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Major challenge: risk assessment of complex mixtures



Chemical

Monitoring complex mixtures
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• Analytical analysis

Analytical analysis vs biological monitoring

• Biological monitoring: effect-based

• Measures all active chemicals, including  
“unknowns”

• Effect in human cells 10th BIODETECTORS CONFERENCE

6-7 April 2017, Sorrento, Italy 



name basal line species pathway reference compound key reference

DR CALUX H4IIE rat dioxin receptor activation 2,3,7,8-TCDD Van Vugt 2013

PAH CALUX H4IIE rat dioxin receptor activation benzo-a-pyrene Pieterse 2013

ER CALUX T47D human estrogen receptor activation 17β-estradiol Legler 1999

ERalpha CALUX U2OS human estrogen receptor α activation 17β-estradiol Sonneveld 2005 OECD 2013

Anti-ERalpha CALUX U2OS human repression estrogen receptor α activation tamoxifen Van der Burg 2010a, OECD 2013

ERbeta CALUX U2OS human estrogen receptor β activation 17β-estradiol Van der Burg 2013

Anti-ERbeta CALUX U2OS human repression estrogen receptor β activation tamoxifen

AR CALUX U2OS human androgen receptor activation dihydrotestosterone Sonneveld 2005, OECD 2013

Anti-AR CALUX U2OS human repression androgen receptor activation flutamide Van der Burg 2010b, OECD 2013

PR CALUX U2OS human progesterone receptor activation progesterone Sonneveld 2005

Anti-PR CALUX U2OS human repression progesterone receptor activation RU486

GR CALUX U2OS human glucocorticoid receptor activation dexamethasone Sonneveld 2005

Anti-GR CALUX U2OS human repression glucocorticoid receptor activation RU486

TRβ CALUX U2OS human thyroid receptor activation T3 Piersma 2013, Van der Burg 2013

RAR CALUX U2OS human retinoic acid receptor activation retinoic acid Piersma 2013, Van der Burg 2013

PPARγ CALUX U2OS human PPARγ activation rosiglitazone Gijsbers 2011

PPARα CALUX U2OS human PPARα activation GW7674 Gijsbers, submitted

PPARδ CALUX U2OS human PPARδ activation L165041 Szalowska, in press

LXR CALUX U2OS human LXR activation GW3965 unpublished

kappaB CALUX U2OS human NFκB pathway activation TPA Piersma 2013, Van der Burg 2013

P21 CALUX U2OS human transcription of p21 inhibitor of cell cycle progression actinomycin D Piersma 2013, Van der Burg 2013

Nrf2 CALUX U2OS human activation of the Nrf2 pathway curcumin Van der Linden 2014

P53 CALUX U2OS human p53-dependent pathway activation actinomycin D Van der Linden 2014

genotox CALUX U2OS human p53-dependent pathway activation +/-S9 cyclophosphamide Van der Linden 2014

TCF CALUX U2OS human wnt/TCF pathway activation lithium chloride Piersma 2013, Van der Burg 2013

AP1 CALUX U2OS human AP1 pathway activation TPA Piersma 2013, Van der Burg 2013

HIF1alpha CALUX U2OS human Hif1alpha pathway activation cobaltous chloride Piersma 2013, Van der Burg 2013

ER stress CALUX U2OS human ERSE activation leading to endoplasmic reticulum stress tunicamycin Piersma 2013, Van der Burg 2013

• Sensitive quantitative assays  for  major hormonal systems and cell 

signalling pathways

• Adresses major types of toxicity 
(general toxicity, genotoxicity/carcinogenicity, endocrine disruption, reproduction, 

developmental tox, etc)

• More than 50 assays

• Agonism / antagonism   

• Metabolism (S9, phase I & II, steroidogenesis)

• Robust and specific: suitable for complex mixtures

• Data on > 400 chemicals

Overview  CALUX pathway-based reporter gene assays



SEEDING EXPOSURE DETECTION

Ready-to-seed frozen

96-well format

384-well format

Dilution series

(13/compounds) 

Luminescence

detection

High-throughput screening (HTP)
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selection bioassays

implementation in regulatory frameworks for risk assessment 

establishment of effect-based trigger values 

formal validation

development of standardized protocols

Implementation of effect-based bioassays in 

regulatory frameworks for safety and quality evaluation 
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Toxicity pathway Pertinent CALUX assay Health effects 

Xenobiotic metabolism DR CALUX 
PAH CALUX 
PXR CALUX 

Reproductive and 
developmental problems, 
interfere with hormone action 
and cancer 

Lipid metabolism PPARα-, PPARγ CALUX 
LXR CALUX 

Obesity and inflammatory 
diseases 

Hormone-mediated mode of 
action 

(anti)ERα- and ERβ CALUX 
(anti)AR CALUX 
(anti)PR CALUX 
(anti)GR CALUX 
RAR CALUX 

Tumor development 
Birth defects 
(Sexual) developmental 
disorders 

Reactive mode of 
action/genotoxicity 

P53-, P53 S9 CALUX Tumor development 

Adaptive stress response Nrf2 CALUX 
Hif1a CALUX 
TCF CALUX 
AP1 CALUX 
NFκB CALUX 
ESRE CALUX 
P21-CALUX 

Inflammation, organ toxicity, 
sensitisation and 
neurodegenerative diseases 

Cell viability/cytotoxicity Cytotox CALUX (10%, 50%) General toxicity 

 

Selection of bioassays
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WFD priority compound screening
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Toxicity pathway 

Xenobiotic metabolism 
           DR CALUX 
           PXR CALUX 

Lipid metabolism 
           PPARα CALUX 
           PPARγ CALUX 
           LXR CALUX 

Hormone-mediated MoA 
           ERα CALUX 
           anti-ERα CALUX 
           ERβ CALUX 
           AR CALUX 
           anti-AR CALUX 
           PR CALUX 
           anti-PR CALUX 
           GR CALUX 
           anti-GR CALUX 
           RAR CALUX 

Reactive MoA/genotoxicity 
           P53 CALUX (-S9) 
           P53 CALUX (+S9) 
           P21 CALUX 

Cell-signalling pathway 
           Hif1a CALUX 
           TCF CALUX 

Adaptive stress response 
           Nrf2 CALUX 
           AP1 CALUX 
           NFκB CALUX 
           ESRE CALUX 

Cell viability/cytotoxicity 
           Cytotox CALUX (10%, 50%) 

 



17a-ethinylestradiol

Aclonifen

Aldrin

Benzotriazole

Bifenox

Carbamazapine  epoxide

Carbamazepine

Cypermethrin

Dichlorvos

Diclofenac

Dieldrin

Endrin

Estradiol

Gemfibrozil

Heptachlor

Iopromide

Irgarol (cybutryne)

Isodrin

p,p'-DDT

Phenazone

Primidone 

Sulfamethoxazole

Terbutryn

Tetrachloroethylene

Trichloroethylene

Trimethoprim

1,2-Dichloroethane

4-n-octylphenol

4-tert-octylphenol

Alachlor

Atrazine

Benzene

Chlorfenvinphos

Chloroform

Chlorpyrifos-ethyl

DEHP

Dichloromethane

Diuron

Fluoranthene

Isoproturon

Lead chloride

Naphthalene

Nickel(II)chloride

Pentachlorophenol

Simazine

Trichlorobenzenes

Trifluralin

Anthracene 

Benzo(b)fluoranthene

Benzo(k)fluoranthene

benzo[a]pyrene

C10-13-chloroalkanes

Cadmium chloride

endosulfan

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclohexane

Indeno(1,2,3-cd)pyrene

Mercuric chloride 

methylmercury(II)chloride

Nonylphenol

PBDE 100

PBDE 47

Pentachlorobenzene

Tributyltin-hydride

AMPA

Bentazon

Bisphenol A

Dicofol

EDTA

Glyphosate

Mecoprop

Musk xylene

PCB118

PCB126

PCB128

PCB156

PFOS

Quinoxyfen

TCDD

Priority hazardous Priority Under review Others

WFD priority compound screening



ERα

Anti-AR

Anti-PR

PXR

DR/PAH

P53

Nrf2

Anti-GR

WFD priority compound screening
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Full panel of bioassays
Regulatory panel of 

bioassays
Panel of bioassays

- ERα, Erβ, anti-Erα, anti-Erβ

- AR, anti-AR

- PR, anti-PR

- GR, anti-GR

TRβ, TTR-TRβ, RAR

- DR, PAH, PXR

- P53 (-S9), P53 (+S9)

- Nrf2, ESRE

- PPARγ, PPARα, PPARδ, LXR

- Cytotox

- ERα, anti-AR, anti-PR etc.- ERα

- anti-AR

- anti-PR

- anti-GR

DR, PAH, PXR

- P53 (-S9), P53 (+S9)

- Nrf2

- Cytotox

Assessment of water quality

Broad range screening
Regulatory screening

(application of trigger values)
Relevant range screening

Selection of bioassay panel
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EU technical report (2014):  Aquatic Effect-based Tools
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Development of protocols for (waste)water analysis
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International validation
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Validation of ERα CALUX for inclusion in OECD TG455

Test chemical CAS no. coding coding 
    pre-screen comprehensive 

Dimethyl sulfoxide 
(DMSO; solvent) 

67-68-5 --- --- 

17β-estradiol    
(reference standard) 

50-28-2 --- --- 

Norethynodrel 68-23-5 SPC-1 AEP-1 
Bisphenol A 80-05-7 SPC-2 AEP-2 
Ketoconazole 65277-42-1 SPC-3 AEP-3 
meso-Hexestrol 84-16-2 SPC-4 AEP-4 
Coumestrol 479-13-0 SPC-5 AEP-5 
4-Cumylphenol 599-64-4 SPC-6 AEP-6 
Butylbenzyl phtalate 85-68-7 SPC-7 AEP-7 
Genistein 446-72-0 SPC-8 AEP-8 
p,p'-methoxychlor 72-43-5 SPC-9 AEP-9 
Diethylstilbestrol 56-53-1 SPC-10 AEP-10 
Spironolactone 52-01-7 SPC-11 AEP-11 
Reserpine 50-55-5 SPC-12 AEP-12 
Linuron 330-55-2 SPC-13 AEP-13 
Atrazine 1912-24-9 SPC-14 AEP-14 
Kaempferol 520-18-3 SPC-15 AEP-15 
Corticosterone 50-22-6 SPC-16 AEP-16 
19-Nortestosterone 434-22-0 SPC-17 AEP-17 
17a-Estradiol 57-91-0 SPC-18 AEP-18 
17a-Ethinyl estradiol 57-63-6 SPC-19 AEP-19 
4-tert-Octylphenol 140-66-9 SPC-20 AEP-20 
Etyl paraben 120-47-8 SPC-21 AEP-21 
Kepone 143-50-0 SPC-22 AEP-22 

 

Test chemical CAS no. coding coding 
    pre-screen comprehensive 

Dimethyl sulfoxide 
(DMSO; solvent) 

67-68-5 --- --- 

Tamoxifen         
(reference standard) 

10540-29-1 --- --- 

Apigenin 520-36-5 SPC-51 AEP-51 
17a-Ethinyl-estradiol 57-63-6 SPC-52 AEP-52 
Genistein 446-72-0 SPC-53 AEP-53 
Flutamide 13311-84-7 SPC-54 AEP-54 

Coumestrol 479-13-0 SPC-55 AEP-55 
Raloxifen HCl 82640-04-8 SPC-56 AEP-56 
Resveratrol 501-36-0 SPC-57 AEP-57 
Tamoxifen 10540-29-1 SPC-58 AEP-58 
4OH-tamoxifen 68047-06-3 SPC-59 AEP-59 
Chrysin 480-40-0 SPC-60 AEP-60 
Kaempferol 520-18-3 SPC-61 AEP-61 

 

Agonism

Antagonism

Plate 1

1 2 3 4 5 6 7 8 9 10 11 12

A

B C 0 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 PC

C C 0 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 PC

D C 0 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 PC

E SC TC 1- 1 TC 1- 2 TC 1- 3 TC 1- 4 TC 1- 5 TC 1- 6 TC 1- 7 TC 1- 8 N C

F SC TC 1- 1 TC 1- 2 TC 1- 3 TC 1- 4 TC 1- 5 TC 1- 6 TC 1- 7 TC 1- 8 N C

G SC TC 1- 1 TC 1- 2 TC 1- 3 TC 1- 4 TC 1- 5 TC 1- 6 TC 1- 7 TC 1- 8 N C

H

Subsequent plates

1 2 3 4 5 6 7 8 9 10 11 12

A

B SC TC 2 - 1 TC 2 - 2 TC 2 - 3 TC 2 - 4 TC 2 - 5 TC 2 - 6 TC 2 - 7 TC 2 - 8 C 8  ( max)

C SC TC 2 - 1 TC 2 - 2 TC 2 - 3 TC 2 - 4 TC 2 - 5 TC 2 - 6 TC 2 - 7 TC 2 - 8 C 8  ( max)

D SC TC 2 - 1 TC 2 - 2 TC 2 - 3 TC 2 - 4 TC 2 - 5 TC 2 - 6 TC 2 - 7 TC 2 - 8 C 8  ( max)

E SC TC x- 1 TC x- 2 TC x- 3 TC x- 4 TC x- 5 TC x- 6 TC x- 7 TC x- 8 C 4  ( EC 50 )

F SC TC x- 1 TC x- 2 TC x- 3 TC x- 4 TC x- 5 TC x- 6 TC x- 7 TC x- 8 C 4  ( EC 50 )

G SC TC x- 1 TC x- 2 TC x- 3 TC x- 4 TC x- 5 TC x- 6 TC x- 7 TC x- 8 C 4  ( EC 50 )

H

Plate 1

1 2 3 4 5 6 7 8 9 10 11 12

A

B C 0 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 V C

C C 0 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 V C

D C 0 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 V C

E N C TC 1- 1 TC 1- 2 TC 1- 3 TC 1- 4 TC 1- 5 TC 1- 6 TC 1- 7 TC 1- 8 PC

F N C TC 1- 1 TC 1- 2 TC 1- 3 TC 1- 4 TC 1- 5 TC 1- 6 TC 1- 7 TC 1- 8 PC

G N C TC 1- 1 TC 1- 2 TC 1- 3 TC 1- 4 TC 1- 5 TC 1- 6 TC 1- 7 TC 1- 8 PC

H

Subsequent plates

1 2 3 4 5 6 7 8 9 10 11 12

A

B SC TC 2 - 1 TC 2 - 2 TC 2 - 3 TC 2 - 4 TC 2 - 5 TC 2 - 6 TC 2 - 7 TC 2 - 8 C 8  ( max)

C SC TC 2 - 1 TC 2 - 2 TC 2 - 3 TC 2 - 4 TC 2 - 5 TC 2 - 6 TC 2 - 7 TC 2 - 8 C 8  ( max)

D SC TC 2 - 1 TC 2 - 2 TC 2 - 3 TC 2 - 4 TC 2 - 5 TC 2 - 6 TC 2 - 7 TC 2 - 8 C 8  ( max)

E C 4  ( IC 50 ) TC x- 1 TC x- 2 TC x- 3 TC x- 4 TC x- 5 TC x- 6 TC x- 7 TC x- 8 C 8  ( max)

F C 4  ( IC 50 ) TC x- 1 TC x- 2 TC x- 3 TC x- 4 TC x- 5 TC x- 6 TC x- 7 TC x- 8 C 8  ( max)

G C 4  ( IC 50 ) TC x- 1 TC x- 2 TC x- 3 TC x- 4 TC x- 5 TC x- 6 TC x- 7 TC x- 8 C 8  ( max)

H
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Antagonism

Validation of ERα CALUX for inclusion in OECD TG455
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10 - 1 2 10 - 1 0 10 - 8 10 - 6 10 - 4

10 - 1 2

10 - 1 0

10 - 8

10 - 6

10 - 4

participant A

participant B

participant C

Fit statistics EC50 ago 1 vs ago 2

Lab A Lab B  Lab D

slope 0.9843 0.9615 0.9921

y-intercept -0.0717 -0.3493 -0.1422

R-square 0.996 0.992 0.964

y=0.984x-0.0717 y=0.962x-0.3493 y=0.992x-0.1422

EC50 (log M) compr. 1

E
C

50
 (
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g
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 2

Agonism   Antagonism  

 %CV   %CV 

Log[EC50] 3.4  Log[IC50] 1.5 
Log[PC10] 3.0  Log[PC80] 2.8 

 

Agonism   Antagonism  

 %VCR   %VCR 

Log[EC50] 2.5  Log[IC50] 1.3 
Log[PC10] 2.3  Log[PC80] 1.6 

 

Agonism Lab A Lab B Lab D Antagonism Lab A Lab B Lab D

Overall accuracy (%) 96 96 100 Overall accuracy (%) 100 100 100

Sensitivity (%) 100 100 100 Sensitivity (%) 100 100 100

Specificity (%) 83 83 100 Specificity (%) 100 100 100

False positive (%) 6 6 0 False positive (%) 0 0 0

False negative (%) 0 0 0 False negative (%) 0 0 0

Positive predictivity (%) 94 94 100 Positive predictivity (%) 100 100 100

Negative predictivity (%) 100 100 100 Negative predictivity (%) 100 100 100

Concordance of classification (ERα CALUX vs ICCVAM) 

OECD TG455 - results
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12 CALUX labs & 6 countries & 6 water samples

formal validatin

ISO/DIN 19040 - results
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ERα CALUX bioassay according to OECD guidelines 

Purpose To include the ERα CALUX bioassay in the OECD PBTG TG4551 

Lead BioDetection Systems BV, Amsterdam, the Netherlands 

Study design 

- 3 participating laboratories 
- Intra- and interlaboratory validation 
- Agonism and antagonism 
- 23 (agonism) and 12 (antagonism recommended test chemicals 
- Review by OECD VMG-NA 

Status Completed 

 
AR CALUX bioassay according to OECD guidelines 

Purpose To include the AR CALUX bioassay in a new OECD PBTG 

Lead EURL ECVAM, EU Joint Research Center (JRC), Ispra, Italy 

Study design 

- 3 participating laboratories (EU-NETVAL) 
- Intra- and interlaboratory validation 
- Agonism and antagonism 
- 30-50 (agonism) and 30-50 (antagonism) recommended test chemicals 
- Review by EURL ECVAM and OECD VMG-NA 

Status Ongoing 

 
ERα CALUX bioassay according to ISO 19040-3 guideline 

Purpose To include the ERα CALUX bioassay in ISO 19040-3 guideline2 

Lead DIN ISO Working Group Genotoxicity and Hormones 

Study design 

- 12 participating laboratories (EU-NETVAL) 
- Intra- and interlaboratory validation 
- E1, E2, EE2 
- 6 water samples; direct exposure 
- Review by TOXRAT Solutions GmbH, Alsdorf, Germany 

Status Ongoing 

 

ERα CALUX bioassay according to OECD guidelines 

Purpose To include the ERα CALUX bioassay in the OECD PBTG TG4551 

Lead BioDetection Systems BV, Amsterdam, the Netherlands 

Study design 

- 3 participating laboratories 
- Intra- and interlaboratory validation 
- Agonism and antagonism 
- 23 (agonism) and 12 (antagonism recommended test chemicals 
- Review by OECD VMG-NA 

Status Completed 

 

International validation



Flow diagram for deriving bioassay trigger values (1)

Point of Departure (POD)

e.g.:           - ADI

- TDI

Trigger Value

Process of Derivation of Trigger Values

Input:

- realistic worst-case pharmacokinetic factors (e.g. 
absorption, distribution, metabolism, excretion)

- average body weight

- averege water consumption

Risk

Exposure

Hazard
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Van der Oost, R., Sileno, G., Suáres Muñoz, M., Janse, T., Nguyen, M., Besselink, H., 
Brouwer, A.

SIMONI (Smart Integrated Monitoring) as a novel bioanalytical strategy for water quality 
assessment

Part I: model design and effect-based trigger values; Environm. Toxicol. Chem., accepted

Part II. Field feasibility survey; Environm. Toxicol. Chem., submitted

Brand, W., de Jongh, C.M., van der Linden, S.C., Mennes, W., Puijker, L.M., van Leeuwen, 
C.J., van Wezel, A.P., Schriks, M., Heringa, M.B.

Trigger values for investigation of hormonal activity in drinking water and its sources using 
CALUX bioassays; Environm. Intern. 55 (2013) 109-118

Effect-based trigger values
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Deriving bioassay trigger values - practical approach
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Brand et al. (2013) Environmental International, 55:109-118

Van der Oost et al. (2017) Environmental Toxicology and Chemistry, submitted

Escher et al (2015) Water Research 81:137-148

 Brand Van der Oost BDS Escher 

Estrogens 
(ng 17β-estradiol eq./l water) 

3.8 1.0 1.1 3.1 

Androgens 
(ng DHT eq./l water) 

11 --- 32 14 

Glucocorticoids 
(ng Dex. Eq./l water) 

21 30 56 150 

 

Deriving bioassay trigger values - practical approach
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collected at two time points: 06/2014 (Campaign I)

04/2015 (Campaign II)

 

TRIGGER VALUE 

<LOD

LOD<activity<LOQ

significant activity; >LOQ

 

TRIGGER VALUE 

<LOD

LOD<activity<LOQ

significant activity; >LOQ

Trigger value

Application of trigger values
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Change conventional monitoring practice

Analytical chemistry 

alone might not cover 

the entire load of 

water pollution

Multidisciplinary 

quality assessment

Ron van der Oost, Waternet, NL

Smart monitoring



Development of minimum quality requirements at EU level 

for water reuse in agricultural irrigation and aquifer recharge 

Insertion of additional minimum quality requirements for: 

• Contaminants of emerging concern (CECs) 

• Bioassays (ERa, AR, GR, PR CALUX) 

Integration of bioassays

in regulatory frameworks for safety evaluation
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Discussion about application of bioassays

in water quality assessment

10th BIODETECTORS CONFERENCE

6-7 April 2017, Sorrento, Italy 

• SOPs for sampling

• SOPs for sample processing

• Trigger valus

• Proficiency tests



development/selection bioassays

inclusion in regulatory frameworks for risk assessment 

establishment of effect-based trigger values 

formal validation

Integration of bioassays in regulatory frameworks for safety evaluation of 

chemicals, products, waste streams and the environment

Summary: Validation and regulatory acceptance
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HTPS water monitoring – full CALUX panel screening

EU Horizon 2020; grand agreement no, 689450

10th BIODETECTORS CONFERENCE
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Demonstrating synergies in combined natural

and engineered processes for water treatment systems



Partners & demonstration sites

AquaNES - Demonstrating synergies in combined natural

and engineered processes for water treatment systems

River Bank Filtration schemes for the production 

of drinking water 
1 - Havel River, Berlin, Germany

2 - Elbe River, Dresden, Germany

3 - Danube River, Budapest, Hungary

4 - Warta River, Poznan, Poland 

5 - Ganga River, Haridwar, India 

Managed Aquifer Recharge & Soil Aquifer 

Treatment schemes for water storage & quality

improvement
6 - Lange Erlen, Basel, Switzerland

7 - Shafdan WWTP, Tel Aviv, Israel

8 - Waddinxveen, Rotterdam, the Netherlands 

9 - Agon‐Coutainville, France 

Constructed wetlands and other natural systems 

for improved wastewater treatment 
10 - Thirasia and Antiparos Islands, Greece

11 - Erftverband, Germany

12 - Berlin, Germany 

13 - Packington, UK 



Demonstration site 1

RBF - River Bank Filtration

CNF - Capillary Nanofiltration

UF - UltraFiltration

ACF - Activated Carbon Filtration

Demonstration site 2

AquaNES - Demonstrating synergies in combined natural

and engineered processes for water treatment systems

EU Horizon 2020; grand agreement no, 689450



Demonstration site 3

MAR - Managed Aquifer Recharge

ACF - Activated Carbon Filtration

Demonstration site 4

AquaNES - Demonstrating synergies in combined natural

and engineered processes for water treatment systems

EU Horizon 2020; grand agreement no, 689450



13 participating WWTPs 6 WWTPs selected

Full panel of CALUX bioassays

Influent - effluent

Innovations in water and wastewater treatment processes and management 

through improved combinations of natural and engineered components.

Multiple samples to evaluate efficiency 

natural/engineered treatment processes

Selection of 10 most relevant CALUX 

bioassays

Phase I Phase II

Start: November 2016

End: Oktober 2017

Start: December 2017

End: Oktober 2019

AquaNES - Demonstrating synergies in combined natural

and engineered processes for water treatment systems

EU Horizon 2020; grand agreement no, 689450



• Plastic migration: endocrine disrupting compounds leaching 

from plastic packaging into food. Topic of public concern! 

Material Special remarks Estrogen Equivalents
(mg/kg food simulant)

PET Hard, food grade <LOD

PET BPA/phthalate-free; pink 5.1E-8

PET BPA/phthalate-free; blue 8.2E-9

PET Microwave/freezer-safe <LOD

HD-polyethylene Suitable as FCM 7.3E-7

LD-polyethylene Suitable as FCM 1.8E-6

PVC Non-food grade <LOD

Polypropylene Hot use <LOD

Polypropylene Cold use <LOD

PolyLacticAcid BioBased <LOD

Demo Case – Plastics additives

• Method set-up according to 

guidelines EC10/2011

• Leachates measured in 

CALUX assays

• Estrogen activity detected in 

several samples



Most additives are active on the endocrine assays: 

they act as estrogens, anti-androgens and anti-progestins

CALUX toxic profile of plastic additives



Searching for alternatives

2,5-furaandicarbonzuur
dibutylphtalate

Butyl benzyl phtalate

diethylphtalate

https://commons.wikimedia.org/wiki/File:Diethylftalaat.png
https://commons.wikimedia.org/wiki/File:Diethylftalaat.png
https://commons.wikimedia.org/wiki/File:Dibutylftalaat.png
https://commons.wikimedia.org/wiki/File:Dibutylftalaat.png
https://commons.wikimedia.org/wiki/File:Benzylbutylftalaat.png
https://commons.wikimedia.org/wiki/File:Benzylbutylftalaat.png
https://commons.wikimedia.org/wiki/File:2,5-Furandicarboxylic_acid.png
https://commons.wikimedia.org/wiki/File:2,5-Furandicarboxylic_acid.png


FDCA - little or no endocrine effects

- biobased building block to replace terephthalate in PET

CALUX toxic profile of plastic additives

FDCA



Read across



Kroese et al., Reproductive Toxicology 

 Examples with 3 chemical classes (Alkyl alkanoic acids, 

phthalates, organotin chlorides); all three successful

 Read-across used in approx. 30% reproductive tox 

dossiers (100-1000TPA ) in REACH (ECHA 2014) 

Read across



Novel Biobased furan-ester plastic additives

Currently used phthalate-based analogues

The bio-based furan-based compounds are less active compared to their phthalate-based counterparts.

Conventional vs Biobased furan-ester plastic additives



Pregnane X receptor (PXR) in human U2OS cell line

NEW developments: PXR CALUX

• Nuclear receptor present in liver and 

intestine 

• Senses the presence of many different 

xenobiotics

• Induces Cyp3A4 that hydroxylases 

those compounds to stimulate their 

clearance

• Ligands: e.g. antibiotics such as 

rifampicin, rifaximin,  drugs like 

RU486, nicardipine, taxol, hyperforin, 

many natural- and synthetic steroids, 

non-coplanar polychlorinated 

biphenyls (PCBs).
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TRb CALUX
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TRb CALUX
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Thyroid hormone CALUX



125I-T4 – TTR binding assay
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T4 Competitor TTR TTR-Competitor & TTR-T4

Free T4 & free competitor

Separation of 

free and 

bound hormones

Incubate 1 hr

at RT

TRβ CALUX incubation (overnight) 

and subsequent analysis of bound T4

- 150 µl eluate

- 500 µl exposure medium

+ + +

T4 – TTR binding – TRb CALUX assay



Sarajevo, Bosnia and Herzegovina

19-20 September 2016

Examples of TTR-binding inhibition by

halogenated phenolic compounds



• Mixture of pesticides in sandy soil matrix: former pesticide dump in 

Tadzhikistan

• Common pesticides quantified using chemical analysis

Demo Case Sandy Soil (8.2 dRISK)

Does CALUX activity matches expected, chemically based activity?



Demo-case: pesticide dump in Tajikistan
Waste cocktails from landfills

Risk assesment of a pesticide dump side in Kanibadem

Dump 1 Dump 2

alpha-HCH 690,0 3,8

beta-HCH 120,0 13,0

gamma-HCH 8,3 570,0

delta-HCH 5,0 6,2

Aldrin 0,0 0,9

Dieldrin 1,4 0,0

Endrin 0,0 0,0

o,p-DDT 4,5 48,0

p,p-DDT 32,0 310,0

PCDDs, PCBs, PBDEs, PFTs ????? ??



Demo-case: pesticide dump in Tajikistan

Incidence of malignant tumors 2x higher in Kanibadam than rest of Sughd 

region and Tajikistan.

Is it only DDT or is the chemical cocktail bigger?

Waste cocktails from landfills



Chemical pattern vs Tox patterns

Bart Pieterse et. al. (2015). ESPR

Waste cocktails from landfills



An Integrated EUropean ‘Flagship’ Program 
Driving Mechanism-based Toxicity Testing and 
Risk Assessment for the 21st Century



http://cms.uni-konstanz.de/leist/
http://cms.uni-konstanz.de/leist/
http://www.toxicogenomics-um.nl/
http://www.toxicogenomics-um.nl/
https://www.basf.com/en.html
https://www.basf.com/en.html
https://www.unileverme.com/about/innovation/research-and-development/safety-environmental-assurance-centre.html
https://www.unileverme.com/about/innovation/research-and-development/safety-environmental-assurance-centre.html
http://swetox.se/en/
http://swetox.se/en/
http://www.ineris.fr/
http://www.ineris.fr/
https://www.cosmeticseurope.eu/index.php
https://www.cosmeticseurope.eu/index.php
http://www.biotalentum.eu/
http://www.biotalentum.eu/
http://www.biodetectionsystems.com/
http://www.biodetectionsystems.com/
http://www.kuleuven.be/samenwerking/scil
http://www.kuleuven.be/samenwerking/scil
https://www.tno.nl/en/
https://www.tno.nl/en/
http://www.item.fraunhofer.de/en.html
http://www.item.fraunhofer.de/en.html
http://www.ifado.de/ifadoen/
http://www.ifado.de/ifadoen/
http://www.arttic.eu/
http://www.arttic.eu/
https://www.douglasconnect.com/
https://www.douglasconnect.com/
http://www.marionegri.it/
http://www.marionegri.it/
https://www.certara.com/software/pbpk-modeling-and-simulation/
https://www.certara.com/software/pbpk-modeling-and-simulation/
https://www.i-med.ac.at/dpmp/physiologie/research/jennings/
https://www.i-med.ac.at/dpmp/physiologie/research/jennings/
https://www.lumc.nl/
https://www.lumc.nl/
http://grib.upf.edu/
http://grib.upf.edu/
http://www.ebi.ac.uk/
http://www.ebi.ac.uk/
https://www.univie.ac.at/en/
https://www.univie.ac.at/en/
http://www.iislafe.es/
http://www.iislafe.es/
http://www.cpr.ku.dk/
http://www.cpr.ku.dk/
http://www.roche.com/index.htm
http://www.roche.com/index.htm
http://www.cyprotex.com/
http://www.cyprotex.com/
http://www.tissuse.com/
http://www.tissuse.com/
http://www.jhsph.edu/
http://www.jhsph.edu/
http://www.insphero.com/
http://www.insphero.com/
http://www.aquatox.uni-hd.de/indexEN.htm
http://www.aquatox.uni-hd.de/indexEN.htm
https://cms.uni-konstanz.de/leist/caat-europe/
https://cms.uni-konstanz.de/leist/caat-europe/
http://eng.mst.dk/
http://eng.mst.dk/
http://www.loreal.com/
http://www.loreal.com/
http://www.baua.de/en/Homepage.html
http://www.baua.de/en/Homepage.html
http://www.iss.it/inte/index.php?lang=2
http://www.iss.it/inte/index.php?lang=2
https://www.nc3rs.org.uk/
https://www.nc3rs.org.uk/
http://openphactsfoundation.org/
http://openphactsfoundation.org/
https://www.lhasalimited.org/
https://www.lhasalimited.org/


• Approaches to improve the efficiency of predictive toxicological testing to

address key areas of concern for human health

• Approaches to meet regulatory requirements (e.g. EU legislations on

REACH, cosmetics, biocides)

• To understand complex biological pathways of toxicological relevance

• To identify early markers predictive of toxicological effects in humans

• To develop and validate routine, non-animal approaches for toxicity testing

of chemical substances (excluding radio-chemicals).

• To involve confirmatory testing of mechanistic hypotheses

Background of the call



Thank you for your attention

BioDetection Systems BV (BDS)

Science Park 406

1098 XH

Amsterdam

The Netherlands

Tel.: +31(20)4350750

E-mail: info@bds.nl





• Non-dl-PCBs (99, 138, 153, 180, 194) are human PXR agonists, while PCB-77 

not (Al-Salman et al Tox and Applid Pharm, 2012)

• Highly chlorinated PCBs are potent activators of rodent PXR but antagonize its 

human orthologue, inhibiting target gene induction. Thus, exposure to PCBs 

may blunt the human xenobiotic response, inhibiting the detoxification of 

steroids, bioactive dietary compounds, and xenobiotics normally mediated by 

human PXR (Tabb et al 2004, EHP, 112)

Plaatjes PXR met ndl PCBs toevoegen?

What is known about PCBs & PXR?


