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ARTICLE - Volume 36, Issue 8, P2018-2027.E4, April 20, 2026 - Open Access (ISRl LT NV NEET)

Cocaine pollution alters the movement and space use of Atlantic salmon (Salmo
salar) in a large natural lake

Michael G. Bertram 2 -89 & ... Show more
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Highlights
- Cocaine metabolite benzoylecgonine increased the movement of juvenile Atlantic salmon

- Exposed fish swam up to 1.9 times farther per week than control fish

Show Outline ¥

- Benzoylecgonine increased dispersal by up to 12.3 km

- Cocaine-associated pollution altered salmon spatial ecology in a natural lake
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(Diagram: S. Lehmann, 2010)

Lehman: et al , 2010.Green Urbanism: Formulating a Series of Holistic

Colony Colapse Disorder
honingbij Apis Melifera
(Singh et al, 2025)
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October 201@urveys and Perspectives Integrating Environment and
Society3(2)
\
Singh, G., Rana, A. Honeybees and colony collapse disorder: understanding key (&

drivers and economic implicationBroc.IndiarNatl. Sci. Acad®1, 750;766 (2025).
https:// doi.org/10.1007/s43538)25-00399x
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https://www.researchgate.net/journal/Surveys-and-Perspectives-Integrating-Environment-and-Society-1993-3819?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Surveys-and-Perspectives-Integrating-Environment-and-Society-1993-3819?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

Zhang et al , 2026: Life cycle risk assessment and management of industrial chemicals: synergizing material metalsKitonwdnd ri
'emissomeQ @ K évivlrdaxépress. corarticle/doi’1 0.48130/newcontars0026-0001
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Effect gebaseerde monitoring
(biotoetsen)

Gebruik van biodiversiteitsmetingen
(MMIE, BSIeEDNA
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Ecologische risico beoordeling (ERA)

Studievan deeffectenvanchemischestoffenop
het ecosysteem

Ecotoxiciteitstesten

Test principle -{
Feae
FELSYS
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PERCENT MORTALITY

so A 120 160 200
LCs0

Control 70 90 120 160
mg/l mg/! mg/l mg/l
Mortality 2/30 5/30 10/30  19/30  24/30
# dead/total
Mortality % 7 19 33 63 80

EC50 (mediane effect concentratis)de concentratie van een chemische stof die naar schatting een
specifiek effect (bv. fysiologisch gedrag) heeft in 50% van een populatie van een testsoort na een specifieke
blootstellingsduur (bv. 24 of 48 uur).

LOEC (Lowest Observed Effect Concentratiodg laagste concentratie die een statistisch significant
schadelijk effect heeft op de testorganismen in vergelijking met de controles in een specifieke test bij
chronische blootstelling.

NOEC (No Observed Effect Concentratikar) worden gedefinieerd als de maximale concentratie van

de teststof die geen statistisch significant schadelijk effect heeft op de testorganismen in vergelijking met de
controle in een specifieke test bij chronische blootstelling.

EC¢ 2 NRU (S3ISyg22NRAI ISLINBEFSNBESNR 0620Sy RS bh9o/ 2
wordt hierbij het effect niveau op 1P5 % geplaatst.




Bronnen ecotox data

EPA ECOT@ktabase:Demeestuitgebreidebron, metmeerdaneen
miljoentestresultatenvoor aquatischesnterrestrischesoorten Deze
wordt elk kwartaalbijgewerkt

ECHA CHEM (REAG&fabase).De database van h&uropees
Agentschapoor chemischestoffen bevatgegevensiit REACH
registratiesen biedt hoogwaardigescotoxicologischgegevenslie
wordengebruiktbij beoordelingenn hetkadervanregelgeving

NORMAN Ecotoxicology Databageichtzichop opkomende
milieustoffenen biedt experimenteleeindpuntenen
kwaliteitsdoelstellingefPNEC's).
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Overzicht vaak gebruikte terrestische

ecotoxiciteltstesten

Soort Type Testduur Eindpunt
Bacterién
Aanwezige microbiéle Bacterién Test afhankelijk CO,-respiratie
gemeenschap Enzym activiteit (zoals
nitrificatie)
Plant testen
Lolium perenne Engels raaigras 14d Kieming/groei
Raphanus sativus Radijs 14d Kieming/groei
Invertebraat testen
Eisenia foetida regenworm 2-8 weeks Overleving/reproductie
Folsomia candida Springstaart (Collembola) 2-4 weeks Overleving/reproductie
Enchytraeus albidus Enchytraeiden (potworm) 2-6 weeks Overleving/reproductie

Testenmoeten GEVOELIGijn voor de
onderzochte verontreiniging

Testenmoeten ROBUUSTijn, d.w.z.
reproduceerbaaren consistent bij
verschillende bodems

Enchytraeuslbidus SAMEN
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Planten aangepast aan verontreiniging

zinkviooltje

zinkboerenkers

-zink + zink
verontreiniging
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Metal hyperaccumulatoplanten

Thlasplcaerulescens
(zinkboerenkers)

Trace element

Concentration criterion
(% in leaf dry matter)

Antimony 301
Cadmium 3 0.01
Cobalt 3 0.1
Copper 30.1
Lead 301
Manganese 31.0
Nickel 3 0.1
Thallium 3 0.1
Zinc 3 1.0
Pycnandra
acuminate

(endemische
boomsoort uit New
Caledonia): sap
bevat 25% nikkel.
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Wormen (Annelidae) (OECD 222)

A Eindpunt: overleving (14 d=acute test) &
overleving en reproductie (28 d = chronisch)

A Species: compostwornE({senia fetidaf Eisenia andrgi

A Uitvoering: 10 adulten/pot (750 g) met herhalingen
(8 voor controle + 4 voor gedoseerde).
. 2RSYY Who/5 aidlyRIFNR
12t AYASGE mMm: @SSy od a
groei in cultuurkamer met licht.
Bepalen van overleving na 14 d, aantal cocons na 28 d
(typisch 10/adult na 28 dagen; bepaald door zeving) of
aantal juvenielen na 56 dagen

A Rapportering: overleving (LC50) en reproductie
(NOECen EC

A Concentraties:
meestal nominale waarden (organische stoffen)/gemeten Geldigheid van de test
waarden (metalen)

<3
m( :’”:
u»

Overlevingyk 90 %
K¥ 30 juvenielen/container

CVvoorreproductie /130 %
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AEindpunt: reproductie(28 d = chronisch)
A SpeciesFolsomia candida

AUitvoering: 10 gesynchroniseerde organismen/pot
(30g) met herhalingen (8 voor controle + 4 voor
gedoseerde). 5 5 o |

2RSYY WYho/5 &ailyRIINROZRSYQ &\
kaoliniet, 10% veen. Meeste testen mét voedsel (gist)
groei in cultuurkamer met licht. Bepalen van aantal
juvenielen (telling in suspensie, organismen drijven) en
overlevende adulten na 28 d (typisch >500
juvenielen/adult na 28 dagen)

ARapportering: overleving (LC50) en reproductie (NOEC
en EQ

AConcentraties: meestal nominale waarden (organische
stoffen)/gemeten waarden (metalen)

Geldigheid test
Overlevingy 80 %

Minstens100 instars/beker PR ‘%ﬁ
(8 ;
CVvoor reproductie /130 % s OVAM ./,
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Plantengroel (OECD 208, ISO 11269)

A Eindpunt: kieming en biomassa (scheut) na 14
21 dagen

A Speciesvrije keuze (tarwe, koolzaad, klaver,
022y ZXU

AUitvoering: gezeefde bodem;1 zaadjes per
pot
(afhankelijk van plant), 4 herhalingen. Bepalen
van aantal gekiemde planten en biomassa/pot.
Variante: wortelelongatie (4 d)

: "3 B
Control +114 +191 +437 +561+574 +682 +752 +828

=21 mg/kg "“ “““ w “

ARapportering: NOEC en,EC

A Concentraties: meestal nominale waarden
(organisch)/ gemeten (metalen)
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Microbiéle test. Nmineralisatie (OECD 216)

Eindpunt: nitraatproductie na 28 dagen

A Reactie: OrganiscAd NH;* NO;

A Speciesendogene populatie nitrificeerders in boden’

A Uitvoering: bodem pH 5:3.5, 0.51.5 Org C, 505%
zand, preincubatie, toevoegen van toxische stof,
toevoegen van Nptoplossing of plantmateriaal met
herhalingen (controle+gedoseerde).

Bepalen van nitraat (KCl extract bodem)

A Rapportering: NOEC en Ecx

A Concentraties: meestal nominale waarden
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AfleidingmilieukwaliteitsnormenMKN)

Data Kwaliteitsbeoordeling en Onzekerheidsfactoren
selectie
Ecotox1 @ . ..\I
%%

Ecotox2 @ » ooo.o

o —

o
Ecotox 3 o00Ceo o
0% 000 o » MKN

Ecotox4 © :O. o
Ecotox5 @ § © 0©

!

Signaal functie:

NOEC Chronisch Bij overschrijding = potentieel risico
Acuut EC50 LOEC EC10
EC30 EC10 NOEC l
EC20
Chronisch Veldonderzoek
Biotoetsen
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Afleiding MKN datarm

Beschikbare informatie Beoordelingsfactor
Minstens 1 acute L(E)C50 (planten, regenwormen micro organismen) 1000
1 chronische NOEC /EC10 waarde (vb. planten) 100
2 chronische NOECs/EC10 waarden van soorten die 2 trofische niveaus 50
omvattten
Chronische NOEC/EC10 waarden voor minstens 3 soorten die 10
representatief zijn voor 3 trofische niveaus
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Afleiding MKN dataijk

SeciesSEnsitivity
Distribution (S®)

Cumulative probability

0% -
10 100
Hoeveelsoortenworden

beschermd

Soortengevoeligheidsdistributie
(SSD)

SAMEN MAKEN WE




WoEbenaderingdiagnostischaoolbox =

Toxic pressure tools

Exposome Results / biological organization

Individuals
Assemblages
Model
ecosystems

Model species tested in the lab
Species assemblages tested in the lab
Meta-communities: micro-/mesocosms

TUs/RQs
msPAF
Probability of effects

Monitored
chemicals

Conc 1

Conc 2 ‘ Priority substances and species groups

Conc x

In vitro: molecular, celular, tissue... Dilution factors Subcelular
In vivo: organism 1, organism 2... Enrichment Physiological
Urknown Active Monitoring (caged organisms) % of effects Individual

chemicals

AOPs and ecological models
Conc 1

) Ecological monitoring

Results / biological organization
Species ocurrence
Taxonomic and
functional indices

Sampling, identification and counting Populations
Communities

Ecosystems

Sl Specimen bank and biobanking

eDNA

Figure from Rico, A.,
Hommen, U., Escher,
B.l. et al. The use of
diagnostic tools to
assess the risks of
chemicals to freshwater
ecosystems: towards a
unified evaluation
framework. Environment
al Management(2025).
https:// doi.org/10.1007/s
00267-025-02265-4

Dagvande bodemdeskundiger mei 2026

SAMEN MAKEN WE

? “ MORGEN MOOIER v
& ovaM tf/

Bodemkundige
Aoves & Sucesuresus



Berekenen van de toxische drald.h.vPotentieel
aangetaste fractiePAF concept
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Potentieel aangetaste fracié’AF concep

Gevoeligheidsverdeling van soorten

5 1 100
) : :
g PAF species protection level
e 1
2
g
@
g‘ P AF = 48 % LR R R R E YT
i
5 0.5 50% species protection level
(0]
1000 Concentratie (mg/kg) 0.05 —ummmmw— 95% species protection level
0

Figuur 1: Berekening van de Potentiéle Aangetaste Fractie (PAF) tengevolge van de
loodverontreiniging.
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Voorbeeldmulti-substancd?AF insPAIF

msPAF = (1 — 1_[(1 — PAFy))

Bodem concentratie Potentieel aangetaste
Mengsel fractie

contaminant
(mg/kg dw) (PAF) (%)

350 4.1

5 34
220 3.9
35 3.4

Multi substance Potentieel aangetaste =1-((1-0.041) x (10.034)
fractie x (1-0.039) x (20.034)
(MsPAF) =0.14 = 14 % aangetast
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Aanpak en resultaten generieke ERA

ﬁeinig data beschikbaar voor
D

e verschillende PFAS
verbindingen : e U T T e——
C Voor bodem beperkt aantal g o = =
soorten rck =
:-:-um-n-n:.\\nondlh-d-;---eli\ — —TI —
] (3 216 3 bbb [ oo - B o ormrce | it - | i bt | [ 30, DR 1 |
C Optie: aquatische data vertalen Aquatische database

Qaar bodemconcentraties /
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Aanpak en resultaten generieke ERA

Deriva PNEC terrestrial
Using AF approach

PNEC derivation
not possible

/’;;._

mmuulnm

Mo direct
ecolox risk

5| Moderate direct
BOOLON risk

Severe direct
ecotox risk
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Aanpak PFAS BBO 3M Zwijndrecht

1,00 1,00
1,00 O 100
PEOS PFOA PFBS PFBA
090 9% 0s0 0,50
o080 080 o0 080
§
£ om g 0 gaﬂo § 0120
o
£ 8
§ 060 g 00 Foso ° & 0s0
E-] © °
% 050 é 050 éa,su -g 050
H g 3 3
g 040 b oo § 049
. — \distribution @ ——log-normal ~—log-normal
i e |0g-nOrmal distribution 030 RESITM SeuRaon 030 distribution 0,30 distribution
020 920 020 020
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o1 010 010 0,10
0,00 900 000 0,00
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1,00 100
PFHxA | PFHPS | 6:2FTS .. NMePFBSA
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0,70 2
§ E 2 0,70 % 070
T 2 2
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2 T © T
g g f i .
£
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0,00 0,00 00
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Aanpak PFAS BBO 3M Zwijndrecht

PFAS substance: PFOS

PNEC derivation terrestrial compartment

Species Effect level & parameter mglkg dw
Aporrectodea caliginosa 40d-NOEL 1M
Earthworm Growth (weight)

Eisenia fetida 14d-NOEL 750
Earthworm Survival

PNEC - soil data-based

AF of 100 on lowest chronic value

0.010 mg/kg dw = 10 pg/kg dw

PNEC derivation aquatic compartment - Conversion from mg/L to mg/kg dw is based on Kd of 34.3 Likg

Effect level & parameter mg/L PAF conversion
mg/kg dw
Pseudokirchneriella subcapitata endpoint not reported 53@ 182.5
Green alga
Chlorella vulgaris endpoint not reported 8.2@3 282.4
Green alga
Navicula pelliculosa endpoint not reported 44 #9 1515.1
Anabaena flos-aquae endpoint not reported 44 1515.1
Lemna gibba endpoint not reported 6.6 ¥ 227.3
Myriophyllum sibiricum endpoint not reported 0.092 © 317
Watermilfoil
Daphnia magna endpoint not reported 53® 182.5
Waterflea
Moina macrocopa endpoint not reported 04 @ 138
Waterflea
Pimephales promelas endpoint not reported 0.028 @8 0.96
Lepomis macrochirus endpoint not reported; unbounded 0.87 © 29.96
LOEC/NOEC
Danio rerio malformation in F1 0.01 49 0.344
Xenopus laevis endpoint not reported 5® 172.2
Chironomus tentans emergence; unbounded 0.002 " 0.069
LOEC/NOEC
Enaliagma cyathigerum endpoint not reported; unbounded 0.01 12 0.344
LOEC/NOEC
Monoporeia affinis endpoint not reported; unbounded 0.064 (3 2.204
LOEC/NOEC
PNECaraic™ AF of 10 on lowest chronic value 0.2 pg/L

Cumulative distribution

0,90 -

0,80 -

0,70 -

0,60 -

0,50 -

0,40 -

0,30 -

0,20 -

0,10 -

PFOS

e |0g-normal distribution

—> PAF

0,00
0,01

0,1 1 10 100 1000 10000 100000

Soil contaminant concentration (mg/kg dry weight soil)

PAF HG: 0.0997 mg/kgdw
PAF surrogate PNEC,,; = 0.0997/5 =
0.02 mg/kg dw = 20 pg/kgdw
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Aanpak PFAS BBO 3M Zwijndrecht

PFAS substance: PFOA

PNEC derivation terrestrial compartment

AF of
10 on lowest chronic value

PNEC derivation aauatic comoartment - Col

Species Effect level & parameter mg/kg dw
Ambystoma tigrinum 30d-NOEL am
Ticer salamander Survival

Anaxyrus americanus 30d-NOEL 8
American toad Survival

Aporrectodea caliginosa 40d-NOEL 1@
Earthworm Growth (weight)

Brassica chinensis 7d-EC10 99.8
Chinese cabbaae Growth (lenath) Geomean
Caenorhabditis elegans 1d-NOEL 100 @
Roundworm Reoroduction

Cucumis sativus 60d-NOEL 4.82
Cucumber Growth (biomass)

Eisenia andrei Td-NOEL 500
Earthworm Survival

Eisenia fetida 14d-NOEL 750 €
Earthworm Survival

Eremias argus 60d-NOEL 1.587
Lizard (Monaolia racerunner) Survival Geomean
Folsomia candida 28d-NOEC 50
Sorinatail Reoroduction

Lactuca sativa 30d-NOEC 0.455 @
Lettuce Growth (weiaht) Geomean
Lithobates pipiens 30d-NOEL am
Northern leopard froa Survival

Lobella sokamensis 5d-NOEL 420@
Collembole Survival

Oryza sativa 21d-NOEC 2001
Rice Growth

Sorghum bicolor 3d-EC10 5.98¢®
Great millet Growth (lenath)

Trificum aesfivum 28d-EC10 83.80™
Common wheat Growth (height)

Vigna radiata 21d-EC10 273.8W
Muna bean Growth

PNEC - soil data-based 0.046 mg/kg dw = 46 pgikg dw

nversion from ma/L to ma/ka dw is based on Kd of 2.84 Lika
mgiL

Effect level & parameter PAF conversion
ma/ka dw
Psaudokirchneriella subcapitata 3-4d NOEC 38.7 Az 115.0
Green alaa Growth rate (geomean) {aeomean)
‘Myriophyllum spicatum 35d-ECT0 8801 26.2
Watermilfoil Root lenath
Myriophyilum sibiricum 35d-EC10 23704 70.5
Watermilfoil Growth (lenath)
Daphnia magna 21d-EC10 7.0208 209
Waterflea Reproduction
Moina macrocopa 7d-NOEC 3.1308 9.29
Waterflea Reproduction
Brachionus calyciflorus 4d-NOEC 401 11.9
Rotifer Intr.rate of population increase
Bufo gargarizens 30d-EC10 5.89019 17.5
Frog Survival
Oncorhynchus mykiss 85d-NOEC 4009 1189
Rainbow trout Growth (length)
Oryzias latipes 28d-NPEC/EC10 o8 3.0
Japanese rice fish
Pimephales promelas 30d-NOEC/EC10 100121 2973
Fathead minnow
Pseudorasbora parva 30d-EC10 11.7808) 35.0
Stone maroko Survival
BhES o AF of 10 on lowest chronic value 0.10 mg/L =
100 g/l

Cumulative distribution

1,00

0,90

0,80

0,70

0,60

0,50

0,40

0,30

0,20

0,10

0,00

PFOA o

e |0g-normal distribution
<—PAF
0,1 1 10 100 1000 10000

Soil contaminant concentration (mg/kg dry weight soil)

PAF HG;: 1.15 mg/kg dw

PAF surrogate PNEC,,;: 1.15/5 = 0.23 mg/kgdw
=230 pg/kgdw
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Verschikussenlab en veld observaties

5 |
(Fr ’éirﬁ

IDDDDD

linear non-linear




Incorporatiebiobeschikbaarheighetalen

1.0 7 [ ]
- c 09 7
Organic 2 08
carbon S 07 -
506 1
o 05 A
'g I!]Iﬂf .
_§ 0.3 o Highly sensitive soil
E u.z | * Medium sensitive soil
S o
01 - * Weakly sensitive soil
0.0 T 1
10 100 1000 10000
Soil Cu concentration (mg/kg)
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http://images.google.be/imgres?imgurl=http://www.floradecanarias.com/imagenes/sinapis_alba3.jpg&imgrefurl=http://www.floradecanarias.com/sinapis_alba.html&h=319&w=214&sz=31&hl=nl&start=5&tbnid=2NebXm-aD1EgQM:&tbnh=118&tbnw=79&prev=/images?q=sinapis+alba&gbv=2&svnum=10&hl=nl
http://images.google.be/imgres?imgurl=http://www.bio.vu.nl/do/facilities/enchytraeus.jpg&imgrefurl=http://www.bio.vu.nl/do/facilities/ecotox-tests.htm&h=113&w=136&sz=27&hl=nl&start=1&tbnid=VYEQNoZ6v7p_dM:&tbnh=76&tbnw=92&prev=/images?q=enchytraeus+crypticus&gbv=2&svnum=10&hl=nl

Biobeschikbaarheigoden verschillentussen

labo en veld condities

U Sudden
disturbance

U Gradual
accumulation

U No longterm
equilibration

U Ageing
reactions

U Excess ions
leached out

U Increased ionic
strength and
decreased pH
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Biobeschikbaarheigoden verschillentussen

labo en veld condities

=21 mg/kg

Control +114 +191 +437 +561+574 +682 +752 +828

TR

laboratory

Er iseenduidelijkverschiltussende
metaaltoxiciteitdie in het
laboratoriumwordt gemetenin pas
verrijkte monstersen gelijkaardige
concentratiesvan in in het veld
verontreinigdebodems
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Verouderingsprocessen

Ageing reactions

. Diffusion in micrepores
. Inclusion in crystal

structure of soil minerals

. Occlusion by precipitates
. Precipitation on soill

surface

. Occlusion in organic

matter
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Soll threshold calculator V3.1

A Released November 2013, frequently updated. Last upfidt@026 Arsenic included

A Available at http://https://archeconsulting.béen/tools/threshold-calculatorfor-metalsin-
soil

' ASSESSING RISKS OF CHEMICALS

ARCHE =
y

PNEC and Risk Characterisation Ratio (RCR) for:

| Copper | Back To Input
Results for site specific information:
eCEC= 12.04 cmolc/kg, pH=7, Org. C=2 %, Clay=10%
PNEC PEC RCR PAF
(mg/kg) (mg/kg) / %

ADDED approach

PNECadded site specific 52.8 [ 75 il il 1.42 ] 15 ]
TOTAL approach

PNECtotalsite specific . | 100 | - 141 ] 12.0 ]
PNEC: Predicted No Effect Concentration of the metal, concentration below which expesure to the metal is not d to cause an ad effect
PEC: Predicted (or in this case usually ) Er C of the metal of interest in the soil
RCR: Risk Characterisation Ratio — the PEC divided by me PNEC
PAF: Potentially Affected Fraction, the fraction of predi 0 be aff d at the metal concentration (PEC) entered

Dagvande bodemdeskundiger mei 2026
SAMEN MAKEN WE

7(% MORGEN MOOIER - t's‘

OVAM =g7"

e kend
Betens lllllll Veronigng Onathankedhe
Bodemk
T Slonsiress




Biobeschikbaarheidrganischestoffen

(Niet meetbaar)

Adapted from Calvo et al 2015
{Organisch solvent) From Bioavailability Science to Regulation of Organic
Chemicals. Environmental Science & Technology, 49 (17)

{Desorptie extractie:Tenax/cyclo dextrine)

(Passieve
bemonstering: (C,.y)

Cel membraan

Biodegradatie
Opgeloste vrije Effecten
concentratie Bioaccumulatie
(Biotoetsen)

Zeer trage/trage

Niet extraheerbaar Snelle desorptie

desorptie
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Wat brengtde toekomst?
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Soil monitoring Law Proposal (2023)-

EEB

Evropeon
Enviconmentol
Burecu

ST

NABU

European Commission proposal for a Soil Monitoring Law

Technical Briefing on

Introducing relevant soil biodiversity descriptors for soll monitoring

Policy r
1

for impr ded in EC proposal

The mandatory soil biodersity descriptor ‘sod besal respiration’ in Annex | should be replaced

with the g two soil y of which Member States should choose at
least one:

(1) Community-level physiclogical profiling (CLPP) and

(2) Metabarcoding (¢DNA).

Anaex | should also require the opp of a suitable
non‘Wiener Index, to evaluate sod biodwersity.

The Ce hould b to adopt deleg; acts to amend Annex | and adapt
it to newest scientific and technical progress, specifically on sod biodiversay.

Member States should be required to set criteria for at least one of these biodiversity de-
scriptors after the first soil measurements are performed, ot the latest four years after date
of entry Into force of the Directive. These criteria can be set either at Member State- or at soil
district-level.

Member States should be required to monitor at least one of the above-mentioned soll biode
versity descriptors and include the results of this monitoring in the assessment of the soil
health.

y index, such as the Shan-

11l. Which biediversity descripters and menitering methods are suital

The proposed descriptor an 36il basal respiration is not suited 1o provide & qualiatiy
of soil Dlodrerssy. The descriglor is sclentifically as well as technalogically not up to d
respiration does not prowvide information about communites and species, or data for &
index. Soil biadiversity experts regard it as one of the least effective methods for th

of soil Biodiversity'., It predor sl activity Ir rial respiration
furgal or other sources and is wery easily lated (i.e. via manure poten
e d e sctivity of e 13

Micihads that put sod respiration inte a wider conbext are more powerhial™ and have pro

Maore information on the approaches and methods mentioned above:

(1) Community-level physiological profiling (CLFF)

Community-level physiological profiling (CLPP) analysis is a technique used to characterize the met-
abalic activity of microarganisms in a mixed microbial community. By examining a community's abil-
ity to use a range of carbon sources, it gives insights into its overall functional versatility. In ecological
studies, EcoPlates?” are employed to measure the consistency of a standard microbial group and to
identify and evaluate shifts when an environmental factor emerges. Those shifts in microbial popu-
lations frequently signal upcoming changes in the overall health and stability of the environment,
Two main methods are widely acknewledged to evaluate microbial seil condition: MicroResp™® and

Biolog EcoPlate™?.

| 2) Metabarcoding (eDNA) ||

Regarding soil ecosystem biodiversity analyses via metabarcoding, eDNA methodologies offer an ef-
ficient, reproducible, and scalable solution to characterise biodiversity, establish diversity thresholds,
understand food web dynamics and monitor community changes as a result of activities, manage-
ment deusmns orrestoratlon prograrns in lhls conte:l. the use of €D Nn methodolop.les has enabled
ms?, The
Global Soil Biodiversity Cunservatlun Nelwork also recemmends analytical melhudu!o.g]es based on
eDMA to develop new ecological indicators for tracking soll health and biodiversity®,

(3) Shannon-Wiener Index |

The Shannon-Wiener Index is a key indicator used to evaluate biodiversity in ecology. However, it is
important to understand differences and similarities in its application in both CLPP and eDMA meth-
ods. In both cases, the index is used to quantify biodiversity, taking into account the number and
abundance of species {in the case of eDNA) or metabolic patterns (in the case of CLPP). In both cases,
the Shannon-wiener Index allows for assessing the complexity of an ecosystem. where higher values
Indicate greater blodiversity. For CLPP, the index is based on metabolic profiles, which indicate the
ability of microorganisms to utilize various carbon substrates. Fer eDNA, the index Is based on the

ant &% indigatars of sail microbial funcicns and functional diversity™. The
menitor soil should portray the

sity of soil

describe soil biodiversity's loss: or developmaent. Well established scientific Bterature SUERests two cone "

methodological approathes to achieve this:

i) & leval ling" (CLPF) and

e —
12) Metabarcoding'" (eDMA).

CLPP approaches collect information about the soifs Tunclicnal Digdversiny whereas sDNA (enviran-
mental Dan) collects infarmation mainky about the <oifs taxenomic blodsersity. in both cases. the in-
farmaticn can be oper d by star . for example the (3) Shannon-Wie-
ner ndex’™. After standardy ! L an approach based on CLPP and eDMA can thus
lead to a harmonized assessment of soil bicdiversity at EU bevel as well as facilzate the setting of criteria
at 5ol destrict or Memiber State level, taking into corsideration land use.
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Soil monitoring Law Proposal (2023)

. Which biodiversity descripters and manitering methods are suitable?

The propased descriptor on soil basal respiration is net suited to provde 2 qualitative assessment
European Commission proposal for a Soil Monitoring LaW  of scil bicaersey. The desongtor is scientificaly as well as techinalogically not up to date, Sod basal
respiration does not proside information about communitees and species, or data for an appropriabe
index. Soil biodiversity experts regard it as one of the least effective methods for the evaluation
Introducing relevant soil biodiversity descriptors for soil monitoring af sadl Bisdiversity'™. It predaminantly measuFes sol activity from bacterial respiratian and Srie fram
furgal cr other sources and is very easily mandpulabed {i.e. wa manure application, potentially resuliing
im miskesding posities outcomes dwe o the scirity of low biodeerse microbiomes),

Methods that put sod respiraton ine a wider conbext are meare poveriul' and hinve proven be b rele-
Policy recommendations for Improvements needed in EC proposal yant a5 indicators of $oil microbisl functions and funclional diversity™. The descripbors to sssets and
Y. The mandatory soil biodwersty descriptor ‘sof basol respianion in Annex | should be replacl minilar sail bodhersity should accurately portray the (Tunctional) diversity of sodl 1o be able 10

with the following two soil biodiversity descriptors of which Member States should choose d  SESCRIENE S0l Bigdiversity’s loss of develapment. Well established scientific Bteratung SUEREsEs. Do Cone

Technical Briefing on

least one: methodological approaches to achieve this:

() Chmiwamity Aol phieioiouionl prolive SLM o) Community-level physiolagical prafiling'”

(2) Metabarcoding (cDNA). n CLPR)and
Anniex | should aiso require the application of a suitable biodiversity index, such s the Shall 12} metabarcoding'" (eDMA)L
nonWiener Index, to evaluate sod biodiversky, CLPP approaches collect information about the soifs funclional biodversity whereas eDNA (environ-
The Commission should be empowered to adopt delegated acts to amend Annex | and mental DN collects infarmation mainky abaut the $oifs taxenomic biodeersty. In bath cases, the in
it to newest scientific and technical progress, specifically on sod biodversiy. farmation can be operabionalized by standard blodiersity indexes. for example the {3) Shannon-Wie-

2. Member States should be required to set criteria for at least one of these biodiversity ner index™. After standardizaton and cross-ealidation. an approach based on CLPF and sDHA can thus

scriptors after the first soil measurements are performed, ot the latest four years after
of encry Into force of the DY e can b 2 ot M  Ca or ok lead to a harmsgnized assessmseni of Soil Mo eersiny a1 ELU besed as well as Taciligane che seqmng of oriceria

district-level. at sodl district or Member State level, taking info corsideration Land use.

3. Member States should be required to monitor at least one of the above-mentioned soll
versity descriptors and include the results of this monitoring in the assessment of the soil
health. I
Dagvande bodemdeskundiger mei 2026
SAMEN MAKEN WE
/\° MORGEN MOOIER e e
(8 o 54

OVAM =57~

sigin end
lmlmullmulullul Veronigng Onathankedhe
Bodemkundiae

& Saiceouresus




Soll monitoring Law Proposal (2023)

More information on the approaches and methods mentioned above:

(1) Community-level physiclogical profiling (CLPP)

Community-level physiological profilimg (CLPP) analysis is a technique used to characterize the met-
abalic activity of microorganisms in a mixed microbial community. By examining a community's abil-
ity to use a range of carbon sources, it gives insights into its overall functional versatility. In ecological
studies, EcoPlates? are employed to measure the consistency of a standard microbial group and to
identify and evaluate shifts when an environmental factor emerges. Those shifts in microbial popu-
lations frequently signal upcoming changes in the overall health and stability of the environment,
Two main methods are widely acknowledged to evaluate microbial soil condition: MicroResp™3* and

Biolog EcoPlate™2,

|_(2) Metabarcoding eona) |

Regarding soil ecosystem biodiversity analyses via metabarcoding. eDNA methodologies offer an ef-
ficient, reproducible. and scalable selution to characterise biodiversity, establish diversity thresholds,
understand food web dynamics and monitor community changes as a result of activities, manage-
ment declsluns orrestoratlon prugrams In this context. the use ufetl Nn methudulgmes has enabled
i il mi ral ms*, The
Global Soil Biodiversity Conservation Network also recommends analytical methodologies based on
eDMA to develop new ecological indicators for tracking soil health and biodiversity®s,

| 3 shannon-wiener index |

The Shannon-Wiener Index is a key indicator used to evaluate biodiversity in ecology. However, it is
important to understand differences and similarities in its application in both CLPP and eDNA meth-
ods. In both cases, the index is used to quantify biodiversity, taking into account the number and
abundance of species (in the case of eDMA) or metabolic patterns (in the case of CLPP). In both cases,
the Shannon-Wiener Index allows for assessing the complexity of an ecosystem, where higher values
Indicate greater biodiversity. For CLPP, the index is based on metabolic profiles, which indicate the
ability of microorganisms to wtilize various carbon substrates. For eDMA, the index Is based on the
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Metabarcoding

Molecular technique
that uses DNA
extracted from
environmental

samples to identify

multiple organisms
simultaneously
through high-
throughput
sequencing.

B R

Environmental DNA Specific genetic
(eDNA) is extracted markers (barcodes)
from soil, are amplified (e.g.

sediment, water, 168, 18S, ITS),
snow, biofilms, sequenced and
others. compared to
reference databases
for taxonomic
identification

It captures diverse
organisms,

prokaryotes and
eukaryotes, without
the need for visual
identification.

&

Used for detecting
biodiversity in every
environmental
compartment.
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eDNAbemonstering

* Soil: Samples are collected using a sterile trowel,
ensuring minimal surface contamination.

*Sediment: A corer is used to collect surface
sediment layers from aquatic environments, targeting
the top few centimetres rich in microbial and
eukaryotic DNA.

* Water: Water samples are filtered using a vacuum
filtration system. Filters retain suspended eDNA for
subsequent extraction in the lab.

* Biofilm: Biofilms are scraped from surfaces (e.g.,
stones, aquatic plants) using a sterile toothbrush to
recover attached communities for analysis.

Depending on the chosen genetic marker, it is
possible conducting broad community surveys (e.g.,
18S for eukaryotes, 16S for prokaryotes) or targeted,

taxon-specific analyses (e.g., RbcL for diatoms)
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eDNAextractie

Pool of DNA molecules present in an environmental sample (EDNA) -
DNA of different organisms belonging to different taxonomic groups.

Environmental sample eDNA

z 9 ){m ) a5 )

DNA

@
N

DNA extraction
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Sedimenfpreliminary Predicted Functional Profile

Molse Nete | Downstream Scheppelijke Nete vs Upstream Scheppelijke Nete GN | Downstream Molse Nete vs Upstream Molse Nete

08105 Amino scd metabolism
D208 Melabolam of cofactars and viamine
£9101 Carborrytiate metsbelism
09102 Eneegy metabolism
06104 Nudleuice metsbolism
00122 Traealaron
08107 Glycan bowyrthans we metssclim
02131 Merstene banspor
03132 Sigral wansduction
00145 Callilir communtly - prokaryaies
00126 Repication ane rpak
00103 Lipies mestabtinm

09123 Fokding. sorting and degradaton §
COY08 Metsboinm of omar sming ackds

o "o

00100 Metabctem of terpercids and povielides
09110 Blasyrehesis of ofer 3000rdiary metabolites 4

09142 Cot matity

CO143 Cal growth and dean *

00175 Oruz resistance: seimesoblal

QT IntecTous Sedne: bactanal

08121 Transaripson

00141 Tranepon anet catsbiclism

09140 Eavirenmental adsotaton

00125 isformation procmaing in vinises

03133 Sigrating molecules and nteracton

3 m 10 0 10
Mean Relative proportions (%) Mean Relative proportions (%)
* BH-adpsted p < 0.08 | Metabole pathways ordered o sbundart (top) ¥ least * BH-adusted p < 0.05 | Metabolic pathways cedered fram most abundant (10p) 10 least abundant (botiom)

No significant differences ( ALDEx2; p.BH > 0.05) were detected between pairwise comparisor
for any predicted metabolic pathway
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DEBRIBM populatie modellen

Theory of the dynamic energy
budget (DEB)

Metabolic theory:
A Describing the energy flows
within the organism
A Growth, maturation and
reproduction used to predict
life history traits (IBM model)

DEB

» Faeces - - S
o
Assimilation p, i

Food
Uptake py
- — \.
Population - Y
N? W, 4/ Fishing \
| Mobilisation p. PEAS. moneliy '-,
;N
: i - ; [
Somatic maintenance p, T ‘h\ 3 .-
maintenance N . A P
e 1 e L s [ Background /
P ~ :
Reproduction gy - Sei ?’. d. > T‘. mortality .
1 N — i
_ Hatching re- 2 _ e
Tl / F_-»('J Predation mortality |
Figure Harry Gorfine
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DEBIBM populatie model

Newindividual—’<

Y

» Feeding 1«
-|-4Ye_s Mort' jty? Reproduction buffer
update
No
No Yes Yes .
Adult? ——{ Reproduction? —s| DEtermine
brood size

Chemical stressors, changing
environmental conditions
leading to subletal effects
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Vbtoepassing DEBM populatie model

Historical metal pollution in river sediment and soils in Flanders:

Excavation of polluted sediment would lead to complete destruction of

the local environment (i.e., complete loss of nature and biodiversity)

Grote Laak - Cd =» LIFE NARMENA project

NAture-based Remediation of MEtal pollutants in Nature Areas to
increase water storage capacity

150 -

Non-invasive, Nature-Based soil and sediment Remediation (NBR):
* Bacteria-assisted phytoremediation (BAP)
* Constructed wetlands (CW)

00 -
l Technique:

m==  Excavation Ecological modelling to compare different risk management scenarios:
- NER * Mathematically model impact of heavy metals (As, Cd, and Cr) on
Lemna minor, and populations of Daphnia magna and Hyalella azteca
#== Mo action - * Comparison between conventional and nature-based remediation

50 -

100 200 300 400 500
Time (d)

= -
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Ecemodelling tool

ADEBIBM modelling framework developed for
3 indicator species

Duckweed (Lemna minor)

ADifferent scenarios included:
ANo remediation (situation before remediation)
A Excavation (complete removal of heavy metal contamination)
ANBR (Groté.aak GroteCalie WinterbeeR

A Userdefined (set your own metal + concentration in water and
sediment compartment)

A Predict impact at the population level

Water flea (Daphnia magna)
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