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Cytostatic drugs in water 

Unchanged drugs 
and metabolites 

Prioritization of anticancer drugs 

in wastewater and river water 

Franquet-Griell, H., 2015. Environmental Research 138, 161-172. 



Compounds studied 

Vinblastine 

Vincristine 

Danourubicin 

Irinotecan 

Chlorambucil 

Melphalan 

Megestrol 

Gemcitabine 

Prednisone 

Etoposide 
Capecitabine 

Mycophenolic acid 

Cytarabine 

Ifosfamide 

Cyclophosphamide 

Mitoxantrone 

5-Fluorouracil 

Epirubicin 

Imatinib 

http://upload.wikimedia.org/wikipedia/commons/2/27/Vinblastine.s
http://upload.wikimedia.org/wikipedia/commons/b/bf/Vincristine.s
http://upload.wikimedia.org/wikipedia/commons/e/e4/Daunorubicin.s
http://upload.wikimedia.org/wikipedia/commons/b/bc/Irinotecan.s
http://upload.wikimedia.org/wikipedia/commons/2/2c/Chlorambucil.s
http://en.wikipedia.org/wiki/File:Melphalan.s
http://en.wikipedia.org/wiki/File:Megestrol.s
http://upload.wikimedia.org/wikipedia/commons/f/ff/Gemcitabine.s
http://upload.wikimedia.org/wikipedia/commons/b/b5/Prednisone.s
http://upload.wikimedia.org/wikipedia/commons/e/e8/Etoposide.s
http://upload.wikimedia.org/wikipedia/commons/b/b0/Capecitabine-from-xtal-2009-2D-skeletal.p
http://upload.wikimedia.org/wikipedia/commons/b/ba/Ifosfamide.s
http://upload.wikimedia.org/wikipedia/commons/f/fc/Cyclophosphamid.s
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Objectives and experimental 

pipeline 

Target cytostatic 
compounds 

Suspect 
compounds 

Metabolites and 
transformation 

products 

Full 
characterization 

of a water 
sample 

10 ng/L EMA threshold for risk assessment 

EMA, 2006. Guideline on the environmental risk assessment of medicinal products for human use. 



HPLC-HRMS 

HPLC-(q)-TOF 

Orbitrap: 100.000 FWHM 

TOF: 50.000 FWHM, 50% 

MS/MS: Unit resolution 

MS: Unit resolution 

Analytical platforms 
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Platforms 

Ultrahigh Resolution + 

Mass Accuracy + 

Accurate MS/MS 

• Less interferences 

• More confirmation criteria 

• Excellent sensibility and 

Linearity 

• Molecular Characterization 

of unknowns 

 

 

 

Ultrahigh Resolution and 

Mass Accuracy 

• Confirmation of Organic 

Compounds 

• Good sensibility and 

Linearity 

• Screening 

• Identification of unknowns 

Determine Elemental 

Formulae with 

confidence 

Target Analysis and 

Quantification 

Structural information 





C:\Xcalibur\Data\Silvia_Lacorte\10122308 12/23/2010 12:00:56 PM RC 5 500ppb x 5uL

RT: 0.00 - 10.02 SM: 9G
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Pilot: 5-FU in hospital effluents 

5-20 μg/L level 
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Bomba MS HCD 25
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1.13E5

C 27 H30 O 11 N: 
C 27 H30 O 11 N1

p (gss, s /p:6) Chrg 1
R: 26000 Res .Pwr . @FWHM

NL:
1.41E6

11040710#346-358  RT: 
3.60-3.69  AV: 6 SB: 194  
2.38-3.53  , 3.90-6.56 T: 
FTMS {1,1}  + p ESI Full ms 
[50.00-800.00] 
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C:\Xcalibur\...\11040510 4/5/2011 4:01:01 PM RC  7

Full Scan + HCD 45 - 65 Bomba Surveyor

RT: 0.00 - 8.03 SM: 9G
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m/z= 261.0295-261.0335 F: FTMS {1,1} 

 + p ESI Full ms [50.00-800.00]  MS 

11040710

NL: 1.78E6

m/z= 544.1795-544.1835 F: FTMS {1,1} 

 + p ESI Full ms [50.00-800.00]  MS 

11040710
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m/z= 355.2434-355.2474 F: FTMS {1,2} 

 + p ESI Full ms2 1000.00@hcd25.00 
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2.38-3.53  , 3.90-6.56 T: FTMS 

{1,1}  + p ESI Full ms 

[50.00-800.00] 

 Accurate Mass Product s 

 Mass Spectrum 

Accurate Mass Precursor Ion 

Target analysis and confirmation 

criteria  Retention Time  

[M+H]+ 544.1815 

Epirubicin 

Compound X 

Compound Y 

C:\Xcalibur\...\11040710 4/7/2011 8:12:46 PM RC  7

Bomba MS HCD 25

RT: 0.00 - 8.03 SM: 7G
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F: FTMS {1,2}  + p ESI Full ms2 1000.00@hcd25.00 [50.00-800.00]
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11040710 #346-358 RT: 3.60-3.69 AV: 6 SB: 194 2.38-3.53 , 3.90-6.56 NL: 1.41E6

T: FTMS {1,1}  + p ESI Full ms [50.00-800.00]
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 Isotopic Pattern 

Compound Z 

Good linearity (R2=0.996) 

Good Sensibility 

m/z 397.0917  

m/z 379.0917 

C:\Xcalibur\...\11040710 4/7/2011 8:12:46 PM RC  7

Bomba MS HCD 25

RT: 0.00 - 8.03 SM: 7G
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m/z= 261.0295-261.0335 F: FTM S {1,1}  + p ESI Full ms 

[50.00-800.00]  M S 11040710

NL: 2.05E6

m/z= 544.1795-544.1835 F: FTM S {1,1}  + p ESI Full ms 

[50.00-800.00]  M S 11040710

NL: 2.46E4

m/z= 544.1795-544.1835 F: FTM S {1,2}  + p ESI Full ms2 

1000.00@hcd25.00 [50.00-800.00]  M S 11040710

11040710 #346-359 RT: 3.59-3.70 AV: 7 SB: 277 1.18-3.48 , 3.79-7.11 NL: 1.27E5

F: FTMS {1,2}  + p ESI Full ms2 1000.00@hcd25.00 [50.00-800.00]
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HCD Spectrum 25eV 

High Resolution Product Ions 



HPLC-OrbitrapMS target analysis 

Citarabine 

I:3.10e5 

m/z= 244.0927 

Gemcitabine 

I: 2.29e6 

m/z= 264.0790 

Fludarabine 

I:9.28e4 

m/z=286.0944 

Aminoglutetimide 

I:3.00e6 

m/z= 360.1553 

Imatinib 

I:5.54e5 

m/z= 494.2659 

Goserelin 

I:8.51e5 

m/z= 635.3264 

Leuprolide 

I:1.11e6 

m/z= 605.3294 

Irinotecan 

I:3.33e6 

m/z= 587.2851 

doxorubicina 

epirubicina 

vinblastine 

Vincristine 

I:2.92e6 

m/z= 825.4060 

Doxo/Epirubicina 

I:1.04e6 

m/z= 544.1807 

Vinblastine 

I: 3.35e6 

m/z= 811.4264 

Melphalan 

I: 1.43e6 

m/z= 305.0810 

Ifo/cyclofosfamida 

I: 1.03e6 

m/z= 261.0313 

Daunorubicin 

I: 7.77e5 

m/z= 528.1863 

Erlotinib 

I: 6.51e6 

m/z= 394.1753 

Capecitabine 

I: 5.90e5 

m/z= 360.1553 

Prednisone 

I:9.31e5 

m/z= 359.1841 

Etoposide 

I:1.38e5 

m/z= 589.1911 

Tamoxifen 

I:1.41e7 

m/z= 372.2314 

Docetaxel 

I:4.37e4 

m/z= 808.3541 

Paclitaxel 

I:1.68e5 

m/z= 854.3376 

Chlorambucil 

I:2.94e6 

m/z= 304.0864 

Ciproterone 

I:1.39e6 

m/z= 417.1823 

Megestrol acetate 

I:1.27e6 

m/z= 385.2371 

Luna C18 (150 mm x 2 mm ID, 5 µm) 



WWTP influent 

Transport to WWTP 

Monitoring 

Hospital effluents 

5.2-24.8 µg L-1 

WWTP influents 

 0.1-13 µg L-1 

WWTP effluents 

 0.01-2 µg L-1 

Rivers 

 0.001-0.6 µg L-1 



Untarget analysis 

River water 

G:\IDAEA-CSIC\...\13121011 12/11/2013 12:24:17 AM
Orbitrap-Exactive

RT: 0.00 - 50.03 SM: 7G
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1.90E8

TIC F: FTMS 
{1,1}  + p ESI 
Full ms 
[60.00-1200.00] 
 MS 13121011

Lost... 



G:\IDAEA-CSIC\...\13121011 12/11/2013 12:24:17 AM
Orbitrap-Exactive

RT: 0.00 - 50.03 SM: 7G
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River water 

G:\IDAEA-CSIC\...\13121011 12/11/2013 12:24:17 AM
Orbitrap-Exactive

13121011 #1069-1097 RT: 12.04-12.25 AV: 14 NL: 6.32E6
F: FTMS {1,2}  + p ESI Full ms2 1000.00@hcd25.00 [50.00-800.00]
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Mass fragmentation (HCD cell) 
G:\IDAEA-CSIC\...\13121011 12/11/2013 12:24:17 AM
Orbitrap-Exactive

13121011 #1069-1094 RT: 12.03-12.22 AV: 13 NL: 3.36E7
T: FTMS {1,1}  + p ESI Full ms [60.00-1200.00]
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Mass spectra (full scan) 

Untarget unknown analysis 



Untarget suspect: degradation products 
Mithoxantrone Chlorambucil 



G:\IDAEA-CSIC\Citostáticos\5FU\5FU_t10 6/17/2013 6:06:34 PM

RT: 0.00 - 9.99 SM: 11G

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5

Time (min)

46

48

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

2.81

2.87

1.46

2.98

3.06
2.36

1.69 5.485.27 7.43
9.094.740.650.27 4.44 6.150.71 3.99 7.73 7.95 9.729.276.033.252.10 7.156.26 6.93 8.714.993.821.05 8.19

9.486.54 8.91

NL:
1.63E7

TIC  MS 
5FU_t10

G:\IDAEA-CSIC\Citostáticos\5FU\5FU_t10 6/17/2013 6:06:34 PM

5FU_t10 #296-322 RT: 2.23-2.43 AV: 27 NL: 4.39E6
T: FTMS - p ESI Full ms [50.00-500.00]
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G:\IDAEA-CSIC\Citostáticos\5FU\5FU_t10 6/17/2013 6:06:34 PM

5FU_t10 #359-426 RT: 2.71-3.22 AV: 68 NL: 3.65E6
T: FTMS - p ESI Full ms [50.00-500.00]
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5-FU 
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147.0207 

5-Fluorouracil 

G:\IDAEA-CSIC\Citostáticos\5FU\5FU_t10 6/17/2013 6:06:34 PM

5FU_t10 #184-211 RT: 1.39-1.59 AV: 28 NL: 3.75E6
T: FTMS - p ESI Full ms [50.00-500.00]
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Conclusions 

The MS potential is non-ending for the 

analysis of anticancer drugs and their 

degradation products, which have emerged 

as a new class of toxic environmental 

contaminants. 



Questions? 

Thank you for 

your attention 


