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» Huge use of synthetic organic chemicals in agriculture, public health, food,
industry — thousands potential contaminants

» Some (priority) compounds are regulated in environmental samples

» Present concern on emerging contaminants, compounds which presence
remains unregulated as they are not considered “classical” contaminants
(e.g pharmaceuticals, PCPs, drugs abuse, most metabolites and TPs)

U

Efficient analytical methods for screening in order to detect and
identify many emerging contaminants

J

Especial attention to metabolites/TPs, as many of them are unknown
and there is still a lack of reference standards
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Why hybrid QTOF?

HR MS technique (accurate-mass full-spectrum acquisition)

J

Powerful technique for screening, identification/confirmation
(and elucidation of unknowns)

J J

Accurate-mass product ion MSE acquisition (simultaneous LE
spectra in MS/MS experiments & HE spectra; CID in collision cell)
Highly valuable for elucidation Information on parent molecule

and confirmation purposes (LE) and fragment ions (HE)
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Standards (post)TARGET
available ANALYSIS
Information in database
(exact mass, fragment ions,
retention time, isotope pattern)
Analytes selection Long list of target
ﬂ after MS acquisition compounds

Information obtained
* Mass accuracy (mass error)
* Isotope pattern (i-fit)
* Retention time
* Fragment ions, at HE acquisition

Unequivocal identification
at least two accurate-mass ions
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Standards not
available

(post)TARGET
ANALYSIS

I

Information in database
exact mass, theoretical isotope pattern,
predicted Rt

l

Laborious and

time-consuming Information obtained
task

Mass accuracy (mass error)

Isotope pattern (i-fit)

Fragment ions observed

Justification fragments (mass fragmenter)

e o o o

Confirmation
with standards Tentative identification

(later stage) (highly reliable)

Contaminants Screening by Time-of-Flight
Mass Spectrometry
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» Screening and identification (standards available)
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» Screening and identification (standards available)
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Contaminants Screening by Time-of-Flight
Mass Spectrometry
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Investigation of emerging contaminants &
metabolites/TPs in waters by LC-QTOF MS
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RETROSPECTIVE ANALYSIS

\_ J
g

at any time without additional sample analysis

[Data re-evaluation to investigate any compound]
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Retrospective investigation of pharmaceuticals”
metabolites in surface waters and wastewaters

]
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> Retrospective analysis of pharmaceutical metabolites

Clarithromycin (m/z 748.4847)
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» Retrospective analysis of pharmaceutical metabolites
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Potential of (UHP)LC-QTOF MS for
investigation of emerging contaminants
and metabolites/TPs in waters e

Tl

Me
tabo Iites

(POST)TARGET
ANALYSIS
(large list of target
compounds)

unknown
metabolites
L (common fragments) )

Standards
available

Standards
not available

genuine
non target

Degradation/
metabolism lab.
experiments

Contaminants Screening by Time-of-Flight
Mass Spectrometry
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» Genuine non target analysis

v" No selection of analytes
v Searching for any sample component that might be “relevant”
v" Analytical challenge (little success in the environmental field)

= Complex unknown sample matrices
= Low analyte concentrations

= Many peaks in the TIC (commonly no abundant peaks for
environmental pollutants)

= Selection of “relevant “ components to be investigated ??7??

= From the information obtained (accurate-mass full-spectrum)
- Assignment of the empirical formula
— Searching in chemical data bases (Reaxys, ChemSpider)
- Assignment of the chemical structure
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Contaminants Screening by Time-of-Flight
Mass Spectrometry
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» Searching for metabolites (common fragments)
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» Screening (no positives?) — laboratory degradation experiments
2 ChromaLynx X5 Identify - untitled * =10l x|
Fle Edt View Display Processing Window Help — —
SHSS-00-%E %S %200 BREuEsE 2 E
éll ] zfna\aunl(CZDHZSNm. Wz 377.2076, 7.76 min) \ -
[+ Irbesartan (C25HZBNGO, mfz 429.2403, 10.59 min)
PLe0meprazole (C17H1 &5 min) c17H19N303S .

C. &5 min)
[ ParacetamoliAcetaminophen (CBHINOZ, m/z 152,0712, 2.24 min)

[/ Bezafibrate (C19H20CINO4, miz 362.1158, 10.03 min) M H+ 346'1 225 (l_, H

[ Carbamazepine (C1SHIZNZO, mfz 237, 1028, §.10 min) I N, \ /
[l Valsarban (C24H2ONS03, miz 436.2349, 11.01 min) >_ o N

- Valsartan Na® (C24HZBNSO3Na, mjz 458.2168, 11,01 min) Omepr‘azo N/ \\.\

[/ 4-fcekylamino-Antipyrine (C13HISN302, mjz 246.1243, 3.61 min) 5

[l 4-formylamino-ntipyrine (C12HI3NZ02, miz 232.1086, 3.52 min) =

I Extracted Ton Chromatograms IR (=BT | W spectrum view -(Of *
Omeprazole 3136e+002 || Scan: 454, Carbamazepine 1.862e+00%
346.1225 100 3451897

3672352
s

100
\ , ~388 2161

| I %
2371039
117.0554 EEE]QBE 679.5178

7826049
677, 3593:1 9056855
““uL. N A 4

K J [
0 ORLS L YRS A Lt - min || © . T ; " v " iz
5.00 6.00 7.00 8.00 800 100 200 300 400 500 600 700 800 900 1000
Ready [
Degradation?

1

Degradation/Metabolism studies of Omeprazol:
Identification of TPs and metabolites

Glrface water spiked 500 nglrm 3 healthy volunteers = dosis 40 mg omeprazol
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=15 min
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' Low energy (LE)
Analysis ~ MSE
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|1> Data Processing:
MetaboLynx ——=> XICs (control & sample)
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Metabolism studies of Omeprazol N
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ggll metabolites identification
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Metabolism studies of Omeprazol

metabolites identification

% positive findings metabolites
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| TPs by QqQ?

| OJLJ)
o el

Met 14b [M+H]* 316.1220
Hydroxy omeprazol sulphide

A o

L

Confirm reference standard

QTOF (retrospective) QqQ (2 SRMs)
Compound Iww EWW sSwW IWW  EWW swW
name (n=15) (n=10) (n=27) (n=15)  (n=10) (n=27)
Omeprazole - - - - - -
Met 1 - - - - - -
Met 2a - - - - - -
Met 2b - - - - - -
Met 2¢ - - - - - -
Met 3 - - - 7 - -
Met 4 7 - - 20 60 19
Met 5 7 10 21 60 100 33
Met 6 - - - - - -
Met 7a - - - - - -
Met 7b - - - - - -
Met 7¢ 13 30 21 60 100 30
Met 7d 27 50 21 47 100 26
Met 7e - - - 13 90 15
Met 8a - - - 13 40 -
Met 8b 20 30 - 33 90 30
Met 8¢ - - - 60 30 1
Met 9 - - - - - -
Met 10 80 90 32 100 100 48
Met 1la 20 10 4 80 100 30
Met 11b - - - - - -
Met 13 13 20 21 20 100 37
Met 14a 13 20 15 100 100 37
Met 14b 27 30 21 100 100 41
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I Metabolism studies of Omeprazol
TPs identification
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% positive findings TPs
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Contaminants Screening by Time-of-Flight
Mass Spectrometry
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» Searching for TPs ( using common fragments)

m/z 168.1025 —_|

e \
g HiC o

HN

OH

Benzoylecgonine. m/z 290.1392

Fragment m/z 168.1025,
characteristic for
various TPs of BE
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» Searching for TPs (common fragments) al ki
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CONCLUSIONS
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» LC-QTOFMS is a powerful analytical tool to investigate emerging
contaminants and metabolites/TPs in the aquatic environment:

» large-scope (post) target screening of organic contaminants including
manyTPs (around 1,000 organic contaminants are included at present in
our laboratory — database contains around 3,000 entries)

» Simultaneous acquisition of LE and HE spectra — valuable information
on parent molecule and fragments — highly reliable identification

» Can be efficiently made without standards — tentative identification —
standards required in the final step of confirmation

» Retrospective analysis, at any time

» Combination of laboratory degradation experiments and QTOF MS
measurements is highly valuable for investigation of TPs

» Genuine non target analysis still has many limitations for elucidating true
unknowns
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