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VANDALF

95-99% 
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1-5% identified 
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Aim: 

Identification of 

high-risk Chemicals of Emerging Concern (CECs) 

in wastewater effluent

How:

combination of non-targeted chemical 

and toxicological fingerprinting



Virtual Effect-Directed analysis (VEDA)

• VEDA: reducing the complexity of mixture components via multivariate statistics 

 calculation of toxic units (TU) combined with non-target analysis 

 identify compounds that co-vary with biological effects



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)
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Case study: Wastewater samples in Denmark

54 samples collected in Denmark

Raw 

wastewater

Primary 

sedimentation

Biological 

treatment

Secondary 

sedimentation

Sludge 

treatment

Surface 

water



Toxicology tests- target data not enough to explain toxicity

target compounds contribution to algae 

toxicity in wastewater samples

Based on concentration and known literature about 

toxicity 

 Toxic unit calculation

 74 % of the toxicity can not be 

explained by the 75 detected target 

compounds



Why are so many unknown compounds in the wastewater?
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Influent vs. Effluent

Influent

Effluent



Target and suspect screening (wastewater effluent)

Fexofenadine

Cetirizine
Citalopram
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Losartan
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 Thousands of compounds- other approaches are needed for compound prioritization: 



Prioritization of compounds by Non-target screening
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Identification of transformation products; example DEET

formation 10

stable 
<50%

152

degradation 
50 % - 90 %

degradation 
> 90 %

257

293

9040 715 491

Influent Effluent

high

low

Example: DEET

Degradation

= mineralization?

No! Transformation

Detected only in effluent samples (=formed in WWTP)

Which compounds are 

degraded?



Stable compounds- identify specific sources
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Melitracen- antidepressant (not usual described)

 Why detected only in WWTP A? Psychiatric hospital?

 R&D department of producer in catchment area

 Going back into the data (retrospective) to search for more 

of the chemicals this company is producing

NTS list

3 antidepressants, all produced by the 

same company- coincident?

 concentration?? Risk??



Overview about the current status of identified 

compounds

Around 250 compounds identified

 Most of them are pharmaceuticals

 Copenhagen area more drugs of abuse detected

 Fyn more pesticides detected

 PFAS only in one WWTP detected

 Identification ongoing…
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Differences between Fyn and Copenhagen



Are the identified chemicals a risk?

 Data about toxicity available? 

Gap in toxicity data for uncommon reported compounds-

VEDA approach in VANDALF chance to increase toxicity knowledge

 Known concentration?

Not for suspect and non-target compounds. Can be determined in a subsequent step, if 

analytical standards are available. If not: semi-quantification is needed

 Even without known concentration and toxicity- NTS can provide a fundament for 

decision making

European legislation defines the goal of achieving good ecological and chemical status of 

water bodies (Water Framework Directive)



Conclusion

• The number of chemicals in the environment is too high to capture them by target 

screening

 Different sources and transformation leads to high variety of compounds

• Suspect screening helps, but still constraint by specific compound classes you are 

looking for – TPs are often not included

• Non-target screening: prioritization strategy needed

• Overall picture (e.g. how many compounds degraded and formed), or identification of 

specific compounds possible

• Retrospective analysis possible
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Additional slides



Example transformation product (TP) detection

Fexofenadine Fexofenadine+Oxygen
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Influent Effluent



Example of identified TPs

Metoprolol Fexofenadine Losartan


