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High resolution mass spectrometry as a tool to elucidate
the fate and behaviour of emerging contaminants,
specially drugs and metabolites, in waste waters
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Water Stress by Country: 2040

ratio of withdrawals
to supply

Low (< 10%)

Low to medium (10-20%)
M Medium to high (20-40%
B High (40-80%)
W Extremely high ( > 80%

NOTE: Projections are based on a business-as-usual scenario using SSP2 and RCP8.5.

For more: ow.ly/Riop WORLD RESOURCES INSTITUTE
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Multi-use — Multi-sources — Multi-classes — Multi-compounds




Sources

c
o
=
>
<
]
b0
1=
2
@
(5}
Q
e

Agricultural
discharges

Chemical compounds
manufacturing and marketing

Industrial discharges Domestic
discharges

Hospital discharges

Atmosphere

. solid @
Installation of ™SSR \\astewater
waste storages treatment

plant

Surface water

Groundwater

Fuster (2017)
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Chemical compounds
Reg. 1907/2006/CE : REACH
Reg. 1107/2009/UE : Pesticides
Reg. 528/2012/UE : Biocides
Dir. 2001/82-89/CE : Drugs

Emission and discharges
Dir. 2010/75/UE « IED » : industrial emissions
Reg. 166/2006 « E-PRTR » : reporting of discharges : 91 comp.
Dir. 91/271/CEE « ERU » : collection, transport and treatment of
domestic wastewaters

Environment

Dir. 2000/60/CE : Water Framework Directive
Dir. 2006/118/CE : Groundwater
Dir. 2008/56/EC : Marine Strategy Framework Directive




Sources : Wastewater treatment plant (WWTP)

» Waste Water Treatment Plants : AMPERES and Armistiq projects

30% < Efficiency < 70% Efficiency not affordable

PAHs, PBDEs, Pesticides (DDT...)
Others...

Drugs (roxytromycin...), Plasticizers
(Bisphenol A), Others...

Efficiency > 70%
PAHs, AKP (Np...), Drugs
(paracetamol...), Hormones
(BE2...), Others...

Efficiency < 30%

Pesticides (glyphosate...), Drugs
(carbamazepine...), Others...

Choubert et al., 2012
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Compounds released in environment

» Half of compounds are not or partially removed

» Environmental impact?
» Half of compounds are removed but they could produce transformation products 5 P



Context

In environment (during collection, transport, treatment, discharge of waste waters and after in the aquatic ecosystems), compounds
could be transfomed by biotic and abiotics processes
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Context

To date, studies do not (or rarely) consider transformation products, though...
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Context

Pesticide detection rate in rivers in France in

2013
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Context

Pesticide detection rate in rivers in France in

2013

Ampa
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Atrazine déséthyl
2-Hydroxyatrazine
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Context

Pesticide detection rate in rivers in France in
2013

0% 20% 40% 60%

Ampa
Glyphosate
Atrazine déséthyl
2-Hydroxyatrazine
Métolachlore
S-métolachlore
DEDIA

Boscalid
Chlortoluron
Isoproturon
Atrazine
Bentazone
Métazachlore
~ Diuron
Imidaclopride

mmnilg”‘

(Commissariat général au développement Durable,
n°697, novembre 2015)
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Context
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To date, main studies and assessments of chemical quality of aquatic environments are
based on target chemical analysis and pre-selected set of compounds

’ We are only looking for what we know

» Need to use new technologies and alternative approaches to characterise more deeply chemical contamination: Non target
analysis

Overall
contamination

12




Search

Detection /Identification

Analytical strategies

| Target analysis(a@a)

Target

Short list of
molecules

Sensitivity |

Non target analysis (HRMS)

Target Suspect
Short list of Extensive List of
molecules molecules

v

Selection of candidates
(RT, mass, fragmentation
spectra...)

Confirmation and

guantification
(with standard)

Non target

\ 4

Molecular feature
(mass, formula)

!

Probable Structure
(fragmentation spectra)

Mass (Da)
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Study site and methodology

Influent
Urban wastewater treatment plant (Arcachon Area, South west coast of France):

Effluent

* Influent and effluent :
- 150 000 population equivalent
- Secondary treatment : Biofilters

24h composite samples

v' WWTPs classically encoutered in France

v Influent and effluent were sampled

Chemical characterisation

Non target
screening

Sample preparation

3.5 L Influent
' 6 L Effluent
)

Filtration : 0.7um

Sl

Solide phase extraction
HLB Oasis® cartridge

14



MS mode

Non target analysis workflow

—
S aErd aarsdesnss
Yt

extract influent, effluent and sludges of WWTPs i
100-1700 m/z ESI +, ESI- E= =B FEEG f .
Molecular screening | = : = Mass spectrometer:
(Molecular Feature extraction algorithm software) | — ' Agilent 6540 Q-TOF LC/MS
10 fold threshold S

List of ions

1000 4

]
s

Mass (Da)

List of features and molecular fingerprint of extract w0
(Mass Profiler) -

B

T T T
15 2 % 0 S
Retention Time (min)

en

Substraction of procedural blank

C, HON,S,Cl,BrFP

Attribution of formula to sample features

All Samples (9412 features)
1400

Y-Axis

MO/I\
% P

Statistical data analysis
(Mass Profiler pro, R)

0 T T T :
0 5 10 15 2 % E 3
Retention Time (min)
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MS/MS mode

Identification workflow

Data-dependent acquisition T s

e R L EL LY T

40-1700 m/z ESI +, ESI-

L1

ﬁilll

Comparison to i ik = == Mass spectrometer:
P Agilent 6540 Q-TOF LC/MS
databases

«10% [-E51E10(278.2123) Scan Frag=110.0V REGARD_2017-0221_0834

: x10 2 |Cpd 102: +ESI Product lon (rt: 8.159, 8.239, 8.320 min, 3 scans) Frag=110.0V CID@40.0 (278.2123[z=1] -> **)...
(Internal, Metlin, ; y 0652
0.8
Forensics, Massbank,...) o
0.6
o 04]
o 02 121.0650
N O m a tC h 0z o 790543 °' 0‘542 107.0497 132.0568  147.0807
* o1 B [
: .

Tl CinN R hhAL N R BNE BB
Ivl a tc . Counts vs. Asauistion Tome (min)
.

Reduction of candidate
Probable structure compounds:

Log Kow, Number of references, o8

Structure prediction by in silico .
P Y Confirmed structure 02 BT

software (Metfrag, MSC) A . | -

x102 [Cpd 102: +ES! Product lon (rt: 8.159, 8.239, 8.320 min, 3 scans) Frag=110.0V CID@40.0 (278.2123(z=1] > **)..

\ Probable structure ‘
Purchase of A .

79.0543 910542 1070497 147.0807

; . Tentative candidates . ‘
compounds List of candidates Al :

' U ne q u ivoca I x102 [Venlafaxine C17H27NO2 + Product lon Frag=150.0V CID@40.0 ForensicsTox_AM_PCDL.cdb

molecular formula os

Confirmation AR ...

Cpd 102: +ESI Product lon (rt: 8.159, 8.239, 8.320 min, 3 scans) Frag=110.0V CID@40.0 (278.2123(2=1] > *)..
58.0652

H
#?EQA . .
(Schymanski et al, 2014) T B % % % W 1o itk e o % o 1

Mass-to-Charge (m/z)

91.0542
) 79.0542 | 132.0570
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Overall analysis - wastewater treatment plant

-

1600
1400
1200
1000
800
600
400
200

Masse (Da)

Influent

In terms of total number of features:
Decrease of 74% between influent and
effluent

17
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Overall analysis - wastewater treatment plant

/

1600
1400
1200
1000
800
600
400
200

Masse (Da)

intensity

r}

Influent

\

Disappeared
features

Effl

Sludge storage?
Degradation?

Disappearance of 86 % influent features

And,

14% persistant influent features

A
(1——\ l

uent




Overall analysis - wastewater treatment plant

4 Influent
Effluent D
1600
1400
1200
1000
< 800
£ 600
@ 400
200
= 70
0
= features
— .
% Disappeared
E— features
|
=
I
]
[ What kind
] of
- features?
e
intensity I 47% of effluent features
appear (new compounds)




Overall caracterisation

Frequency (%)

= Influent Mass distribution
Effluent
30
25
20 B * Weak difference between influent and
effluent
15 T
10 — » Higher masses observed in influent
5 :’> ] ] » Lower masses observed in effluent
c O O O O O O O © © O O O o o o o
o O O O O O O O © © O O O O O O O
oo oooooco TP P A A S G A
o O O O O O O O O O O O © © O O
- N M T N O M~ 0O O O O O O O O
O O 4 N 0N < v W
Y 4 e = e e
Mass (Da)
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Overall caracterisation

Influent
5,
~ 1.0

., 08
; . 06
08 / N, 0'4‘\*0

* 0.8 0.2
AN
10 00

* Loss of several features

* But, distribution is globally conserved : low structural evolution (low oxidation, low hydrogenation

or deshydrogenation)

/
0.4 /
o)) 06

Effluent
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Overall caracterisation

AT
5 :,'...‘.f:.. B =
PE Y i *
1 —"z.g SR
L ™
07 . \1
00 7 . 08
04 / 04 0O
o 06 / N, T
0.8 A 02
10 00
Persistant features

Appear slightly less hydrogenated
and oxygenated

Influent

10 00

Features which disappear

A

s 0.

. 06

\ 0.4%0
0.2

-

Effluent
3 —
. 2% Tt ~ :
2 —.‘.*‘1- .Kxjﬂ‘«:?i{: . 1
v { "h._-." il.‘ .
4 ¥ st l 2
..‘:.:-"'. . .
e .
1 B
hY
07 v 10
00 v . 08
02 7 06
04/ \04 O
o 06 / AN T
08 A 02
10 00

Features which appear
Appear less oxygenated
and less nitrogenous ones
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Identification - spectral database

Name id Family Influent Effluent
Cetirizine 1 Dru X X
Effluent Dipyridamole 1 Drug X X
Propanolol 1 Drug X
Venlafaxine 1 Psychotropic X X
Clarithromycin 2 Antibiotic X X
Diltiazem 2 Drug X X
5-Hydroxypropafenone 2 TP X
Climbazole 2 Antifungal X X
Denatonium 2 Repulsive X X
Deoxyadenosine 2 Metabolite X
Fexofenadine 2 Drug X X
Flecanaide 2 Dru X X
M Suspected Compounds imbesertan 2 Drug X X
N-Bis(desalkyl)verapamil (D620) 2 TP X X
u Unidentified features N-Desalkylveraparnil 2 [P X
Norcitalopram 2 TP X X
Perindopril 2 Drug X
Roxithromycin 2 Antibiotic X X
Tiemonium Quatemary
2 ammonium X X
Trospium Quatemary
2 ammonium X X
Verapamil 2 Drug X X
Memantine 2 Drug X X
Clarithromycin-N-oxide 3 TP X X
N-monodesmethyldiltiazem 3 TP X X
O- Desmethylvenlafaxine 3 TP X X

Spectral libraries are limited to some classes : drugs are predominant families in databases

» drugs were pointed out in majority




Identification - case of transformation products

» Establishment of a list of suspects based on known and referenced transformation products or on
theoretical transformation products (oxidation, hydrolysis, etc.)

Search for TPs based on experimentation and on in silico

calculation

i
o~ 8y

* To create transformation products using lab
experimentation

* I|dentification of transformation products

And/or

* To establish lists of suspects based on
transformation processes (in silico, home-
made macro, Eawag PSS)

|

¥
Venlafaxine

Search for TP in literature
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Identification - case of transformation products

» Establishment of a list of features based on the comparison of
chemical fingerprint (features which appear)

> Establishment of a list of theoretical suspects based on known and
referenced TPs or simulated ones

1400

All Samples (9412 features)

Mass (Da)

[T Tvass[RT iass—[RT Mass —JRT Miass RT
[ 3.05] 158]  440.2617]
[ 168] 2501571
[ 268 372.1505]
572]  882.4684]
508 366.2252)
614 2432105
627] 1215.6803]
631] 4632838
849] 460.2222]
852] 232.1673]
883] 4842879
_ 894 20.1885|
0905 418.2541]
[ 122 0953 368.231
[1120] 1510006 4148] 323184a]  7369] 739.4573] 0999 926.4949]
[1 zn 1.100] 9565411
[[123o[ 1os136o|  a21] asazip[ 78] a7rair 1171 1350] 301.2145]
[ 327 11.481] 4322335
[ 1387] 2071616| aa74] 2550078  7.676] 665.3837] 408]  357.1038]
[ 1388 1501154 604 387.2268]  7.745] 8664951 11.542| 386.1853)
[ 1473 as01703[  4635] 2431623 7845 263 1882] 11.601] 297.2002]
[ 525 11.92| 1074.6404]
[Leoa] 322 1639 _ o] 581759 956 307.1572)
[ 1667|428 1328 031] 4442074
ey 130 1058.5737]
[ Leas| 221.177g] 197] 1088.6203]
[ L.08] 1o7.0368] 1083640774
[ 1957 222 1231 204]  310.1482]
[CLoso] ar1.z021] 222 312.0844]
[ 2.082[ 392 2022 12.038] 278.2002]
["2:112]300.1336] 12.245] _ 749.4562]
[2.161] 3s8.1707] 12.432] ad4.2278]
["2101] " a7a.1378] 2.48] 102,509
2100 aoa.141] 565813408
[2.296] 170.0016] 550]_1179.7196]
[2.336]_222.1465] 563 _1164,6750)
[ 236 168.0761] 628] 3241637
(2451 azazerd] 637]as56.2060)
[ 2.489] 186 0569] 689] 278.2001]
[ 2497|232 0621 814] _ 763.4719]
[ 2.535] 148 0883 861] 12237450
[2608] 148,11 876] 4442281
[2.48] 223.0550] 418, 2178 296 3262201
[ 2654 227.0834 12,996 _414.1381]
[2.658] 186.0571] YT o.58] 2761837 12,035 410.2878]
["2.718|a36.2282] 519] 303.1472] 674] 1300.5028] 135 516.1543]
[ 2735] s00.415] 789] 307.1450]  13.305] 504.3416]
[ 2.806] 5181647 602] 596.2654] 949)
2.0]146.0839] 317.1455] 10,061
10.119|

/ Psychotropic drugs

N

Alprazolam

30 TPs

N
N

!
Citalopram

49 TPs

2

Diazepam

47 TPs

.
F F
G\
o
Fluoxétine Oxazepam Venlafaxine

43TPs 57 TPs 68 TPs

List of 294 TPs (literature and home-made macro)

25




Identification - case of transformation products

Alprazolam
4 Citaloprgm

0

.\
Diazepam

E

i 0
- Jé

Fluoxetine

Oxazepam

o
< : {:/ ~
oH
s
|

Venlafaxine

O+

&

Name [Formula

AI51  |C,;H,N,O,

A2 |C,,H,CIN,O,

Name Formula

Citalopram  |C,,H,,FN,O
Norcitalopram|C,,H,,FN,O

Name Formula

DIA59 C,-H,,N,O

DIA3 C,:H,,CIN,O,
Hydroxydiazepam C,.H,,CIN,O,
Nordiazepam C,:H,,CIN,O
Name|Formula

FX66 [C.oH,sNO Influent
FX67 |C,;H,oNO,

FX67 |C,,H,oNO,

Name Formula

Oxazepam |C,-H,,CIN,O,

0X12 C,.H.,N,O,

OX24 C,.H.,N,O,

OX17 C,.H,,CIN,O

0X14 C,-H,,N,O,

0X39 C,-H,,N,OCI

OX29 C,:H,;N,O.CI

OX10 C,:H,:CIN,O,

Name Formula
Venlafaxine C,,H,-NO,
V1l C,H.,NO,
V23 C,,H,,NO,
V34 C,:H,,NO,
V25 C,:H,.NO,
V42 C,,H,.NO
V32 C.:H,,0,
V36 C1RH7RNO’-!
V-met-5--279 C,:H,-NO,
V17 C,-H,-NO,
V-met-9---311 C,-H,,NO,
O-desmethylvenlafaxine|C,.H.,-NO,

B Suspect

compound

not detected

(Levels 4 and 5 of Schymanski classification)

» Detection of compounds using a list of 294 theoretical TPs (294 TPs) and parent compounds (suspect MS mode)
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Identification - case of transformation products

Alprazolam

P

4 Citaloprgm

o\
Diazepam

Y\

E

i 0
- %

Fluoxetine

L

N
HO

Oxazepam

o
( : i:/ ~
oH
s
|

Venlafaxine

O+

HO

&

» Detection of compounds using a list of 294 theoretical TPs (294 TPs) and parent compounds (suspect MS mode)

Name [Formula

AI51  |C,;H,N,O,

A2 |C,,H,CIN,O,

Name Formula
Citalopram  |C,,H,,FN,O
Norcitalopram|C,,H,,FN,O
Name Formula
DIA59 C,sH,N0
DIA3 C,sH;,CIN,O,

Hydroxydiazepam C,.H,,CIN,O,

Name [Formula

Formula

C70H7AN7O’%

Name Formula Name
+ [CTR-45
CTR-44

C?nH7AN7O7

Name Formula
Name|Formula

Name Formula
Effluent

Nordiazepam C,:H,,CIN,O
Name|Formula

FX66 |C,oH,sNO Influent
FX67 |C,,H,,NO,

FX67 |C,,H,,NO,

Name Formula

Oxazepam |C,-H,,CIN,O,

0X12 C,.H.,N,O,

OX24 C,.H.,N,O,

OX17 C,.H,,CIN,O

0X14 C,-H,,N,O,

OX39 C,-H,,N,OCI

OX29 C,:H,;N,O.CI

OX10 C,-H,.CIN,O,

Name Formula
\Venlafaxine C,.H,,NO,
V1l C,H,,NO,
V23 C,,H,,NO,
V34 C,-H,,NO,
V25 C,5H,:NO,
V42 C,-H,.NO
V32 C,-H,,0O,
V36 C,-H,-NO,
V-met-5--279 C,H,:NO,
V17 C,,H,,NO,
V-met-9---311 C,;H,oNO,
O-desmethylvenlafaxine|C,.H.,-NO,

m Suspect
compound

mnot detected

(Levels 4 and 5 of Schymanski classification)

Name Formula

iR

Name [Formula

Vv23b |C,,H,,NO,

Appear

%7_




Identification - case of transformation products

Use of fragmentation spectra to identify/confirm the compounds which are persistant and appear : based on MS/MS databases (suspect

mode)
Parents Name Formula
. Venlafaxine C17 H27 N O2
Q{@ > R V-met-5--279 C16H25NO3
o - v V23 C14 H21 N O2
‘ V23b C14 H21 N O2
Venlafaxine ; ine V34 C15 H21 N 02
el Venlfaxine /o5 C15 H23 N 02
V36 C15 H25 N O3
! T V-met-5--279 C16 H25 N O3
- V17 C17 H27 N O4
> O-desmethylvenlafaxine |C16 H25 N O2
Fluoxetine . FX66 C10H15NO
& Fluoxetine |7 7 C17 H19 N O3

Nordiazepam

C15H11 CIN2 O

¢ X

A Hydroxydiazepam

A\ 4

C16 H13 CIN2 O2

Diazepam .. Diazepam |5, A59 C15H12 N2 O

b . DIA3 C15 H11 CIN2 O2

— Citalopram C20 H21 FN2 O

N O . Citalopram Norcitalopram C19H19F N2 O

I CTR-45 C20 H24 N2 03

g Citalopram CTR-44 C20 H24 N2 02
. Jg: O ol > Oxazepam C15 H11 CIN2 O2

- 0X24 C15 H14 N2 02

Oxazepam (5,14 C15 H14 N2 O3
Oxazepam 0X29 C15 H11 N2 02 CI

(Levels 4 and 5 of Schymanski classification)
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Identification - case of transformation products

Use of fragmentation spectra to identify/confirm the compounds which are persistant and appear : based on MS/MS databases (suspect

mode)

O Fluoxetine

N= l 1
g*n
o

\
Diazepam g

O Citalopram

N= cl

" 4&‘ O

=N
HO

Parents Name Formula
\Venlafaxine C17 H27 N O2
R V-met-5--279 C16H25N0O3
i V23 C14 H21 N O2
V23b C14 H21 N 02
. . |v34 C15H21 N 02
el Venlfaxine /o5 C15 H23 N 02
é V36 C15 H25 N O3
| V-met-5--279 C16 H25 N O3
-yt V17 C17 H27 N 04
% > O-desmethylvenlafaxine |C16 H25 N O2
Fluoxetine FX66 C1I0H15NO
FX67 C17 H19 N O3
> Nordiazepam C15H11 CIN2 O
- Diazepam Hydroxydiazepam C16 H13 CIN2 O2
DIA59 C15H12N2 0O
5 DIA3 C15H11 CIN2 O2
— Citalopram C20 H21 F N2 O
N, O Citalopram Norcitalopram C19HI19FN2O
/ CTR-45 C20 H24 N2 O3
CTR-44 C20 H24 N2 02
> Oxazepam C15 H11 CIN2 O2
OX24 C15H14 N2 02
Oxazepam (55 14 C15 H14 N2 O3
OX29 C15H11 N2 02 CI

Oxazepam

(level <3 Schymanski classification)

Suspected presence of several

compounds : Parent compounds and

TPs (good confidence)
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Identification - case of transformation products

Use of fragmentation spectra to identify/confirm the compounds which are persistant and appear : based on MS/MS databases (suspect

mode)

Tramadol-N-oxide

Meperidine (Pethidine)

O-Desméthyltramadol

Piperine

Carbamazépine

Quinidine

Parents Name Formula
oL \Venlafaxine C17 H27 N O2
Q(@ . \-met-5--279 C16H25NO3
L " 23 C14 H21 NO2
‘ V23b C14 H21 N O2
Venlafaxine . . V34 C15H21 N O2
. Venlfaxine
25 C15 H23 N-O2
é V36 C15 H25 N 03
g T V-met-5--279 C16 H25 N 03
% V17 C17 H27 N O4
— O-desmethylvenlafaxine |C16 H25 N O2
L) Fluoxetine Fluoxetine [FX66 C10HISNO
< g > Nordiazepam C15 H11 CIN2 O
N Diazepam Hydroxydiazepam C16 H13 CIN2 O2
Diazepam g BDIASY C15-HI2 N2 O
O . DIA3 C15 H11 CIN2 02
—> Citalopram C20 H21 F N2 O
N, . Citalopram Norcitalopram CI9HI9FEN2O
O Ci’talopram CTR-45 C20 H24 N2 03
CTR-44 C20 H24 N2 O2
= o » Oxazepam C15 H11 CIN2 O2
L, O - o 0oX24 C15 H14 N2 02
xazepam [o5x1a C15H14 N2 O3
Oxazepam 0Xx29 C15 H11 N2 02 Cl

(level <3 Schymanski classification)

Suspected presence of several
compounds : Parent compounds and
TPs

Invalidated presence for some TPs
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Identification - case of transformation products

Use of fragmentation spectra to identify/confirm the compounds which are persistant and appear : based on MS/MS databases (suspect

mode)

Tramadol-N-oxide

Meperidine (Pethidine)

O-Desméthyltramadol

Piperine

Carbamazépine

Quinidine

Parents Name Formula
Q(Cra\ \Venlafaxine C17 H27 N O2
. \-met-5--279 C16H25NO3
- " 23 C14 H21 NO2
‘ \V23b C14 H21 N 02
Venlafaxine . Venlfaxine \/34 C15H21 N O2
T 25 C15H23 NO2
é V36 C15 H25 N 03
y 1 \V-met-5--279 C16 H25 N O3
% V17 C17 H27 N O4
— O-desmethylvenlafaxine |C16 H25 N O2
L) Fluoxetine Fluoxetine X668 C10 H15 N O
. , FX67 C17 HI9NO3
< 2] > Nordiazepam C15H11 CIN2 O
EA Diazepam Hydroxydiazepam C16 H13 CIN2 02
Diazepam BDIASY C15-HI2 N2 O
N . DIA3 C15 H11 CIN2 O2
—> Citalopram C20 H21 F N2 O
N, . Citalopram Norcitalopram C19H19FN2O
O Ci/talopram CTR-45 C20 H24 N2 O3
CTR-44 C20 H24- N2 02
= o » Oxazepam C15 H11 CIN2 O2
el g 1o OX24 C15H14 N2 02
xazepam \ox14 C15 H14 N2 O3
Oxazepam 0X29 C15 H11 N2 02 Cl

Suspected presence of several
compounds : Parent compounds and
TPs

Invalidated presence for some TPs

Identification in progress : in silico
software
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Identification - case of transformation products

Use of fragmentation spectra to identify/confirm the compounds which are persistant and appear : based on MS/MS databases (suspect

mode)

Tramadol-N-oxide

Meperidine (Pethidine)

O-Desméthyltramadol

Piperine

Carbamazépine

Quinidine

Parents Name Formula
Q(Cra\ \Venlafaxine C17 H27 N O2
. \-met-5--279 C16H25NO3
- " 23 C14 H21 NO2
‘ \V23b C14 H21 N 02
Venlafaxine . Venlfaxine \/34 C15H21 N O2
T 25 C15H23 NO2
é V36 C15 H25 N 03
y 1 \V-met-5--279 C16 H25 N O3
% V17 C17 H27 N O4
— O-desmethylvenlafaxine |C16 H25 N O2
L) Fluoxetine Fluoxetine X668 C10 H15 N O
. , FX67 C17 HI9NO3
< 2] > Nordiazepam C15H11 CIN2 O
EA Diazepam Hydroxydiazepam C16 H13 CIN2 02
Diazepam BDIASY C15-HI2 N2 O
N . DIA3 C15 H11 CIN2 O2
—> Citalopram C20 H21 F N2 O
N, . Citalopram Norcitalopram C19H19FN2O
O Ci/talopram CTR-45 C20 H24 N2 03
CTR-44 C20 H24- N2 02
= o » Oxazepam C15 H11 CIN2 O2
el g 1o OX24 C15H14 N2 02
xazepam \ox14 C15 H14 N2 O3
Oxazepam 0X29 C15 H11 N2 02 Cl

Suspected presence of several
compounds : Parent compounds and
TPs

Invalidated presence for some TPs

Identification in progress : in silico
software
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Identification - case of transformation products

x10 2 |+ESI EIC(341.1860) Scan Frag=110.0V 2019-03-.. [ 4194 |+ESI EIC(341.1860) Scan Frag=110.0v 2019-03-.. | x10# |+ESIEIC(341.1860) Scan Frag=110.0V 2019-03-..
1.8
7- ,
N Procedural blank 25| Influent 16] Effluent |
~ ] I
N N 14 [
o] 1.2 [
44 154 11 N
3] .1 0.8 ‘\ |
2 0.6 ‘
1 051 0.4 |
\N " 0 —'WW 0.2+
I Ci F e ———— e
Cltalopram 04 06 08 1 12 14 16 18 2 22 04 06 08 1 12 14 16 18 2 22 04 06 08 1 12 14 16 18 2 22
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)
C,oH,;,FNO
— Oxydative displacement of Fluorine > +OH-F
I |- H
» + Hydration = +H,0
C20H24NZO3
MS Spectrum Rt 1.3min l
x10 4 [C20 H24 N2 O3: +ESI Scan (rt: 1.262 min) Frag=110.0V 2019-03-02_NTS-STEU_pos_013.d Subtract x10 4 [C20 H24 N2 O3: +ESI Scan (rt: 1.262 min) Frag=110.0V 2019-03-02_NTS-STEU_pos_013.d Subtract .
i, o 21566 Candidates
4 32 +
w (CyoH54N,05+2H)? g o (CaoH2aN205+H)
29
- score 93.77 i score 69.44
3. H -
22 diff = -0.2ppm 26 diff = 0.47ppm
) ([CZOH?4§2703]«-2H)~2 24 L . i . .
» : MSMS Spectrum  |dentification in progress : in silico software
26 2;
24 :: 34{ 1b67 %10% [
22 17 ([C20 H24 NR O3)+H)+ 164 160.0765
2 b 154
18 14 14
16 3 1.3
1.2
14 1.1 1.2
12 o 111 700855
! bt 0; 172.0751
Z: (1c20 HoAn 593;]*2%2 g:: 343.1526 0:8- 32,0635
04 172.0981 3]3 en 341.1879
(120 H24 N2 O3J+2H)+2 02 089 55.0177 110.0967 210.0925 2531353 .
02 170.5565 341.7143 342.6056 186.0925
ol o g-i_ 2261214
170.4 170.6 170.8 171 1712 1714 1716 1718 172 1722 1724 340.4 340.6 340.8 341 341.2 3414 341.6 341.8 342 3422 3424 3426 342.8 343 343.2 343.4 3436 j 03
Counts vs. Mass-to-Charge (m/z) Counts vs. Mass-to-Charge (m/z) .21 268.1156
n B0174 2941446
0.21 3231739
0.1
o i.|_|J| I|||| w22 uy
2 40 60 B 100 120 40 160 180 200 20 290 20 280 X0 2 30 W0

Counts vs. Mass-1o-Charge (miz)
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Study of TPs in natural environment (surface water)



List of suspected TPs

TPs [M+H]+
N 3 : DVFX 264.1958
Transformation products in natural environment
Venlafaxine TP310 310.2008
TP216 216.086
TP280a TP280b TP218 218.1012
320 90 4l \ TP280 280.1903
300 ® A MA A DVFX TP296 296.1852
280 e o A TP312 312.1799
4000 < 260 S~ VEx
Effluent of WWTP | © Ho = S e e
3500 ;;g 0.18 58,0652
3000 200 H"c\ HO g:; 46.0653 . 79,054291,0544 1?7.049?19.0863133~064145.0635 .
2500 » 01234567 891011 = o - -
Venlafaxine \ - j Hy e =
N min 1
E 2000 J 05 46,0653 79,054291.0544 ‘97"049?19.086313?¢~064445.0635 )
1500 O-Desmethylvenlafaxine 3
1000 x10: - P
500 gi 107.0491
0 0: 79,054291,0542 ‘. 133064845, 0648
5 10 15 2 75 30 000 T A s s o dnarge iy 401
Rt(min) Wastewater treatment plant
Upstream Downstream
10 L . Jalle de Blanquefort (Bordeaux) 10 L
1600 DVFX VFX 1800 TP 280a DVFX
1100
1200
1200
1000 1000
800 € g00
600 600
400 400
200 200
0
0
10 30 40

40

20
Rt (min)




CONCLUSION

4 d’apres Rosse et al., (2011) Nanoparticules

Regulated contaminants

Nombre de composés ou groupes de composés

Target analysis Non target analysis

Unknown contaminants

1950 1960 1970 1980 1990 2000 2010
R S S A
quadripdle (QqQ)

TOF MS Orbitrap™
Interface

commerciale
Lc/Ms (Noguera-Ovieda et Aga, 2016)



CONCLUSION AND NEEDS

Demonstration of presence of more and more compounds
Characterization of more and more complex mixtures
Able to address low concentrations (lower and lower)
Able to start to address TPs

But needs

Lower LQ (HRMS towards LQ QQQ)

To continue to characterize TPs (treatment of waste water —
oxidation — « re-use »)

To improve treatment and storage of HRMS data (databases,
softwares, statistics, interoperability, ...)

Impossible to characterize all — Mixtures effects : strategies?
Link presence/effects — Effect Directed Analysis 37



Researching TPs using bioassays



Methodology

Sample preparation

3.5 L Influent
6 L Effluent

A )
Filtration : 0.7um
Solid phase extraction

Cartridge HLB Oasis®

In vitro bioassays

Characterisation of
biological activity

Chemical characterisation

Non target analysi Target analysis

im WO

Effect directed analysis

?g;ilg &, Bio
. % Test
{% .ﬁ? ’:‘.‘;,5
S

. }.‘} &
'.?i An‘-z;'," ﬁ" "335(

< ® v
b BAAES Soter

Bio
Test
Fractionation
&
¥ i
\ ) . é.
No active ;
_ Chemical
L Active analysis
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Mass balance

Target chemical analyses

Biological activities

161 targeted compounds

100 HER (pharmaceuticals, pesticides, PAHs, PCBs,
B AR OCP, AKP, BTEX, COV, phtalates, hormones,
bisphenols)

75 molecules detected

Bio-TEQ (ng E2 ou DHT-
EQA)
o

o

— /! N 5 known ER-ligands (agonists) ;
Influent Effluent | ( no Ar-Iigand) /

/\\
NING |
@N)\ « Mass balance » analysis

Activities remain unexplained

Explained activities <1%
(except effluent <4%)
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Information deconvolution : Effect directed Analysis

/ Simplification \

100% ACN

96 95 94 93 92 91 90 89 88 87 86 85
73 74 75 76 77 78 79 80 81 82 83 84
72 71 70 69 68 67 66 65 64 63 62 61
49 50 51 52 53 54 55 56 57 58 59 60
48 47 46 45 44 43 42 41 40 39 38 37
25 26 27 28 29 30 31 32 33 34 35 36
24 23 22 21 20 19 18 17 16 15 14 13
123456 7 89101112 |

96 collected fractions

\_ /

Biological
analysis

Chemical
analysis

N

ﬁdentiﬁwy/

Fractionation

[ — |

Directed

4 N

v High-throughput screening using ER,
AR/GR-ligands

Ligands

.., / T o
/' »....,:,vl Endogenous '
*_'K" ]

Natural cell response
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Biological activities = Influent

Effluent

2,0 Estrogenic activiy
y = F12-F13 F36  F42-F43
8 81,5 = R ——
L g
3 :_gl,o F21,F23
o < L
v O
@ R05 Y ll ]:I [ l
£ 0 - _
£ 13579 11131517192123252729313335373941434547495153555759616365676971737577798183858789919395Q/‘
) >0 ] F58-F59 Androgenic/glucocorticoid activity
35 a0 —
E g &0 -
) 3 =
()]
;':3 % 20 F51-F52
E @ 1,0 - —— T
&) ~
0,0 Wﬁw%ﬁw%%%%mﬁﬁ%ﬁ%%éiﬁﬁ%%m

135 7 911131517192123252729313335373941434547495153555759616365676971737577798183858789919395 DHT
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Biological activities

m Influent
Effluent

22t sl lﬂ‘ﬁfﬁfrfﬁrfﬁfﬁrﬁrf it

(

>
o o
J

Positiey
o

o
I

=
o

Activité de la luciférase
(relative au controle

o
o

F51-F52
—

13579 11131517192123252729313335373941434547495153555759616365676971737577798183858789919395Q/"‘

F58-F59 Androgenic/glucocorticoid activity
-

Sélection of persistant active
compounds actifs despite

% STEP treatment

Wﬁw%ﬁw%%%%mﬁﬁ%ﬁ%%éiﬁﬁ%%m

13579 11131517192123252729313335373941434547495153555759616365676971737577798183858789919395D—I'D‘

Clobetasol propionate s

Fluticasone propionate
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