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bioclearo Verontreiniging van grondwater/bodem
earth

(Opkomende) verontreinigingen in water:

Opkomende stoffen in het grondwater nieuwe en relatief onbekende stoffen

(vaak) niet genormeerd
grote effecten op milieu en humane gezondheid

Receptoren en effecten

« PFAS

* persoonlijke verzorgingsproducten
* (dier-)geneesmiddelen

* industriele chemicalien

* consumentenproducten

* gewasbeschermingsmiddelen

Kennisimpuls
@ WATERKWALITEIT

creating With the power Of nature Bron: Deltafact — Opkomende stoffen in grondwater



@, bioclearO ZZS — Zeer Zorgwekkende Stoffen

— earth

Currently Increasing diversity
140.000.000 -
130+ of chemicals
120.000.000 - million
organic &
inorganic
100.000.000 - BLstANCes
80.000.000 -
> 140,000,000 substances
on global market; 30,000
60.000.000 -
water relevant
40.000.000 - WEFD (2000)
20.000.000 -
18 © Somimeoee 1 0 0 5 O o SiEDREODIE I 0 X B o SEm SRS T ) S X I & SmemsEneol s 1 © b
2202222222229 22220022000002000220028099 3388888888 888888  source: CAS

creating with the power of nature



bioclearO Waarom effectmetingen?
earth

Alle stoffen In REACH: 20.000
Totaal: > 50 miljoen

Interventiewaarde Wbb: 101
Achtergrondwaarde BBK: 103

Gevaarlijke stoffen
Prioritaire stoffen KRW: 45

Opkomende

Beoordeling «—

stof

1500 (2019) = ruim 2000 (2023)

Bron: RIVM en Expertisecentrum PFAS

creating with the power of nature



bioclearO Effectmetingen als indicator
edarth

creating with the power of nature



bioclear 1= Toepassingen oppervilaktewater

« Watervlooien bij Lobith

« Mossels bij opperviaktewaterinname voor drinkwater

creating with the power of nature



biOCIearth Effectmetingen in water

edar

Drinkwater Oppervlaktewater Afvalwater
« Kennisimpuls Water Basis
.. . ERa Cytotox ERa Cytotox ERa Cytotox
 Sleutelfactor Toxiciteit 2.0 cawx [ | cawx S| || Ch || searis
PA , ~ PAH _ -
C:?.UX Microtox* CALSX Microtox CALUX Microtox
: N2 -; Ames Nrf2 Algen Nrf2 Algen
_ CALUX | test CALUX inhibitie® CALUX inhibitie*
Extra inzicht/bevestiging

PXR  §| Anti-AR PXR Antl-AR || paphnia (PXK Anti-AR Daphnia
'_Cﬁui.x -l CALUX CALUX CALUX immobili CALUX CALUX immobili
satie* satie*
PPARyY PPARYy GR
CALUX CALUX CALUX
Experimenteel
= ——— (=== S ——
TR | AR AChE TR AR 1| Danio TR y AR 1| Danio
i CALUX | CALUX assay CALUX | CALUX | rerio* CALUX |, CALUX | rerio®
l ———— - —— gLisEe ke’ Shu L aig
PR AREc32 |, PPARy | ! PR 1| AREc32 I PR 1| AREc32
CALUX assay | CALUX | | CALUX || assay | CALUX assay

Hormoon receptor-gemedieerde effecten, adaptieve stress respons, xenobiotisch metabolisme, apicale effecten.
*invivo = = = = geen Effect Signaal Waarde (ESW) beschikbaar

Figuur 2. Schematische weergave van de basis-set bicassays om toe te passen binnen Nederland.
Voor de bioassays waar een gestippelde lijn te zien is, is op dit moment geen effect signaal waarde
(ESW) beschikbaar waaraan getoetst kan worden of de bioassay respons een risico aangeeft.

creating with the power of nature



DR CALUX
PAH CALUX
ER CALUX

ERalpha CALUX
Anti-ERalpha CALUX
ERbeta CALUX
Anti-ERbeta CALUX
AR CALUX
Anti-AR CALUX
PR CALUX
Anti-PR CALUX
GR CALUX
Anti-GR CALUX
TRPB CALUX

RAR CALUX
PPARy CALUX
PPARa CALUX
PPARS CALUX
LXR CALUX
kappaB CALUX
P21 CALUX

Nrf2 CALUX

P53 CALUX
genotox CALUX
TCF CALUX

AP1 CALUX
HIF1alpha CALUX
ER stress CALUX

I >

dioxin receptor activation
dioxin receptor activation
estrogen receptor activation

estrogen receptor a activation

repression estrogen receptor a activation
estrogen receptor B activation

repression estrogen receptor B activation
androgen receptor activation

repression androgen receptor activation
progesterone receptor activation

repression progesterone receptor activation
glucocorticoid receptor activation
repression glucocorticoid receptor activation
thyroid receptor activation

retinoic acid receptor activation

PPARYy activation

PPARa activation

PPARS activation

LXR activation

NFkB pathway activation

transcription of p21 inhibitor of cell cycle progression

activation of the Nrf2 pathway
p53-dependent pathway activation
p53-dependent pathway activation +/-S9
wnt/TCF pathway activation

AP1 pathway activation

Hiflalpha pathway activation

ERSE activation leading to endoplasmic reticulum stress

2,3,7,8-TCDD
benzo-a-pyrene
17B-estradiol

17B-estradiol
tamoxifen
17B-estradiol
tamoxifen
dihydrotestosterone
flutamide
progesterone
RU486
dexamethasone
RU486

T3

retinoic acid
rosiglitazone
GW7674

L165041

GW3965

TPA

actinomycin D
curcumin
actinomycin D
cyclophosphamide
lithium chloride
TPA

cobaltous chloride

tunicamycin

Principle CALUX effect-based reporter gene assays

@
@ ¢ Q@ .’ Add substrate
) ....‘ ® (Luciferine) Light
©%e

Luciferase
Proteins

Enzymes

Chemical Receptor

Ligand

Ligand Binding

Responsive WU N g o
Elements (REs) cri

Endogenous genes
Luciferase gene

Ligand-Receptor complex




Bioanalysis of water samples

(EEESNRIENwaINSRATREE] ] .

FECLEIT

Reference
E (17b-estradiol)
E
::; 1l]ﬂ-.
o
g Sample ng 17b-estradiol eq./| water
> 10-1% 10-1°0 10-5 100

Concentration (log M)
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Case/demonstration studies

17b-Estradiol equivalents (pmol 17b-estyradiol eq./l)

Compartment n Range (n >lod) Median

Industrial wastewater

effluent 3 0.2-95 ) 0.9

influent 5 5.8 - 560 ) 317
Municipal wastewater

effluent 10 <lod - 2.2 ) 0.3

influnet 13 2.4 - 275 ¥ (13) 27

Surface water

surface water 90 <lod-061 " (85) 0.07
polder ditchjes 11 0.003-0.74 " (@11 0.03
rainwater 3 001-022 " (@3 0.13

Dutch River water: Dommel highest ERa CALUX and intersex in bream

LOES, het Landelijk Onderzoek Oestrogene Stoffen

.« ER-CALUXin surface water

Rhine

T R W SRR TP

Northern Region

Scheldt

Meuse

Vethaak et al. February 2002. RIZA/RIKZ - report no. 2002.001



From development to implementation

development

DR CALUX
1st CALUX (WUR) (1991)

Publications
Murk et al. 1996 (DR CALUX) .......... Behnisch et al. 2021; de Schepper et al. 2023 (PFAS CALUX)

Case/demonstration studies

Commercial/governmental partners

(e.g. RIZA/RIKZ — ER in Dutch water (1993 - ongoing) Validation - standardisation

ECVAM; OECD; ISO/DIN/DIS; NORMAN (2016 — ongoing)

Research projects
EU DEMEAU; EU TECHNEAU; EU TOXRISK; EU AQUANES;

EU PROMISCES; EU SAFECREW......(2004 — ongoing) Inclusion Regulatory Frameworks

UNEP Technical Guidelines (Basel Convention)

REACH
WEFD (Implementation Strategy EBM)

Smart Integrated Monitoring (SIMONI)

- selection of assays (2020 — ongoing)
- effect-based trigger values (2013 — ongoing)

implementation

Implementation in regulatory frameworks for risk assessment




Tolts

IS vel

T
=




Bepalen effect-based trigger values

Brand et al. van der Oost et al. Escher et al.

Estrogens 3.8 0.5 0.1 16

(ng 17b-estradiol eq./| water)

Anti-androgens nd. o5 14 10

(ug flutamide eq./l water

Glucocorticoids 21 100 consuljered not 56

(ng dexamethasone eq./l water) relevant

1000 ' e 400 . '

1001 ERa CALUX | H 2001 Anti-AR CALUX | /
& 20 e _ 200 i
< 1 ° o i o
2 P g i .
s 16 Le < 150 :
2 12 - ] | X
% i .. % 100 i :
= . S !
$ 8 § 2 s /
a i = i
§ 4 S 50 /

3 e ————__ L 0 e —————————————— mib—

number of samples analysed

Brand et al. (2013) Environmental International, 55:109-118
Van der Oost et al. (2017) Environ Toxicol Chem. 36, 2385-2399
Escher et al (2018) Sci. Total Environm. 628-629:748-765

T T T s
0 200 400 600 800 1000 1200 1400 1600 1800

0 100 200 300 400 500

number of samples analysed

ng dexamethasone eq./l water

Effect bioassys

oW * gewicht

SIMONI score =

0,5 * Totaal gewicht bioassys

200§  GR CALUX
500

400
300
200

100

T T - - Ty
0 100 200 300 400 500 600 700 800

number of samples analysed



BDS)

\

ESF T@&XICITY SIMONI: Slimme
Integrale Monitoring

X
X

X
UNIVERSITEIT VAN AMSTERDAM

Routine chemie . A{D_{ ja

Algemene toxiciteit

Speciotsresciers

Passieve enjof

steekbemonstering

stowa waterQJnet

HOOGRISICO

MOGELIJK
RISICO

Bioassays: Smart Integrated Monitoring

Geavanceerde chemie:
Toxische druk
msPAF

Toxicologie:
in vivo bioassays
TIE & EDA

Biologie:
gevoelige soorten
Relatie msPAF

stoplicht
Toxiciteit

TRIADE benadering

Van der Oost et al. (2017). Environm. Toxicol. Chem. 36, 2385-2399
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ty compounds

2 o%
Ss T 088
1 |Anthracene 8 tmmyn >6 »B >6 |>8 | >8] »6 =6 vm_-. >6 >6 >8 »8 »f 6|9 »5
2 |Benzo(a)pyrene 3 =3 >3 -4 yw.yu >3 23 [>3 =3 >3 »3 »3 4 >3 23| 5
Benza(b)fluoranthene »8 >f »6 »6 »6 »B| B |>6 |8 |>6| »6|>6 >6]=6 6 =6 >8 >6 »f >8 u.m. »5
Benzo(g,h,ijperylene DIS$OLVING PR
Benzo(k)fluoranthene =6 B > >6 =6 =6 =6 =6 ym. »6 »6 >6 =6 >f =6 ym. =5
Indeno(1,2,3-cd)pyrene 5.56 >54 =54 »56 56 >5i 556]>-56 >51 . 55656 >.56 >56 =55 »66[>5§ -5 |46
M 3 |C10-13-chloroalkanes >5 >§ 25 >5 >5 =5 5|5 >5]=>5 |=5 >5| =5] =5 =5 =5 =5 =f =5 v.m. >4
" — m 4 |Cadmium chioride 5 5[rdpe49-40- 4 --4.8p-49- 4. 4004 8-40>.47> . 41>-4 N.i >4
b _m 5 |Endosulfan -5 3.5 3.5 u‘u.v‘u > >5]-5 IR S ERESN TR S| S N ) S E
O T | 6 |Hexachlorobenzene >5 =5 >5 >5 Yu.?m >525]|>5 >5 -5 Ym. >5 =5 »5 =5 >4 =§|=9 =5
- — m 7 |Hexachlorobutadiene »5 »8 =8 »5 »5 »5[=5 [>5 >5| 5 |>5 v.m. »5 >.5| 25| >5 »5 >5 »5 »f >5|>5 >4]>4
S m 8 |Hexachlorocyclohexane »6 >8 >§ vm. »6| 26 |>6 |>6 |6 =6 |>6 >6|>6 |6 >6] 26| >6 >6 >6 >6 >f 6|6 5|5
m 9 | metylmercury(ll) chloride .v.m v.m.w.v.w »-58}-5.8)-5.8):6.0) >-58} -58 -58>.5; v.m__.v.um..v.m ..
p mercuric chloride 5 5|44>-49>49549-48149k49}49>40p49549 4924 yt."y.wr;.y.my.‘ -4 4 -4 8]
10 | Nonylphenol technical mixture |~53 =54 vuu.vﬂ_._ymu. 5; vuuvuuvl. 53>5)>59>53>53>53>53>5p53>54>43p43
D 11 | Pentachlorobenzene »6 »f] 26l »6 »6 »6]=6 [~6|=6 |~6] ~6|~6 »6)|=6 |[-6 =6 »6] =6 =6 »6 =6 ~f =6 v.m. »5
12 |PBDE 100 >8 >8 > >8 »§ »8[»53|>8|>8 |>8| »8|>8 >8]|>8 |8 »8| >8] >~& »8 >B8 8 »{ »8|=§ »7|>7
F PBDE47 69>69>64-60-69>69>69}.69 -64>69p-69-69-69169>69»69>69>69>69>69>6p>69-69>59)--50
13 | Tributyltin-cation / hydride =6 >6 6 H.ub > 6 >6 >§ >f >8] »5|>5
W | 1 |Alachlor 5 >4 »5|>5 =5 >5 »5| =5| »5 »5 >5 5 >4 »5|>5 4[4
2 |Atrazine 3 =3 5|=35>35-34 5 |35 >35p-35 3523} 4|>35>35>35>35>3F>34>3F>35
3 |Benzene >4 2l 2l >4 >4 24| 8 |>4 >4 | >4 >4] 24 >4 >d] 4] 24 >4 >4 >4 o4 4|4 23|23
g 4 |Chlorfenvinphos »5 8 = »5 =5 u.m.u.m »5 |5 u.m. -5 5| =5 =5 5 >5 =5 >4 55|54 |4
n 5 | Chlorpyrifos-ethyl »6 =f =6 >6 =6 |6 266 6|26 [-6 =6 =8| ~6 =6 »6 =6 ~f =6 25 (=5
6 |1,2-Dichloroethane =4 4] >4 >4 >4 |>4 a4 |4 >4 24 |4 4] 4] >4 >4 >4 x4 24 4 23 |=3
" —_— " 7 |Dichloromethane »5 25 =5 5 >5 |>5 »5|>5 »>5|»5 [>5 >5 »5| »5 >5 »5 x5 >4 >5 24 |4
n ﬁ 8 |Di(2-ethylhexyl)phthalate (DEHP)| =6 =8| =6 =6 >6 |»6 |>-6 | 6] =6 |=6 v.m. >6 >8] 6| >6 >6 >6 =6 =f >6 =5 |=5
e nNn 9 |Diuron »5 = =5 =5 .u.m 25 |5 =5 |5 »5|=5 [-5 ym. *5 =5 »5 »5 >4 =5 -4 |4
N 10 |Fluoranthene =6 = >6 >6 .v.a >6 |6 6|6 >6|=>6 |-6 >8] >6] 6 >6 >6 =6 >f =6 5|5
e W 11 |Isoproturon Bl (R BE R (R R N ) I B vk. =4 >4 5] -5 =4 5 >4 -4 =4] 5] 4|23
S m 12 | Lead chloride 4 3|/>8 »5 =5 5|5 |>5 |5 |>5 /=565 >.5| =5 >3 »3 3 »3|»3|>3 =3
C m 13 | Naphthalene »5 >5[>8 >5 »5 »5|>5 |>5|>5||>5|[25]>5 >5]=5 [»5 >5] >5] =5 =5 >5 >5 =9 >5]|>5 =4|=4
m 14 | Nickel (ii) chioride -4 3| »8F>35>35>34>35F35p-35p-3 3553553 35-3§>34 3 >3 .3 =3 =3 4|33
S 15 | 4-n-octylphenol 5 =5 >5 77 yu.ym »5 25 |>5 »5|25 |>5 »5 =5] »5 »5 »5 =5 =q =5 ym. =4
4-tert-octylphenol »5 =4 Vm. v.m.rm »50 =5 |=5 v.m. »5 8 =8| »5 »5 »>5 »5 =4 »5|-5 »4|-4
— 16 | Pentachlorophenol 5 4|2448>-405495494849F49F4 954004954 .ur,;. EE AR BER BERRER IV B )
e 17 | Simazine >6 >B|>8 >6 »6 6|6 |~6>6 |~6 266 L_.vm >8] >8] >6 >6 >6 6 > =6|>6 »5|=5
18 | Trichlorobenzenes 577 57 2 27 597 527|222 |22 [592 |52 592 |77 s79) 592 B2 a9 s29| 77 222 572 97 2 9259 22577
n 19 |Trichloromethane =chloroform |=4 =4 >4 >4 =4 4| >4 |=4 [>4 |>4] 24 |24 >4] 24 |24 4] 24] =4 >4 =4 =4 =4 54]>4 =23]|=3
a 20 | Trifluralin »§ »f =6 »6 »6 »6|6/-1|>-6 |=6 |>6] =6 |>6 >6]=6 |-6 >8] >6] =6 »6 >6 >6 = =8]8 5|5
1 |AMPA PR N7 SR LI ETH SRV SR ORT ERTH ERTIERTI PTH RTEERT PET ERTIERTIERTIER ' T B N B
p 2 |Bentazon >4 >4l >4l >4 >4 2424 |24 |24 |24 (24 |24 4] 4 |24 4] 24| 24 >4 24 24 =4 4] 4] 23|23
1 3 |Bisphenol-A 4 4 v.h.v.;.v& >4 5|4 4 >4 >d4]>37>3737 4 >-3fi=-30-3f-30
e 4 |Dicofol »5 =5 vu. =5(213|>5 ym.vm ym. -5 >5 5[ 25 »5 »5 55 =f =5[> 5 |a4
5 |EDTA »5 >§ >§ >5 »5 »5/=5 |>5|>5 |>5|[>5]|>5 >5] -5 |»5 >5| =8| >5 >5 »5 >5 > [>5]|>5 =4 |4
d M 6 |Free cyanide DIS$OLVING PROJELEM S|
- = | 7 |Glyphosate 43>43>40>43>43>4 4431 43p43p43543p43>4 -5 143>43243>43>43>43>43>45>43>43 3 b33
W m 8 |Mecoprop >4 24l >l >4 >4 4| >4 |4 |o4 |4 24 |4 4|24 |4 4] 24| 4 4 >4 >4 o4 4|4 3|23
& | 9 |Muskxylene p-62263264>62>62>64>62)620-62-64>62F-62>6262162>6264>62-62>6262>6p>62)-6=52/-52
W PCB118 5l 2454554554 . 4.5 45545k 4554 4554 >4 >4 4 >4 >4 4|4 a4
2 PCB126 -5 4| >48>-48>48>4] . 48| -4 4>48p-48-49 .y..a >44>44>44 5 >4 414 4.4 4]
PCB128 >4 >4l [>8 >5 »5 Yu.vm_ >8] 25 [>5 >8] »5 >4 >4 >4 >4 =d4|>4 >4
10 |PCB156 5 4 .y.u »5 v.m..v.m >5[ 5 |>5 »-5| >4 4 >4 >4 >4|>4 >4
11 |PFOS >-6.7>-6 ) >Bf »6.7>67>6|>87p-67p-B7p-6]>61p-67>81>67167>6]>61>67>67>67>87>6f=81>6f>5757
12 | Quinoxyfen >6 »8 > >6 »6 6|6 |-6|>6 |6 26|68 8|6 |-6 6 6| »6 =8 >6 >6 ~f =6 v‘a. =5
13 |TCDD p-6.8>-6. >9 »9|>8 |>9]>9|>9] =9|>9 v.m_.. >.6.82.6.8>6.8>6 686468
1 |17a-ethinylestradiol =6 =H >89/ =>]=6 vﬁ.._vm »6|>6 |>6 »6| >8] =6 >6 >8 >6 >f 8|6
2 |Aclonifen >6 8 =6 vm.vm >6| 26 |>6 >8)>B |-6 -8 >8] »6 =6 >6 >6 »f »8]>6 »5|~5
3 |Benzotriazole >4 =4 >4 4|24 |54 |24 |>4] (24 |24 4] 24 >4 4] 4] 24 >4 >4 >4 24 24| 4 23|23
PE?:Ox =6 = u.mv.mv.mu.mv.m!mv.my.au._m.u.my.mv.mv.my.mu.mu..mv.mv.au.mv.mv.m
5 |Carb i 4 3 >4 »4]| 5 [>a )5 |>4] 5454 sa|5a -4 >4 54] 54 23453453453534b-34534p-34
6 |Cybutryne =6 =H >6 |»6 |>-6 | 6] =6 |=6 v.m. >6 >8] 6] >6 >6 >6 =6 =f >6psig =5]>5
7 |C hrin =6 =6 >6 6|6 [>6 |=6 |>6] =6 |6 vm. -6 6] 26 =6 >8 >6 6 =g =66 =5|=5
8 |Diclofenac >4 =4 >4 4| 5 |=4]-5 |>4] 4 |=4 =4] 5 |4 5] 24| =4 >4 >4 >4 >4 4|4 4 |=3
w» | 2 |Epoxi-Carbamazapine »5 >4 »5 »5| %5 |>5 |55 |>5] >6 |5 »5]>5 |5 »5| 6] =5 =5 »5 »5 > =5|>5 4|4
& 10 |estriol =5 .5 vu. yu.ym.ym.yu >5| =5 |>-5 >5| 5] >5 >5 >5 >5 > [>5]>5 -4 [|>4
.w 11 | Gemfibrozil >5 =5 »5 »5|>5 |>5 |>5|~5 5|5 »5 Vu.vm 25| >5 >5 »5 =5 >4 25> =4 |4
12 |lopromide 4 =4 d wd| w4 o4 |24 o] 24 |54 o4 2d o4 ] sd] 24 w4 od od o4 4] a4 2323
13 |Isodrin »6 o »6 6( 26 [~6 |6 |6] 26 (~6 »6[=6 -6 ~of 26| 6 >6 >6 =6 »f 26]~6] 25[>5
14 | Phenazane >4 =4 d wd| w4 |54 |24 [ d] 24 |24 o4 2d o4 ] sd] 24 w4 od o4 o4 w4 a4 323
>4 =4 ERRER] [E N E B BN IR EE] ESCN SR (] IR S R ME N B () B
I >4 4 >4 salaa |4 |=a 4] 4 |54 4|4 4 s 24] 54 a4 >4 54 54 54|54 2353
17 | Terbutryn »5 =5 »5 25| =5 [»5 |25 |»5] =5 |>5 v.m. [>-5 =5 »5] »5 »5 »5 »5 =4 =5|>5 4|4
18 | Tetrachloroethylene >5 »5 >5 5] 25 [>5 |5 |>5] »5|>5 »5|>5 [»5 =5 25| 5 »5 >5 »5 »d =5]|>5 a4|>4
19 | Trichloroethylene >4 4 >4 4|41-El>4 |24 |>4] 24 |24 nd| 24 24 4] 4] 24 24 >4 »d 24 4] 4] 23|23
20 Al_._._mﬂ—_um::.. =4 4 =4 s4| -4 |54 =4 |=-4] a4 |54 4| =4 |4 4] 4] =4 24 54 =4 =4 4] 233

Anti-AR
Anti-PR
Anti-GR
PXR
DR/PAH

Bioassay selectie



European strategy for EBMs using CALUX assays

Main use of effect-based monitoring tools in current WFD context:
- screening tools (to prioritise water bodies for further studies)

- early warning systems

- effect of mixtures of pollutants / “unknowns”

- support in water and sediment quality assessment

Measured endpoint Effect-based Role in Reference EBT
] or molecular target method Adverse Outcome Pathway compound (na/l
T@Chnlcal PI‘Op Os‘al fOI' activation of estrogen recepotor ERa CALUX hormone receptor regulation 17B-estradiol 0.40
Effect-Based Monitoring (ER)
activation of aryl hydrocarbon PAH CALUX Toxicokentics Benzo[a]pyrene 50
and Assessment under the ecentor (ANR)
Water Framework Directive induction of oxidative stress Nrf2 CALUX adaptive stress response Dichlorvos 0.60
response
activation of pregnan x receptor PXR CALUX Toxicokentics di(2-ethylhexyl)-phthalate 1300
Report to the Common Implementation Strategy (CIS) (PXR)
Working Group Chemicals on the outcome of the work — " " " — o
nerbormed in the sabioun on EifectRased Méthods af:tlvatlon of- peroxisome PPARy CALUX Toxicokentics Rosiglitazone 10
(EBM) proliferator activated receptor
MANDATE 2016-2018 (PPARY) _ _ _
antagonistic activity on the anti-AR CALUX hormone receptor regulation Flutamide 25*
androgen receptor (AR)
antagonistic activity on the anti-PR CALUX hormone receptor regulation Endosulfan 5.0

progestonic receptor (PR)
*  vander Oost et al. (2017) Environm. Toxicol. Chem. 36. 2385-2399

October 2021
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@, KiWK strategie

e
Water monitoring
matrix-specifieke selectie van bioassays (Base-set) ter beoordeling waterkwlaiteit / toepassing van EBTs
O WATERKWALITEIT Specific chemical groups
Selectie van bioassay gebaseerd specifieke stof / groep stiffen (Custom-set)
Sleutelfactor Toxiciteit
[ Water monitoring } [ Specific chemical groups }

Kalibratie van de risicogrenzen voor interpretatie van

Waterquality

bioassays

Auteurs:

M.L. de. Baat (KWR water)
T. E. Pronk (KWR water)
S.J.P. van den Berg (WEnR)

R. van der Oost (Waternet)

Contact: tessa.pronk@kwrwater.nl
Datum: 21 december 2021
Base-set



WATERKWALITEIT Bioassay selectie

Basis-set selection Custom-set selection

Bioassay Selectie Tool Visualisatie Informatie

Surface water

Nrf2

Omrmmursw Bioassay Selection Tool

\oor de Bioassay Selectie Tool is het casnummer van de stof een
vereiste input. Aan de hand daarvan worden de bioassays van de
ToxCast database getoont welke een meetbaar response hebben laten
zien voor deze stof. Kijk bijvoorbeeld eens naar de stoffen tolazoline

Microtox ERa (casnummer 59-97-2), rotenone (83-79-4) of chlorpyrifos (2921-88-2)

casnummer stof

58-97-2

Werkingsmechanisme beschrijft het werkingsmechanisme van de
PPARV bioassay, en kan gebruikt worden om geschikte bioassays te vinden in
de Bioassay Database

Anti-AR

ACS50 geeft de concentratie (in ug/L) aan die 50% van de maximale
response veroorzaakt, dus hoe lager de AC50 waarde, hoe gevoeliger
de bioassay

ToxCast_Bioassay geeft de naam van de bioassay weer, en kan
gebruikt worden om achtergrondinformatie en links naar
werkprotocollen over de assay te vinden op deze website

. CALUX_analoog geeft aan welke CALUX assay waarschijnlijk een
Daphma analoog is voor de ToxCast bioassay. Let op, de concentratie waarbij
een response wordt gevonden kan afwijken!



23/01/2018 S1 S2 S3 S4 S5 S6

s7

Cytotox CALUX . LOQ LOQ
AR CALUX
anti-AR CALUX
ERa CALUX

GR CALUX
anti-PR CALUX
PPARa2 CALUX
PPARg2 CALUX
PXR CALUX

Nrf2 CALUX

P53 CALUX (+S9)

17/04/2018 S1 S2 S3 S4 S5 S6

LOQ

s7

Cytotox CALUX LOQ LOQ
AR CALUX
anti-AR CALUX
ERa CALUX

GR CALUX
anti-PR CALUX
PPARa2 CALUX
PPARg2 CALUX
PXR CALUX

Nrf2 CALUX

P53 CALUX (+S9)

16/07/2018 S1 S2 S3 S4 S5 S6

s7

Primary
effluent

S$1

sample point

Secondary On1

effluent

OO

Assessment of water treatment efficiency

Discharge

Discharge

Cytotox CALUX ) LOQ LOQ LOQ
AR CALUX
anti-AR CALUX
ERa CALUX

GR CALUX
anti-PR CALUX
PPARa2 CALUX
PPARg2 CALUX
PXR CALUX

Nrf2 CALUX

P53 CALUX (+S9)

LOQ

S1
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S3
S4
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o
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On2 Nes | e Y
|| comstuced =T | @
tland 1-
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Ozonation —O—) " Feed tank tank
\ tank
® | |
v 2 » _ v
=< i i o
S2 i ~ Constructed | = 84
S3 ~wetland 2 O
Feed Effluent
tank tank
R
Client sample code z gg gg %
Primary sedimentation effluent E % E 'i: g i
Ozonation influent g i3 - %
Ozonation effluent a 3e
Post-GAC filter I' |_ T I‘
Post-sand/anthracite filter :L '_":L ! "_‘:L
Post- sand/BAC filter = - p e
Post-constructed wetland
S4 S5 S6

—@wj},&
BioDetection Systems



Nieuwe toepassingen: analyse van PFAS
(Poly- en perfluoralkylstoffen)

® o
. @ .
3 & & & &

Compounds CAS diclazuril GW7647 GW9662 curcumin Stan:
72 9.9 9.3 56 7.0 ,u:'pjﬂ tr Reﬁstant
Oclyy &4#
355-46-4 : = ngb \l X oas
375-85-9 - ! \ *,.;L“’Q\d 96"'& #‘q' %
375-92-8 : : = > - LT A .y . %
| PFOA 335-67-1
| _PFOSA 754-91-6 N .
J ADONA t % 9005-14-4 1 20- 0 competition
/// 375051 0% T4 replacement
~ 307-24-4
335-76- I
—
2706-91-4 ﬁ 100
HpFHPA 1546-95-8 £
EFO 4151-50-2
“
A (o) 80 -
X
N
g 60 = Competition
- 50% T4 replacement
H4-PFUNDA g
42FT6A ~ 757124-72-4 3
'MeFOSA 31506-32-8 c 40-
I & 30334-69-1 ram
PEMOPTR 377-73-1 )
PENS 98789-57-2 >
GenXx 62037-80-3 = 20
PFPIOPIA. | 1325-13-6 i) Competition
7 375224 [T ® Reference PFOA 100% T4 replacement
DA 2058°94-8 35 14
6:2.diPAP | 57677495-9 34 0=
PFMOAA | 674-18-5 il >4 >4
42 FTOH. | 2043-47-2 2.9 >4 >4 10-8 10'6 10'4 10-2
62FTAB | 3445529-3 26 >4 >4
PEDS v 335-77-3 >32 >47 >47 Concentration (IOg[M])
102 FTOH 865-86-1 >25 >4 >4
8:2 FTOH 678-39-7 >25 >4 >4
6:2 FTOH 647-42-7 >25 >4 >4
2:2 FTOH 54949-74-5 >25 >4 >4 >4 4 >4
6:2 FTSAM 80475-32-7 >29 >-4.4 >-4.4 >-4.4 >-4.4 >-4.4
MeFOSAA 2355319 >3 >4.6 >4.6 >4.6 >46 >46
FOSAA 2806-24-8 >3 >45 >45 >45 >45 >45
E(FOSAA 2991-50-6 >3 >45 >45 >45 >-45
Tech-mix 1 Tech Mix >0.5 >-1 >-1 >-1 >-1 >-1
Tech-mix 2 Tech Mix >0.5 >-1 >-1 >-1 >-1 >-1




Per- en polygefluoreerde alkylstoffen (PFAS) water

*  surface water Field study of TTR-T4 displacing activity in Dutch (drinking) water
®  WWTP influent / effluent

103
_ Bioassays, BEQ,;, LC-tQ-MS, BEQgem
= 1400 r 1400
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o
o 1000 f Eg I 1000 || 002
3 1 1
= = 40 ¢ 0.01 I{—I ﬁ
) ! O | 800 30 i 800 |k
5 10 D 0.00
1 ] 20 I'I" Drinking Surface Waste \Vaste
1.0 r
5 S|l | ool mm o || e e
O L Drinking Surface Waste
LL D_ water water water
o 400 effluent a00 |
0 (@)
10 -
[ ] 200 200 |
I T T T™TTTT] T L | T T T TTTT
10° 10 102 103 0 o 0 - - . o
Drinking Surface Waste Waste Drinking Surface Waste Waste
converted LCMS data- in vitro REP-based water water water water water  water  water lwaier
effluent influent effluent influent

(ng PFOA eq./l)

u Rijkswaterstaat Publicatie Platform
https://open.rijkswaterstaat.nl ; publish > pages 3

Testing the PFC CALUX® bioassay for monitoring the ... _ o
De Schepper et al. (2023). Environm. Int. 181, 108256. DOI: 10.1016/j.envint.2023.108256



Per- en polygefluoreerde alkylstoffen (PFAS) bodem
(Vorarlberg; Austria)

S 600~
-
(@)
S 500- ® soil-4 _
e ® soil-1
bd
o ,/
& 400+ ‘/ _
'ﬁ': ”, soil-3
g 300~ I
Cd
é @® soil-2
2 200+ PR
-
i @ soil-5
' 100+ Y=4.0%X-157
o R?=0.992
|_
= 0 1 1 1 1 1 1
50 75 100 125 150 175 200

Chemical analysis (ng PFOA TEQ/kg d.w.)

Chemical analysis T soil-2 TT soil-5
PFOAEQ = PFAS  PFOATEQ| PFAS  PFOATEQ PFAS PFOA-TEQ  PFAS  PFOA-TEQ
PFBA 0.0018  (ugkg d.w) 0 0 0 0 16 0.0029 11 0.002 0 0
PFPeA 0.080  (ugkgdw) 0 0 0 0 1.8 0.14 45 0.36 0 0
PFHxA 0.19  (ugkgdw) 2 0.37 33 0.61 1.8 0.33 14 0.26 07 0.13
PFHpA 14 (agkgdw) 1.9 2.7 2.8 3.9 2.8 3.9 13 18 0 0
PFOA 10 (ugkgdw) 10 10 5.7 5.7 15 15 5.7 5.7 2.8 2.8
PFNA 032  (ugkgdw) 3.2 1 1.9 0.62 5.3 17 3.4 1.1 051 0.17
PFDCA 0.12  (ugkgdw) 36 0.44 34 0.42 8.7 1.1 6.1 0.75 0.25 0.031
PFBS 0.052  (ugkgdw) 0 0 0 0 0 0 0 0 0 0
PFHXS 16  (ugkgdw) |  0.91 1.4 15 23 1.1 1.7 13 2 0 0
PFHpS 10 (wgkgdw) |  0.25 0.24 0.69 0.67 0.25 0.24 0 0 0 0
PFOS 20 (kgdw) 70 140 40 80 57 110 53 106 37 74 Per- und polyfluorierte Alkylsubstanzen (PFAS) in B
PFOSA 0.72 _ (ugkgdw) 0 0 0 0 05 0.36 0 0 0 0 Vosadberg BD
SUM TE! BioDetection
SUMTEQ 156 94 134 118 77
Measured PFAS CALUX
TSR] 474 229 360 504 145 Umweltinstitut - Bericht U1-05/2021 umweltbundesamt®




ﬁ@, bioclearO Mogelijke toepassingen

— earth

Bevestiging van chemie:
Voorbeeld Triade: Bevestig of ontkracht risico van grondwaterverontreiniging
—» Voorafgaand aan chemie:
—» Eerst effecten meten, dan koppelen aan stoffen, concentraties, maatregelen

Behoeften

—» Hoe erg is vergrijzing van grondwater
—» Meten van effecten bij ‘hotspots’, bijvoorbeeld stortplaatsen

creating with the power of nature



@, bioclecu:c> Lopende projecten

— earth

—» Meerwaarde van bioassays ten opzichte van chemie?

—» Kun je herkomst verontreiniging herleiden?

creating with the power of nature



@, bioclearO Lopende projecten

— earth

Eerst chemie —» Groot aantal stoffen aanwezig

Vraagstelling: Meer onderzoek naar risico’s nodig?

—» CALUX bioassays als eerste indicatie

creating with the power of nature
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