
Bioassay Science and Policy Forum 
BLUE WATER 2022

Program

16:00 to 16:05 - Introduction about “Bioassay Science and Policy Forum”

16:05 to 16:10 - Dutch Bioassay BLUE Water Strategy (Dr. Tessa Pronk, KWR)

16:10 to 16:15 – Australian bioassay experiences (Dr. Anu Kumar, CSIRO)

16:15 to 16:20 – Toxicity profiling of wastewater (Dr. Heidi Schaar, TU Vienna)

16:20 to 16:25 – PFAS water monitoring (Harrie Besselink, BDS)

16:25 to 16:30 – Antibiotic water monitoring (Dr. Tjalf de Boer, MLS)



Assay
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Dioxins/PCB (Food) 1993 1995 2005 1995 2001 2001 2001 8

Dioxins (Water) 1993 2017 2012 2005-NL 2023-ISO 29

Estrogens (W) 1998 2000 2006 2001-NL 2018-ISO 24

Anti-Androgens (W) 2005 2008 2006 2020-OECD 17

Glucocorticoids (W) 2005 2008 2006 17

Genotoxicity p53 (C) 2010 2014 2012 12

Ox. Stress Nrf2 (C) 2010 2014 2012 12

PXR (W) 2014 2019 2016 8

PAH (C) 2013 2014 2007 9

PFAS (W) 2020 2021 2021 2000 2

Bioassay Science & Policy Development: 
Mission & Milestones 

Others: [ECVAM DB-ALM Nr. 197 (2013; rev. 2019): Automated CALUX bioassay];  [Japan IS 463 & US-EPA 4435: Dioxins soil-sediment]
EU application projects: Difference 2005; Techneau 2006; FaceIt 2007; Demeau 2012;  AquaNes 2016; Promisces 2021





A Bioassay-track to determine
waterquality in five classes

Sleutelfactor toxiciteit 2

Tessa Pronk (KWR water)

8 april 2022 Blue water meeting BDS 4

Very good Bad

With work of oa Milo de Baat (KWR), Sanne van den 
Berg (WenR), Leo Posthuma (RIVM), Ron van der Oost 
(Waternet), Milou Dingemans (KWR)



The ‘Bioassay-track’ is embedded in a framework; 
from drivers of pollution to abatement measures 



Bioassay-track (incl. background 
providers and protocols)

Waterquality
Specific

chemical

groups

Structural

monitoring

Custom-set Base-set



Base-set: Waterquality in five colours

Colours based on distance
from ‘Trigger value’

Good Measures



Custom-set: selection

- Per chemical

- Provides most sensitive mode of action and CALUX Analogue



Conclusion

• Base-set for monitoring

• Custom-set for specific chemical groups

• Interpretation / selection: application

• Embedded in framework (‘Status’ and ‘Impact’ part)

• Perfect? Improve via ‘Community of Practice’ 

• Further experience is needed



Australian bioassay experiences 

Dr. Anu Kumar

Leader Environmental Toxicology and Chemistry Team

Land and Water Business Unit 

AUSTRALIA’S NATIONAL SCIENCE AGENCY CSIRO

Adelaide









Toxicity profiling of wastewater treatment 

Bioassay Science und Policy Forum“  7 April 2022
 BLUE WATER

Heidi Schaar, Norbert Kreuzinger

TU Wien



Why bioassays in the field of wastewater treatment?

Wastewater is such a complex environmental sample that  chemical 
analysis alone cannot reveal its chemical burden…

Current revision of 
the UWWTD 
recognizes that 
development

Source: 
CAS & N. Kreuzinger

2022  194 Mio.

1991 (EU Urban 
Wastewater Treatment 

Directive)  10 Mio.



Our reasons for the application of in vitro bioassays

• assessment of treatment technology (“product”/effluent quality)

– conventional (= biological) treatment 

toxicity integrated in a currently discussed UWWTD revision 

– advanced treatment implemented for micropollutant abatement

• assessment of process performance (treatment efficiency)

 two approaches

– decrease in toxicity

– comparison with environmental effect-based trigger values (EBT)

• future compliance assessment

– EBTs as treatment goals ?
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Our experience with in vitro bioassays

• investigated treatment technologies

– conventional wastewater treatment according to BAT (best available technology 
in Austria: C / N / P removal) 

– advanced treatment 

• ozonation / ozonation & activated carbon treatment

• new powdered activated carbon-based product 

• (surface water)

• future plan wastewater of industrial park
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Conventional wastewater treatment CALUX RESULTS
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For results below LOQ: 
LOQ was taken as „result“

1. anti-estrogenicity: 
all  results < LOQ

2. androgenicity:
all effluent results < LOQ

3. dioxins:
13/18 samples < LOQ

4. genotoxicity:
all samples < LOQ

bioanalytical equivalent concentrations [mg/L]

0,000001 0,00001 0,0001 0,001 0,01 0,1 1 10 100 1000 10000

estrogenicity     influent
effluent

EBT (min-max)
blank

anti-estrogenicity     influent
effluent

EBT (min-max)
blank

androgenicity     influent
effluent

EBT (min-max)
blank

anti-androgenicity     influent
effluent

EBT (min-max)
blank

dioxin activity     influent
effluent

EBT (min-max)
blank

PAH     influent
effluent

EBT (min-max)
blank

genotoxicity     influent
effluent

EBT (min-max)
blank

cytotoxicity     influent
effluent

EBT (min-max)
blank

oxidative stress     influent
effluent

EBT (min-max)
blank

influents effluents EBT minimal EBT maximal blank

1

2

3

4



Advanced treatment CALUX RESULTS

multibarrier system (one-year sampling campaign)
CAS... effluent conventional treatment > LOQ

O3 ... effluent ozonation > LOQ

GAC... effluent activated carbon > LOQ

< LOQ: no fill colours 

Results after advanced treatment

• ERαmostly < LOQ & EBT

• anti-AR  < LOQ & EBT

• cytotox < LOQ 

• major decrease by O3  beneficial multibarrier effect 
hard to demonstrate
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Advanced treatment RESULTS ctd.

Results for oxidative stress, PAH and PXR 

 (slight) decrease, but EBT still exceeded
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OVERVIEW  removal during advanced treatment
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Literature

Conventional treatment

 Projekt report (in German)

https://info.bmlrt.gv.at/dam/jcr:e813d086-8b30-4d9d-bb03-
2a1996aeb669/Projektbericht_Biologische_Wirktests.pdf

Advanced treatment (ozonation + activated carbon)

 publication (open access)

https://doi.org/10.3390/w13223245

22

https://info.bmlrt.gv.at/dam/jcr:e813d086-8b30-4d9d-bb03-2a1996aeb669/Projektbericht_Biologische_Wirktests.pdf
https://doi.org/10.3390/w13223245


PFAS Water Monitoring using PFAS CALUX

Dr.Ir. Harrie Besselink

Director Product and Application Unit

BLUE WATER 2022



PFAS CALUX analyses

Step 1: Incubation (TTR competition) 

Step 1

Step 2: Separation TTR-bound and free T4 / compound (Biogel P6DG)

Step 2 Step 3

Step 3: TRβ CALUX analysis



PFAS CALUX REPs

PFAS CALUX
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Behnisch et al. 2021



Extraction of PFAS

Separation on WAX-SPE column

Condition OASIS-WAX column
• 4 ml MeOH with 0.1% NH4OH

• 4 ml MeOH

• 4 ml ultra-pure water

and transfer water to

OASIS-WAX column
0.5 – 1 liter water

Evaporate under nitrogen

And reconstitute in DMSO
• 15-50 µl

Elute PFAS from

OASIS-WAX column
• 4 ml MeOH with 0.1% NH4OH

Wash OASIS-WAX column
• 4 ml 25mM NH4Ac (pH 4)

• 8 ml THF:MeOH (75:25) (v/v) 



Comparison PFAS CALUX vs LCMS
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Green Deal Zero Pollution



MicroLife Solutions BV
Science Park 406
1098 XH Amsterdam
The Netherlands



MicroGLO Bioassay make use of bacterial bio-luminescence



MicroGLO reporter assays
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TETlux Protein synthesis inhibition (detects Tetracyclines)

SOSlux Reporter that detects DNA damage (detects Quinolones) 

BLAlux Cell wall synthesis inhibition (detects Beta-lactams)

MAClux Protein synthesis inhibition (detects Macrolides)

SULFlux Inhibition of folate synthesis (detects Sulfonamides)

CYTOlux General toxicity and growth inhibition

Principle Measured Results

Antibiotics bioassays

• Reproducible results

• Fast (2 hrs. exposure)

• On-site potential



MicroGLO unique properties

Transform of pTETlux OLD vs MG1655 values
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Antibiotic compound screening

Compound Assay Active?

Penicilline-G BLAlux yes

amoxicilline BLAlux yes

Ampicilline BLAlux yes

Cefazolin BLAlux no

Cefquinome BLAlux no

Cefoperazone BLAlux yes

Ceftiofur BLAlux no

Dicloxacillin BLAlux yes

Nafcillin BLAlux maybe

Oxacillin BLAlux yes

Cefalexin BLAlux yes

Penicilline-V BLAlux yes

Cefalonium BLAlux yes

Compound Assay Active?

Sulfamethoxazole SULFlux yes

Sulfadiazine SULFlux yes

Sulfademethoxine SULFlux yes

Sulfadimidini SULFlux yes

Sulfamethiozole SULFlux yes

Sulfamerazine SULFlux maybe

Sulfamethoxypyridazine SULFlux yes

Sulfapyridine SULFlux yes

Sulfisoxazole SULFlux yes

Sulfaquinoxaline SULFlux yes

Sulfatihazole SULFlux yes

Trimethoprim SULFlux yes

Compound Assay Active?

Erythomycine MAClux yes

Lincomicin MAClux yes

Spiramycin MAClux maybe

Tylosin MAClux yes

Valnemulin MAClux maybe

Compound Assay Active?

Tetracycline TETlux yes

Doxycycline TETlux yes

Oxytetracycline TETlux yes

Chlorotetracycline TETlux yes

Compound Assay Active?

Ciprofloxacine SOSlux yes

Danofloxacin SOSlux yes

Difloxacin SOSlux yes

Enrofloxacine SOSlux yes

Norfloxacine SOSlux yes

Flumequin SOSlux yes

Nalidic acid SOSlux yes

Marbofloxacin SOSlux yes

Oxolonic acid SOSlux yes

Sarafloxacine SOSlux yes

BLAlux (beta-lactams)

TETlux (tetracyclines)

SOSlux (quinolones)

MAClux (macrolides)

SULFlux (sulfonamides)

Next:

- Redo “maybe’s”
- Calculate potency



Case study EMERCHE project

• Experimental containers (~500L) were spiked 
with sulfamethoxazole (among others)

• 4 sulfamethoxazole (SMX) concentrations

• Sampling after two weeks (1L.) and extracted 
using SPE HLB-OASIS

condition SMX (ug/L)

control 0

SMX_0.1 0.2

SMX_1 2.0

SMX_10 20.0

SMX_100 200.0

SULFlux induction (in % of pos. control)



Influence of suspended particulate matter (SPM) on MicroGLO
Testcase for SOSlux:  

• Influence of SPM material on extraction and 
subsequent MicroGLO analysis of antibiotics

• Quinolone antibiotics:
• Levofloxacin (20 ug/L)

• Water spiked with antibiotics, SPM and a 
combination of both

• SPE HLB oasis and SOSlux analysis 

SOSlux
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Influence of suspended particulate matter (SPM) on MicroGLO
Testcase for SOSlux:  

SOSlux
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Condition Result LOQ Unit

AB 17.51 0.07 µg Ciprofloxacin eq./L processed water

AB 20.90 0.07 µg Ciprofloxacin eq./L processed water

AB 14.61 0.07 µg Ciprofloxacin eq./L processed water

AP + SPM 4.28 0.07 µg Ciprofloxacin eq./L processed water

AP + SPM 11.61 0.07 µg Ciprofloxacin eq./L processed water

AP + SPM 2.97 0.07 µg Ciprofloxacin eq./L processed water

SPM <LOQ 0.07 µg Ciprofloxacin eq./L processed water

SPM <LOQ 0.07 µg Ciprofloxacin eq./L processed water

SPM <LOQ 0.07 µg Ciprofloxacin eq./L processed water

Final results


