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MERLIN-Expo — General objectives
4
9

Objective 1: to integrate in a common software a library
Transport model of models for full-chain HEA and EEA

Objective 2: to integrate in the software all the
functionalities for generic and/or site-specific
uncertainty/sensitivity analysis

Exposure behaviour
models

PBPK models (HEA)

Food-web models (EEA)
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River model

Inputs/outputs from/to
v atmosphere
v'terrestrial system
v'aquatic biota

Within River exchanges by
v'Sorption/desorption
v'Deposition/resuspension
v'Diffusion

Invertebrate/Fish models
Inputs/outputs from/to
v'water
v'sediments
v preys
Processes
v'Respiratory uptake and excretion
v'Uptake via food and egestion
v Growth
v'Metabolism

Allometric relationships

Biota elimination

Upstream
advection

Point sources

Soil wash off

Irrigation

River model

Fish model

I Phytoplankton model |
| Zooplankton model |

i MERLIN-Expo — Library of models

River model

Direct uptake from sediment
porewater

Elimination via the

Direct uptake from
overlying water

= Fish respiratory system

Uptake via food

Fish GIT system

(egestion)

Growth Metabolism

Elimination via the GIT
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Raw water Downstream
advection
Sorption
[ Biota uptake
Water Desorption SPM >
iDiffusion Deposition | [Resuspension Degradagiop
Sorption .
P Sediment
I e _Desorption particles
Sediment

respiratory area (excretion)

River model

LIFEa6
ENV/IT/000167




MERLIN-Expo —

Mammals model
Inputs/outputs from/to
v'drinking water,
v food
Processes
v’ Digestion in GIT and excretion,
v Diffusion GIT-Blood,
v'Blood circulation in muscle, liver, kidney and milk,
v’ Partioning Blood-Fat,
v'Urinary elimination,
v Excretion of milk

Drinking river
water

Library of models

 Uptake from

food
HIANNIAL Blood circulation
in organs
Diffusion : Muscle
Partitioning Blood-Fat
Liver
&l Diffusion Blood Partitioning Blood-Fat

Kidney
Partitioning Blood-Fat

Milk
Partitioning Blood-Fat
| [

|

Excretion via
feces

Metabolism

Extraction of Urinary
milk elimination
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ENV/TT/000167



f

MERLIN-Expo — Library of models

VENOUS BLOOD

»  LUNGS

v

HEART

ADIPOSE [«

SKIN

ADRENALS [«

MARROW

BONES |«

MUSCLES

BRAIN

T

<——

THYROID

BREAST [«

SEXUAL ORGANS

URINARY TRACT

A

2454

KIDNEYS

‘_—

PANCREAS

SPLEEN

STOMACH

"|STOMACH LUMEN

GUT LUMEN

I
‘—F

v

daooig 1vidaLav

Describe the human body in detail
and the redistribution processes of a
substance:

2 routes for
(inhalation and ingestion)

The substance is distributed in
23 tissues or organs

3 sites of metabolism (lungs,
liver and gut)

3 sites of elimination (via faeces
or urine, exhalation)

B
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MERLIN-Expo — Library of models -
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MERLIN-Expo — possible scenarios - -
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%d MERLIN-Expo 4.0 - C\Users\h83034\AppData\Roaming\MERLIN-Expo 4.0\lib\SPHERA_Rodenticides_v4.0.eco* J *b\/erm eel

%a Information” "=, Model | ' Context | @ Options | i Time series | TU Parameters | [» Simulation | [i.f Charts | T Tables | | | Reports |
&} Manage library... Synchronize with library... (& Help Contents

BERQ «
- All sub-systems -

O - = 00 + F
............................................. C L D
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............................................. ON TES

.......................... iver
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’ MERLIN-Expo — Material for end-users -

J )’O life

E Environment

X
‘- g The MERLIN-EXpo River Model

@ » The River Model dynamically simulates the distribution of organic
(118
MM-MM L | contaminants and metais in abiofic media (Le. water, suspended
particulate matter and sediments) of river systems.

Author: Philippe Ciffroy

| @0 merlin-expo.eu/learmn/tutorials/

Download (PDF). The MERLIN-Expo River Model V2.1

The MERLIN-Expo Soil Model
@‘M 7 The Soil Model dynamically simulates the distribution of organic

o contaminants and metals in abiotic media (i.e. soil particles, pore water)
of soil systems, with a description of their depth profile in the root zone.

Author- Philippe Ciffroy.

Download (PDF). The MERLIN-Expo Soil Model V1.3

Aquatic Food
The MERLIN-Expo Fish Model
@g 7 The Fish Model estimates the time-dependent accumulation {in mass and
o concentration bases) of organic/metals in the edible part in fish at fishing
time.

etc...

Author: Artur Radomyski, Philippe Ciffroy.

Download (PDF): The MERLIN-Expo Fish Model V1.4 fe Vermeer Project
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MERLIN-Expo — Material for end-users

merlin-expo.eu/le

L

mm

The models’ tutorials

aaCOL:
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=

1. The river model

QoUXm

as L

@he Fish Model
) ‘ -

etc...



o g MERLIN-Expo — Improvements in Life-Vermeer (1) . =

o"%g:/léfcrmeer
Parameter requirements in MERLIN-Expo
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| | Degradation half-lives A,
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Direct uptake from sediment
porewater
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respiratory area (excretion)

Direct uptake from
overlying water
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MERLIN-Expo — Improvements in Life-Vermeer (1)
;
@,
Parameter requirements in MERLIN-Expo

Drinking river
Uptake from

water
food
MAMMAL Blood circulation
in organs
Diffusion > Muscle
Partitioning Blood-Fat . .. I
o oy [ T Blood/Tissue Partition coefficients
o 00 Partitioning Blood-Fat ‘ K
’ —————~| Kidney | blood/tissue
Partitioning Blood-Fat LUNGS
Milk H 2
Partitioning Blood-Fat DIﬁUSIOn rates < + W
‘ ‘ < SKIN |
! \ < ADRENALS
Excretion via Extraction of Urinary < MARROW [«
feces milk elimination
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BREAST
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MERLIN-Expo — Improvements in Life-Vermeer (1) -
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Generation of parameter values from

databases and/or QSAR

OQ@UXm

... With uncertainty margins
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° VIRTUAL MODELS FOR EVALUATING THE PROPERTIES
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Q° MERLIN-Expo — Improvements in Life-Vermeer (1) B

o
= Concretely ~bvermeet

%2 MERLIN-Expo 4.0 - New Project 1 - Physico_chemical_parameters* You can lca"’ VEGA

Lo Information r'n. Model r ' Context r@, Options r | Time serie;sz[ Parameters TF) Simulation TM Charts rﬁTables r : Reports

# Exportto Excel { Import from Excel [T Database @ Help Contents VEGA ¢

Bioconcentration factor predicted by the CAESAR model implemented in VE ( Bioconcentration factor predicted b |the CAESAR model implemented in VEGA (A - PHYSICO-CHEMICAL PROPERTIES OF
Bioconcentration factor predicted by the CAESAR model implemented in VE{ | - ADI VEGA Represents the partitioning at equil prium of organic chemicals between invertebrate organism and water in absence of ¢
Bioconcentration factor predicted by the Meylan model implemented in VEG| |VEGA implemented in VEGA

Bioconcentration factor predicted by the Meylan model implemented in VEG| |- ADI VEGA Data

Henry's law constant VEGA =

Metaholic half-life of chemicals predicted by the madel implemented in VEG| |VEGA Organic Value FDF Unit !
Metabolic half-life of chemicals predicted by the model implemented in VEG| |- ADI VEGA Brodifacoum - (56073-10-0) | |un|t|ess

Maolar mass of the chemical

Missing value for the targeted chemical
VEGA simulation

e VEGA X

BCF model (CAESAR) A4

QSAR regression madel for fish BCF (from CAESAR project)

Material Current Experimental Model prediction ADI Reliability Units Assessment Report E
# Brodifacoum - (56073-10-0) [ | [i] 1.3808197919988554 |  6.11E-1|LOW reliability [log(L/kg) |1.38 log(L/kg) (low reliability) | VEGA Show report | A

The parameter value is now available!

Ho MERLIN-Expo 4.0 - New Project 1 - Physico_chemical_parameters*

ko Information | "+, Model | * Context | @ Options | (' Time series” TU Parameters | [» Simulation | [/ Charts | T Tables | | | Reports
4 Export to Excel £ Import from Excel [7] Database @ Help Contents WEG/A

Bioconcentration factor predicted by the CAESAR model implemented in VEG Bioconcentration factor predicted by the C4 |SAR model impler
Bioconcentration factor predicted by the CAESAR model implemented in VEGA - ADI VEGA Represents the partitioning at equilibrium § |organic chemicals
Bioconcentration factor predicted by the Meylan model implemented in VEGA VEGA implemented in VEGA

Bioconcentration factor predicted by the Meylan model implemented in VEGA - ADI VEGA Data L

Henry's law constant VEGA

Metabolic half-life of chemicals predicted by the model implemented in VEGA VEGA Organic Value FL
Metabolic half-life of chemicals predicted by the model implemented in VEGA - ADI VEGA Brodifacoum - (56073-10-0) | 1.381E0
Molar mass of the chemical




MERLIN-Expo — Improvements in Life-Vermeer (2) .

Advantage of MERLIN-Expo: its FLEXIBILITY!
(you can build any scenario, for any chemical...)

Air
Input from gource e ¢ “en
—| P Aerosol T
‘P{r.ti't-i;i'ﬁ ___________________________________________________________
y A ey
I -
I Inhalation by cow
Rain drop '
et depositio ‘ InhalaEn by humans :
Wet deposition (gas) T —— — __ ——
Ingestion by humans
) ek o | - — - — = —— ———
Fish 1 1 1 i
h 4
Y ¥ 1 ¥
] 17 v . ] ]
Input from Leaf Grain Root Cow Cow
upstream | || Fruit Potato (Beef) || (Milk)
Degradati [ | i [
gradatid Plant || Animal | |
Root uptake ‘! Nesrpdation
S R FN St s WP T by cofy
De¥radation
e ore
Degradation g olid phase '-.h"-. Hriace soflzane . _l
— & Soil —
Partition "t tseenree s eenanseernenaree adose zone H
v

Bottom sediment Ground water zone

But: flexibility is difficult to cope with because you have to define yourself the
scenario, to define yourself the parameter values, etc... B3
- some end-users may be afraid of their freedom...




MERLIN-Expo — Improvements in Life-Vermeer (2)

— It was decided to propose pre-defined scenarios for some case studies

The relevant models are selected and connected in line with regulation recommendations;
Default values are defined for the majority of parameters

Only a small number of parameters (e.g. site-specific, meteorology, etc) have to be informed
by end-users

- 95% of the ‘scenario building’ work is already done!

—> the VERMEER tools

VERMEER Rodenticides

VERMEER Solvents Risk assessment of chemicals released in freshwaters
VERMEER Metals

VERMEER FCM
VERMEER Dispersants
VERMEER Oil




MERLIN-Expo — Improvements in Life-Vermeer (3) -
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~ What to do with VERMEER: an example o
VERMEER RODENTICIDES - REGULATORY CONTEXT pvermee

MECHA

HEMICALS AGENCY

Revised Emission Scenario Document for

Product Type 14
Rodenticides
August 2018
3.7 Exposure scenarios for bank Slopes .. ..o e 64
3.7.1 (DLl g o n LT ET == | == PO 64
3.7.2 Rodenticide formulations typically applied in this @rea.....cccveiiiiiiiiiiiiiiiii e 65
3.7.3 Environmental release pathway .o i i e 66
3.7.4 o Y= Lo ] =] o =Y o = o T P 66
3.7.5 (O] o T=Y ol o] o) /=Yt o (o] o J o= e 1= o= 68
3.7.5.1 oo = 1A o = 1 PN 68
3.7.5.2 SY=Tole] g o =1V o o £=To] o1 o [« F PRSPPI 68

3.7.5.2 Secondary poisoning

The secondary poisoning hazard applies to predators among mammals and birds and
scavengers, and thus the situation is comparable to that described above for rodents in open
areas. Secondary poisoning via environmental emissions has to be considered for fish-eating
birds and mammals according to ECHA (2016a).

—

The VERMEER Rodenticides tool was designed to be fully aligned with
ECHA approach and scenario

- Life Vermeer Project




e, What to do with VERMEER: an example
VERMEER RODENTICIDES — PRE-DEFINED EXPOSURE SCENARIO

e A0
ol =
-3 )

€=
PHYTOPLANKTON

- . > B ‘
INVETEBRATES

gl
MAMMALS

Direct uptake from

Elimination via the
respiratory area (Excretion)

overlying water

—>| Respiratory system i

Uptake via food

Gastro intestinal
system

Elimination via the GIT

(Egestion)

Undisgested Food + Egestion

T1

GIT
D

Undisgested  Undisgested
water lipids

— 1t

G-
ECOTOXICITY

8]

(Metabolism)

iffusive uptake

ﬁ 1

Lo

Water layer ‘

Egestion —

Growth

Apolar

Lipid membrane
with

Quter membrane
with polar groups

membrane
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What to do with VERMEER: an example

VERMEER RODENTICIDES — PRE-DEFINED EXPOSURE SCENARIO 'Lb

Pelagic invertebrates Small pelagic fish (golden shiner-type)

Phytoplankton (mysid-type)

Small bentho-pelagic fish
(bluntnose minnow-type)

Benthic invertebrates
(oligochaete-type)
% 1..‘“‘

Small car‘r'ﬂvorous bgntho-pelagic fish
(yellow perch-type)

-

Big carnivorous
bentho-pelagic fish
(lake trout-type)
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What to do with VERMEER: an example

Brodifacoum

VERMEER RODENTICIDES — EXAMPLES OF RESULTS

Dynamics of rodenticide

(brodifacoum) in Fish
species following a Dirac

input

Brodifacoum

9E-03

\-\ - e il
8,F-03 / 355
1000 2
/ \

Time {days)

2
tter blood (mg/kg fw)

7003 / \
/
/

6,E-02 ." \

SE03
o
£ 4003 —f
g
T 3E03
g |
o
Q

203 }

Dynamics of rodenticide |

1,E-03 |

(brodifacoum) in Otter |
following a Dirac input I

0 50 100
Time

. LIFEI6
ENV/IT/000167

q”‘)'o life
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- Life Vermeer Project
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;{’ What to do with VERMEER: an example - -

J f) life
VERMEER RODENTICIDES — EXAMPLES OF RESULTS pvermeer
Raking of rodenticides based on Area Under the Curve (AUC) (with uncertainty range)

Alpha-chloralose Brodifacoum Bromadialone Chlorophacinone Cholecalciferaol
1,E04 1E04 , 1,E04 1E04 . 1,E-04
LE-05 LE-05 1E-Q5 LEDS 1E-DS
LE-05 LE-D6 § T LE-DG 1E-DG § LE-06 I
1E07 1£07 | 1£07 ] 1E07 ] 1£07

,,_
|

1E-08 1E08 | N 1,E-08 S 1E08 —L‘ 1,E-08
1,609 I 1609 | - 1,09 i 1609 1,09
1,E-10 NI 1E-10 1,E-10 1E-10 | 1,E-10

1E-11 1E-11 1 = 1E-11 . 1E-11 4 1E-11
LE-12 1E-12 4§ 1E-12 1E-12 § 1E-12

1,E-13 1E-13 1E-13 1E-13 1E13

Coumatetralyl Difenacoum Difethialone Flocoumafen Warfarin
1E-04 1,E-04 1,E-04 1E-04 1E-04
LE-05 LE-O05 LE-O05 LE-QS LE-QS
LE-0G LE-0G T LE-0G5 ]: LE-DG6 1 LE-DG6
1E-07 1E-07 1,E-07 T 1E07 — 1E07
LE-08 - I - LE-08 \ _ f l 1E-08 ; 1E-08 | _ _l 1E-08
1,609 ' . 1,609 - 1,609 1,£-09 - 1,£-09 T
1E-10 T 1,E-10 1,E-10 LE-10 LE-10 Ib it '1
1E-11 1,E-11 : 1,E-11 1E-11 1 1E-11 T
1E-12 1E-12 1,E-12 1E-12 1E-12
1E-13 1E-13 1,E-13 1E-13 1E-13

Figure 4 — Boxplots representing AUCammaza [E2365 days) (in MEawumuates- ME “reasee) of concentration in small pelagic fish for each rodenticide

The central line represents the median, the limits of the boxes represent the first and third quaortiles (1 and O3) and the ends of the whiskers represent the 5% ong 95t - Life Vermeer Project

percentiles of the 10000 simulated AUCs foe each rodenticide



What to do with VERMEER: an example

VERMEER RODENTICIDES - EXAMPLES OF RESULTS

Reverse modelling: starting from monitoring data in the environment to reconstruct
exposure levels

_ ¥
ENV/TT/000167

Ex: Rodenticides in fish liver = reverse modelling = Mean rodenticides concentrations

In water
# Sampling location Brodifacoum Bromadiolone
(ng'g) (nglg)
1 (L)  Queich pgar Offenbach 29.6 (0.2)
1(F)  Queich ngar Offenbach ND ND
2(L) Queich pgag Offenbach 18.2 0.3 River Rodenticide Estimated Estimated
2(F)  Queich near Offenbach ND ND concentration in water from | concentration in SPM from reverse
OV AT 3 -1 i 1 -1

3(L) Queich near Offenbach 7.9 0.6 |:> — Brodifacoum Teverse ?;diel?E @el’) modeling ;‘;gikf 90“ ngg)
3(F) Queich near Offenbach ND ND Queich river Bromadiolone 0.20+0.15 0.18+014
4 (L ict - Offenbacl 9.5 0.5 o : :
4(L)  Queich gygg Offenbach Estimated concentrations from reverse modelling
5(L) Queich ngar Offenbach 52 1.0 ) .
6 (L)  Queich ngar Offenbach 10.4 0.7 Wlth VERMEER ROdentICldeS
7(L)  Queich near Offenbach 8.5 0.3
8 (L)  Queich pnear Offenbach 16.3 (0.1) 0 nc

: o I ... can be compared to hazard predictions

Concentration measured in fish (Queich river) from VEGA

(from Regnery et al., 2020)




What to do with VERMEER: other examples .
VERMEER SOLVENTS

(E)-1,2-Dichloroethene (156-60-5)

1,1'-Dimethyldiethylene glycol (110-98-5)
1,1,1,3,3,3-Hexafluoropropan-2-ol (920-66-1)
1,1,1-Trichloroethane (71-55-6)
1,1,2,2-Tetrachloroethane (79-34-5)
1,1,2-Trichloroethane (79-00-5)

1,1-Dichloroethane (75-34-3)

1,1-Dichloroethene (75-35-4)
1,2,3,4,5-Pentafluoro-6-(trifluoromethyl}benzene [Perfluorotoluene] (434-64-0)
1,2,3-Trichlorobenzene (87-61-6)

1,2,3-Trichloropropane (96-18-4)

1,2,4-Trichlorobenzene (120-82-1)

1,2-Butanediol (584-03-2)

1,2-Diacetoxypropane (623-84-7)

1,2-Diaminoethane (107-15-3)

1,2-Dichlorobenzene (95-50-1)

1,2-dichloroethane (107-06-2)

1,2-Dichloropropane (78-87-5)

1,2-Diethoxyethane (629-14-1)

1,2-Dimethoxypropane (7778-85-0)

1,2-Hexanediol (6920-22-5)

1,3,2-Dioxathiolane-2-oxide (3741-38-6)

1,3-Butanediol (107-88-0)

1,3-Dichlorobenzene (541-73-1)

1,3-Dithiclane (4829-04-3)

1,3-propanediol (504-63-2)

1,4-dioxane (123-91-1)

1,8-Diazabicycloundec-7-ene [DBU] (6674-22-2) =
LGty ety = propac (0324327) ... Model parameterized for more than 300 solvents
1-Bromopropane (106-94-5)

1-butanol (71-36-3)

1-Butylamine (109-73-9)

1-Chloro-2,3-epoxypropane (106-89-8)

1-Dodecanol (112-53-8)

1-Heptanol (111-70-6)

1-Hexanol (111-27-3)

1-Methoxypropan-2-ol (107-98-2)

1-Methylazepan-2-one [N-Methylcaprolactam] (2556-73-2)
1-Nitropropane (108-03-2)

1-Monanal (143-08-8)

1-Propoxy-2-propancl (1569-01-3)

2 2-Dimethyl-1 3-dioxolan-4-yl methanol (100-79-8)
2,2,2-Trifluoroacetic Acid [TFA] (76-05-1)

2,2, 2-trifluoroacetic Anhydride [TFAA] (407-25-0)
2,2,2-Trifluoroethanol (75-89-8)
2,2,4-Trimethyl-1,3-pentanediol 1-isobutyrate (77-68-9)
2,2-Dimethoxypropane (77-76-9)
2,2-Dimethyl-1,3-dioxolane (2916-31-6)
2,4-Dimethyl-3-pentanone [Diisopropyl ketone] (565-80-0)

S o o oSS S o S o S o S S o S oS o S o S o S o S o

Risk assessment of solvents released in surface waters

Ranking ‘Green solvents’ vs ‘Classical solvents’
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’ VERMEER METALS

dm MERLIN-Expo 4.0 - C\Users\h83034\Documents\philou\CIGALE\SPHERA\SPHERA Metals in river v71.eco®

4= Information” "=, Model Context @ Options Time series | TI Parame ters Simulation LJ_ Charts | [ Tab
&/ Manage library... Synchronize with library... & Help Contents

4| - All sub-systems -

Q

-

les

Metal |
\speciationJ

_____________________

» ~
| Transport}
| inriver

:‘ River J
i\ecosystem |

> Distribution of _
metals among

What to do with VERMEER: other examples B

free metal M#*

metal complexed with inorganic
ligands (OH-, CI-, CO;?, etc)

metal complexed with DOC

metal sorbed onto POC

metal sorbed onto oxides

metal sorbed onto clay
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