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1.2 Pharmaceuticals in wastewater and the environment 

1.2.1 Presence of pharmaceuticals in the environment 

 

 

 

 

 



 

 

Compound Structure Class 
Concentration 

ng l-1 Reference 

Ibuprofen 

OH

O

 

NSAID 2 – 64 

5 – 90 

1.5 – 7.8 

64 – 141 

144 – 2370 

4.9 – 50.4 

Lindqvist et al.  

Vieno et al. 

Buser et al. 

Metcalfe et al. 

Roberts et al. 

da Silva et al. 21,27,31-34 

Ketoprofen O

O

OH

 

NSAID 6.5 – 39 

8 – 28 

12 – 50 

18 – 132 

Lindqvist et al. 

Vieno et al. 

Metcalfe et al. 

da Silva et al.27,31,32,34 

Naproxen 

O

O

OH

 

NSAID 17 – 313 

5.5 – 57 

13 – 32 

94 – 207 

29 – 87 

Kosjek et al. 

Lindqvist et al. 

Vieno et al. 

Metcalfe et al. 

da Silva et al.31,32,34-36 

Diclofenac 

H
N

Cl

O

OH

Cl  

NSAID 9 – 282 

2 – 40 

10 – 55 

26 – 194 

4 – 148 

Kosjek et al. 

Lindqvist et al. 

Vieno et al. 

Metcalfe et al. 

da Silva et al. 21,27,31,32 

1
0



 

 

 

Bezafibrate 

N
H

Cl

O
O

OH

O

 

Lipid Regulator 6 – 64 

52 

3 – 24 

3 – 20  

0 – 10 

Kasprzyk-Horden et al. 

Metcalfe et al. 

Lindqvist et al 

Vieno et al. 

Gros et al.10,31,32,36,37 

Metoprolol 

O

OH

H
N

O  

β-blocker 5 – 11 

29 – 36 

84 – 310 

3 – 275 

20 – 116  

Kasprzyk-Horden et al. 

Alder et al. 

Kunkel et al. 

Daneschvar et al. 

Vieno et al. 4,18,37-39 

Bisoprolol 
O

OH

H
N

O
O  

β-blocker 9.4 – 26 Gonçalves et al.40 

Atenolol 

O

OH

H
N

O

H2N  

β-blocker 4 – 488 

0 – 250 

58 – 83 

3 – 271 

2 – 25 

Kasprzyk-Horden et al. 

Gros et al. 

Alder et al. 

Daneschvar et al. 

Vieno et al. 24,10,18,37,39 

Propranolol 

O

OH

H
N

 

β-blocker 6 – 40 

7 – 8 

1 – 3.5 

 

Kasprzyk-Horden et al. 

Alder et al. 

Kunkel et al.18,37,38 

Sotalol OH

H
N

N
H

S

O

O  

β-blocker 0 – 70 

45 – 52 

61 – 160 

2 – 169 

15 – 52  

Gros et al. 

Alder et al. 

Kunkel et al. 

Daneschvar et al. 

Vieno et al. 24,10,18,38,39 

1
1



 

 

 

Acebutolol 

O

OH

H
N

O

N
H

O

 

β-blocker 0.5 – 2.2 

2 – 8  

Daneschvar et al. 

Vieno et al. 24,39 

Carbamazepine 

N

O NH2  

Anti-Epileptic 5 – 356 

20 – 185 

0 – 110 

20 – 66 

20 – 1160 

8 – 41 

Kasprzyk-Horden et al. 

Metcalfe et al. 

Gros et al. 

Vieno et al. 2 

Gonzales Alonso et al. 

Gros et al. 24,10,32,37,41,42 

Venlafaxine 

N

OH

O

 

Anti-depressant 35 – 71 

8 – 44 

13 – 45 

100 – 1003 

Baker et al. 

Gonzales Alonso et al. 

Gros et al. 2 

Valcarcel et al.3,41-43 

1
2



 

 

 

Fluoxetine O
H
N

F

F

F

 

Anti-depressant 9 – 13.5 

8 – 44 

Baker et al. 

Gonzales Alonso et al.3,41 

Sertraline H
N

Cl

Cl  

Anti-depressant 2.4 – 12.4 Conley et al.44 

Citalopram 

N

O

N

F

 

Anti-depressant 13 – 120 

5 – 11 

26 – 160 

Gonzales Alonso et al. 

Gros et al 2. 

Valcarcel et al.41-43 

1
3



 

 

 

Trimethoprim 

N

N

O

O

O

H2N

NH2

 

Antibiotic 1 – 126 

0 – 20 

38 – 690 

3 – 12 

Kasprzyk-Horden et al. 

Gros et al. 

Valcarcel et al. 

Christian et al.10,37,43,45 

Sulfadiazine 

H2N S

O
O

N
H

N

N

 

Antibiotic 270 

0.5 – 72 

Wei et al. 

Yan et al.46,47 

Sulfamethoxazole 

H2N S

O
O

N
H

O
N

 

Antibiotic 1 – 2 

32 – 952 

100 

4 – 52 

1.5 – 57 

Kasprzyk-Horden et al. 

Valcarcel et al. 

Wei et al. 

Christian et al. 

Yan et al.37,43,45-47 

Tetracycline OH O OH O O

NH2

OH

OH

H H

NOH

 

Antibiotic 270 

4 – 12 

0.11 

Wei et al.  

Yan et al. 

Lindsey et al. 46-48 
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Doxycycline OH OH O O OH

NH2

O

OH

H H

NOH

 

Antibiotic 5.63 Yan et al.47 

Oxytetracycline OH OH O O O

NH2

OH

OH

H H

NOHOH

 

Antibiotic 220 

0.5 – 12 

0.07 – 1.34 

Wei et al. 

Yan et al. 

Lindsey et al. 46-48 

Erythromycin 

O

HO

OH

O

OH

O

OO

O
HO

N

O
OH

OCH3

 

Antibiotic 1 – 162* 

0 – 30 

90 – 3847 

15.9 

4 – 190 

0.3 – 45 

Kasprzyk-Horden et al. 

Gros et al. 

Valcarcel et al. 

Zuccato et al. 

Christian et al. 

Yan et al.10,37,43,45,47,49 
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Roxithromycin 

O

HO

OH

N

OH

O

OO

O
HO

N

O
OH

OCH3

O O
O

 

Antibiotic 4 – 14 

0.4 – 8 

Christian et al. 

Yan et al.45,47 

Tylosin 

O

O

O

O

HO

CHO

O
O

O

O
O

OCH3OCH3

HO

HO
N

OH

OH

 

Antibiotic 0 – 2.2 Zuccato et al. 250 1
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Clarithromycin 

O

HO

OH

O

O

O

OO

O
HO

N

O
OH

OCH3

 

Antibiotic 127 – 1727 

20.3 

1 – 37 

Valcarcel et al. 

Zuccato et al. 

Christian et al.43,45,49 
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1.3 Illicit drugs in wastewater 

1.3.1 Methodology 

1.3.2 Results obtained in early studies 
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1.4 Tributyltin 

1.4.1 Organic tin compounds 

1.4.2 Toxicity of organic tin compounds 
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1.4.3 Occurrence of TBT in the environment 
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1.4.4 Legislation 
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2 Materials and methods 

2.1 Instrumentation 
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2.2 Illicit drug analysis 

2.2.1 Sampling 

2.2.2 Solid phase extraction 

2.2.3 LC-MS/MS method 



 

 

Analyte 
Ion 

mode 

Precursor ion 

(m/z) 

Product ions 

(m/z) 

Cone voltage 

(V) 

Collision energy 

(eV) 
Internal standard 

Cocaine ESI+ 304.0 

182.2 

20 

23 

Cocaine-D3 

150.1 23 

Benzoylecgonine ESI+ 290.0 

168.3 

27 

21 

Benzoylecgonine-D3 

104.8 21 

MDMA ESI+ 194.0 

163.1 

30 

12 

MDMA-D5 

135.1 18 

Methamphetamine ESI+ 150.0 

119.3 

20 

14 

Methamphetamine-D5 

91.2 14 

Amphetamine ESI+ 136.0 

119.1 

10 

10 

Amphetamine-D5 

90.9 14 

3
6
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2.3 Rakkolanjoki 

2.3.1 The River Rakkolanjoki 
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2.3.2 Sampling 
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2.3.3 Extraction and analysis 



 

 

Analyte 
Ion 

mode 

Precursor 

ion (m/z) 

Product 

ion 

(m/z) 

Cone 

voltage 

(V) 

Collision 

energy 

(eV) 

Internal standard 

Bezafibrate ESI- 360 274 23 18 Fenoprop 

Diclofenac ESI- 294 250 15 12 Fenoprop 

Ketoprofen ESI- 253 209 14 8 Fenoprop 

Naproxen ESI- 229 170 11 16 Naproxen-D3 

Ibuprofen ESI- 205 161 15 8 Fenoprop 

Fenoprop ESI- 267 195 15 13 IS 

Naproxen-D3 ESI- 232 188 11 16 IS 

Sotalol ESI+ 273 255 19 12 Alprenolol 

Atenolol ESI+ 267 145 33 25 Alprenolol 

Acebutolol ESI+ 337 116 37 29 Alprenolol 

Metoprolol ESI+ 268 133 32 24 Alprenolol 

Bisoprolol ESI+ 326 116 33 21 Alprenolol 

Citalopram ESI+ 325 109 20 23 Alprenolol 

Venlafaxine ESI+ 278 121 27 20 Alprenolol 

Carbamazepine ESI+ 237 194 30 19 Dihydrocarbamazepine 

Fluoxetine ESI+ 310 148 13 10 Sertraline-D3 

Sertraline ESI+ 306 275 23 13 Sertraline-D3 

Dihydrocarbamazepine ESI+ 239 194 36 23 IS 

Sertraline-D3 ESI+ 309 275 23 13 IS 

4
1
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2.4 Antibiotics 

2.4.1 Studied compounds and samples 

2.4.2 Online-SPE method 
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Target compound 
Prec Ion 

MS1 
Prod 

Ions 
Frag 

(V) 
CE 

(V) 
Ret Time 

(min) 
Ret Window 

(min) 

Ampicillin 350.1 
159.9 

110 
12 

5.39 0.94 
106.2 20 

Benzylpenicillin 335.1 
176.1 

100 
9 

6.7 0.76 
160 9 

Carbamazepine 237.3 
194 

130 
17 

6.77 0.84 
179 37 

Cephalexin 348.1 
174.1 

95 
9 

5.43 1.23 
158 5 

Clarithromycin 748.5 
158.1 

165 
29 

6.83 1.04 
83.1 60 

Cloxacillin 436.1 
277.1 

100 
9 

7.31 0.92 
160.1 9 

Doxycycline 445.2 
428.1 

125 
17 

6.12 0.92 
98.1 53 

Erythromycin enol ether 716.5 
558.4 

165 
13 

6.87 1.08 
158.1 29 

Erythromycin 734.5 
576.2 

160 
16 

6.46 1.04 
158 32 

N-acetyl sulfadiazine 293.1 
134.1 

110 
21 

5.47 1.57 
65.1 49 

N-acetyl 

sulfamethoxazole 
296.1 

134.1 
110 

25 
6.22 0.92 

65.1 49 

Oxytetracycline 461.2 
443.2 

120 
9 

5.52 1.04 
426.1 17 

Roxithromycin 837.5 
679.4 

190 
17 

6.88 0.92 
158.1 37 

Sulfadiazine 251.1 
156 

105 
13 

5.34 0.79 
92.1 25 

Sulfamethoxazole 254.1 
156 

105 
13 

6.12 1.29 
92.1 25 

Tetracycline 445.2 
427 

110 
8 

5.63 1 
410 16 

Trimethoprim 291.2 
230.1 

130 
21 

5.42 1.57 
123.1 25 

Tylosin 916.5 
174 

215 
44 

6.6 1.21 
101.1 56 

4-epi-tetracycline-D6 451.2 416.2 135 17 5.49 0.55 

Benzylpenicillin-D7 342.1 183.1 90 9 6.69 0.76 

Sulfadiazine-D4 255 96.1 110 25 5.34 0.92 

Trimethoprim-D3 294 123.1 145 25 5.41 1.44 

Cephalexin-D5 353 158 95 5 5.43 0.93 

Carbamazepine-D8 245 202.1 105 20 6.73 1.27 



 

 

2.4.3 Mass spectrometry 

45



 

46 

 

2.5 Tributyltin 

2.5.1 Sampling area 
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2.5.2 Chironomid trapping 

2.5.3 Sediment extraction 

2.5.4 Chironomid extraction 

2.5.5 LC-MS/MS method 
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2.5.6 Method validation 
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3 Results and discussion 

3.1 Illicit Drugs 

3.1.1 Occurrence of illicit drugs in the wastewater of Turku and Helsinki 

3.1.2 Spatial distribution in Finland 
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3.1.3 Short term temporal variation 
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3.1.4 Long term temporal variation 
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3.1.5 European comparison 
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3.2 Seasonal variation of pharmaceutical concentrations in the 

river Rakkolanjoki 

3.2.1 Occurrence of pharmaceuticals in the river Rakkolanjoki 

3.2.2 Concentrations of pharmaceuticals 
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3.2.3 Loads and removal  
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3.3 Antibiotics 

3.3.1 Method development and validation 
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3.3.2 Water Samples 



 

 

Compound 

class 
Target compound 

LOQ 

(ng l-1) 

Matrix 

accuracy 

(%) 

Repeatability (RSD, 

%) 
Linearity 

(r2) 
q/Q ratio IS 

5 ng l-1 100 ng l-1 

Tetracyclines Tetracycline 20 54 N/A 5 0.993 0.5 

4-epi-tetracycline-D6   Doxycycline 10 88 N/A 19 0.994 0.37 

  Oxytetracycline 5 113 16 17 0.989 0.39 

ß-lactams Benzylpenicillin 1 92 15 3 0.996 0.9 
Benzylpenicillin-D7 

  Cloxacillin 1 99 7 10 0.992 0.98 

  Ampicillin 1 102 11 6 0.992 0.55 
Cephalexin-D5 

  Cephalexin 1 92 18 7 0.992 0.52 

Sulfonamides Sulfadiazine 10 88 N/A 2 0.993 0.87 
Sulfadiazine-D4 

  N-acetyl sulfadiazine 5 150 13 4 0.996 0.67 

  Trimethoprim 5 95 3 12 0.991 0.75 Trimethoprim-D3 

  Sulfamethoxazole 1 29 11 (n=9) 10 0.996 0.92 
Sulfadiazine-D4 

  N-acetyl sulfamethoxazole 10 36 N/A 9 0.997 0.69 

Macrolides Erythromycin 1 135 7 15 0.999 0.52 
Trimethoprim-D3 

  Erythromycin enol ether 10 63 N/A 9 0.998 0.96 

  Roxithromycin 50 142 N/A 9 0.991 0.65 

4-epi-tetracycline-D6   Clarithromycin 5 77 5 11 0.991 0.32 

  Tylosin 1 90 39 11 0.991 0.52 

Anticonvulsant Carbamazepine 1 80 12 3 0.994 0.52 Carbamazepine-D8 
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Table 7 Antibiotics concentrations in the studied rivers. 

 

Compound class Target compound 

Mean (ng l-1) and RSD (%) at the sampling points 

River Kerava (upstream) River Vantaa (downstream) 
River Vantaa (WWTP 

discharge) 

Tetracyclines 

Oxytetracycline <LOQ <LOQ <LOQ 

Doxytetracycline <LOQ <LOQ <LOQ 

Tetracycline <LOQ <LOQ <LOQ 

ß-lactams 

Cloxacillin 45 ±2.1 <LOQ <LOQ 

Cephalexin <LOQ 13 ±4.2 35 ±3.7 

Ampicillin <LOQ <LOQ <LOQ 

Benzylpenicillin <LOQ <LOQ <LOQ 

Sulfonamides 

Sulfadiazine <LOQ 18 ±2.2 66 ±2.6 

N-acetyl sulfadiazine <LOQ <LOQ <LOQ 

Trimethoprim  <LOQ 21 ±4.8 81 ±1.7 

N-acetyl sulfamethoxazole <LOQ <LOQ <LOQ 

Sulfamethoxazole <LOQ <LOQ 5 ±3.7 

Macrolides 

Erythromycin <LOQ 5 ±1.3 14 ±3.0 

Clarithromycin <LOQ 8 ±2.0 26 ±0.7 

Roxithromycin <LOQ <LOQ 10 ±1.6 

Tylosin <LOQ <LOQ <LOQ 

Erythromycin enol ether <LOQ <LOQ <LOQ 

Anti-epileptic Carbamazepine <LOQ 38 ±1.3 72 ±1.0 

6
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3.4 Tributyltin 
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4 Conclusions and future perspectives 
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