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What is a chemical fingerprint?

Chemical fingerprint

Human Fingerprint
C A unigue chemical pattern

C Impression of the underside of the _ _ _
end of a finger, used for ¢ Used to determine the identity of

identification emerging contaminants, mixture
of pollution sources, effects of

G The arrangement of ridges Is bioremediation initiatives etc.

thought to be unique and _
permanent with each person G Not necessarily permanent

C No two persons with the same
prints have ever been found so00}

28 30 32 34 38 38 40 42
Retention Time {min)
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What is non-target screening?

éand what 1 s 1t not?
There 1 s not on Nnfinger
¢ Detect
C Identify

¢ Quantify
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Chemical fingerprinting workflow

Annotated

peak list

Peak , Compound
annotation identification

Compounds

Protocol

Biological
inter-

Signal
processing

Data

Sample ’
acquisition

preparation

ID

Relevant analytes?
Raw data

Samples Peak list




You only find what you look for!

GC (n = 255)

Analytical methods

Detected chemicals

— —

RPLC (n = 181)

# Substances detected in DW & GW

8 7 6 5 4 -3 -2 -1
IngD.,,., {pH ?.4}

Stockholm POP (n = 106)

Existing regulation

— |

EU priority substances (n = 76)

— |

EU wafch list (n = 17)
| —

8 -7 6 5 4 3 2 14 0 1 2 3 4 5 6 7 8
logD,,, (pH 7.4)

Reemtsma, T. et al., Mind
the Gap: Persistent and
Mobile Organic
Compoundsd Water
Contaminants That Slip
Through. Environmental
Science & Technology,
2016. 50(19): p. 10308-
10315.

Mobility
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Chemical platforms

-
)

volatility

Target screening :
guantification of
known EDCs
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Suspect screening:

o

Ildentify compounds by
comparison with

Concentration /mg L™

Non-target screening:

Identifying unknowns by databases
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SFC 1 benefits for analysis of PMTs

Wastewater effluent extract (50 times enriched)

- triplicate injection and blank filtered

90 % of all
compounds

Number SFC compounds

L1000 >
5
1750 @ G
s
0O

[500 o
o
s G
©
L2250 ©
>
o
(7]
0

2300 compounds detected with SFC
and 1100 compounds detected with LC

90 % of all compounds are < m/z 483
for SFC and <m/z 655 for LC

Detection of more than double the number of compounds in SFC compared to LC

More small compounds are detected with SFC i expecting also the more polar

compounds




2D-GC and 2DLC: Increase In resolution
of complex mixtures

TIC (counts)

Why do we use 2D GC?

C Baseline separation of compounds in complex
samples by conventional 1D-GC can be very
challenging

C ldentifications and quantification becomes very
difficult, as mass spectra become confounded

%107

3

°;. . Mmmmm ..

3 294 25 26 07 208 29

retention time (min)

10 15 20 25 30 35 40
retention time (min)




Increase in resolution of complex
mixtures (2D-GC)

First dim column Second dim column
TR TR R - s —
modulator detector

C Two separational columns, with orthogonal
separational mechanisms, are coupled via a
modulator

C The modulator traps and rapidly reinjects
fractions of the 1%t dimension columns eluent
into the 2"d dimension column, at fixed intervals .

C Separation of each fraction occurs in the matter
of a few seconds, on the short 2" dimensional
column




A wide range of contaminant fingerprints

Sediment extract Influent wastewater (50 times enriched)

Percolate water from landfarm Effluent wastewater (500 times enriched)
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Computer vision a manifestation of Artificial Intelligence (Al)




Feature detection: Machine learning and Al

Raw data Peak detection Peak matching
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Compound identification: Suspect screening lists

Compound Cas-Nr Logkow Chemical formula Group LogD (pH 7.4) LogD (pH 5.5)

Clarithromycin §1103-11-9 3.2 (C38HE5NO13 Antibiotic 2.38 0.67

Erythromycin 643-22-1 0.9 (C55H103NO15 Antibiotic 1.69 -0.02

Sulfamethoxazole 723-46-6 0.9 CI0OH11N3035 Antibiotic -0.56 0.56

Sulfapyridine 144-83-2 0.4 CII1H11N3025 Antibiotic 0.4 0.47

Norfloxacin 70458-96-7 -1 CleH18FN303 Antibiotic 3 -3.18

Cirpofloxacin 85721-33-1 0.2 C17H1EBFN303 Antibiotic -2.23 -2.98

Clindamycin 18323-44-9 2.2 C18H33CIN205S Antibiotic 1.08 -0.57

Erythrocin 114-07-8 3.1 C37HBTNO13 Antibiotic 1.69 0.02

Sulfadiazine 68-35-9 -0.1 CI10H10MN4025 Antibiotic -0.79 -0.09

Trimethoprim 738-70-5 0.9 Cl4H1EN403 Antibiotic -1.15 -1.16
Chemical

1,3-Diphenylguanidine 102-06-7 3 (C13H13N3 industry 2.46 1.29
Chemical

1-Hydroxybenzotriazole 2592-95-2 0.7 CBeH5N30 industry 0.07 0.42
Chemical

2-Acrylamino-2-methylpropane sulfonate 15214-89-8 1.8 C7H13NOA4S industry -5.4 -5.28
Chemical

Benzyldimethylamine 103-83-3 2 C9H13N industry 0.35 -1.13

NORMAN Database System (norman-network.com)

Chem formula
(identifiers)

PubChem CID
(predicted RI)

Ref mass-spectra /
model-predictions

Polarity (LogD, Kow)
Volatility (BP, H)
Molecular descriptors
(volatility, polarity,

functional groups etc)

EC50, LC50 (OECD)



https://www.norman-network.com/nds/common/

Identification of suspects and unknowns

11. Increasing confidence score
Highest score is 100 (analytical standard), lowest score to report
is 10 (accurate mass in 5 ppm mass deviation range)

Example Identification confidence Minimum data requirements

Level 2: Probable structure
a) by library spectrum match MS, MS?, Library MS?
b) by diagnostic evidence MS, MS?, Exp. data

MS, MS?, Exp. data

.’-E;ﬁ;ﬁ;c-):-i { Level 4: Unequivocal molecular formula MS isotope/adduct
5’-155-57-5_';-! { Level 5: Exact mass of interest MS

#MMassBank

High Quality Mass Spectral Database

Level 1: Confirmed structure S MS2 RT Ref Std
wew, by reference standard M5, M55 RL.Beferencesio.

10 points: Chemical formula assigned
with accurate mass

— | Including matching isotope pattern and
adducts (A5 ppm)

30 points: matching library fragments
For TPs without library spectra: detecting
same main fragments as precursor or/and
main fragments with netto mass shift.

30 points: Retention time prediction in
_» | *2 min window

15 points possible for retention time
prediction + 3 min window

10 points: plausibility research
Indication for occurrence in wastewater by
literature

(for TPs: plausible precursor)

10 points: unique hit
There is no other relevant compound




The use of prioritization tools to focus on
relevant compounds

Data processing/
correction

£

A

[ twdrkflow ¥ 2 NJ

1. Analysis of samples in robust batch
QC, SQC and triplicate analysis of samples

2. Compound detection by vendor software
Including pre-filtering steps (initial threshold, peak shape..)

3. Triplicate, blank and unique filter
Occurring in 3 out of 3 replicates,
intensity > 50x SPE-blank, occurring >1 sample

4. Intensity drift correction
QCs measured continuously in the analysis sequence

{ { Kb ¢{

5. Filtering by relative standard deviation (RSD)
RSD< 20 % for triplicate injections of samples

6. Matrix effect correction
Retention time dependent matrix effect correction by TIC

7. Intensity and threshold correction between batches
SQC measured continuously in different sequences

8. Quality control by target compounds
Comparing results of target results with NTS results

é

M-

9. Prioritize compounds

a) Persistent compounds
e Effluent> 50 % influent

b) formed TPs
Net-mass-shift influent/effluent

Prioritization
|

L c) High intensity in effluent
— Peak intensity prioritization

Fig. 1. . Workflow used for compound identification. The blue boxes show the daf
improve data reliability. The red boxes show the prioritization workflow. The gre
colour in this figure legend, the reader is referred to the web version of this arti







Concentrations of suspects and non-targets

Peaki ntensities | Concentration

Strategies to estimate concentrations (response factors).

C Closest eluting reference compound
C Similarity (Assumption that parent compound and transformation product has same ionization efficiency)
C Modelling (e.g., QSPR)

Example of model:

clanalyte)
known
- c{analyte)

pe drea
IEpred - slope + interc SMILES Canalyte
CCN(CC)c1c 13
CN(C)c1cce( 0.03
CN(C)c1cce( 0.2
OC(=O)cicc 17
0.009
CN1CCCC1c 1123

slope, intercept

SMILES  Cansiye
CCN(CC)* 7
CN(C)c1ce 7
CN(C)clce 0.2
OoC(=0O)c1c 7

CN1cccc 7

IE prediction model

/ )

Relevant molecular descriptors

e.g.. H, N in molecule, pH, viscosity

Best model so far: On average within a factor 2

(generally within a factor 10)
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Workflow for determination of concentrations of
suspects and non-targets without reference standards

Malm et al. Molecules 2021

w\h J .

ZT

OH

22 pM

L

Thanks to Anneli Kruve

10

20 30

N
time

annelikruve@su.se




Workflow for determination of concentrations of
suspects and non-targets without reference standards

2 parent structurally close lonization lonization
@ .<| chemical similar eluting efficiency efficiency
110 standard standard Liigand etal.  Aalizadeh et al.
' L ]
1x10" ‘
e ...
1x10"
parent structurally close ionization ionization
chemical similar eluting efficiency efficiency
standard standard Liigand et al. Aalizadeh et al.

Thanks to Anneli Kruve




Be careful with quantification biases:
Matrix effect correction

Charge mmmmn

Competition wwm
exira charges 1

@%@@ j,,

STARBUCKS

: Cl‘ 472y qucucs Induces éuppressioh effécts
In electrospray ionization
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Quality assurance and retrospective analysis

Method for chemical analysis

- column, program, MS ionizationé

Quality control and quality data
- QA/QC samples, replicates, maintenance procedures

Comparison of results across different
Instruments and methods




Quality assurance and retrospective analysis
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1: Linking of Chemical and Toxicological
Fingerprints (VEDA)

Target analysis of
priority pollutants

> <

Vandalf (2019-2024) 95-99%

Linking of Chemical and Toxicological Fingerprints )
unexplained

Method: Virtual Effect Directed Analysis (VEDA), using
chemometrics to link chemical and toxicological
fingerprints identifying groups of chemicals causing
toxicity

toxicity

Toxicology-driven
non-target analysis

<

Focus matrix: Wastewater




1. VEDA in the VANDALF concept
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VEDA Approach
(Virtual Effect Directed Analysis)
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1. VANDALF (from Target to NTS of wastewater)

Water Besearch 219 (2022) 118599

Contents lists available at ScienceDirect

Water Research

£ -

ELSEVIER journal homepage: www.elsevier.com/locate/watres

From data to reliable conclusions: Identification and comparison of i
persistent micropollutants and transformation products in 37 wastewater
samples by non-target screening prioritization

Selina Tisler *°, Nikolina Engler ®, Mathias B. Jergensen °, Kristoffer Kilpinen *°,
Giorgio Tomasi®, Jan H. Christensen *
* Analytical Chemistry Group, Department of Plant end Environmental Science, University of Copenhagen., Thorvaldsensvej 40, Frederiksberg C, 1871, Denmark

* BIOFOS A/S, Refshalevej 250, Kpbenhavn 1432, Denmark
© Eurofins Miljp Denmark A/S, Ladelundvej 85, Vejen 6600, Denmark

ARTICLE INFO ABSTRACT

Keywords: In this study, micropollutants in wastewater effluents were prioritized by monitoring the composition of influent
Non-target sereening and effluent wastewater by liquid chromatography — high-resolution mass spectrometry (LC—HRMS) non-target
Wastewater . screening (NTS) analysis. The study shows how important data pre-processing and filtering of raw data is to




2. Advanced oxidation processes

Experiment 1

Experiment 2

LC-ESI-QTOF and SFC-ESI-QTOF analysis
Analysis in FSI+ and ESI-

Experiment 1 replicate filter:
Influent: occurs in 3 out of 3 influent
samples from the same site
TP: occurs in none of the 9 influent
samples (3 from 3 sites) and it at
least 2 effluent samples

S A
H:0; dosing: 15 ppm BAC 1-4
cpr [T W ]
W1, W2, W3 Effluent w2 Out BAC 4
s I3nﬂuen: ) A W1, W2, W3 (3 samples) ! ! |
X3 samples (3x3 samples) Oouw Out oOut Out
AOP BAC1 BAC2 BAC3
Wi"‘:\f;‘ A:\TVE 1°°° x “P'W“‘Pm“ﬁ"“?. Exp. 2: AOP+BAC 1000 x up-concentration:
With 75 % UE::"I' ht and | Solid phase extraction (SPE) with only W1 > Solid phase extraction (SPE) with
: '15 & g Hzgl? multi-layer cartridges, final methanal With 75 % UV light and multi-layer cartridges, final methanol
.15 or 50 ppm extract 15 ppm H202 extract
Analysis N —

v

Analytical replicate filter:
needs to occur in 3 out of 3 replicate measurements

N 7

Experiment replicate filter:
Influent: occurs in 3 out of 3 influent
samples
TP occurs in none of the 3 influents,
accurs in at least out AOP (and can occur
inout BAC 1-4)

. Blank filter: s
50 x higher than system blank L7
10x higher than SPE MQ blank
Data processing |
" Non-target screening (NTS)
U —— Compare unknown -
LC compounds compounds
Identification by suspect Increasing confidence B
Prioritize . screening RTP, MS/MS spectra, plausibility Identified
SFC compounds Matching mass (0.002 Da) investigation, compare with - E““;!g"-”"ﬁ :”-V?: ;
with databases or Pubchem analytical standard CHfidenceleve




2. Advanced oxidation processes

logarithmic peak intensity

Precursor

;table removed by remm\led by

H,0,/UV BAC TPs removed by BAC
i L

1

i
T | 1 L D

-
TPs notremoved by BAC

influent

after H,0,/UV
BAC 1

BAC 2

BAC 3

BAC 4




2. Advanced oxidation processes

Environmental Pollution 309 (2022) 119758

Contents lists available at ScienceDirect

Environmental Pollution

%,
5 s

ELSEVIER journal homepage: www.elsevier.com/locate/envpol

Non-target screening of micropollutants and transformation products for s
assessing AOP-BAC treatment in groundwater™

Selina Tisler ', Peter L. Tiichsen ", Jan H. Christensen "

* Analytical Chemistry Group, Department of Plant and Environmental Science, University of Copenhagen, Thorvaldsensvej 40, 1871, Frederiksherg C, Denmark

b Novafos, Blokken 9, 3460, Birkergd, Denmark

ARTICLEINFO ABSTRACT

Keywords: Standard monitoring programs give limited insight into groundwater status, especially transformation products
iifm (TPs) formed by natural processes or advanced oxidation processes (AOP), are normally underrepresented. In this

study, using suspect and non-target screening, we performed a comprehensive analysis of groundwater before
and after AOP by UV/H203 and consecutively installed biological activated carbon filters (BAC). By non-target
screening, up to 413 compounds were detected in the groundwater, with an average 70% removal by AOP.

Drinking water
Advanced oxidation
Ultrashort-chain PFAS




3. NTS of main contaminants in a drinking water
distribution system




