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From VANDALF: Linking of Chemical 
and Toxicological Fingerprints
to DAWN: Predicting removal 
efficiencies in the 4th treatment
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VANDALF project vision (2019-2024)

The overall vision of VANDALF is:

to develop and implement flexible and dynamic effect-
based tools to identify the chemicals causing the 
remaining 95‐99% of toxicity in effluent water.
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The VANDALF concept

Representative 
sampling

Chemical 
fingerprinting

Toxicology tests

Data analysis

Prioritization list of

most toxic compounds
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VANDALF sampling phases

Phase 2: Optimisation (spring 2021)
2 WWTP (NV & RD) – 58 samples:

4 influent samples
45 Effluent samples
9 Field blank samples

Phase 4: Validation
250 samples - Fall 2023  to Winter 2024

Phase 3: Test

Phase 1: Screening (summer 2020)
8 WWTP – 53 samples:

11 Influent samples
9 Mechanical treatment samples
26 Effluent samples
7 Field blanks

Capacity (PE)

1,000,000Lynnette (RL)

400,000Avedøre (RA)

350,000Damhusåen (RD)

385,000Ejby mølle (EM)†

48,300Odense NV (NV)†

30,000Odense NE (NE)†

20,000Otterup (OT)*

12,500Søndersø (SØ)*

Mechanical treatment, biological treatment, chemical treatment FeCl3
†contact filter, *lagoon filter

Nord VestDamhusåenWWTP
>4000Online

712Influent samples
35180Effluent samples 
312Container blanks
36Field blanks
~50210Total

Effluent

Blank 
samples

Influent
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VANDALF Phase 1 
From Target to NTS of wastewater

Demonstrated through sales data that 
wastewater-based epidemiology can 
reliably predict consumption patterns within 
the catchment area.
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VANDALF Phase 1 
From Target to NTS of wastewater
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Suspect screening analysis of GC×GC-HRMS data

BIOFOS

VCS

Pharmaceuticals, PCPs, Tyre Wear 
Compounds

Precursors, 
Antioxidants

VANDALF Phase 2 
Linking chemical and toxicological fingerprints
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AhR

AhR receptor effects are correlating with rain events and
chemicals from:
 farming (6 out of 7 are fungicides)
 rubber antioxidant (6 PPD, 6PPDQ) 
 vulcanization accelerator (DPG, benzothiazoles)
 fire-retardant (triphenylphosphate)
 Industrial/unknown (2,4-Di-tert-pentylphenol, hexylamine, 

umbelliferone)

Household chemicals, low/no degradation

Pharmaceuticals (allergic medication), drugs of abuse. 
Correlation not explainable

Pattern not explainable by rain or flow  all 
pharmaceuticals (strong painkillers, 
immunosuppressive drugs, anaesthetics) 
indicated hospital as source

ARago_MTS

Cytotoxicity is correlating to SS, TP, COD and 
etiocholanolone (steroid metabolite in urine) 

Household chemicals, easy degradable

Natural compounds 

AhR_MTS, Daphnia ARago

ERagoErago_MTS

Nrf2
Algae (correlates with phosphor)

WWTP 2

VANDALF Phase 2 
Linking chemical and toxicological fingerprints
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VANDALF Phase 2 
Linking chemical and toxicological fingerprints
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VANDALF
Treatment efficiencies

Expectations of a new urban 
wastewater directive in this 
connection there has been 

increased focus on 12 
pharmaceuticals

• Amisulpride
Diclofenac
Benzotriazole,
Carbamazepine,
Hydrochlorothiazide,
Methylbenzotriazole,
Citalopram
Metoprolol
Candesartan
Clarithromycin
Venlafaxine 
og Irbesartan

• Amisulpride
Diclofenac
Benzotriazole,
Carbamazepine,
Hydrochlorothiazide,
Methylbenzotriazole,
Citalopram
Metoprolol
Candesartan
Clarithromycin
Venlafaxine 
og Irbesartan

Removal of the 12 
focus substances 

fluctuates over time!
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VANDALF
Treatment efficiencies



Data-driven Assessment for 
Quaternary Wastewater 
Treatment

2025 – 2028

Industrial Postdoc by the IFD



Context for DAWN – Why focus on the Quaternary Treatment? 
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• EU’s revised Urban Wastewater Directive quaternary treatment by 2045 for plants serving ≥10,000 PE.                 
By 2033 first full-scale plants must be operational (≥ 150,000 PE).

• Quaternary treatments should achieve: average 80% removal of 6 out of 12 target MPs.

• International experience: Cost-effectiveness varies with process design—no one-size-fits-all solution.

Ianes et al. Water Res X (2025)
Directive - EU - 2024/3019 - EN - EUR-Lex

Switzerland: Ozonation / GAC Germany: PAC dominates 

Envidan (2025). Internationale erfaringer: 4. rensetrin



14
Ianes et al. Water Res X (2025)
Directive - EU - 2024/3019 - EN - EUR-Lex Envidan (2025). Internationale erfaringer: 4. rensetrin

Future:
Stricter limits for other substances
Focus on energy neutrality, carbon footprint and
circular economy

New treatments or configurations : need of a
deeper and efficient characterization that supports
scaling up!

Switzerland: Ozonation / GAC

The challenge of choosing the quaternary treatment

Germany: PAC dominates 
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Traditional approach for evaluating 
quaternary treatments at lab-scale:

- Limited MPs dataset
- Use of synthetic wastewater
- Use of one type of wastewater

Danish WWTPs (Vandalf project, Tisler et al. Water Res. (2022))

Broader screening of MPs: Non-target screening (NTS) 

Efficient and deeper evaluation of quaternary treatments

Large datasets of RE% for MPs → Input for prediction tools

Cordero Solano et al. Environ. Sc. & Tech. (2025)
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Assessment and modelling of quaternary treatment options  P1

Phases of the DAWN project

Assessment and modelling of quaternary treatment options  P1 Analysis of quaternary treatment dynamicsP2

Assessment and modelling of quaternary treatment options  P1 Analysis of quaternary treatment dynamicsP2 Pilot-scale treatment evaluationP3

Characterization : RP-LC-HRMS with NTS

Modelling to predict degradation and breakthrough behaviour
Comparison lab-scale data vs pilot data
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Example: Samples taken from a pilot filter with PAC in a WWTP –

Assessment of removal efficiency through NTS
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C
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Heatmap of the 836 detected features. Colour intensity represents feature abundance, where
red indicates intensities in the outlet the same as in the inlet and blue indicates lower intensity in
the outlet than in the inlet.
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PAC (T1)

No PAC

In the T1 sample, the RE% of the target 

compounds was high enough to comply with 

the UWWTD (Urban Wastewater Treatment 

Directive).

Example: Samples taken from a pilot filter with PAC in a WWTP –

Assessment of removal efficiency through NTS
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