.9 48 178 1972 [73] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 223 929 [30] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 43 9 NA [13] 

 UK NA NA NA NA NA NA NA 29 [36] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

3.5/10.5 NA 28 96 [22] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

2.8/NA 38 8.7 31 [69] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 399.89 1187.40 [74] 

       42.7(100) 47.0(399.9) 688.1(12 000)  

Norfluoxetine 
(Nor-FLU) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.087/NA 100 1.8 1.8 [55] 

England NA GS/7 81 
SPE-LC-
MS/MS 

NA 36 5.8 20.2 [43] 

 International NA NA NA NA NA NA 10 10 [11] 

 Norway 2007 FP/2 8 
LPME-LC-
MS/MS 

0.1600.540 75 1.9 46.2 [57] 
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 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA 36.1 99.6 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.34/1.04 0 0 0 [20] 

 UK NA NA NA NA NA NA NA 13 [36] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

7.2/NA 17 7.7 15 [69] 

       45.6(100) 9.0(36.1) 25.7(99.6)  

Paroxetine 
(PAR) 

Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

74/248 0 ND ND [1] 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.096/NA 100 4.8 5.2 [55] 

 China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/80 88 <LOQ <LOQ [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

7/26 NA ND ND [14] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA 0 ND ND [68] 

 International NA NA NA NA NA NA 7 7 [11] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA 0 ND ND [70] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.12 100 0.9 1.6 [56] 

 Norway 2007 FP/2 8 
LPME-LC-
MS/MS 

0.053/0.205 100 4.8 11.7 [57] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

1/3 100 150 240 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 0 ND ND [7] 
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 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

9.26/28.0 5.55 13.25 26.5 [20] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

27/89 33 NA 3367 [53] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

4.3/14.5 2 206 381 [73] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/40 0 ND ND [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/170 0 ND ND [9] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

9.1/NA 0 ND ND [69] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 3.42 5.24 [74] 

       33.0(100) 21.7(206.0) 212.9(3367.0)  

Sertraline 
(SER) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.048/NA 100 5.5 5.8 [55] 

China 2011 GS/3 19 
SPE-LC-
MS/MS 

NA/12 100 <LOQ <LOQ [3] 

 China 2011 GS/3 3 
SPE-LC-
MS/MS 

NA 0 ND ND [2] 

 Czech Republic 2011/2012 TP/1 136 
SPE-LC-
MS/MS 

NA/3 37 3 6 [15] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/10 12 2.1 37.5 [68] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

1/3.3 45.8 <LOD <LOD [25] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 78.5 8.85 21 [5] 

 Norway 2005 FP/3 3 
SPE-LC-
MS/MS 

NA/0.29 100 4.5 2.0 [56] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Norway 2007 FP/2 8 
LPME-LC-
MS/MS 

0.160/0.520 100 8.7 14.6 [57] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 0 ND ND [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.04/0.14 55.6 NA NA [20] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 28 NA [13] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

5/NA 64 21 71 [69] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 100 44 73 [10] 

       63.8(100) 9.7(44.0) 19.2(73.0)  

Desmethylsertrali
ne 
(Nor-SER) 

Canada 2007 FP/1 6 
SPE-LC-
MS/MS 

0.072/NA 100 4.2 4.7 [55] 

Norway 2007 FP/2 8 
LPME-LC-
MS/MS 

0.618/4.1 63 8.8 10.6 [57] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

9.4/NA 18 9.9 24 [69] 

 USA 2013 TP/2 14 
SPE-LC-
MS/MS 

NA 93 64 83.6 [10] 

       68.5(100) 21.7(64.0) 30.7(83.6)  
Total       55.4(100) 38.7(399.9) 5538.7(430 000)  
Anti-
inflammatories 

          

Diclofenac 
(DIC) 

America NA NA NA NA NA NA NA 4200 [75] 
Asia NA NA NA NA NA NA NA 1760 [75] 

 Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

17/57 100 1051 ND [1] 

 Brazil 1997 TP/1 6 
SPE-GC-
MS 

NA NA 200 1500 [38] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 110 250 [44] 

 Canada 2005 GS/2 4 
SPE-GC-
MS 

1.0/NA 100 244.8 32 [83] 

 Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

70/196 NA 200 NA [51] 

 China 2009/2010 GS/2 24 
SPE-UPLC-
MS/MS 

NA 100 185 463 [39] 

 China 2012/2013 GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 80 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 100 40 69.2 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

10/30 NA 215 390 [14] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/1 89 49.5 174 [68] 

 Europe NA NA NA NA NA NA NA 740 [75] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

130/171 NA 1241 2476.3 [76] 

 Greece 1998/1999 NA/4 11 
SPE-GC-
MS 

1/2 0 ND ND [58] 

 Greece 2009 FP/2 18 
SPE-GC-
MS 

NA NA 605 1070 [59] 

 Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 72 97 383 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

21/63.6 100 874 987 [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

16.7/50.1 87.5 961 266.8 [25] 

 International NA NA NA NA NA NA NA 690 [33] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Ireland 2011/2012 TP/2 12 
SPE-LC-
MS/MS 

225/NA 100 880 1690 [84] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 271 NA [70] 

 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/13 100 502 800 [71] 

 Kenya 2012/2013 GS/3 3 
SPE-LC-
MS 

NA/NA 100 40.3 61 [26] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 100 40 127 [79] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 65 191 1760 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 24 49 [47] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 NA NA 78 [60] 

 Malaysia 2013 GS/4 12 
SPE-LC-
MS/MS 

NA/46 0 ND ND [50] 

 Mexico 2015/2016 TP/2 8 
SPE- LC-
MS/MS 

1.5/4.9 100 1311.5 2180 [41] 

 NA NA NA 101 NA NA 85 680 1950 [19] 
 NA NA NA NA NA NA NA NA 33 900 [85] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

17/79 100 1268 1429 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 42.9 83.1 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

1.40/4.20 38.9 236 724 [20] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Portugal NA GS/5 9 
SPE-LC-
MS 

7/24 22 NA 1612 [53] 

 Scotland 2005/2006 GS/2 40 
SPE-LC-
MS/MS 

0.2/0.5 100 34 203 [80] 

 Serbia NA GS/1 2 
SPE-LC-
MS/MS 

0.15/0.49 0 ND ND [72] 

 Spain 2003/2004 TP/1 10 
SPE-LC-
MS/MS 

100/NA NA 900 2200 [54] 

 Spain 2007 TP/1 5 
SPE-LC-
MS/MS 

NA/4 100 1293 1440 [82] 

 Spain 2007/2009 CS/3 24 
SPE-LC-
MS/MS 

1.2/NA NA 526 NA [12] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

0.4/1.2 21 3968 25 552 [73] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/50 100 330 740 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/50 100 340 620 [9] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/4.0 100 233 293.7 [42] 

 Spain 2016/2017 GS/3 45 
SPE-LC-
MS/MS 

NA/1.8 86.6 701 1932 [78] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 220 431 [30] 

 Spain/Belgium/Germany NA TP/NA 25 
SPE-
GC/LC-
MS/MS 

7/20 NA NA 1420 [62] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 120 120 [48] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 100 536 NA [13] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Switzerland 2003/2004 FP/5 44 
SPE-GC-
MS 

6/20 100 1350 1900 [63] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

1 NA 12.6 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 139 496 [35] 

 UK NA GS/1 3 
SPE-LC-
MS/MS 

20/NA 100 407 460 [81] 

 UK NA NA NA NA NA NA NA 599 [36] 
       80.2(100) 484.0(3968.0) 2006.0(33 900)  
Ibuprofen 
(IBU) 

America NA NA NA NA NA NA NA 11 900 [75] 
Asia NA NA NA NA NA NA NA 1600 [75] 

 Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

140/466 0 ND ND [1] 

 Brazil 1997 TP/1 6 
SPE-GC-
MS 

NA NA 100 3700 [38] 

 Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 310 2170 [44] 

 Canada 2005 GS/2 4 
SPE-GC-
MS 

0.8/NA 100 4766 67 118 [83] 

 Canada 2010 GS/9 9 
SPE-GC-
MS/MS 

7/NA NA NA 5200 [88] 

 China 2012/2013 GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 180 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 92 50 99.4 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

12/20 100 266 800 [14] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/2 57 80.5 2129 [68] 

 Europe NA NA NA NA NA NA NA 8000 [75] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 
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Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 
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(Highest Value) 
(ng L-1) 
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 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

4.8/9.8 NA 163.2 526.7 [76] 

 Greece 1998/1999 NA/4 11 
SPE-GC-
MS 

0.6/1.6 100 ND 365 [58] 

 Greece 2009 FP/2 18 
SPE-GC-
MS 

NA 0 ND ND [59] 

 Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 25 <LOQ 301 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

16/47 0 ND ND [16] 

 India 2013 GS/2 7 
SPE-LC-
MS/MS 

NA/NA 100 805 1940 [5] 

 International NA NA NA NA NA NA NA 55 000 [33] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 58 NA [70] 

 Japan 2001/2003 TP/5 12 
SPE-GC-
MS 

NA NA NA 200 [52] 

 Kenya 2012/2013 GS/3 3 
SPE-LC-
MS 

NA/NA 66.6 1326.6 2070 [26] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 71 65 137 [79] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 40 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 0 ND ND [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 40 75 [47] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 100 NA 359 [60] 

 Mexico 2015/2016 TP/2 8 
SPE- LC-
MS/MS 

2.3/7.6 0 0 0 [41] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 
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Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 
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(Highest Value) 
(ng L-1) 
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Reference 

 NA NA NA 109 NA NA 93 1960 24 600 [19] 
 NA NA NA NA NA NA NA NA 850 [85] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

62/208 100 1308 1527 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA 119 369 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

27.8/92.7 100 1406 3304 [20] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

14/46 89 NA 43 653 [53] 

 Scotland 2005/2006 GS/2 40 
SPE-LC-
MS/MS 

1.1/3.7 98 278 2206 [80] 

 Serbia NA GS/1 2 
SPE-LC-
MS/MS 

3.28/10.93 0 ND ND [72] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

244/813 NA 12 940 NA [34] 

 Spain 2003/2004 TP/1 10 
SPE-LC-
MS/MS 

23/NA 100 7100 28 000 [54] 

 Spain 2007 TP/1 5 
SPE-LC-
MS/MS 

NA/13 100 180 340 [82] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

1.1/3.7 13 618 2351 [73] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/250 33 <LOQ <LOQ [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/150 0 ND ND [9] 

 Spain 2011/2012 NA/1 5 
SPE-LC-
MS/MS 

2.1/6.9 100 1112 1900 [64] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/20 0 ND ND [42] 
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LOD/LOQ 
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 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 135 653 [30] 

 Spain/Belgium/Germany NA TP/NA 14 
SPE-
GC/LC-
MS/MS 

12/42 NA NA 6900 [62] 

 Spain/Belgium/Germany NA TP/NA 14 
SPE-
GC/LC-
MS/MS 

26/75 NA NA 455 [62] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 150 150 [48] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 0 ND ND [13] 

 Switzerland 2003/2004 FP/4 44 
SPE-GC-
MS 

8/30 100 1350 2500 [63] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

5 NA 228 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 100 203 491 [35] 

 UK NA GS/1 3 
SPE-LC-
MS/MS 

50/NA 100 2433 3800 [81] 

 UK NA NA NA NA NA NA NA 4239 [36] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

4.7/14 0 ND ND [22] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

12/NA 46 460 4200 [69] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

0.085/NA 68 927 10 600 [87] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 286.06 536.72 [74] 

       61.9(100) 920.1(12 940) 5691.8(67 118)  
Naproxen America NA NA NA NA NA NA NA 1550 [75] 
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(NAP) 
Belgium 2013 TP/2 10 

SPE-ESI-
HRMS-LC 

345/1149 0 ND ND [1] 

 Brazil 1997 TP/1 6 
SPE-GC-
MS 

NA NA 100 3000 [38] 

 Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

10/NA 100 820 2540 [44] 

 Canada 2005 GS/2 4 
SPE-GC-
MS 

0.5/NA 100 4184 7962 [83] 

 Canada 2010 GS/9 9 
SPE-GC-
MS/MS 

41/NA NA NA 3200 [88] 

 China 2012/2013 GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 5 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 42 4.5 13.8 [46] 

 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

9/32 NA 108 160 [14] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA/5 66 26.7 958 [68] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

12.7/19.2 NA 177.5 355.3 [76] 

 Greece 2009 FP/2 18 
SPE-GC-
MS 

NA NA 45 110 [59] 

 Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 50 158 1076 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

16/47 100 142 176 [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

18.1/54.3 0 ND ND [25] 

 International NA NA NA NA NA NA NA 5090 [33] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 114 NA [70] 
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 Italy 2011 TP/2 6 
SPE-LC-
MS/MS 

NA/13 17 21 21 [71] 

 Japan 2001/2003 TP/5 12 
SPE-GC-
MS 

NA NA NA 200 [52] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 100 128 483 [79] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA NA NA 250 [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 26 250 740 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 100 111 166 [47] 

 Mexico 2015/2016 TP/2 8 
SPE- LC-
MS/MS 

1.2/4.2 100 168.5 392 [41] 

 NA NA NA 53 NA NA 87 1890 33900 [19] 
 NA NA NA NA NA NA NA NA 520 [85] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

14/49 100 1575 2748 [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA NA 303 774 [7] 

 Portugal  2013/2014 FP/2 18 
SPE-
UHPLC-
MS/MS 

0.10/0.30 55.55 44 270 [20] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

18/59 0 ND ND [53] 

 Spain 2007 TP/1 5 
SPE-LC-
MS/MS 

NA/18 100 717 1150 [82] 

 Spain 2007/2009 CS/3 24 
SPE-LC-
MS/MS 

0.9/NA NA 562 NA [12] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

7.2/24.1 65 1636 32241 [73] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/30 100 170 720 [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/20 100 130 280 [9] 

 Spain 2012 GS/3 21 
SPE-UPLC-
MS/MS 

NA/2 100 102 306.6 [42] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA NA 923 2208 [30] 

 Spain/Belgium/Germany NA TP/NA 14 
SPE-
GC/LC-
MS/MS 

26/75 NA NA 625 [62] 

 Sweden 2002 FP/1 1 
SPE-
GC/LC-
MS/MS 

NA 100 250 250 [48] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA NA 785 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

5 NA 15.7 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 96 270 703 [35] 

 UK NA NA NA NA NA NA NA 370 [36] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.0/2.9 100 140 580 [22] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 166.08 346.18 [74] 

       72.2(100) 439.0(4184.0) 2660.9(33 900)  

Paracetamol 
(PARA) 

Belgium 2013 TP/2 10 
SPE-ESI-
HRMS-LC 

60/200 0 ND ND [1] 

China 2012/2013 GS/1 4 
SPE-LC-
MS/MS 

0.1/NA NA 10 NA [45] 

 China 2014 GS/3 12 
SPE-LC-
MS/MS 

0.1/NA 8.3 0.9 11.1 [46] 
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 Croatia NA NA/5 5 
SPE-LC-
MS/MS 

10/58 NA 2102 5990 [14] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

75.9/130.3 NA NA NA [76] 

 Greece 2010/2011 TP/8 32 
SPE-LC-
MS/MS 

NA 78 154 1060 [40] 

 Greece 2011 FP/1 8 
SPE-LC-
MS/MS 

23/64.2 100 1926 7420 [16] 

 Greece 2013/2014 TP/1 24 
SPE-LC-
MS/MS 

10.1/33.3 8.3 <LOD 305 [25] 

 International NA NA NA NA NA NA NA 30 [33] 

 Italy 2010 CS/1 4 
SPE-LC-
MS/MS 

NA NA 16 NA [70] 

 Kenya 2012/2013 GS/3 3 
SPE-LC-
MS 

NA/NA 33.3 33.3 100 [26] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 43 9.5 19 [79] 

 Korea 2007 GS/10 10 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Korea 2008 GS/12 30 
SPE-LC-
MS/MS 

NA 3 652 652 [28] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA NA 10 27 [47] 

 NA NA NA 5 NA NA 0 ND ND [19] 

 Portugal 2009 GS/2 2 
SPE-LC-
MS/MS 

6/22 0 ND ND [6] 

 Portugal 2011 TP/1 7 
SPE-LC-
MS/MS 

NA 100 96.1 106 [7] 

 Scotland 2005/2006 GS/2 40 
SPE-LC-
MS/MS 

10.9/36.7 75 762 22782 [80] 
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 Serbia NA GS/1 2 
SPE-LC-
MS/MS 

0.50/1.67 0 ND ND [72] 

 South Africa 2013 GS/3 3 
SPE-LC-
MS/MS 

8.1/273 NA 3270 NA [34] 

 Spain 2003/2004 TP/1 10 
SPE-LC-
MS/MS 

32/NA NA 220 4300 [54] 

 Spain 2008/2009 TP/5 33 
SPE-LC-
MS/MS 

9.8/32.7 98 103 2308 [73] 

 Spain 2008/2009 TP/3 42 
SPE-LC-
MS/MS 

NA/90 0 ND ND [9] 

 Spain 2009 TP/3 14 
SPE-LC-
MS/MS 

NA/90 0 ND ND [9] 

 Spain NA NA/1 12 
SPE-LC-
MS/MS 

NA 0 ND ND [30] 

 Sweden 2013 FP/1 7 
SPE-LC-
MS/MS 

NA 14 89 NA [13] 

 Taiwan NA GS/1 NA 
SPE-LC-
MS/MS 

0.1 NA 6.9 NA [24] 

 UK 2007 GS/2 20 
SPE-LC-
MS/MS 

NA 93 309 1575 [35] 

 UK NA NA NA NA NA NA NA 11733 [43] 

 USA 2010 TP/1 6 
SPE-LC-
MS/MS 

2.6/8.7 NA 6 NA [37] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

2.5/7.5 NA 39 650 [22] 

 USA 2011 TP/50 50 
SPE-LC-
MS/MS 

5/NA 14 79 1560 [69] 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA 9.5 22.2 [74] 

       31.8(100) 319.5(3270.0) 2246.3(22 782)  
Total       64.4(100) 564.4(12 940) 3361.1(67 118)  
Hormones           
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(%) 

Average 
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Estrone 
(E1) 

Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

1/NA 87.5 5 54 [44] 

EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA 0 ND ND [68] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

0.4/1.2 NA 14.8 44.2 [76] 

 Germany 2002 NA/1 18 
SPE-LC-
MS/MS 

NA/0.2 100 12.6 NA [65] 

 International NA 7 70 NA NA NA 16.4 82 [66] 
 International NA NA NA NA NA NA 30 100 [11] 

 Italy 2002 FP/1 7 
SPE-LC-
MS/MS 

0.8/NA 100 16 30 [67] 

 Japan 2001 GS/2 2 
SPE-GC-
MS/MS 

0.1 100 18.3 34 [89] 

 Japan 2001/2003 TP/5 12 
SPE-GC-
MS 

NA NA NA 110 [52] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 71 14 36 [79] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA NA 6 24 [47] 

 Korea NA NA NA NA NA NA NA 36 [75] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 NA NA 14 [60] 

 NA NA NA 79 NA NA 93 20.9 95 [19] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

18/60 11 NA 35 [53] 

 Sweden NA NA NA NA NA NA NA 70 [75] 
 UK NA NA NA NA NA NA NA 12 [43] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

2.2/6.7 0 ND ND [22] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

6.48/NA 4 NA 11.3 [87] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

       56.7(100) 12.8(30.0) 43.8(110.0)  

17β-estradiol 
(E2) 

Canada 2004 TP/8 8 
SPE-GC-
MS/MS 

1/NA 50 2 2 [44] 

Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

162/195 NA 290 NA [51] 

 EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA 0 ND ND [68] 

 France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

2.2/7.1 NA NA NA [76] 

 Germany 2002 NA/1 18 
SPE-LC-
MS/MS 

NA/0.4 61 0.8 NA [65] 

 International NA 7 70 NA NA NA 1.3 3.5 [66] 
 International NA NA NA NA NA NA 10 80 [11] 

 Italy 2002 FP/1 7 
SPE-LC-
MS/MS 

0.8/NA 100 6 8 [67] 

 Japan 2001 GS/2 2 
SPE-GC-
MS/MS 

0.2 100 1.4 2.5 [89] 

 Japan 2001/2003 TP/5 12 
SPE-GC-
MS 

NA NA NA 20 [52] 

 Korea 2010 NA/5 5 
SPE-LC-
MS/MS 

NA 0 ND ND [47] 

 Korea NA NA NA NA NA NA NA <1 [75] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

1.0/3.0 NA NA 85 [60] 

 NA NA NA 63 NA NA 74 2.8 30 [19] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

4/12 0 ND ND [53] 

 Sweden NA NA NA NA NA NA NA 9.2 [75] 
 UK NA NA NA NA NA NA NA 1.4 [43] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

6.48/NA 4 NA 38.3 [87] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA ND ND [74] 

       43.2(100) 26.2(290.0) 18.7(85.0)  

17α-estradiol 
(α-E2) 

France 2014/2015 GS/6 24 
SPE-
UHPLC-
MS/MS 

2.2/7.1 NA NA NA [76] 

NA NA NA 9 NA NA 64 0.8 3.1 [19] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.2/3.5 NA <LOQ 4700 [22] 

       64.0(64.0) 0.4(0.8) 2351.6(4700.0)  

17α-
ethinylestradiol 
(EE2) 

Canada NA TP/1 NA 
SPE-LDTD-
APCI-
MS/MS 

140/203 NA 380 NA [51] 

EU 2010 GS/90 90 
SPE-LC-
MS/MS 

NA 0 ND ND [68] 

 Germany 2002 NA/1 18 
SPE-LC-
MS/MS 

NA/0.4 100 1.7 NA [65] 

 International NA 7 70 NA NA NA 0.5 1.9 [66] 
 International NA NA NA NA NA NA 3 10 [11] 

 Korea 2004/2005 GS/7 7 
SPE-LC-
MS/MS 

NA 14 1.3 1.3 [79] 

 Korea NA NA NA NA NA NA NA 1.3 [75] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

2.0/6.0 0 ND ND [60] 

 NA NA NA 33 NA NA 59 0.9 5 [19] 

 Portugal NA GS/5 9 
SPE-LC-
MS 

21/69 0 ND ND [53] 

 UK NA NA NA NA NA NA NA 0.47 [43] 

 USA 2010 FP/1 6 
SPE-LC-
MS/MS 

1.3/3.8 NA <LOQ 2.8 [22] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

6.48/NA 4 NA 11.9 [87] 



Pharmaceutical Country Year 
Sampling 
Type/Locations 

Number 
Of Samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(Highest Value) 
(%) 

Average 
(Highest Value) 
(ng L-1) 

Maximum 
(Highest Value) 
(ng L-1) 

Reference 

 USA 2014/2015 GS/2 6 
SPE-UPLC-
MS/MS 

NA NA ND ND [74] 

       25.3(100) 35.2(380.0) 2.9(11.9)  
Total       44.3(100) 23.1(380.0) 123.5(4700.0)  

CS - Composite sampling 
ESI- Electrospray ionization 
FP - Flow proportional sampling 
FD - Fluorescence detection 
GC - Gas chromatography 
GS - Grab sampling 
HPLC - High performance liquid chromatography 
HRMS - High resolution mass spectrum 
LC - Liquid chromatography 
LDTD-APCI - Laser diode thermal desorption atmospheric pressure chemical ionization 
LPME - Liquid-phase microextraction 
LOQ - Limit of quantification 
MS - Mass spectrometry 
NA - Not available 
ND - Not detected 
SPE - Solid phase extraction 
TF - TurboFlow 
TOF - Time-of-flight 
TP - Time proportional sampling 
UPLC - Ultra performance liquid chromatography 
UHPLC - Ultra high performance liquid chromatography



 

 

 



Table S4. Occurrence of pharmaceuticals in surface waters (SWs). 

Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

Anxiolytics           

Alprazolam 
(ALP) 

China 2014 GS/12 12 
SPE-LC–
MS/MS 

NA/0.1 100 2.5 4.3 [4] 

Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

3/10 0 ND ND [90] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 3.2 NA NA [91] 

       34.4(100) 1.3(2.5) 2.2(4.3)  

Lorazepam 
(LOR) 

China 2015 GS/12 12 
SPE-LC–
MS/MS 

NA/4.5 100 4.0 5.7 [4] 

France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/12 29 NA 1.7 [92] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 50 [71] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

4/13 35 34.3 49.1 [90] 

 Serbia NA GS/14 14 
SPE-LC-
MS/MS 

0.55/1.82 0 ND ND [72] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

2.8/9.3 NA NA 50.2 [93] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

0.8/2.6 0 ND ND [94] 

       32.8(100) 9.6(34.3) 22.4(50.2)  
Zolpidem 
(ZOL) 

Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

2/5 0 ND ND [90] 

       0.0(0) 0.0(0) 0.0(0)  
Total       29.7(100) 5.8(34.3) 16.1(50.2)  
Antibiotics           
Azithromycin 
(AZI) 

China 2009 GS/10 23 
SPE-LC-
MS/MS 

NA/0.26 91 22.3 88 [95] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

China NA NA NA NA NA NA NA 4.7 [96] 

 Croatia 2012/2014 GS/38 148 
SPE-LC-
ESI-MS/MS 

NA/200 NA NA 1100 [97] 

 Germany 2001/2002 NA/8 8 
SPE-LC-
MS/MS 

NA/1 50 4 13 [98] 

 Ghana 2010/2011 GS/19 26 
SPE-LC-
MS/MS 

NA/NA 8 14 27 [99] 

 International NA NA NA NA NA 40.8 188 1547 [100] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 7 [71] 

 Italy NA CP/1 4 
SPE-LC-
MS/MS 

1/NA NA 7 NA [17] 

 Japan 2005 NA/7 7 
SPE-LC-
MS/MS 

NA/0.5 14 208 448 [101] 

 Japan 2006/2007 GS/37 37 
SPE-LC-
MS/MS 

NA/0.03 49 30 138 [18] 

 Kenya 2011 GS/12 12 
SPE-LC-
MS/MS 

NA/NA 0 ND ND [99] 

 Mozambique 2013 GS/7 7 
SPE-LC-
MS/MS 

NA/NA 14 6 6 [99] 

 Pakistan 2012 GS/19 40 LC-MS/MS NA/NA 23 11.4 21 [102] 

 
Pakistan (near drug 
facilities) 

2012 GS/4 4 LC-MS/MS NA/NA 100 13.8 35 [102] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

4/13 33 135.2 163 [90] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 9.7 NA NA [91] 

 Serbia NA GS/14 14 
SPE-LC-
MS/MS 

2.58/8.59 21 57 81 [72] 

 South Africa 2012 GS/16 16 
SPE-LC-
MS/MS 

NA/NA 25 1.7 3.3 [99] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

1/NA 0 ND ND [103] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

3.2/10.6 NA NA 41.1 [93] 

 Spain 2011 GS/5 5 
SPE-UPLC-
MS/MS 

0.6/2.1 NA NA 130 [21] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.04/0.10 18.2 NA 29.6 [20] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

1/3 NA 8 20 [14] 

 Spain NA 5 5 
SPE-UPLC-
MS/MS 

0.2/0.5 0 ND ND [94] 

 Spain NA 5 5 
SPE-UPLC-
MS/MS 

0.7/2.3 0 ND ND [94] 

 USA 2001 NA/74 74 
SPE-LC-
MS/MS 

23/NA 1.4 ND 29 [104] 

 USA 2008/2009 GS/29 42 
SPE-LC-
MS/MS 

2.5/3.6 52 382 2800 [105] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

3.7/11.0 23.8 10.7 21.7 [106] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA ND ND [74] 

 Vietnam 2005 NA/4 4 
SPE-LC-
MS/MS 

NA/0.5 0 ND ND [101] 

 Vietnam 2007 NA/10 20 
SPE-LC-
MS/MS 

NA/7.0 5 90.8 90.8 [107] 

       25.2(100) 49.6(382.0) 236.0(2800.0)  

Clarithromycin 
(CLA) 

China 2009 GS/10 23 
SPE-LC-
MS/MS 

NA/0.25 87 5.0 32.9 [95] 

China 2012/2013 GS/20 20 
SPE-LC-
MS/MS 

NA/NA 85 15.0 103 [108] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 China NA NA NA NA NA NA NA 180 [96] 

 Germany 2001/2002 NA/8 8 
SPE-LC-
MS/MS 

NA/0.5 75 37 37 [98] 

 Ghana 2010/2011 GS/19 26 
SPE-LC-
MS/MS 

NA/NA 50 0.3 26 [99] 

 International NA NA NA NA NA 53.9 16.5 260 [100] 

 Italy 2001 GS/8 8 
SPE-LC-
MS/MS 

0.01/0.02 100 4.7 20.3 [109] 

 Italy 2007/2008 TP/8 8 
SPE-LC-
MS/MS 

NA/NA 100 13.6 44.8 [23] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 100 [71] 

 Italy NA CP/1 4 
SPE-LC-
MS/MS 

1/NA NA 6 NA [17] 

 Japan 2005 NA/7 7 
SPE-LC-
MS/MS 

NA/0.1 100 143.2 254 [101] 

 Japan 2006/2007 GS/37 37 
SPE-LC-
MS/MS 

NA/0.1 100 45 233 [18] 

 Kenya 2011 GS/12 12 
SPE-LC-
MS/MS 

NA/NA 83 87 439 [99] 

 Korea 2006 NA/5 5 
SPE-LC-
MS/MS 

1/4 60 202 443 [110] 

 Korea 2016 GS/18 72 
SPE-LC–
MS/MS 

NA/10.9 43.1 42.7 475.1 [111] 

 Mozambique 2013 GS/7 7 
SPE-LC-
MS/MS 

NA/NA 100 6.1 13 [99] 

 Pakistan 2012 GS/19 40 LC-MS/MS NA/NA 100 19.8 130 [102] 

 
Pakistan (near drug 
facilities) 

2012 GS/4 4 LC-MS/MS NA/NA 100 110 360 [102] 

 Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 32 [112] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.08/0.25 12.7 NA 26.8 [20] 

 South Africa 2012 GS/16 16 
SPE-LC-
MS/MS 

NA/NA 100 28 302 [99] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

4.9/16.3 100 NA 141 [93] 

 Spain 2011 GS/5 5 
SPE-UPLC-
MS/MS 

0.4/1.2 NA NA 125 [21] 

 Spain NA 5 5 
SPE-UPLC-
MS/MS 

0.3/0.9 80 16.8 32.8 [94] 

 USA 2008/2009 GS/29 42 
SPE-LC-
MS/MS 

2.6/4.1 14 117 370 [105] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

3.2/9.6 0 ND ND [106] 

 Vietnam 2005 NA/4 4 
SPE-LC-
MS/MS 

NA/0.1 0 ND ND [101] 

 Vietnam 2007 NA/10 20 
SPE-LC-
MS/MS 

NA/0.2 40 205 778 [107] 

       68.9(100) 50.9(205.0) 183.7(778.0)  

Ciprofloxacin 
(CIP) 

America NA NA NA NA NA NA NA 77 [75] 

Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 China 2009 GS/10 23 
SPE-LC-
MS/MS 

NA/3.3 91 101 346 [95] 

 China NA NA NA NA NA NA NA 459 [96] 

 Germany 2001/2002 NA/8 8 
SPE-LC-
MS/MS 

NA/5.0 12.5 9 9 [98] 

 India (near drug facilities) 2008 GS/11 NA 
SPE-LC-
MS 

NA/10 NA NA 650 000 [77] 

 International NA NA NA NA NA 33.4 163 674 650 000 [100] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Italy 2001 GS/8 8 
SPE-LC-
MS/MS 

0.08/0.27 25 20.3 26.2 [109] 

 Italy 2007/2008 TP/8 8 
SPE-LC-
MS/MS 

NA/NA 100 13.9 15.5 [23] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 70 [71] 

 Italy NA CS/1 4 
SPE-LC-
MS/MS 

1/NA NA 25 NA [17] 

 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Lebanon 2016 GS/18 18 
SPE-LC-
MS/MS 

29.9/NA 5.5 108 NA [114] 

 Pakistan 2012 GS/19 40 LC-MS/MS NA/NA 62 16.9 110 [102] 

 
Pakistan (near drug 
facilities) 

2012 GS/4 4 LC-MS/MS NA/NA 100 1265 6200 [102] 

 Portugal 2006/2007 GS/22 22 SPE-LC-FD ns/25 36 NA 119.2 [115] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

10/33 8 59.3 59.3 [90] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

1.20/3.64 1.82 88.7 88.7 [20] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 29.0 3.9 7.1 [91] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

7.0/23.4 NA NA <LOQ [93] 

 Spain 2011 GS/5 5 
SPE-UPLC-
MS/MS 

1.7/5.7 NA NA 250 [21] 

 Spain 2016/2017 GS/23 321 
SPE-LC-
MS/MS 

NA/0.3 21.25 29.25 540 [78] 

 USA 1999/2000 CS/NA 115 
SPE-UPLC-
MS/MS 

20/NA 2.6 20 30 [116] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 USA 2001 NA/74 74 
SPE-LC-
MS/MS 

20/NA 1.4 ND 30 [104] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

3.3/9.9 0 ND ND [106] 

 USA NA NA NA NA NA NA NA 30 [117] 

       29.4(100) 9 190.8(163 674) 
54 519.5(650 
000) 

 

Erythromycin 
(ERY) 

Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA/10 10 0.4 145 [113] 

China 2009 GS/10 23 
SPE-LC-
MS/MS 

NA/0.23 100 62.1 282 [95] 

 China 2012/2013 GS/20 20 
SPE-LC-
MS/MS 

NA/NA 95 239.6 808 [108] 

 China NA NA NA NA NA NA NA 1540 [96] 

 Croatia 2012/2014 GS/38 148 
SPE-LC-
ESI-MS/MS 

NA/200 NA NA 5300 [97] 

 Germany 2001/2002 NA/8 8 
SPE-LC-
MS/MS 

NA/2.0 100 72.8 190 [98] 

 Ghana 2010/2011 GS/19 26 
SPE-LC-
MS/MS 

NA/NA 81 115 645 [99] 

 International NA NA NA NA NA 55.5 51 90 000 [100] 

 Italy 2001 GS/8 8 
SPE-LC-
MS/MS 

0.08/0.29 100 4.7 15.9 [109] 

 Italy 2007/2008 TP/8 8 
SPE-LC-
MS/MS 

NA/NA 100 10.8 30.5 [23] 

 Italy NA CP/1 4 
SPE-LC-
MS/MS 

4/NA 0 ND ND [17] 

 Japan 2005 NA/7 7 
SPE-LC-
MS/MS 

NA/0.6 14 76.8 120 [101] 

 Japan 2006/2007 GS/37 37 
SPE-LC-
MS/MS 

NA/0.02 95 20 123 [18] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Japan 2006/2010 GS/8 27 
SPE-LC-
MS/MS 

NA/10.0 0 ND ND [118] 

 Japan NA NA NA NA NA NA NA 450 [117] 

 Kenya 2011 GS/12 12 
SPE-LC-
MS/MS 

NA/NA 100 679 2800 [99] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 63 3.4 4.8 [79] 

 Korea 2006 NA/5 5 
SPE-LC-
MS/MS 

1/4 80 65 137 [110] 

 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA NA NA 150 [27] 

 Lebanon 2016 GS/18 18 
SPE-LC-
MS/MS 

27/NA 16.6 603 2806 [114] 

 Mozambique 2013 GS/7 7 
SPE-LC-
MS/MS 

NA/NA 100 903 2700 [99] 

 Netherlands 2009 GS/14 14 
SPE-LC-
MS/MS 

NA 29 10 35 [119] 

 Pakistan 2012 GS/19 40 LC-MS/MS NA/NA 93 39.2 310 [102] 

 Pakistan (near drug 
facilities) 

2012 GS/4 4 LC-MS/MS NA/NA 100 298 1100 [102] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 0.0 0.0 0.0 [91] 

 Scotland 2005/2006 GS/4 40 
SPE-LC-
MS/MS 

0.1/0.3 0 ND ND [80] 

 Serbia NA GS/14 14 
SPE-LC-
MS/MS 

1.65/5.48 0 ND ND [72] 

 South Africa 2012 GS/16 16 
SPE-LC-
MS/MS 

NA/NA 100 136 493 [99] 

 South Africa 2013 GS/12 12 
SPE-LC-
MS/MS 

0.4/0.4 42 130 260 [34] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

4/NA 60 30 70 [103] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 93 32.9 111.9 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

7.0/23.4 NA NA 1.0 [93] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

4/14 NA 17 30 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 86 21 46.7 [121] 

 Spain NA 5 5 
SPE-UPLC-
MS/MS 

6.7/22.4 0 ND ND [94] 

 Taiwan 2007/2008 GS/15 15 
SPE-LC-
MS/MS 

1.0/NA 92 NA 75 500 [122] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 51 18 131 [35] 

 UK NA GS/2 2 
SPE-LC-
MS/MS 

10/NA 100 529 1000 [81] 

 UK NA NA NA NA NA NA NA 1022 [36] 

 USA 1999/2000 CS/NA 104 
SPE-UPLC-
MS/MS 

50/NA 21.5 100 1700 [116] 

 USA 2001 NA/74 73 
SPE-LC-
MS/MS 

50/NA 8.1 ND 300 [104] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA ND ND [74] 

 Vietnam 2005 NA/4 4 
SPE-LC-
MS/MS 

NA/0.6 100 26.9 41 [101] 

 Vietnam 2007 NA/10 20 
SPE-LC-
MS/MS 

NA/1.0 60 518 2246 [107] 

       59.6(100) 130.1(903.0) 4378.3(90 000)  

Total       48.4(100) 1708.5(163 674) 
12 200.9(650 
000) 

 

Lipid regulators           



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

Bezafibrate 
(BEZ) 

Brazil 1996 TP/17 17 
SPE-GC-
MS 

35/NA NA NA 180 [38] 

Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA/0.5 10 0.2 3.6 [113] 

 China NA NA NA NA NA NA NA 20 [96] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/1 63 NA 12.4 [92] 

 Germany 2007 TP/2 36 
SPE-LC-
MS/MS 

NA/12 NA 71 280 [123] 

 International NA NA NA NA NA 58 85 15 060 [100] 

 Italy 2001 GS/8 8 
SPE-LC-
MS/MS 

0.02/0.05 100 8.8 57.2 [109] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 10 [71] 

 Japan 2006/2010 GS/8 27 
SPE-LC-
MS/MS 

NA/3.0 48.1 91.2 498 [118] 

 Mexico 2015/2016 TP/4 16 
SPE- LC-
MS/MS 

0.3/1.0 100 908.5 2100 [41] 

 Netherlands 2009 GS/14 14 
SPE-LC-
MS/MS 

NA 14 5 17 [119] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

3/10 67 265.9 770 [90] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 87.1 3.3 13.4 [91] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

1/NA 95 1020 15 060 [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 100 48.3 305.2 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

0.2/0.6 NA NA 51.3 [93] 

 Spain 2012 GS/22 22 
SPE-UPLC-
MS/MS 

NA/0.7 36 4 21 [42] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Spain 2016/2017 GS/23 321 
SPE-LC-
MS/MS 

NA/0.3 28.5 6.75 67 [78] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

1/4 NA 8 10 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 100 975 5960 [121] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

0.1/0.4 80 4.3 7.2 [94] 

 Sweden 2014 TP/8 8 
SPE-UPLC-
MS/MS 

NA/0.04 100 20.4 110 [124] 

 UK NA NA NA NA NA NA NA 90 [43] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 53 23 64 [35] 

       67.0(100) 197.1(1020.0) 1698.6(15 060)  

Gemfibrozil 
(GEM) 

Brazil 1996 TP/17 17 
SPE-GC-
MS 

10/NA 0 ND ND [38] 

Canada 2005 GS/2 8 
SPE-GC-
MS 

0.3/NA 55.6 14.5 35.3 [83] 

 Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA/1 33 0.7 9 [113] 

 China 2007 GS/14 14 
SPE-GC-
MS 

1.8/6.1 14 15.9 17.4 [125] 

 China 2012/2013 GS/20 20 
SPE-LC-
MS/MS 

NA/NA 0 ND ND [108] 

 China 2013 GS/19 57 
SPE-LC-
MS/MS 

0.01/NA 79 0.1 2.3 [126] 

 China NA NA NA NA NA NA NA 86.8 [96] 
 Costa Rica NA NA NA NA NA NA NA 17 036 [33] 
 International NA NA NA NA NA 45.3 103 7780 [100] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 34 6.6 9.1 [79] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Mexico 2015/2016 TP/4 16 
SPE- LC-
MS/MS 

0.2/0.5 100 55.3 368 [41] 

 NA NA NA NA NA NA NA NA 52 [85] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

10/33 50 57.8 91.2 [90] 

 Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 16 [112] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 67.7 23.1 77.0 [91] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

1/NA 100 1420 7780 [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 100 242.8 1014.1 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

19.8/66.1 NA NA 113 [93] 

 Spain 2012 GS/22 22 
SPE-UPLC-
MS/MS 

NA/1.3 100 77 934 [42] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

1/3 NA 46 60 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 100 1415 5610 [121] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

0.6/2.0 80 148.4 286 [94] 

 Taiwan 2007/2008 GS/15 15 
SPE-LC-
MS/MS 

1.0/NA 91 NA 122 [122] 

 UK NA NA NA NA NA NA NA 790 [117] 

 USA 1999/2000 CS/NA 84 
SPE-UPLC-
MS/MS 

15/NA 3.6 48 790 [116] 

 USA 2001 NA/74 74 
SPE-LC-
MS/MS 

15/NA 0 ND ND [104] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

0.25/NA 58 2.2 24 [127] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

1.6/4.8 0 ND ND [106] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA 15.90 190.80 [74] 

 USA 2016 GS/72 72 
SPE- 
UPLC-MS/ 
MS 

1.30/NA 56.8 21.2 1440.4 [128] 

       50.8(100) 154.7(1420.0) 1443.0(17 036)  

Simvastatin 
(SIM) 

Canada 2002 NA/1 3 
SPE-LC-
MS/MS 

0.1/NA 0 ND ND [49] 

Malaysia 2013 GS/3 6 
SPE-LC-
MS/MS 

NA/2 33 6 6 [50] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

3/10 8 42.9 42.9 [90] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 0.0 0.0 0.0 [91] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 0 ND ND [35] 

 UK NA NA NA NA NA 0 ND ND [43] 
       6.8(33.0) 8.2(42.9) 8.2(42.9)  
Total       51.1(100) 152.3(1420.0) 1402.5(17 036)  
Antiepileptic           

Carbamazepine 
(CAR) 

America NA NA NA NA NA NA NA 735 [75] 

Asia NA NA NA NA NA NA NA 120 [75] 

 Bangladesh 2017 GS/20 20 
SPE-LC–
MS/MS 

0.01/0.02 65.0 1.51 8.8 [129] 

 Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA/1 50 3 749 [113] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 China 2012/2013 GS/20 20 
SPE-LC-
MS/MS 

NA/NA 60 0.9 50 [108] 

 China 2013 GS/19 57 
SPE-LC-
MS/MS 

0.02/NA 79 0.6 24.5 [126] 

 China 2014 GS/12 12 
SPE-LC–
MS/MS 

NA/3.0 100 25.3 75.5 [4] 

 Europe NA NA NA NA NA NA NA 366 [75] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/1 88 NA 41.6 [92] 

 Germany 2007 TP/2 36 
SPE-LC-
MS/MS 

NA NA 400 730 [123] 

 Germany NA NA NA NA NA NA NA 1194 [33] 
 Germany/Canada NA NA NA NA NA NA NA 1300 [117] 
 International NA NA NA NA NA 85 174 11 561 [100] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 80 [71] 

 Italy NA CP/1 4 
SPE-LC-
MS/MS 

1/NA NA 7 NA [17] 

 Japan 2006/2010 GS/8 27 
SPE-LC-
MS/MS 

NA/0.4 48.1 
22.2 100 

[118] 

 Kenya 2012/2013 GS/3 14 
SPE-LC-
MS 

NA/NA 85.71 204.28 430 [26] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 88 25 61 [79] 

 Korea 2006 NA/5 5 
SPE-LC-
MS/MS 

1/4 80 200 595 [110] 

 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA NA NA 100 [27] 

 Korea 2016 GS/18 72 
SPE-LC–
MS/MS 

NA/4.6 97.2 206.7 899.9 [111] 

 Malaysia 2013 GS/2 6 
SPE-LC-
MS/MS 

NA/1.6 67 15 24 [50] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Mexico 2015/2016 TP/4 16 
SPE- LC-
MS/MS 

0.8/2.6 100 56.3 276 [41] 

 Netherlands 2002 NA 263 NA NA NA NA 227 [130] 

 Netherlands 2009 GS/14 14 
SPE-LC-
MS/MS 

NA 86 59 121 [119] 

 Portugal 2007/2008 GS/11 87 
SPE-LC-
MS/MS 

0.03/0.4 100 NA 178 [131] 

 Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 17 [112] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.04/0.12 100 31.7 214 [20] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 0.0 0.0 0.0 [91] 

 Serbia NA GS/14 14 
SPE-LC-
MS/MS 

0.27/0.90 93 56 130 [72] 

 South Africa 2013 GS/12 12 
SPE-LC-
MS/MS 

89/297 100 428 1650 [34] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

2/NA 90 1070 3090 [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 100 64.0 178.7 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

0.1/0.5 NA NA 90.4 [93] 

 Spain 2016/2017 GS/23 321 
SPE-LC-
MS/MS 

NA/0.3 50.8 4.3 93 [78] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

2/10 NA 30 110 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 100 965 2680 [121] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

0.2/0.8 80 19.7 38.6 [94] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Sweden 2007/2008 GS/3 30 
SPE-LC-
MS/MS 

NA 100 110 NA [86] 

 Sweden 2014 TP/8 8 
SPE-UPLC-
MS/MS 

NA/0.04 100 88.1 310 [124] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 95 133 647 [35] 

 UK NA NA NA NA NA NA NA 684 [43] 

 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

0.25/NA 63 2.3 36 [127] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

2.7/8.2 21.4 14.9 38.2 [106] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

0.03/NA 7 0.10 0.17 [87] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA 2.04 2.96 [74] 

 USA 2016 GS/72 72 
SPE- 
UPLC-MS/ 
MS 

0.07/NA 100 6.1 542.6 [128] 

       77.5(100) 130.2(1070.0) 680.0(11 561)  
Selective serotonin reuptake inhibitors 
(SSRIs) 

         

Citalopram 
(CIT) 

Canada 2007 FP/1 4 
SPE-LC-
MS/MS 

0.077/NA 100 4.6 11.5 [55] 

India (near drug facilities) 2008 GS/11 NA 
SPE-LC-
MS 

NA/10 NA NA 76 000 [77] 

 International NA NA NA NA NA 100 20 219 [100] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.08/0.24 10.9 0.86 28.9 [20] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

0.3/1.1 20 0.9 4.7 [94] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 
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(highest value) 
(ng L-1) 

Reference 

       57.7(100) 6.6(20.0) 15 252.8(76 000)  

Fluoxetine 
(FLU) 

Canada 2007 FP/1 4 
SPE-LC-
MS/MS 

0.050/NA 100 0.9 1.3 [55] 

China 2013 GS/19 57 
SPE-LC-
MS/MS 

0.04/NA 0 ND ND [126] 

 China 2014 GS/12 12 
SPE-LC–
MS/MS 

NA/0.3 100 0.4 1.3 [4] 

 England NA GS/7 69 
SPE-LC-
MS/MS 

NA 9 7.6 13.5 [43] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/85 0 ND ND [92] 

 International NA NA NA NA NA 29.2 18 596 [100] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 0 ND ND [79] 

 NA NA NA NA NA NA NA NA 30 [85] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

6/20 0 ND ND [90] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.02/0.08 100 3.25 19.5 [20] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 22.6 9.9 16.2 [91] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

20/NA 0 ND ND [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 7 4.2 4.2 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

3.7/12.5 NA NA 14.5 [93] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

20/66 NA ND ND [14] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

0.8/2.6 0 ND ND [94] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 UK NA NA NA NA NA NA NA 14 [36] 

 USA 1999/2000 CS/NA 84 
SPE-UPLC-
MS/MS 

18/NA 1.2 12 12 [116] 

 USA 2001 NA/74 74 
SPE-LC-
MS/MS 

18/NA 1.4 NA <LOQ [104] 

 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

0.50/NA 16 0.8 3 [127] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

3.5/10.5 9.5 23.2 91.6 [106] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA 1.44 17.31 [74] 

       23.3(100) 4.5(23.2) 37.9(596.0)  

Norfluoxetine 
(Nor-FLU) 

Canada 2007 FP/1 4 NA NA 30 1.3 1.3 [55] 

England NA GS/7 69 0 ND ND 1.9 3.5 [43] 

 France 2007/2008 GS/8 24 7 4.2 4.2 ND ND [92] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.22/0.64 0 0 0 [20] 

 UK NA NA NA NA NA 14.5 NA 3.5 [36] 
 USA 2006/2007 GS/19 32 0 ND ND ND ND [127] 
       8.1(30) 0.6(1.9) 1.4(3.5)  

Paroxetine 
(PAR) 

Canada 2007 FP/1 4 
SPE-LC-
MS/MS 

0.096/NA 100 2.2 3.0 [55] 

Japan 2006/2010 GS/8 27 
SPE-LC-
MS/MS 

NA/8.0 0 ND ND [118] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

3/10 0 ND ND [90] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 
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(highest value) 
(ng L-1) 
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(ng L-1) 

Reference 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

6.40/19.4 5.45 25.5 25.6 [20] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

8/NA 0 ND ND [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 0 ND ND [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

4.6/15.2 NA NA 7.8 [93] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

8/20 NA ND ND [14] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

0.6/2.0 0 ND ND [94] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA 0.64 2.48 [74] 

       15.1(100) 3.1(25.5) 3.9(25.6)  

Sertraline 
(SER) 

Canada 2007 FP/1 4 
SPE-LC-
MS/MS 

0.048/NA 100 1.6 2.4 [55] 

Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.02/0.06 27.3 0.01 NA [20] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 6.5 202 304 [91] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

1.7/5.7 0 ND ND [94] 

       33.5(100) 67.9(202) 102.1(304)  
Desmethylsertrali
ne 
(Nor-SER) 

Canada 2007 FP/1 4 
SPE-LC-
MS/MS 

0.072/NA 100 2.3 4.5 [55] 

       100.0(100) 2.3(2.3) 4.5(4.5)  
Total       26.0(100) 8.6(202.0) 1648.0(76 000)  



Pharmaceutical Country Year 
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of 
samples 
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LOD/LOQ 
(ng L-1) 
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(%) 
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(ng L-1) 
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(ng L-1) 
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Anti-
inflammatories 

          

Diclofenac 
(DIC) 

Asia NA NA NA NA NA NA NA 62 [75] 

Brazil 1996 TP/17 17 
SPE-GC-
MS 

10/NA NA 20 450 [38] 

 Canada 2005 GS/2 8 
SPE-GC-
MS 

1.0/NA 0 ND ND [83] 

 Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 China 2007 GS/14 14 
SPE-GC-
MS 

1.1/4.4 79 51.2 147 [125] 

 China 2012/2013 GS/20 20 
SPE-LC-
MS/MS 

NA/NA 0 ND ND [108] 

 China 2013 GS/19 57 
SPE-LC-
MS/MS 

0.18/NA 100 12.9 58.4 [126] 

 China NA NA NA NA NA NA NA 7.7 [96] 
 Europe NA NA NA NA NA NA NA 794 [75] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/1 75 NA 35.0 [92] 

 Germany 2002 GS/7 7 
SPE-GC-
MS 

0.08/NA 100 38.4 67 [132] 

 Germany 2007 TP/2 36 
SPE-LC-
MS/MS 

NA/45 NA 410 1400 [123] 

 Germany NA NA NA NA NA NA NA 14 000 [117] 
 Greece NA NA NA NA NA NA NA 1043 [33] 
 International NA NA NA NA NA 75.5 137 18 740 [100] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 60 [71] 

 Japan 2006/2010 GS/8 27 
SPE-LC-
MS/MS 

NA/2.5 3.7 44.0 44.0 [118] 

 Kenya 2012/2013 GS/3 14 
SPE-LC-
MS 

NA/NA 78.57 277.85 730 [26] 
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Sampling 
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of 
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LOD/LOQ 
(ng L-1) 
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(%) 
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 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 38 3.0 6.8 [79] 

 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA 0 ND ND [27] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 NA NA 55 [60] 

 Malaysia 2013 GS/2 6 
SPE-LC-
MS/MS 

NA/12 50 39 54 [50] 

 Mexico 2015/2016 TP/4 16 
SPE- LC-
MS/MS 

1.2/4.1 100 740 1398 [41] 

 NA NA NA NA NA NA NA NA 1800 [85] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

5/17 17 39.8 56.8 [90] 

 Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 1 [112] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.10/0.30 1.82 38 38 [20] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 32.3 14.8 51.8 [91] 

 Scotland 2005/2006 GS/4 40 
SPE-LC-
MS/MS 

0.2/0.6 17.5 0.14 1.9 [80] 

 Serbia NA GS/14 14 
SPE-LC-
MS/MS 

0.15/0.49 0 ND ND [72] 

 South Africa 2015/2016 TP/7 38 
SPE-GC-
MS 

484/1614 NA NA 10200 [133] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

2/NA 100 2200 18 740 [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 100 87.7 358.1 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

10.2/34.0 NA NA 260 [93] 
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samples 
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(ng L-1) 
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 Spain 2012 GS/22 22 
SPE-UPLC-
MS/MS 

NA/3.9 50 49 865 [42] 

 Spain 2016/2017 GS/23 321 
SPE-LC-
MS/MS 

NA/0.3 45.3 23.8 650 [78] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

2/5 NA 29 60 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 100 2204 11 200 [121] 

 Spain NA 5 5 
SPE-UPLC-
MS/MS 

1.4/4.6 60 14.9 29.1 [94] 

 Spain/Belgium/Germany NA TP/NA 16 
SPE-
GC/LC-
MS/MS 

7/20 NA NA 72 [62] 

 Sweden 2014 TP/8 8 
SPE-UPLC-
MS/MS 

NA/0.04 100 126.4 490 [124] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 96 29 261 [35] 

 UK NA NA NA NA NA NA NA 568 [36] 

 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

0.25/NA 21 1.1 1.2 [127] 

       51.5(100) 221.0(2204.0) 1928.5(18 740)  
4-
hydroxydiclofena
c 
(4-OH-DIC)  

Spain 2010 NA/10 10 
TF-LC-
MS/MS 

0.3/0.9 NA NA 39.8 [93] 

Sweden 2014 TP/8 8 
SPE-UPLC-
MS/MS 

NA/0.04 0 ND ND [124] 

       0 0 19.9(39.8)  

Ibuprofen 
(IBU) 

America NA NA NA NA NA NA NA 203 [75] 

Asia NA NA NA NA NA NA NA 30 [75] 

 Brazil 1996 TP/17 17 
SPE-GC-
MS 

10/NA NA NA 190 [38] 
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 Canada 2005 GS/2 8 
SPE-GC-
MS 

0.8/NA 22.2 7.7 9.5 [83] 

 Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA/0.5 21 0.98 79 [113] 

 Canada 2010 GS/9 9 
SPE-GC-
MS/MS 

7/NA 0 ND ND [88] 

 China 2007 GS/14 14 
SPE-GC-
MS 

0.7/2.2 86 129 490 [125] 

 China 2012/2013 GS/20 20 
SPE-LC-
MS/MS 

NA/NA 10 9.1 99.3 [108] 

 China 2013 GS/19 57 
SPE-LC-
MS/MS 

0.10/NA 100 12.6 242 [126] 

 China NA NA NA NA NA NA NA 685 [96] 
 Costa Rica NA NA NA NA NA NA NA 36 788 [33] 
 Europe NA NA NA NA NA NA NA 468 [75] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/7 63 NA 8.0 [92] 

 Germany 2002 GS/7 7 
SPE-GC-
MS 

0.05/NA 100 10.5 32 [132] 

 Germany 2007 TP/2 36 
SPE-LC-
MS/MS 

NA/8 NA 16 120 [123] 

 International NA NA NA NA NA 63 504 31 323 [100] 

 Italy 2001 GS/8 8 
SPE-LC-
MS/MS 

2.2/4.2 63 21.0 78.5 [109] 

 Japan 2006/2010 GS/8 27 
SPE-LC-
MS/MS 

NA/1.1 44.4 8.6 33.0 [118] 

 Kenya 2012/2013 GS/3 14 
SPE-LC-
MS 

NA/NA 71.42 3712.1 17440 [26] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 75 28 38 [79] 

 Korea 2006 NA/5 5 
SPE-LC-
MS/MS 

5/15 80 260 414 [110] 
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 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA NA NA 50 [27] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 100 NA 2382 [60] 

 Mexico 2015/2016 TP/4 16 
SPE- LC-
MS/MS 

1.1/3.7 NA 520 1106 [41] 

 NA NA NA NA NA NA NA NA 2700 [85] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

50/165 0 ND ND [90] 

 Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 23 [112] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

4.50/13.6 100 53.7 1317 [20] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 6.5 NA NA [91] 

 Scotland 2005/2006 GS/4 40 
SPE-LC-
MS/MS 

1.0/3.2 2.5 1.3 1.3 [80] 

 Serbia NA GS/14 14 
SPE-LC-
MS/MS 

3.28/10.93 0 ND ND [72] 

 South Africa 2013 GS/12 12 
SPE-LC-
MS/MS 

81/271 100 2604 6200 [34] 

 South Africa 2015/2016 TP/7 38 
SPE-GC-
MS 

143/477 NA NA 17600 [133] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

8/NA 100 1370 9890 [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 100 152.9 490.4 [120] 

 Spain 2011/2012 NA/1 5 
SPE-LC-
MS/MS 

0.7/2.4 60 397 750 [64] 

 Spain 2012 GS/22 22 
SPE-UPLC-
MS/MS 

NA/20 82 830 16 482 [42] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

8/42 NA 60 150 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 100 1368 4350 [121] 

 Spain NA 5 5 
SPE-UPLC-
MS/MS 

2.0/6.5 80 113 193 [94] 

 Spain/Belgium/Germany NA TP/NA 16 
SPE-
GC/LC-
MS/MS 

12/42 NA NA 152 [62] 

 Sweden 2014 TP/8 8 
SPE-UPLC-
MS/MS 

NA/2.0 0 ND ND [124] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 93 24 74 [35] 

 UK NA NA NA NA NA NA NA 5044 [36] 

 USA 1999/2000 CS/NA 84 
SPE-UPLC-
MS/MS 

18/NA 9.5 200 1000 [116] 

 USA 2001 NA/74 74 
SPE-LC-
MS/MS 

18/NA 1.4 NA 270 [104] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

4.7/14.0 0 ND ND [106] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

0.085/NA 4 NA 4.98 [87] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA 0.14 1.08 [74] 

 USA NA NA NA NA NA NA NA 1000 [117] 
       52.7(100) 387.9(3712.1) 3265.3(36 788)  

Naproxen 
(NAP) 

America NA NA NA NA NA NA NA 555 [75] 

Brazil 1996 TP/17 17 
SPE-GC-
MS 

10/NA NA 20 210 [38] 

 Canada 2005 GS/2 8 
SPE-GC-
MS 

0.5/NA 22.2 145 271.4 [83] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA/2 21 1 199 [113] 

 Canada 2010 GS/9 9 
SPE-GC-
MS/MS 

41/NA NA NA 45 [88] 

 China 2007 GS/14 14 
SPE-GC-
MS 

1.3/4.2 29 60.2 118 [125] 

 China 2013 GS/19 57 
SPE-LC-
MS/MS 

0.06/NA 74 0.5 10.8 [126] 

 China NA NA NA NA NA NA NA 328 [96] 
 Europe NA NA NA NA NA NA NA 80.5 [75] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/4 46 NA 6.4 [92] 

 Germany 2007 TP/2 36 
SPE-LC-
MS/MS 

NA/16 NA 34 830 [123] 

 Greece NA NA NA NA NA NA NA 322 [33] 
 International NA NA NA NA NA 69 98 19 600 [100] 

 Italy 2011 CS/2 6 
SPE-LC-
MS/MS 

NA NA NA 10 [71] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 75 11 18 [79] 

 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA NA NA 12 [27] 

 Mexico 2015/2016 TP/4 16 
SPE- LC-
MS/MS 

0.9/3.1 100 2537.8 4880 [41] 

 NA NA NA NA NA NA NA NA 390 [85] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

14/43 25 34.8 136 [90] 

 Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 6 [112] 

 Portugal  2013/2014 GS/5 55 
SPE-
UHPLC-
MS/MS 

0.12/0.36 45.5 0.06 260 [20] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 South Africa 2015/2016 TP/7 38 
SPE-GC-
MS 

75/248 NA NA 59300 [133] 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

30/NA 55 530 1810 [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 100 42.6 105.5 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

19.0/6.4 NA NA 63.5 [93] 

 Spain 2012 GS/22 22 
SPE-UPLC-
MS/MS 

NA/6 50 278 1797 [42] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

7/20 NA 33 50 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 100 228 687 [121] 

 Spain/Belgium/Germany NA TP/NA 16 
SPE-
GC/LC-
MS/MS 

26/75 NA NA 70 [62] 

 Sweden 2014 TP/8 8 
SPE-UPLC-
MS/MS 

NA/1.0 0 ND ND [124] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 98 32 146 [35] 

 UK NA NA NA NA NA NA NA 146 [36] 

 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

0.50/NA 58 0.9 32 [127] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

1.0/2.9 23.8 5.0 30.8 [106] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA 1.82 6.10 [74] 

 USA NA NA NA NA NA NA NA 80 [117] 
       55.1(100) 204.7(2537.8) 2572.6(59 300)  



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 
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(highest value) 
(ng L-1) 
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(highest value) 
(ng L-1) 

Reference 

Paracetamol 
(PARA) 

Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA/2 11 0.1 298 [113] 

China 2012/2013 GS/20 20 
SPE-LC-
MS/MS 

NA/NA 5 4.2 84.8 [108] 

 China 2013 GS/19 57 
SPE-LC-
MS/MS 

0.10/NA 96 14.0 197 [126] 

 Europe NA NA NA NA NA NA NA 40 [75] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/2 100 NA 71.0 [92] 

 International NA NA NA NA NA 51.6 148 15 700 [100] 

 Japan 2006/2010 GS/8 27 
SPE-LC-
MS/MS 

NA/2.8 25.9 19.5 29.0 [118] 

 Kenya 2012/2013 GS/3 14 
SPE-LC-
MS 

NA/NA 71.42 24 449 106 970 [26] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 75 33 73 [79] 

 Korea 2007 GS/5 5 
SPE-LC-
MS/MS 

NA NA NA 80 [27] 

 Portugal 2009 GS/6 12 
SPE-LC-
MS/MS 

6/20 50 336 925 [90] 

 Portugal 2011 GS/7 7 
SPE-LC-
MS/MS 

42/141 29 210 250 [134] 

 Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 30 [112] 

 Portugal 2016 GS/31 31 
UHPLC-
TOF-MS 

NA/NA 80.6 1.8 10.6 [91] 

 Scotland 2005/2006 GS/4 40 
SPE-LC-
MS/MS 

3.9/13.1 15 7.0 9.1 [80] 

 Serbia NA GS/14 14 
SPE-LC-
MS/MS 

0.27/0.90 29 292 610 [72] 

 South Africa 2013 GS/12 12 
SPE-LC-
MS/MS 

2.7/91 100 1360 1780 [34] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 
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(ng L-1) 

Reference 

 Spain 2005/2006 NA/7 21 
SPE-LC-
MS/MS 

17/NA 90 420 2420 [103] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 100 34.8 96.5 [120] 

 Spain 2010 NA/10 10 
TF-LC-
MS/MS 

14.5/48.3 NA NA 156 [93] 

 Spain NA NA/10 10 
SPE-LC-
MS/MS 

17/40 NA 42 250 [14] 

 Spain NA NA/7 7 
SPE-LC-
MS/MS 

NA 100 380 830 [121] 

 Sweden 2014 TP/8 8 
SPE-UPLC-
MS/MS 

NA/0.04 100 40.1 170 [124] 

 Taiwan 2007/2008 GS/15 15 
SPE-LC-
MS/MS 

2.0/NA 97 NA 15 700 [122] 

 UK 2007 GS/2 40 
SPE-LC-
MS/MS 

NA 85 483 1534 [35] 

 UK NA NA NA NA NA NA NA 2382 [43] 

 USA 1999/2000 CS/NA 84 
SPE-UPLC-
MS/MS 

9/NA 23.8 110 10 000 [116] 

 USA 2001 NA/74 74 
SPE-LC-
MS/MS 

9/NA 8.1 NA 160 [104] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

2.5/7.5 23.8 20.7 72.8 [106] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA ND ND [74] 

 USA NA NA NA NA NA NA NA 10 000 [117] 

p-aminophenol Portugal 2011 GS/7 7 
SPE-LC-
MS/MS 

67/225 57 950 1630 [134] 

       59.4(100) 1291.1(24 448.6) 5513.8(106 970)  
Total       53.8(100) 490.9(24 448.6) 3138.5(106 970)  
Hormones           
Estrone Austria NA NA NA NA NA NA NA 4.6 [75] 
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of 
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LOD/LOQ 
(ng L-1) 
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(%) 
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(ng L-1) 
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(ng L-1) 
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(E1) 
Canada 2006/2007 GS/17 125 

SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 China 2007 GS/14 14 
SPE-GC-
MS 

0.2/0.5 93 14.9 75.0 [125] 

 China NA NA/1 5 
SPE-GC-
MS 

18/62 NA 180 NA [135] 

 France 2007 NA/2 2 
SPE-LC-
MS/MS 

0.02/NA 50 0.3 0.3 [136] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.04 33 NA 2 [92] 

 France NA NA NA NA NA NA NA 0.3 [75] 

 Germany 2002 NA/1 5 
SPE-LC-
MS/MS 

NA/0.1 100 0.86 NA [65] 

 Italy 2002 FP/1 7 
SPE-LC-
MS/MS 

0.1/NA 100 8 15 [67] 

 Japan 2001 GS/8 8 
SPE-GC-
MS/MS 

0.1 100 2.1 6.6 [89] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 38 3.6 5 [79] 

 Korea NA NA NA NA NA NA NA 69.1 [33] 
 Korea NA NA NA NA NA NA NA 5 [75] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

0.3/1.0 NA NA 27 [60] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 93 NA 5.8 [120] 

 Taiwan 2007/2008 GS/15 15 
SPE-LC-
MS/MS 

25/NA 8 NA 61 [122] 

 USA 1999/2000 CS/NA 70 
SPE-UPLC-
MS/MS 

5/NA 7.1 27 112 [116] 

 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

0.20/NA 79 0.3 0.9 [127] 



Pharmaceutical Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 
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(highest value) 
(ng L-1) 
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(ng L-1) 

Reference 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

6.48/NA 0 ND ND [87] 

       53.9(100) 21.6(180.0) 22.9(112.0)  

17β-estradiol 
(E2) 

Austria NA NA NA NA NA NA NA 1.2 [75] 

Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 China 2007 GS/14 14 
SPE-GC-
MS 

0.3/1.0 71 2.1 7.5 [125] 

 China NA NA/1 5 
SPE-GC-
MS 

9/32 NA 100 NA [135] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.06 0 ND ND [92] 

 Italy 2002 FP/1 7 
SPE-LC-
MS/MS 

0.2/NA 100 4 6 [67] 

 Japan 2001 GS/8 8 
SPE-GC-
MS/MS 

0.2 38 0.8 1.0 [89] 

 Korea NA NA NA NA NA NA NA 10.1 [33] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

1.0/3.0 NA NA 35 [60] 

 South Africa 2014 GS/4 80 
SPE-HPLC-
DAD 

825.5/2476.5 NA NA 15 700 [137] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 0 ND ND [120] 

 Taiwan 2007/2008 GS/15 15 
SPE-LC-
MS/MS 

25/NA 10 NA 119 [122] 

 USA 1999/2000 CS/NA 70 
SPE-UPLC-
MS/MS 

5/NA 10 9 93 [116] 

 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

0.50/NA 5 17 17 [127] 

 USA 2008/2009 GS/7 42 
SPE-LC-
MS/MS 

1.3/3.8 7.1 1.3 1.7 [106] 
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type/locations 
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of 
samples 
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LOD/LOQ 
(ng L-1) 
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(%) 
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(highest value) 
(ng L-1) 
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(ng L-1) 

Reference 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

14.8/NA 0 ND ND [87] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA 0.45 5.32 [74] 

       21.9(100) 11.2(100.0) 999.8(15 700)  

17α-estradiol  
(α-E2) 

Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.02 0 ND ND [92] 

 Japan 2001 GS/8 8 
SPE-GC-
MS/MS 

0.2 0 ND ND [89] 

 USA 1999/2000 CS/NA 70 
SPE-UPLC-
MS/MS 

5/NA 5.7 30 74 [116] 

       1.4(5.7) 7.5(30.0) 18.5(74.0)  

17α-
ethinylestradiol 
(EE2) 

Austria NA NA NA NA NA NA NA 0.33 [75] 

Canada 2006/2007 GS/17 125 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.4 0 ND ND [92] 

 Italy 2002 FP/1 7 
SPE-LC-
MS/MS 

0.4/NA NA 1 3 [67] 

 Korea 2004/2005 GS/3 8 
SPE-LC-
MS/MS 

NA 0 ND ND [79] 

 Korea NA NA NA NA NA NA NA 1.9 [33] 

 Luxembourg 2007/2008 TP/1 24 
SPE-LC-
MS/MS 

2.0/6.0 0 ND ND [60] 

 Spain 2006 GS/8 16 
SPE-LC-
MS/MS 

NA 0 ND ND [120] 

 Spain NA NA/5 5 
SPE-UPLC-
MS/MS 

2.4/8.0 0 ND ND [94] 

 USA 1999/2000 CS/NA 70 
SPE-UPLC-
MS/MS 

5/NA 15.7 73 831 [116] 



Pharmaceutical Country Year 
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of 
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LOD/LOQ 
(ng L-1) 
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(ng L-1) 
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 USA 2006/2007 GS/19 32 
SPE-
GC/LC-
MS/MS 

1.0/NA 5 1.4 1.4 [127] 

 USA 2012/2013 GS/4 28 
SPE-UPLC-
MS/MS 

8.48/NA 0 ND ND [87] 

 USA 2014/2015 GS/2 12 
SPE-UPLC-
MS/MS 

NA NA ND ND [74] 

       2.3(15.7) 6.9(73.0) 64.4(831.0)  
Total       26.2(100) 12.6(180.0) 346.0(15 700)  

CS - Composite sampling 
ESI- Electrospray ionization 
FP - Flow proportional sampling 
FD - Fluorescence detection 
GC - Gas chromatography 
GS - Grab sampling 
HPLC - High performance liquid chromatography 
LC - Liquid chromatography 
LOQ - Limit of quantification 
MS - Mass spectrometry 
NA - Not available 
ND - Not detected 
SPE - Solid phase extraction 
TF - TurboFlow 
TOF - Time-of-flight 
TP - Time proportional sampling 
UPLC - Ultra performance liquid chromatography 
UHPLC - Ultra high performance liquid chromatography



 

 

 

 



Table S5. Occurrence of pharmaceuticals in seawaters (SeaW), groundwaters (GWs), drinking waters (DWs) 
and mineral waters (DWs). 

Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

Anxiolytics            
Alprazolam 
(ALP) 

DW China 2014 GS/5 5 
SPE-LC–
MS/MS 

NA/0.1 100 2.4 2.6 [4] 

Lorazepam 
(LOR) 

GW Serbia NA GS/10 10 
SPE-LC-
MS/MS 

0.55/1.82 0 ND ND [72] 

GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 23 5.1 54 [138] 

 GW       11.5(23) 2.6(5.1) 27(54)  

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/12 4 NA <LOQ [92] 

 DW China 2014 GS/5 5 
SPE-LC–
MS/MS 

NA/4.0 0 ND ND [4] 

 DW       2.0(4.0) 0 0  
Total        25.4(100) 1.9(5.1) 11.3(54.0)  
Antibiotics            

Azithromycin 
(AZI) 

SeaW China 2009 GS/27 27 
SPE-LC-
MS/MS 

NA/0.28 22 0.14 1.2 [95] 

GW Serbia NA GS/10 10 
SPE-LC-
MS/MS 

2.58/8.59 20 83 140 [72] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 93 96.3 1620 [138] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 12.21 131.43 [74] 

 GW       56.5(93) 63.8(96.3) 630.5(1620)  
        45.0(93.0) 47.9(96.3) 473.2(1620.0)  
Clarithromycin 
(CLA) 

SeaW China 2009 GS/27 27 
SPE-LC-
MS/MS 

NA/0.27 37 0.19 0.82 [95] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 
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of 
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LOD/LOQ 
(ng L-1) 

Frequency 
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(%) 
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(highest value) 
(ng L-1) 
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(highest value) 
(ng L-1) 

Reference 

GW Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 3 [112] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 100 5.2 20.5 [138] 

 GW       100 5.2 11.8(20.5)  

 DW Portugal 2013 GS/15 NA 
SPE-UPLC-
MS/MS 

NA/NA 8 2 5 [112] 

        48.3(100) 2.5(5.2) 7.33(20.5)  

Ciprofloxacin 
(CIP) 

SeaW China 2009 GS/27 27 
SPE-LC-
MS/MS 

NA/4.8 93 31 66 [95] 

SeaW Spain 2011 GS/4 48 
SPE-LC-
MS/MS 

1.0/3.4 60 72 303.6 [139] 

 SeaW       76.5(93) 51.5(72) 184.8(303.6)  
 GW America NA NA NA NA NA NA NA 0.28 [75] 
 GW Asia NA NA NA NA NA NA NA 40 [75] 

 GW 
India (near 
industry) 

2008 GS/6 NA SPE-LC-MS NA/10 NA NA 14 000 [77] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 91 38.9 443 [138] 

 GW USA 2000 NA/47 47 
SPE-LC-
MS/MS 

20/NA 0 ND ND [140] 

 GW       45.5(91) 19.5(38.9) 2896.7(14 000)  

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

        48.8(93.0) 28.4(72.0) 1856.6(14 000)  

Erythromycin 
(ERY) 

SeaW China 2009 GS/27 27 
SPE-LC-
MS/MS 

NA/0.26 100 2.6 8.5 [95] 

GW Serbia 
NA 

GS/10 10 
SPE-LC-
MS/MS 

1.65/5.48 0 ND ND [72] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 33 9.6 41.3 [138] 



Pharmaceutical Sample Country Year 
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type/locations 
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of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 
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(highest value) 
(ng L-1) 
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(highest value) 
(ng L-1) 

Reference 

 GW USA 2000 NA/47 47 
SPE-LC-
MS/MS 

50/NA 0 ND ND [140] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 0.04 1.25 [74] 

 GW       11(33) 2.4(9.6) 10.6(41.3)  

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA/10 3 0.3 13 [113] 

 DW Japan 2006/2010 GS/8 23 
SPE-LC-
MS/MS 

NA/10.0 0 ND ND [118] 

 DW Netherlands 2009 GS/2 15 
SPE-LC-
MS/MS 

NA 0 ND ND [119] 

 DW       1(3) 0.1(0.3) 4.3(13)  
        19.4(100) 1.6(9.6) 8.0(41.3)  
Total        36.7(100) 17.7(96.3) 701.6(14 000)  
Lipid regulators            

Bezafibrate 
(BEZ) 

GW Canada NA NA NA NA NA NA NA 12 [117] 

GW Germany NA NA NA NA NA NA NA 112 [33] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 51 2.2 25.8 [138] 

 GW       51 2.2 49.9(112)  

 MinW Spain 2012 GS/11 11 
SPE-UPLC-
MS/MS 

NA/0.2 18 1 10 [42] 

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA/0.5 2 NA 1 [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/1 42 NA 2.2 [92] 

 DW Germany NA NA NA NA NA NA NA 27 [117] 

 DW Japan 2006/2010 GS/8 23 
SPE-LC-
MS/MS 

NA/10.0 0 ND ND [118] 

 DW Netherlands 2009 GS/2 15 
SPE-LC-
MS/MS 

NA 0 ND ND [119] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 
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of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
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(%) 
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(highest value) 
(ng L-1) 
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(ng L-1) 

Reference 

 DW Spain 2012 GS/5 8 
SPE-UPLC-
MS/MS 

NA/0.2 0 ND ND [42] 

 DW       8.8(42) 0 5.0(27)  
        16.1(51.0) 0.6(2.2) 19.0(112.0)  

Gemfibrozil 
(GEM) 

SeaW Ireland 2011/2012 GS/2 12 
SPE-LC-
MS/MS 

38/NA 50 258 400 [84] 

SeaW Sweden NA GS/13 13 
bag SPE-LC-
MS/MS 

6/20 0 ND ND [141] 

 SeaW       25(50) 129(258) 200(400)  
 GW Canada NA NA NA NA NA NA NA 430 [117] 

 GW Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA 0 ND ND [112] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 81 69.9 751 [138] 

 GW Spain NA NA NA NA NA NA NA 574 [33] 

 GW USA 2000 NA/47 47 
SPE-LC-
MS/MS 

15/NA 0 ND ND [140] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 0.15 2.20 [74] 

 GW       27.0(81) 17.5(69.9) 292.9(751.0)  

 MinW Spain 2012 GS/11 11 
SPE-UPLC-
MS/MS 

NA/0.3 82 8 20 [42] 

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA/1 15 0.5 4 [113] 

 DW Canada NA NA NA NA NA NA NA 70 [117] 

 DW Portugal 2013 GS/15 NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 18 [112] 

 DW Spain 2012 GS/5 8 
SPE-UPLC-
MS/MS 

NA/0.3 38 2 7 [42] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

0.25/NA 33 0.46 2.1 [127] 

 DW       28.7(38) 1.0(2.0) 20.2(70.0)  



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

        33.2(82.0) 33.9(258.0) 162.7(751.0)  
Total        25.8(82.0) 22.8(258.0) 102.8(751.0)  
Antiepileptic            

Carbamazepine 
(CAR) 

SeaW Ireland 2011/2012 GS/2 12 
SPE-LC-
MS/MS 

4/NA 100 678 1410 [84] 

SeaW Spain 2011 GS/4 48 
SPE-LC-
MS/MS 

0.9/2.9 0 ND ND [139] 

 SeaW Sweden NA GS/13 13 
bag SPE-LC-
MS/MS 

1/3 100 NA 26.3 [141] 

 SeaW       66.7(100) 339.0(678) 478.8(1410)  
 GW America NA NA NA NA NA NA NA 420 [75] 
 GW Europe NA NA NA NA NA NA NA 3600 [75] 

 GW Germany 2000 NA/105 105 
SPE-GC/LC-
MS/MS 

32/NA 12.4 NA 900 [142] 

 GW Kenya 2012/2013 GS/3 3 SPE-LC-MS NA/NA 66.6 23.3 40.0 [26] 
 GW NA NA NA NA NA NA NA NA 465 [117] 

 GW Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA 0 NA 3 [112] 

 GW Serbia 
NA 

GS/10 10 
SPE-LC-
MS/MS 

0.27/0.90 60 14.5 23 [72] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 97 44.3 136 [138] 

 GW USA 2004-2010 NA/1231 1231 NA 30/NA 1.46 40 420 [143] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 5.10 15.90 [74] 

 GW USA NA NA NA NA NA NA NA 420 [33] 
 GW       39.6(97) 25.4(44.3) 585.7(3600)  

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA/1 25 0.21 601 [113] 

 DW China 2014 GS/5 5 
SPE-LC–
MS/MS 

NA/2.3 100 NA 2.5 [4] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/1 83 NA 32.0 [92] 

 DW Italy NA GS/21 21 
SPE--LC–
MS/MS 

NA/0.18 14.3 7.6 10.3 [144] 

 DW Japan 2006/2010 GS/8 23 
SPE-LC-
MS/MS 

NA/0.4 13.0 13.6 24.8 [118] 

 DW Netherlands 2007 NA 2 NA NA NA NA 30 [130] 

 DW Netherlands 2009 GS/2 15 
SPE-LC-
MS/MS 

NA 0 ND ND [119] 

 DW Portugal 2013 GS/15 NA 
SPE-UPLC-
MS/MS 

NA/NA 96 1.9 14 [112] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

0.25/NA 42 6.4 18 [127] 

 DW USA 2012/2013 GS/4 27 
SPE-UPLC-
MS/MS 

0.03/NA 0 ND ND [87] 

 DW USA NA NA NA NA NA NA NA 258 [117] 
 DW       41.5(100) 4.2(13.6) 90.1(601.0)  
        45.0(100) 59.6(678.0) 354.8(3600.0)  
Selective serotonin reuptake 
inhibitors 
(SSRIs) 

          

Citalopram 
(CIT) 

GW 
India (near 
industry) 

2008 GS/6 NA SPE-LC-MS NA/10 NA NA 1400 [77] 

Fluoxetine 
(FLU) 

GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 18 1.8 21 [138] 

GW USA 2000 NA/47 47 
SPE-LC-
MS/MS 

18/NA 4.3 NA 56 [140] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 19.84 410.77 [74] 

 GW       11.2(18.0) 10.8(19.8) 162.6(410.8)  

 DW China 2014 GS/5 5 
SPE-LC–
MS/MS 

NA/0.2 0 ND 0.2 [4] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/85 0 ND ND [92] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

0.50/NA 9 0.68 0.82 [127] 

 DW       3.0(9.0) 0.2(0.7) 0.3(0.8)  
        6.26(18) 4.5(19.8) 81.5(410.8)  

Norfluoxetine 
(Nor-FLU) 

DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/32 0 ND ND [92] 

DW USA 2006/2007 GS/19 33 0 NA NA 0.77 0.77 [127] 
 DW       0 0.4(0.8) 0.4(0.8)  
        0(0) 0.4(0.8) 0.4(0.8)  

Paroxetine 
(PAR) 

GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 20 2.4 30.2 [138] 

GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 1.4 5.88 [74] 

 GW       20(20) 1.9(2.4) 18.0(30.2)  

 DW Japan 2006/2010 GS/8 23 
SPE-LC-
MS/MS 

NA/8.0 0 ND ND [118] 

        10.0(20.0) 1.3(2.4) 12.0(30.2)  
Total        6.4(20) 2.7(19.8) 160.5(1400.0)  
Anti-
inflammatories 

 
          

Diclofenac 
(DIC) 

SeaW Ireland 2011/2012 GS/2 12 
SPE-LC-
MS/MS 

22/NA 92 315 460 [84] 

SeaW Spain 2011 GS/4 48 
SPE-LC-
MS/MS 

1.4/4.6 18.8 86 343.6 [139] 

 SeaW Sweden NA GS/13 13 
bag SPE-LC-
MS/MS 

4/13 0 ND ND [141] 

 SeaW       36.9(92.0) 133.7(315.0) 267.9(460.0)  
 GW Europe NA NA NA NA NA NA NA 24 [75] 

 GW Germany 2000 NA/105 105 
SPE-GC/LC-
MS/MS 

29/NA 3.8 NA 590 [142] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 GW Germany NA NA NA NA NA NA NA 3050 [33] 

 GW Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA 0 ND ND [112] 

 GW Serbia 
NA 

GS/10 10 
SPE-LC-
MS/MS 

0.15/0.49 0 ND ND [72] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 65 75.3 380 [138] 

 GW       17.2(65.0) 25.1(75.3) 674.0(3050.0)  

 MinW Spain 2012 GS/11 11 
SPE-UPLC-
MS/MS 

NA/1.0 55 25 87 [42] 

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA 1 NA NA [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/1 29 NA 1.0 [92] 

 DW Germany NA NA NA NA NA NA NA 35 [117] 

 DW Japan 2006/2010 GS/8 23 
SPE-LC-
MS/MS 

NA/2.5 4.3 15.8 15.8 [118] 

 DW Portugal 2013 GS/15 NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 11 [112] 

 DW Spain 2012 GS/5 8 
SPE-UPLC-
MS/MS 

NA/1.0 38 18 60 [42] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

0.25/NA 0 ND ND [127] 

 DW       14.5(38.0) 11.3(18.0) 20.5(60.0)  
        23.6(92.0) 53.5(315.0) 316.1(3050.0)  
4-
hydroxydiclofenac 
(4-OH-DIC) 

GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 26 15.3 147 [138] 

Ibuprofen 
(IBU) 

SeaW Sweden NA GS/13 13 
bag SPE-LC-
MS/MS 

7/23 0 ND ND [141] 

GW America NA NA NA NA NA NA NA 3.97 [75] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 GW Canada NA NA NA NA NA NA NA 2150 [117] 
 GW Europe NA NA NA NA NA NA NA 395 [33,75] 

 GW Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA 0 ND ND [112] 

 GW Serbia 
NA 

GS/10 10 
SPE-LC-
MS/MS 

3.28/10.93 0 ND ND [72] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 66 87.1 988 [138] 

 GW USA 2000 NA/47 47 
SPE-LC-
MS/MS 

18/NA 2.1 ND 3110 [140] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 0.07 2.35 [74] 

 GW       17.0(66.0) 17.4(87.1) 831.2(3110.0)  

 MinW Spain 2012 GS/11 11 
SPE-UPLC-
MS/MS 

NA/5.0 73 12 46 [42] 

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA/0.5 15 0.33 25 [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/7 38 NA 1.3 [92] 

 DW Japan 2006/2010 GS/8 23 
SPE-LC-
MS/MS 

NA/1.1 8.7 5.0 6.0 [118] 

 DW Portugal 2013 GS/15 NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 21 [112] 

 DW Spain 2012 GS/5 8 
SPE-UPLC-
MS/MS 

NA/5.0 88 39 94 [42] 

 DW USA 2012/2013 GS/4 27 
SPE-UPLC-
MS/MS 

0.85/NA 4 NA 1.16 [87] 

 DW USA NA NA NA NA NA NA NA 1350 [117] 
 DW       30.7(88.0) 14.8(39.0) 214.1(1350.0)  
        26.8(88.0) 14.4(87.1) 427.7(3110.0)  
Naproxen 
(NAP) 

SeaW Sweden NA GS/13 13 
bag SPE-LC-
MS/MS 

12/40 0 ND ND [141] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

GW Canada NA NA NA NA NA NA NA 300 [117] 

 GW Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA 0 ND ND [112] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 13 0.1 5.6 [138] 

 GW Spain NA NA NA NA NA NA NA 263 [33] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 1.93 13.15 [74] 

 GW       6.5(13.0) 0.7(1.9) 116.4(300.0)  

 MinW Spain 2012 GS/11 11 
SPE-UPLC-
MS/MS 

NA/0.5 82 25 49 [42] 

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA/2 0 ND ND [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/4 17 NA 0.5 [92] 

 DW Portugal 2013 GS/15 NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 6 [112] 

 DW Spain 2012 GS/5 8 
SPE-UPLC-
MS/MS 

NA/0.5 100 11 93 [42] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

0.50/NA 0 ND ND [127] 

 DW       29.3(100.0) 3.7(11.0) 19.9(93.0)  
        26.5(100) 4.8(25.0) 60.9(300.0)  

Paracetamol 
(PARA) 

SeaW Spain 2011 GS/4 48 
SPE-LC-
MS/MS 

0.6/2 6 116 297 [139] 

GW Europe NA NA NA NA NA NA NA 1890 [75] 

 GW France NA NA NA NA NA NA NA 211 [117] 

 GW Kenya 2012/2013 GS/3 3 SPE-LC-MS NA/NA 100 20 30 [26] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 GW Portugal 2013 GS/NA NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 3 [112] 

 GW Serbia 
NA 

GS/10 10 
SPE-LC-
MS/MS 

0.27/0.90 0 ND ND [72] 

 GW Spain 2010/2011 GS/31 31 
SPE-LC-
MS/MS 

NA 5 <LOQ <LOQ [138] 

 GW USA 2000 NA/47 47 
SPE-LC-
MS/MS 

9/NA 6.4 NA 380 [140] 

 GW USA 2004-2010 NA/1231 1231 NA 60/NA 0.32 180 1890 [143] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 0.23 2.5 [74] 

 GW       22.3(100) 40.0(180.0) 489.6(1890.0)  

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA/2 1 NA 17 [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/2 100 NA 45.0 [92] 

 DW France NA NA NA NA NA NA NA 210 [117] 

 DW Japan 2006/2010 GS/8 23 
SPE-LC-
MS/MS 

NA/2.8 0 ND ND [118] 

 DW Portugal 2013 GS/15 NA 
SPE-UPLC-
MS/MS 

NA/NA NA NA 47 [112] 

 DW       33.7(100) 0 63.8(210.0)  
        24.3(100) 45.2(180.0) 334.8(1890.0)  
Total        25.2(100) 29.1(315.0) 313.9(3110.0)  
Hormones            

Estrone 
(E1) 

GW Austria NA NA NA NA NA NA NA 1.6 [75] 

GW France 2007 NA/3 3 
SPE-LC-
MS/MS 

0.02/NA 67 2.2 3.5 [136] 

 GW France NA NA NA NA NA NA NA 3.5 [75] 
 GW USA NA NA NA NA NA NA NA 79 [33] 



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

 GW       67.0 2.2 21.9(79.0)  

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.04 4 NA 0.3 [92] 

 DW Germany 2002 NA/1 5 
SPE-LC-
MS/MS 

NA/0.1 100 0.16 NA [65] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

0.20/NA 0 ND ND [127] 

 DW USA 2012/2013 GS/4 27 
SPE-UPLC-
MS/MS 

6.48/NA 0 ND ND [87] 

 DW       20.8(100) 0(0.2) 0.1(0.3)  
        28.5(100) 0.5(2.2) 11.0(79.0)  

17β-estradiol 
(E2) 

GW Austria NA NA NA NA NA NA NA 0.79 [75] 

GW France 2007 NA/3 3 
SPE-LC-
MS/MS 

0.03/NA 67 0.8 1.3 [136] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 0.98 27.47 [74] 

 GW USA NA NA NA NA NA NA NA 147 [33] 
 GW       67.0 0.9(1.0) 44.1(147.0)  

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.06 0 ND ND [92] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

0.50/NA 0 ND ND [127] 

 DW USA 2012/2013 GS/4 27 
SPE-UPLC-
MS/MS 

14.8/NA 0 ND ND [87] 

 DW       0 0 0  



Pharmaceutical Sample Country Year 
Sampling 
type/locations 

Number 
of 
samples 

Method 
LOD/LOQ 
(ng L-1) 

Frequency 
(highest value) 
(%) 

Average 
(highest value) 
(ng L-1) 

Maximum 
(highest value) 
(ng L-1) 

Reference 

        13.4(67.0) 0.3(1.0) 22.1(147.0)  

17α-estradiol 
(α-E2) 

GW France 2007 NA/3 3 
SPE-LC-
MS/MS 

0.03/NA 67 1.0 1.6 [136] 

DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.02 0 ND ND [92] 

 DW       0 0 0  
        22.3(67.0) 0.3(1.0) 0.5(1.6)  
17α-
ethinylestradiol 
(EE2) 

GW Austria NA NA NA NA NA NA NA 0.94 [75] 

GW France 2007 NA/3 3 
SPE-LC-
MS/MS 

0.03/NA 67 1.8 3 [136] 

 GW France NA NA NA NA NA NA NA 3 [75] 

 GW USA 2014/2015 GS/6 36 
SPE-UPLC-
MS/MS 

NA NA 120.01 4320.35 [74] 

 GW USA NA NA NA NA NA NA NA 230 [33] 
 GW       67.0 60.9(120.0) 911.5(4320.4)  

 DW Canada 2006/2007 GS/17 123 
SPE-LC-
MS/MS 

NA 0 ND ND [113] 

 DW France 2007/2008 GS/8 24 
SPE-LC-
MS/MS 

NA/0.4 0 ND ND [92] 

 DW USA 2006/2007 GS/19 33 
SPE-GC/LC-
MS/MS 

1.0/NA 0 ND ND [127] 

 DW USA 2012/2013 GS/4 27 
SPE-UPLC-
MS/MS 

8.48/NA 0 ND ND [87] 

 DW       0 0 0  
        13.4(67.0) 20.3(120.0) 506.4(4320.4)  
Total        19.6(100) 6.3(120.0) 172.3(4320.4)  

CS - Composite sampling 
DW – Drinking water 
ESI- Electrospray ionization 
FP - Flow proportional sampling 
GC - Gas chromatography 
GS - Grab sampling 



GW - Groundwater 
LC - Liquid chromatography 
LOQ - Limit of quantification 
MS - Mass spectrometry 
MinW – Mineral water 
NA - Not available 
ND - Not detected 
SPE - Solid phase extraction 
SeaW - Seawater 
TP - Time proportional sampling 
UPLC - Ultra performance liquid chromatography 
UHPLC - Ultra high performance liquid chromatography 
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