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Introduction @f

Sources of OPs in the environment

exposure of wildlife in hazardous
chemicals

Persistent Organic Pollutants

*  known hazardous properties

*  routinely monitored
* regulation A
e

Emerging Pollutants

* unknown properties
*  not routinely monitored
*  detected in environment
* candidates for future regulation
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+metabolites / transformation products



Our research group

Tr74\/IS

| Ir e/ m[ sis and Mass Spectrometry G

Trace Analysis and Mass Spectrometry (TrAMS) group

* 5 Professors and Teaching associates
* 16 Post-doctoral researchers

* 13 PhD student

* 11 Master students

* 4 Undergraduate students

* 3 Analysts - Researchers

* 3 Administrative support

Development of advanced methodologies using state-of-the-art instrumentation

http://trams.chem.uoa.gr “l ’ E; E %

Applications in Environmental Analysis, Life Science and Foodomics studies ’2

r?.
@ThomaidisLab .LJ.
Long term collaborations with Universities & Research Institutes worldwide @

https://www linkedin.com/groups/12717378 Strong links with regulatory bodies for environmental quality and food safety issues

ST,



Our mission

Answers in environmental problems on organic pollutants and their metabolites/ transformation

@xoducts
holistic research approach

monitoring of thousands chemicals
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Developn.lent of novel analytlcal- I Development of advanced chemometric
methodologies on sample preparation I} tools and data processing methods
/
’ (supporting non-target tools)
R
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State-of-the-art mass spectrometric instrumentation



Holistic strategy of environmental monitoring

2. Sources, fate, removal

4. Risk Assessment

3. Metabolism &
Transformation

ﬂwmpuunds in sample

All ionisable compounds
(i
extractable/enrichable
compounds
All detectable
compounds
with the
screening
\ method
All separable compounds \ /
\\hy chromatography /

-
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Hollender et al. 20
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v’ Priority pollutants

‘ v" Emerging pollutants

v’ Very polar compounds
v' Polar to semi-polar compounds

v Non-polar compounds

@ Target analysis
-@} Suspect screening

-@-Non-target screening

7N

O (o)
v" Risk Assessment
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WW (influent, effluent, sewage sludge)
Seawater

Sediment /Soil

Biota (different trophic levels)

v HRMS ‘ll hl II

v" LRMS -> higher sensitivity & selectivity

v (Semi-) Quantitative analysis

v’ Qualitative analysis
v' Tentative identification g
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Instrumentation " IM

L>LC—UV, .C-DAD
GC-FID
MS techniques

GC-APCI-QTOF

non-volatile
polar, semi-polar

volatile
non-polar

inorganic

(ultidimensional Chromatography-HRMS data

polarity
volatility thermostability

LC-ESI-QToF MS

ionization type
polymers

separation of isomers

=

State-of-the-art HRMS
instrumentation

MALDI-ToF MS



Wi d e-SCOo p e t ar g e t screen i n g ‘E; The databases are continuously being updated!

*  new compounds of interest
*  regulated compounds

< (] >1,500 compounds with experimental CCS values!!! *  frequently identified chemicals
; E: o NKUA Databases «  literature - '
— |UPDATE
>3,200 organic micropollutants (emerging contaminants and priority pollutants) organized . . 57
ﬂ D in 7 well-defined target datasets

Main chemical classes

~+  Plant Protection Products (>900)

*  Pharmaceuticals & Veterinary Drugs (>700)
Antibiotics (>50)

* llicit drugs & New Psychoactive Substances (>500)

*  Personal care products

*  Industrial Chemicals (>150)

4
S Benzothiazoles Database structure
= .
= Benzotriazoles =  Analyte name & Chemical identifiers
o Flame Retardants
@ = Quaternary ammonium compounds (QACs) =  Retention time (RT)
g Surfactants =  Full-scan MS
L‘)F‘ Tire additives T _ —— .
~ e Per- and Polyfluoroalkyl Substances (PFAS) (>60) |, (| Joumilﬂi ;'fff;f;islezte”als W’N "  pseudomolecular ion
*  Sweeteners o ‘ * adduct ions
. Preservatives Wide-scope target screening of >2000 emerging *  in-source fragment ions
* Steroids/Hormones contaminants in wastewater samples with UPLC-
+ Q-ToF-HRMS/MS and smart evaluation of its (most abundant: precursor ion, other MS ions: qualifier ions)
«  Transformation Products / Metabolites (~200) |[Performance through the validation of 195 *  bbCID MS/MS
— selected representative analytes
P . . Pablo Gago-Ferrero » 1, Anna A. Bletsou !, Dimitrios E. Damalas *, Reza Aalizadeh *, Nikiforos A. Alygizakis 2, . fragment ions as qualiﬁer ions
*  Polycyclic Aromatic Hydrocarbons (PAHs) e . Singer,ollana ollader s, Nlislaos S Thormaidia# A 8
«  Polychlorinated Biphenyls (PCBs) (mandatory ions: ions with > 50% relative intensity)
v
_Q 9 . .
% 3 Plant Protection Products LC-TIMS-HRMS database
g E == Organochlorine Pesticides (OCPs)
< .
o5 *  Polychlorinated Naphthalenes (PCNs) ' . J
© +  Polybrominated Diphenyl Ethers (PBDEs) = 1/K, and calculated CCS for each ion species
*  Explosives
—




In-house developed tools supporting environmental analysis by HRMS

NORMAN Digital Sample Freezing Platform (DSFP)

Conversion of vendor
LC-HRMS files to mzML
(vendor mzML
software/ProteoWizard)

== Known substance ( )|
¥’ Massof interest
¥ Plausible retention time
v Qualifier ions (some cases)
Peak Picking (Vendor peak- New Substance
picker/centWave/enviPick) ! m/z of interest, Experimental RT1 (optional)

{ Digital Sample

Grouping of adducts J :::f::r: . 523
and isotopic peaks ‘ (User Interface) @ J

Experimental RTI
calculation

v’ Digital Archiving./
normalization of 4 . .
reention e v' Retrospective Suspect Screening

[ Digital/Virtual Freezing of Samples I

Design of platform accessible to
everyone (Go-back-in-time capabilities)

................................................................................ Addition of get MS/MS -
information from data- .
Small scale testing ! — 8 Policy maker

WS
mn dependentfiles
— of digital freezing (optional) T

— Instant Search Deep Search

Environmental Samples (e.g. WW, SW — Danube, Black Sea)

FAIR Data
Catalogue
Data index cluster

[n] FAIR Data API

Data scientist /
Software engineer

MS Data SO Institutional &
Processing TP profiles x
Data Management
Data provider /
Researcher

Data processing Screening

scripts script IP Scoring functions

DSFP Data Management System

DSFP Services

Ms file
storage

Database



In-house developed tools supporting environmental analysis by HRMS

Retention time prediction model

Monte Carlo Sampling

®  Training
®  Tast

Region B
Exp. t;=6.86 min
Pred. t3=6.33 mm

0
Qs RR ¢ o ! ' y 2

Mean

Si==:_RP/HILIC-HRMS=—={_}§

RetTrAMS software v.3

4 RetTrAMS 33 -

@ Batch Hode O Manual lode o st

LogD calculation... Done
Preparing the model... Done
Calculating retention time... Done

Exp. R 275

Pred. tR by MLR: 1.9451

Pred. R by SWM: Not calculated

Calculation is done
Performing Monte Carlo simulation... e ¥
< >

Journal of Hazardous Materials 363 (2019) 277-285

Contents lists available at ScienceDirect

Journal of Hazardous Materials @’ *
L e Al
yia
journal homepage: www.elsevier.com/locate/jhazmat Ed ¢ |
Development and application of retention time prediction models in the
suspect and non-target screening of emerging contaminants s
Reza Aalizadeh, Maria-Christina Nika, Nikolaos S. Thomaidis®
& C A Notsecure | rti.chem.uoa.gr o Q
Development and Prediction of Retention Time Indices for LC-HRMS (version 2.0.0)
- I Retention Time Indices for LC-HRMS (version 2.0.0):
National and Kapodistrian
i ingle = i i i i i
UNIVERSITY OF ATHENS About Calibrants Single compound Batch mode Comparison of Experimental RTls Chemical Curation FAQ
”‘___________________________..,q_‘-\
Download the Calibrants files (generic files for reporting): ’/ \
Select the target ESI: . ; f / H .
o 9 l & Download calibrants infa for +ESI l : +ESI (callbra ntS). -ESI (callbrants) ‘
-ESI l & Download calibrants info for -ESI l : A B A 8 :
1 1 ICa[ibrants IR 1 |Calibrants tR 1
Select the RTI versus tR calibration mode: i 2 |Guanylurea 1.33 2 |Amitrole 1
Prediction limits Download the example files for chemical curation: I 3 |Amitrole 1.21 3 Benzoic_acid :
i 4 |Histami . 4 |Acephat 4.3
Auto-calibrate l & Download example file for chemical curation l : _ istamine 1.2 ~ Ce,p ,a € : :
Manual i 5 |Chlormequate 1.1 5 |Salicylic_acid
. 1 6 |Methamidophos 2.64 6 |Simazine_2_Hydroxy 6.23|
UpleadRIllcalibmotsidatas Dovmload the example files (input files for UOA-RTI): I 7 vancomycin 5.36 7 |Tepraloxydim 7.9
1 ; 1
Browse... 1 & Cefoperazone 6.12 8 IBromoxvnll 7.65)
l & Download example file for the suspect list l 1 9 |Trichlorfon 7.02 9 |McPA 7.391
I 10 |Butocarboxim 8.46 10 |Valproic_acid 10.16:
Defalut max. file size 1MB (* csv fle) l & Download example file for the calibrants (-ESI) l I 11 | Dichlorvos 11 |Phenytoin 9.471
I 12 [Tylosin 8.79 12 |Flamprop 8.91:
l Click here to build the calibration curve... l l <& Dovmload example file for the calibrants (+ESI) l 1 13 [ TCMTB 12.34 13 |Benodanil 11.43]
I 14 Rifaximin 11.94 14 |Dinoterb 1l
Click here to restart th t session... l — s lsoi - .
l crihere fo restart the current session Dovmload the example files of the multiple comparison procedurd for = Spinosad_A 1111 15 |Inabenfide 11.08§
1 16 |[Emamectin 12.01 16 |Coumaphos 14.041
[ 882 Trace Analysis & Mass Spectrometry Group l [ & Dovinload example file for the calibrants ] i 17 | Avermectin 16.71 17 Triclosan 14.15)
- } y 8 Nigericin 16.01 18 |Abamectin 16.51
l 5 NORMAN Suspect list Exchange website l l & Download example file for the suspect list l \ 19 [Ivermectin 17.01 19 |salinomycin lmil
\ ’
l i Sign out l l & Download example file for the name of institutes l ‘\\ e
-




In-house developed tools supporting environmental analysis by HRMS

CCS prediction model

- Example for Aciclovir:

C ® (D 127.00.1:7825 €cs model for Emerging Contaminants
Based on QSPR Concept:
220
. .. . . . R?=0.9415 o About Single Mode Batch Mode
Prediction of Collision Cross-Section (CCS) of Emerging Pollutants (version 1.0.0) } g
200 | @Training ooy y ESI mode:
Based on QSPR Concept: o @ Test set
ased on oncepl Z e ® +ESI
v
About Single Mode Batch Mode I O -ESI (only for polyphenols)
< 160
&
& Download the Manual =
E 140 Enter the SMILES of a compound here: O
Steric Effect 120 O“ 0=C1N=C(N)NC2=C1N=CN2COCCO N N
100 Experimental CCS: /k N
100 120 140 160 180 200 220 H_}N N
Experimental €CS (A2) 149.23 b H \_O
30F Canonical SMILES: O=C1N=C(N)NC2=C1N=CN2COCCQO >
: HO
;@ 25+ [ Predict CCS value ]
%
A 3
CCSpreq: 181.11 5 20 Predicted CCS value of suspect compound
. a% 151 Single Mode Results
Lo = Predicted CCS value: 149.49
: g 10k Experimental CCS value: 149.23
@ -E Reference CCS value: 149.23
o 5 Relative Error (deltaCCS%): 0.172
L. o B Applicabili in of thi I: i f th |
Emp|r|ca| cCs: 183.21 Az pplicability Domain of the model: Covered by chemical space of the mode
0

| 1 1 & Download the Results
-14-11 -8 6 -3 0 3 6 8 11 14

Residuals

Chemical Domain Plot
Estimated error at 95%Cl is approximately +6A2
This meansthat model cannotseparate compoundsif their
CCS values differenceis below 6 A2

Chemical Space of the Model

Using CCSpro app for prediction of CCS for Aciclovir

L. R . ® Suspect
This is an acceptable error, as reported in the literature: 2
National and Kapodistrian DOI: 10.1016/j.chemosphere.2021.130799
UNIVERSITY OF ATHENS DOI: 10.1021/acs.analchem.7b00741 8 S
m
o g o
= o
s
] . L4
Laboratory of Analytical Chemistry wee = v - R RS e e = 5]
& (=1
Citation: 3 S
A - e H F4 .
R. Aglizadeh, K. Diamanti, Panagiotis-Loukas Gialouris and N. S. Thomaidis, parsIm m 3 o]
Development and Application of a Novel CCS predition tool for LC-(+ESI)-IMS-QToF-MS = =
wacesFres H
Analysis of Emerging Poliutants in Environmental Science o
This App is written by R. Aalizadeh at University of Athens (2022-2024), . - oW = T T T T
N SHAP value limpacton model autput) 0.00 0.05 0.10 0.15

Leverage



In-house developed tools supporting environmental analysis by HRMS

Semi quantification workflows (LC-ESI-HRMS)

sy 15 . - > . . . o . oy .
Quentitstive 1 [asPrR Semi- Workflow for application of QSPR and validation of logIE concept in LC-ESI-HRMS - @ Transferability to searwater sample/matrix
Analysis 05 Quantification
w : Start Vasda(ed QSPR model QSPR Workflow 70 804
E" ' Elucidated Chemical (1) SMILES to 2D Chemical (5) Pretreatment of loglE Database 7 Lk F 50
2 1 structure (>= level 3) ‘ Structure Remove constant and collinear = % =
o-15 S Rebuild, molecular descriptors 2 2 4o
a 2 Predict logIE value of Within N fisraie ‘ % 4yl ]
'5 —| 2 suspect compound by applicability > :l“‘m d‘ [~ ‘ g § g 304
2. " QSPR model domain? QSPR model (6) Split logIE Database K = el
Reference 25 .OASExp I IELS lonization e K Kennard-Stone method = 21 s
; | 50%) & Test (20%) J
Standard n o8 Efficiency 8 (Trainieg (€0%5) & Tom (2056 00ty & 1] & 10
35 $ : i
———T T T R S R e
L. . l (2) 3D Standardization of (7)  Molecular Descriptors Selection 210 004 0@ 008 0M 0 2420 213 005 002 089 016
Applicationin Environmental Samples Chemical Structure Ant Colony Optimization (ACO) Re siduals for 0.050mg L Residuals for 0.100mg L ¢
Harmonization step: 1) Check Chemical Structural data = Py a % @ w“
Project pred. loglE values by 2) Check limeanty in MM/Spiked/standard solution = a{ \ X i 1 1
calibration curve of common calibration curve (EJCR test) s o ” o — 354
compounds between initial 3) Checking the lineanity in more diluted samples f.__ L8 ¥ @ z N £ 3]
and new LC-MS setting 4) Outlier analysis g g iz
. (MM or Spiked calibration $) Eurich the calibration curve of loglE projection by adding § ‘ § W4 £ &7
Creation of loglE database for LC-+ESI-HRMS Gitve) s cosspormds § g g0
. . . N (8 Linear Regression Analysis i £ sl
(for various emerging contaminants) Optimized by Balloonusing = Mulfiple Linear Regressions (MLR) £ £
distance geometry. energy % 10 '_: 104
3 " > minimization and MMFF94 ‘ 3 & 5|
Table 1 List of 103 emerging contaminants with experimental and predicted loglE values (for partial charge assigament) : : /| I:]
L2 b Compond e e o - huaneaizgion No ‘ (9) QSRR Models Quality Assessment: x| a1 ae oo | ofs 43 42 017 410 903 083 010
“;!ﬁ“”“" ““ed" 0.7 Intemnal and Extemal Accuracy of Fe siduals for 0.150mg L4 Residuals for 0 300mg L4
s clonl[::\:u f‘“c (3) Molecular Descriptors models
MOO2* Training Niflumic acid 4394-00.7 0.496 Yithin 95% Cls Calculator Harmonization and Transferabilty into
MOO4 Training Colchicine 64-86.8 0412 PaDEL & E-Dragon Seawater matrix = Nalorphine
MoOS Trising  Levamisol 14.769-734 0964 ‘ (10) Applicability Domain, Outlier & x 110[ Rr=08931 5 0801 GE imated Conc. Calbration Curve
MOO06 * Training Trimethopeim 738-70-5 0.641 Uncertainty Analysis k] ° £ 070 opred. Conc. by Ea 2
4
Moo7 Training Methimazole 60-560 Semi-quantify the suspect compound by Eq. 2, from logIE value and slope of the calibration curve { ‘I - '“’g\:rl ".’:"’::. (’\_:m“? (‘I“;I“ ﬁ':";“';“g % 060 2 060
MOOS Training Brompheniramine 86-226 (MM or spiked in the sample) of a calibrant compound (Dichlorvos) OIS V- MONCIE Ceaaton A Ioee NG : g 0.
Mol0 Training Orypheny Ibutazone 129-204 -0334 & 0w § p
Moll Training Sulfanilamide 63-74-1 -0571 o $ o
MO13 Training Norflovactn 70458967 0564 BN H
MOl4 Training Sarafloxacin 98,105-99-8 0.105 - Eoa O s Brecichcas owres il 96% 5 MM Harmonized &
MOIS Training Tilmicosin 108,050-54-0 ~0.793 Y Prediction upper it 5% Pred. logl€ = 0.66
. L. - Py £ .
MO16 Trainmg  Predasolone 50-248 -0232 ‘ Prediction error 2 a0 ot oo o 000 020 040 060 080
Mo17* Training Mabutcrol 56.341-08-3 0.506 060 010 040 0% 140 :
M020* Training Valsartan 137.862-534 -0.540 f 1 Exp. loglE used in QSPR model Exp. Concentration (mgL ")
Mo21* Training Theophylline 58-55.9 -0474
M022*  Tnining  Ranitidine 66.357-35-5 0.794 Box Plot (Pred. vs Exp. Conc. by Exp. loglE) Box Plot (Pred. vs Exp. Conc. by Pred. loglE)
M024* Training Carbamarcpine 298-46-4 0.855 0.15 0.4
Mo2s Training Piperazine 110-85-0 0.286 (A) ) (B) Analytical and Bioanalytical Chemistry (2022) 414:7435-7450
MO27* Training Paracetamol 103-50-2 0.420 S 0.1 N S 03 s % https//doi.0rg/10.1007/500216-022-04084-6
< - > c c °
MO28 Training Simvastatin 79.902-63.9 -0.280 o - 0.05 o s 7
MO29 Training  Morantel 20574-50.9 0784 o H Ue 0.2 RESEARCH PAPER
MO30 Training Dunveridine 5355-168 0503 T = 0 ° T= o1
MO31 Training Sulfathiazole 72-140 0.009 &G 005 a g . ! §
. - % 7
MO32* T Sulfad 68-35.9 0.095 »wo O - . . H H
s o . S 01 = S — A novel workflow for semi-quantification of emerging contaminants
Mo33 Training Sulfamethorypyndasine $0-35.3 0317 [ g 28 i < 5
MO34  Trisisg  Selfamerarine 127-79.7 0204 B9 o35 250 in environmental samples analyzed by LC-HRMS
MO3S* Training Sulfamethavazole 723466 0.081 oW 2 0.2
% % o« 0.2
MO37 Traiming Ciprofioxacin 85,721-33-1 0288 o 5 e oy Ahiaaalidl2 . & d g sy 1
Mo38 Traising Ol £2.419-36-1 0831 P 0.3 Reza Aalizadeh’ © - Varvara Nikolop - Nikiforos Alyg . - Nikolaos S. Thomaidis
MO39 Training Diflovacin 98.106-17-3 0270 v ’ . Residuals for 50 pg/L . Residuals for 100 pg/L
ModL Toining  Flumequine 2835256 617 [ Residuals for 50 ug/L [ Residuals for 100 pg/L ) ) Received: 19 February 2022 / Revised: 31 March 2022 / Accepted: 11 April 2022 / Published online: 26 April 2022
MO$2 Training Marboflaxacin 115.550-35-1 0417 [ Residuals for 150 pg/L. [ Residuals for 300 pug/L [ Residuals for 150 pg/L [ Residuals for 300 ug/L © Springer-Verlag GmbH Germany, part of Springer Nature 2022
MO43 Training Lincomycin 154-21-2 -0099
MOd4 Training Chlorpromazine 50-533 0800 -
MO4S Training 1-OH-Benzotriazole 2592-95.2 -0051

MOS6 Training S-methyl-Benzotniarole 136-85.6 0650



In-house developed tools supporting environmental analysis by HRMS

Semi quantification workflows (LC-ESI-IMS-HRMS)

)

Creation of loglE database for LC- +/-ESI-IMS-HRMS
(for various emerging contaminants)

Intensity

5000

Using OSPR for developing loglE
concept in LC-EST-IMS-HRMS directly
Jrom Mobilogram

Test

Pred. loglE (TIMS on, mobilogram)

3 3.5 4 4.5 5

Exp. loglE (TIMS on, mobilogram)

. Matrix Matched lonization Efficiency
is significantly improved by resolving
the peaks using ion mobility dimension.
It purifies relevani peaks from fthe
background and promotes the great
fransferability between reference loglE

*values and MM logIE.

—_— 7
>
e
2
g
c
o
k=1 x
o Fa
=
9 5.5
&
[-
2

4.5

B 1ogRF (MeOH) I logRF [ACN) logRF PFAS (TIMS ON)

@ Executable software 1o perform ESI-IMS-HRMS semiQ

m
S

SmQPFAS.exe

¥, Figure 1

Calibrating logRF for new settings

Q- SmQPFAS v2.2.0 by TrAMS - a X
Welcome To Semi-quantitative Analysis App for PFAS (SmQPFAS v 2.2.0)
& (-)ESI
© IMS-(-)ESI

Calibrate logRF

Reset Calibration

125458
(FS(=0)(=0)N)(F)F)(F)F)(FF)C(CIC(F)(F)F){(F)F)(F)F)(F)F

Reset

Results:
Predicted logRF (After Calib.): 4.0425

Application Domain: Covered by Model Chemical Space
Harmonization ACC(R*2): 0.9222
Pred. Concentration (mg/L): 0.0122(0.0085-0.0169)

L TAVS

Written by R. Aalizadeh et al. (C) 2024

E-mail: raalizadeh@chem.uoa.gr

54

5 6

Experimental logRF (New Settings)

Experimental logRF (UOA)

RES Q=B

_ o » ¥, Figure 1 ]
2 PCA for PFAS Fingerprints
@ Training set
154 @ Suspect(Covered)
o o 104
e A
N = =
~
&
°] g
-5
T T -10 T T r
7 8 -20 0 20 40

PC1 90.17%

A€ Q=



In-house developed tools supporting environmental analysis by HRMS

Semi quantification workflows (GC-APCI-HRMS)

GC-APCI-QToF-MS  ||Exp./Pred. Co tion in Sa 0 » D : 0 s
Environmental Samples Qo g:fPred: Concintration Wi Sumple _ ‘ Simple ionization mechanism of compounds in Prediction error
—pg 01 03
e la GC-APCI source an|[A) ‘ o (B)
Y 2 g g 5 e . 8 02
A Cotinine: 3 oo g o
| | | ~ -
AL 004 2 M
Sg 002 BE °°:
A - - sv s s ws we i§ o i'g P
= - 2 o0 g o
Semiquantitative Analysis Quantitative Analysis I g o
©2
0.08 025
(@ Rosiduals for S pgl. B Resicuals for 10 ppi. @ Residuals for S pol. @ Residuals for 10 polL
Connectivity in terms of “explicit hydrogen” at 00 Posiduats 1o 20 yon. - 00 esdual e 00,01 8 Neaidusts o 30 pol. | B8 Mewidaste for 00 1
B Rosiduals for 200 pot. B Residuals for 300 polL 1B Residuals for 200 ppt. B Rosicduals for 300 polL
P ATS1w= (w1 X w2) + (w2 X w3) + (W3 X w4) + (W4 X W5) + (WSX W6) + (W6 X W7) +
(w7 X w8) + (w8 x w9) + (w9 X w10) + (w10 X w11) + (w11 X wW6) + (W5 X wl) + (w1 x
: : w12) + (w2 x w13) + (w12 X w14) + (W12 X W15) + (W12 X W16) + (W3 X W17) + (w3 x
s":"““"““‘ ] Analytical Chemistry w18) + (w4 X W19) + (wWd X W20) + (WS X W21) + (W7 X W22) + (WD X w23) + (w10 X *2[(C) L.
. w24) + (w11 X w25) g o1 5
Creation of loglE database for GC-APCI-HRMS (f i i i s atomlemasses n ATSIm i -
. reation of loglE database for GC- - (for various emerging contaminants) ATS1m= (14007 x 12011) + (12011 x 12011) + (12011 x 12,011) + (12011 X 3% oo
f ——— - - 1 12.011) + (12011 x 12.011) + (12011 x 12.011) + (12,011 x 14.007) + (14.007 x g5 o
b rermsmoea Gt S e ) ) . . 12.011) + (12011 x 12.011) + (12011 x 12.011) + (12011 x 12.011) + (12.011 x 43
e (A | (B)" yygns, —2RorimEntol sotopicpatter ‘f"“:lf;’{” 14.007) + (14.007 x 12.011) + (12011 x 15.9994) + (12.011 x 1.008) + (12.011 x g 00
o ' L ' x10% {mm>10% oburgdont sotope e e 1.008) + (12.011 x 1.008) + (12.011 x 1.008) + (12.011 x 1.008) + (12.011 x 1.008) + & o1
£ g Theoretical { H ] Theoretical E r (12.011 x 1.008) + (12.011 x 1.008) + (12.011 x 1.008) + (12.011 x 1.008) + (12.011 x =
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In-house developed tools supporting environmental analysis by HRMS

Non-target screening approaches

Pretreatment
step

Level 5§

Level 4

Level 2

Level 1

( Data Independent Acquisition mode (DIA) (Raw data). MS )

calibration + conversion to mzML

XCMS+ IPO package + Peaks annotation by CAMERA
and Non-target R package

Subtraction of analytical procedural blank from samples

Prioritization of the peak list by Chemometrics

m/z of interest [M+H]" & [M-H]

-

Search databases for match (“Known Unknown”

r

Mass accuracy threshold (Molecular Formula) (<2 mDa
Isotopic pattern of the precursor ion (> 50)
Characteristic adductions ([M + NIH,]*, [M + Na]™, etc.)

MS/MS spectral interpretation & prediction ‘

In silico fragmentation platforms (MetFrag)
QSRR models for (R prediction

2b) Diagnostic evidence (diagnostic ion, etc)
GC/LC retention time indices (RI)

.

v

2a) MS/MS spectral match

Confirmation by authentic reference standard

\I

Sl Semi-quantification and Risk Assessment '

- Literature or library spectrum (MassBank) * -

o

.Lessons learned from Norman News @ Use of complementary tools for peak picking and
Checllist: annotation of peaks-list o
Quality control for mass accuracy of spiked IS B

consi dering: CentWave Matched filter poatonly
peaks
Tiype of mass analyzer, method of ms- A oL
calibration, age of equipment, scan sampling
rate of the detector &
TracMass =l
L DOI: 10.1021/ac403905h DOI:10.1021/acs.analchem.9b04811 o

. Application domain evaluation

C @ @ 127.001 oTraining @ Vaidation
300 pred Ri= 0.9954 (Exp. RI)+ 8872

R? Training set= 0,696
R*Validation set= 0973

@ Ionization/tR prediction

Assessment of Chemical Domain of Analytical Instruments

Detection of +/-ESI mode, ionization probability in EI and preferable chromatogrphy

Enter the CAS No. of a compound here:

Predicted Ri (n-alkane)

Search CAS No. Online (PubChem

1 xperimental Ri (n-alkane) .
. LRI: Harmonization of tR data @ T
N H Direct n-alkane Exp. LRI N
National Institute of comparison (<50 RI unit) Duagnostic
Standards and Technology Fmgmfﬂff.mm )
U.S. Department of Commerce BT
l Tanimoto Coefficient= 0.588 I

. Norman Initiative for evaluation and validation of semi-quantitation approach

@ UOA approach: EJCR test, injection volume test etc.



In-house developed tools supporting environmental analysis by HRMS

Non-target screening approaches

[ Data Independent Acquisition mode (DIA) (Raw data), MS )
calibration + conversion to mzML

Use of complementary tools for peak picking and @ Norman SusDat activity: Chemical Curation
annotation of peaks-list R

All public databases
CAS vs Compound name

- M peakoniv Public 565
XCMS+ IPO package + Peaks annotation by CAMERA centie achedilter A Pt dash v
: pegkonly p= ) ¥ ChemSpider : R
L and Non-target R package ) ey O/ s \ODERATE X P
Chermical Book \Jg\" . ":’/G& CAS vs Compound name

Pretreatment
step

| Subtraction of analytical procedural blank from samples ) ‘{ J Db & 4 _)- O' .
. :S Uncertainty % r :
[ Prioritization of the peak list by Chemometrics ] : ﬁ\!?}iﬁ?':'{:?,";'::\ g 2 akcnown emericals
TracMass Sh 7
Level 5 [ - of inter + & [MLH] ]
ove [ m/z ofinterest [M+H]" & [M-H] DOI: 10.1021/ac403905h DOI:10.1021/acs.analchem.9b04811
L J
Search databases for match (“Known Unknown”
_ [ . . QSRR validation @ QSPR for CCS Steric Effect
[ 06 NS
r ® Tranng . . _ /K 1\ 5
Mass accuracy threshold (Molecular Formula) (< 2 mDa s pl’edlCtIOD [ o Waals
Level 4 Isotopic pattern of the precursor ion (> 50) o
Characteristic adduct ions ([M + NH,]*, [M + Na]", etc.) Zle.,,
g (5o
o —— ; — T g~
MS/MS spectral interpretation & prediction Bl .
ESI-HRMS spectra prediction via CFM-ID g
QSRR models for tR prediction ¢ [ e E Y e
L. ower Error
Y QSRR models for CCS prediction 1 DOI: 10.1016/j.jhazmat.2018.09.047 Empirical CCS: 183.21 A? '
s 2b) Diagmostic evidence (dingnostic fom, <fc) ‘ - . RTI: Harmonization of LC settings i Compareg o . vl @Dtagnosttc Fragmenter
- " - 2 - - . ‘I‘l en o5 ate o
Experimental LC retention time indices (RTI) H 3 5:’ g: | o ’ .. \\ P
Level 2 Experimental Collisional Cross Section (CCS) Hl H 5 ‘“CC':'S}' 112 o - \|/ W N
h - = A A N ok P b
( ) I\ _' \ (txx — g amin) Lcot a ™~ ~
2a) MS/MS spectral match T e R IO o |
: : In L Lc1l - a '
- -: Literature or library spectrum (MassBank) I Y, + c Lcos .
| Il - 3 Lco? 8 ragment: miz= 144,
e " : : @ LCos —I . - . —‘-— a ) Mol.e;aiﬁmulgf[ci:!‘ﬁ:ghﬂ“
Level 1 P! Confirmation by authentic reference standard e o~ s 400 500 600 700 800 900 ] Fribeh - e
O " : Exp. RTI values animoto Coefficient= 0.588 1
L
(X, " Semi-quantification and Risk Assessment ‘ . Norman Initiative for evaluation and validation of semi-quantitation approach
~ 4 g
\ (oral and aquatic acute toxicity) ) @ UOA approach: EJCR ftest, injection volume test etc. 47



In-house developed tools supporting environmental analysis by HRMS

° ° ° ° miz=173.2138, tR=6.082 min \ i ;T:c;.m?ls?:;; oo X miz=173.2138, tR=6.082 min miz=173.2138, tR=6.082 min
Prioritization tools £ | r=—m| B ST =——IY = i
= —| Downstreqm (R1) S | = Sempie: R2Z11-12Tred - =
i — Anglytical Blank _| = Progedural Blank, g J i
s B s &1 - s B/
5 7 | g ¥ - 5 < |
Contents lists available at ScienceDirect " AREARDOUS = E N = E N = = = E N
MATERIALS o~ ~ _D_ T o~
Journal of Hazardous Materials ° j\, A SESNE. N D N S - = A A N ° =l AN N A
ﬁ;,l‘ - 1] 5 10 15 20 25 30 586 60 62 64 66 68 70 0 5 10 15 20 25 30 [1] 5 10 15 20 25 30
ELSEVIER journal homepage: www.elsevier.com/locate/jhazmat \ Day ) tR (min) Day Day
Factor Analysis (Quali. Variables) Factor Analysis (All Variables) Factor Analysis (Individuals vs Variables)
Research Paper m : ' o
a : < 2 o~ _ YES,at VE;S-j bit YES, alot!!
TrendProbe: Time profile analysis of emerging contaminants by LC-HRMS & : ! i . contrib ors- __[Date contrib ‘ . contrib
_ 3 & . & H ainfal 40
non-target screening and deep learning convolutional neural network z,. Mo e . I = 3
s Tokecdaivy CCRE RN 0 = 0 o
= RS = = pat
Varvara Nikolopoulou, Reza Aalizadeh ', Maria-Christina Nika, Nikolaos S. Thomaidis - P B s o 0 ¢ 2
Laboratory of Analyrical Chemisery, Department of Chemisery, National and Kapodiserian University of Athens, Panepistimiopoliz Zografou, 15771 Athens, Greece o ity =0 Dozs- 0 = s o
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Dim 1 (16.5%) Dim 1 (16.5%) Dim1 (16.5%)
m/z=173.2138, tR=6.082 min
Volcano plot: Samples R1 vs R2 Box Plot
50000
B w § : 40000
% - o =3 | . 20000 Samples Site
. £ s g M
=1 E ! € 8 4 =
> = Sampies R1 = g . £ 20000 — R2
2 S E B
________ waw, Sngt ] .
N o & ol e eem—
Training set For every [m/z, tR] of HRMS Peaklist 0 40 o 10 2 R r2 o —
1 00 0 featureS log2 (Fold changes) Sampling Sites o 0 Day 20 a0
L Trimethyloctylammonium, industrial chemical, manufacture of plastics products
B [ B Ne = {3
) = ; _ 5 . . . " . .
- Sl T TR LN — A o Periodic trend - periodic industrial discharges ?
el =l =il = X ‘F‘ F(;Z ' = — e serecing s
R D LN . L | _— =T ==t 1 Increasing trend Peaks
v > =7 Lec " | N - S~ e N\
. e e N s Lo \
L a2 aalt R ——— . | S |
[T HRMS spectral features extractions from EIC Forssromnorlhogaralyl
estset | , P(False Trend)= 0.000
50 features it i ' : P(Steady Trend)= 0.000
P(Periodic Trend)= 0.630

P(Decreasing)= 0.335

e T P(Increasing)= 0.035
i Test set Training set
: ROC curves ROC curves

*TrendProbe (alpha version)



In-house developed tools supporting environmental analysis by HRMS

Prioritization tools

Black S / A\ Source of
ack Sea 7 .
WA chemical
...//’ ):' .
S vl -Dnieper
o3 A Danube
Ny A -Unknown
N
._\\\\\\ ‘
LY Contents lists available at ScienceDirect

N 7 \ /
| | j/\ o P 2 Science of the Total Environment
| | 1, ' sl
Q Tensor journa | homepage: www.elsevier.com/locate Iscitotenv

Detecting the sources of chemicals in the Black Sea using non-target L)
screening and deep learning convolutional neural networks

Nikiforos Alygizakis *™*, Theodoros Giannakopoulos ¢, Nikolaos S. Thomaidis **, Jaroslav Slobodnik ®

HIGHLIGHTS
* Deep learning model that detects the sources of chemicals in the Black Sea.

o Interactive dash application that filters and visualize the chemicals.
» Spatial distribution was used as a non target screening prioritization approach.
o Large rivers proved to be among important sources of chemicals in the Black Sea.

* 48.2 £ 1.5 % and 31.1 £ 3.0 % of signals originated from Danube and Dnieper respectively



LIFE APEX

MPAZINO TAMEIO

250 chemicals were determined through wide-scope target analysis in LIFE APEX samples

)

C% 97 in more than 2 tiers of LIFE APEX project

analgesic drugs

coffee related ECs
tobacco related ECs antibiotics
PFSAs 4"
éi( ﬂxﬂ‘} . antidepressant &
PFCAs A £ \ antipsychotic drugs

cardiovascular drugs

anesthetic drugs

QACs
NSAIDs
surfactants
fungicides
herbicides insecticides
™ Pharmaceuticals & TPs B Plant Protection Products & TPs
Industrial Chemicals ® Per- and Polyfluoroalkyl Substances (PFAS)
® Stimulants & TPs ® Drugs of Abuse & TPs

® Personal Care Products & TPs  m Syweeteners



LIFE APEX

MPAZINO TAMEIO

Highlights

Contents lists available at ScienceDirect

° 67 apex predator & prey samples from 4 European countries
Environment International

® 145 contaminants of emerging concern from various chemical classes were detected

R journal homepage: www.elsevier.com/locate/envint

EILSEVIE

e 30% of the prioritized compounds were PFAS, indicating their widespread presence in the
environment & bioaccumulative properties ,
Full length article
° Parent compounds & TPs (tramadol, lidocaine and their M&TPs) in the list of the prioritized Assessment of contaminants of emerging concern in European apex
compounds predators and their prey by LC-QToF MS wide-scope target analysis

Georgios Gkotsis ?, Maria-Christina Nika ", Varvara Nikolopoulou ?, Nikiforos Alygizakis ",

Erasmia Bizani“, Reza Aalizadeh”, Alexander Badry “, Eli?abeth Chadwick ¢, .
Lo . i . i . i

e  Data suitable to prioritize chemicals for PBT assessment and evaluation of mitigation measures. Alessandra Cincinelli , Daniela Clafien”, Sara Danielsson , René Dekker, Guy Duke ', .

Wiebke Drost , Natalia Glowacka °, Bernd Géckener’, Hugh A.H. Jansman *, Monika Juergens ,

Burkhard Knopf’, Jan Koschorreck ¢, Oliver Krone ™, Tania Martellini ¢, Paola Movalli &,

Sara Persson’, Elaine D. Potter', Simon Rohner”, Anna Roos Emily O” Rourke d

Ursula Siebert”, Gabriele Treu©, Nico W. van den Brink °, Lee A. Walker ', Rosie Williams”,

Jaroslav Slobodnik ”, Nikolaos S. Thomaidis ™

e  FElevated concentration levels in apex predators (liver) Vs prey (muscle tissue) samples
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LIFE APEX

higher concentration levels in freshwater
( = predators Vs the respective prey

MPAZINO TAMEIO

freshwater prey (UK, roach) freshwater predator (UK, otter) Concentration
1 2 3 4 E 1 2 3 4 5 (ng/g w.w.)
= o — m “to0
prrs PFOS
PFHxS -
@ PFHxS_branched isomers - 0.1 Otter VS RoaCh
< PFHpS
pros =
PFOS_branched isomers _ 1
PFDS
PFPeA A
PFHxA 10
PFHPA 9 10 1‘[ 12 13
PFOA
g PFNA _ 100 time_trend analysis
a PFDA
PFUnRDA .
PFDODA 1000 2010-2018 = trend to lower concentrations of PFOS =
PFTrDA N — ;
PrTeDA Attributed to PFOS replacement compounds? [ ©@
other PFOSA N
Perfluorooctane sulfonic acid (PFOS) Perfluorooctane sulfonic acid (PFOS)
common buzzards (United Kingdom) harbour seals (Germany)
0 1400
g 300 3 1200
= 2
P 250 & 1000
g 200 E 8oo
=} =}
2 150 E Goo
: 2
g 100 § 400
g g =00
3 so g
(o]
o 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 .
sampling years

Sampling years



CONnECT

Sampling

HRMS analysis

éOSPAR generic sample preparation

complementary
chromatographic techniques

data treatment

@ wide-scope target screening

>2,500 chemicals

suspect screening

)

environmental risk assessment
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TerraChem

.
/

¥ TerraChem

——> 6 case studies (different terrestrial food chain) + 1 pan-European case study (barn owl)
| environmental samples from different trophic levels

v' Wide-scope target analysis of >3,500 environmentally relevant organic pollutants
v" Suspect screening of >100,00 chemicals

v GC-MS/MS for the determination of priority pollutants

v" elemental analysis using ICP-MS

) X o e o . ‘\
7: — ﬁ in-silico tools for the pFGdlCthIl of the toxicity, ff‘_ \\
— hazardous properties and fate of these L \

chemicals in the terrestrial environment

Barn owl Tyto alba Beech marten Martes foina
1 Dekker © 2023 G, Any, CLAY.5A 4 vio Wikimedio Commons. €. Brick, G 8Y-54 4.0 via Wikimedia Commons




Toxicity prediction models

g Tox Daphnia Magna Selenastrum capricornutum

T S (R2fitting= 0.920 and R%test= 0.831 (Algae)
I/ I \V I n=2174 end points) ‘ (R?fitting= 0.865 and R2test= 0.759

Version 1.0

n=538 end points)

ToxTrAMS v1.0 (acute and oral toxicity

assessment toolbox) Pimephales promelas (Fish)
s = X (R*fitting= 0.982 and R?test= 0.839 Oral |_D50 in rat

n=5333.end paints) (Rfitting= 0.821 and R2test= 0.789
n=5743 end points)

©  Chemical Space (Safe)
Max. leverage (Training set)
— =— = Critical h*
— = — Max. distance

® MR O svu
O Daphnia Magna 48 hrs @ Oralrat LDS0

@ Pimephales promelas 96 hrs

@ Tetrahymena pyriformis IGCS0 48hrs

@ Pseudokirchnerielia subcapitata 72 hrs (Algae

Tetrahymena pyriformis

(R*fitting= 0.902 and R?test= 0.856 ,
Environmental

n=1053 end points) Science
Processes & Impacts

% % % % % % % % % % % % % %% I Ca\n:uiale

ToxTrAMS is runing now...

% % % % % % % % % % % % % % %
Batch mode is selected.

% % % % % % % % % % % % % % %

CHEMISTRY

Normalized mean distance

o

Regression method is selected.
% % % % % % % % % % % % % % %
Name/ Exp. Tox./ Pred. Tox.

@grm.\w Prediction of acute toxicity of emerging
contaminants on the water flea Daphnia magna by

impocts, 2017, 19,438 Ant Colony Optimization—Support Vector Machine
QSTR modelst

Leverage values

Export for ChemSpace I Export for AD

Che this: Envwon. Sci- Aocesses

Reza Aalizadeh,” Peter C. von der Ohe® and Nikolaos S. Thomaidis**



Toxicity prediction models

ToxATI; Open source R and Python-based app to perform in silico risk characterization and env1ronmental fate ana1y81s towards

more than 105 end points @) S0l mmin ik wan A7, e e g @ Sumn s s s | S
variegatus egypt Apis Mellifera] OF NAXAIOuS: Enter the SMILES of 0d here:
chemical Sk (Eisenia Fetida) A Slightly hazardous to water: 100% L'" ';r P 1 ":m:w :
calculation NN / “ ¢ Hazardous to water: gs; o e
g '\ Extremely hazardous to water: 0% Select rules for TPs analysis
11 4.1 Y450 Ervironmental Microbial - o
Americamysis Bahia 864 mall o587 1. o S i i T Calculate all 105 end points for
S Saltwater Amphibian i Insects Skeletonema 5 .
& 5 e SOl Preda TPy predicted TPs and assign them
9.16 mg/L 2 Amax (solvent) = ahti i si
Artemia Salina S Chemical Structure: H,0: 3270m | 1oy Types v as weight in network analysis
E = ACN: 206 nm 335.37 gL
537.85 mg/L 3 B THF: 311 nm 5 TPs a Q
Hyalella Azt o N Nt EtOH: 377 nm Anabaena . ¢ i - "
wolesrtea | 8 Y rssivt Al Blue Green_38 second/multiple 3 hie TPs first
) ) v LN i\ s
s I DASO: 208 e 2 rules generation generation
108.64 po/L 0 : 351 am © 605.93 pglL
Tetrahymena E:":':;;; m i
3 o . nm emna
Fystiosns Hexane: 294 nm
— | Acetone:392 nm
= Umwelt Natonal and Kapodistrian Gibba: 121 mg/L
[ Chloroform: 321 nm
1GCy,(48 hours): . UNIVERSITY OF ATHENS .
PIGCsol urs):-0.39 : Yale University | Cyclohexane:313 nm Minor: 29542 HolL
Aliivibrio fischeri & L ~ 1,4-Di 394 nm Pseudokirchneriella Subcapi
s Abraham Solvation Equation
Desc. A:0.713 Desc.B:0829 Desc.E:123 Desc.L:G2 Desc.S:1.1 Desc.Vi118 g g ~ '
. -~ B
~ Chemical Smell © ) -
IBC50= 213.31 mg/L Fruity:6.9% Floral: 0%  Woody:0%  Green Gnssv 91% Meaty Sulfurous: 0% g 72 hours: 574 38 pg/L ucess
\ Fatty: g5,  Nutty:gs,  Minty: oo, Faint &b 0% % £ Daphnia Magna Gammarus Q- K
lycine < @ Fasciatus —
i Chemical Tastant £ ” T s -
- { % Bi 100% i % 0% It 0% f 29 o* srvson
)% N % iscell; (e.g. burning, tingling etc.):0% Chronic: 279 mg/L 390 . sTmssesy
: : 1 N
351 iAI Ib;acrer)d ch ical Propertles H 48 hours: 41.96 mg/L mg/
ea Ma d NTVO00
. - ys MW: 151 1 Liver Injury: Unsafe (Prob= 99 8%) Oncorhynchus Mykiss Dwubh laphnia
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