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CONTAMINANT FINGERPRINTING STRATEGIES
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What is a chemical fingerprint?

Human Fingerprint

 Impression of the underside of the 

end of a finger, used for 

identification 

 The arrangement of ridges is 

thought to be unique and 

permanent with each person 

 No two persons with the same 

prints have ever been found 

Chemical fingerprint

 A unique chemical pattern

 Used to determine the identity of 

emerging contaminants, mixture 

of pollution sources, effects of 

bioremediation initiatives etc.

 Not necessarily permanent
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What is non-target screening?

…and what is it not? 

Target 

(screening)

Suspect

screening

Non-target

screening 

(NTS)

There is not one “fingerprint” to rule them all

 Detect

 Identify

 Quantify



Chemical fingerprinting workflow
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Analytical methods

Existing regulation

Mobility

6

Detected chemicals

Reemtsma, T. et al., Mind 

the Gap: Persistent and 

Mobile Organic 

Compounds—Water 

Contaminants That Slip 

Through. Environmental 

Science & Technology, 

2016. 50(19): p. 10308-

10315.

You only find what you look for!
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CHEMICAL PLATFORMS



Chemical platforms

Target screening : 

quantification of 

known EDCs

Suspect screening:

Identify compounds by 

comparison with 

databases

Non-target screening:

Identifying unknowns by 

prioritization



SFC – benefits for analysis of PMTs
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Wastewater effluent extract (50 times enriched)

- triplicate injection and blank filtered

 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 – expecting also the more polar 

compounds

90 % of all 

compounds



2D-GC and 2DLC: Increase in resolution 

of complex mixtures

Why do we use 2D GC?

 Baseline separation of compounds in complex 

samples by conventional 1D-GC can be very 

challenging

 Identifications and quantification becomes very 

difficult, as mass spectra become confounded



 Two separational columns, with orthogonal 

separational mechanisms, are coupled via a 

modulator

 The modulator traps and rapidly reinjects 

fractions of the 1st dimension columns eluent 

into the 2nd dimension column, at fixed intervals

 Separation of each fraction occurs in the matter 

of a few seconds, on the short 2nd dimensional 

column

Increase in resolution of complex 

mixtures (2D-GC)



A wide range of contaminant fingerprints 

Effluent wastewater (500 times enriched)

Influent wastewater (50 times enriched)Sediment extract

Percolate water from landfarm

Without derivatizationWith derivatization
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SIGNAL PROCESSING (‘THE MISSING LINK’)

OR VERY ERROR-PRONE



Computer vision a manifestation of Artificial Intelligence (AI)



Feature detection: Machine learning and AI

Peak detection Peak matching

Retention time 

alignmentPeak table

Raw data

Peak integration

Peak filling

XCMS – Smith et al. Anal Chem 78, 779 (2006)
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PEAK ANNOTATION AND COMPOUND

IDENTIFICATION



 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)

NORMAN Database System (norman-network.com)

Compound identification: Suspect screening lists

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


“UCPH” workflow

Identification of suspects and unknowns



”UCPH workflow for SS/NTS”

The use of prioritization tools to focus on 

relevant compounds
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COMPOUND QUANTIFICATION: IMPROVES RELEVANCE

OF SUSPECT SCREENING AND NTS



Peak intensities ≠ Concentration

Relevant molecular descriptors 

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

Strategies to estimate concentrations (response factors).

Closest eluting reference compound

Similarity (Assumption that parent compound and transformation product has same ionization efficiency)

Modelling (e.g., QSPR)

Example of model:  

Best model so far: On average within a factor 2

(generally within a factor 10)
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Concentrations of suspects and non-targets



Workflow for determination of concentrations of 

suspects and non-targets without reference standards

Thanks to Anneli Kruve



Workflow for determination of concentrations of 

suspects and non-targets without reference standards

Thanks to Anneli Kruve



Be careful with quantification biases: 

Matrix effect correction

Pre-column injection:

Sample (wastewater) 

Post-column infusion (flow):

Specific compounds

Pre-column

time (min)

p
e
a
k
 a

re
a

0 5 10
0

5100 4

1100 5

2100 5

blank

Post-column

effluent 

effluent

time (min)

p
e
a
k
 a

re
a

0 5 10
0

5100 4

1100 5

2100 5

effluent (500)

blank
wastewater

blank
Matrix effect =

Effluent- Blank
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QUALITY ASSURANCE AND QUALITY CONTRO: 
RETROSPECTIVE ANALYSIS



Method for chemical analysis

- column, program, MS ionization…

Quality control and quality data

- QA/QC samples, replicates, maintenance procedures

Comparison of results across different

instruments and methods

Quality assurance and retrospective analysis



Quality assurance and retrospective analysis

All samples

Blank samples (lab and field)

Quality control sets

Training set

Standard solutions, 

matrix spike etc
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RECENT EXAMPLES OF SS AND NTS



2

9

Vandalf (2019-2024)

Linking of Chemical and Toxicological Fingerprints

Method: Virtual Effect Directed Analysis (VEDA), using 

chemometrics to link chemical and toxicological 

fingerprints identifying groups of chemicals causing 

toxicity

Focus matrix: Wastewater

95-99% 

unexplained 

toxicity

1-5% identified 

Toxicity
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1: Linking of Chemical and Toxicological 

Fingerprints (VEDA)



1: VEDA in the VANDALF concept

Representative 

sampling

Chemical 

fingerprinting

Toxicology tests

Data analysis

Prioritization list of

most toxic compounds

VEDA Approach 

(Virtual Effect Directed Analysis)

https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiVhaOCq_3aAhVO16QKHY1JDUUQjRx6BAgBEAU&url=http://www.biofos.dk/&psig=AOvVaw1RKJlc4SD3w0l28aIkNCB6&ust=1526116973522320
http://greenbookblog.org/wp-content/uploads/2013/01/finding-a-needle-in-a-haystack.jpg


1. VANDALF (from Target to NTS of wastewater)

Non-target screening



2. Advanced oxidation processes 



2. Advanced oxidation processes 



2. Advanced oxidation processes 



3. NTS of main contaminants in a drinking water 

distribution system



4. Migration from materials



4. Results new reusable plastic bottles

Production chemicals-flushed away easily

Production chemicals-persistent/leaching

Production- slowly flushed away

After 

dishwasher

After 

additional 

flushing

New 

purchased 

bottle

Each line represents one chemical (2000 chemicals presented here)

dishwasher soap chemicals-

flushed away easily

Dishwasher soap chemicals- sticked



Photoinitiators were the dominant group 

for high confirmed toxicity:

Irgacure 369 well-known for endocrine 

disrupting effects

4-methylbenzophenone carcinogenicity, 

reproductive toxicity

Toxicity estimated by Cramer 

rules (predicted toxicity based on 

structure) and literature review

 no concentrations were determined 

so far- risk of the compounds 

unknown!

4: Estimated toxicity for the sum of the 42 

identified compounds



NON-TARGET SCREENING - ENDLESS

POSSIBILITIES BUT WITH CAUTION

1. SS/NTS is not one universal method – there is always a target

2. QA/QC is challenging and hardly comparable between laboratories – inter-

comparison exercises

3. Specific questions would make the NTS more valuable. Prioritisation of 

compounds with high Persistency, Mobility, Toxicity?

4. Reliable identification of suspects and non-targets (1tr, 2tr, ms1, ms2, CCS). 

Take caution about false positives and false negatives

5. Reliable quantification without standards (of suspects and non-targets)

6. What about the detection limits?



THERE IS NOT…

detect all unknowns

V

quantify

fingerprint

fingerprint

fingerprint



NTS WORKSHOP: NOV 29-30. ODENSE

110 onsite participants

155 online participants

…from 26 countries
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