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History of TK modelling

Pirimicarb (Carbamate) 2005
SETAC 2007
GD 2009

European Food Saffety Autharity M 23 to The EFS4 Journal QWS! 734, 1-181
) Toxicokinetics model for an insecticide in rats: SETAC 2012

implications for higher-tier risk assessment

Body burden modeling for bird and mammal risk
assessment of pesticides: findings from the SETAC 20 13

IEAM 2015

Summ

Integrated Emvironmental Assessment and Management — Volume 12, Mumber 1—pp. 3245
32 & 2015 SETAC

Using Toxicokinetic-Toxicodynamic Modeling as an Acute
Risk Assessment Refinement Approach in Vertebrate
Ecological Risk Assessment

Virginie Ducrot,* {§f Roman Ashauer, } Agnieszka J Bednarska, §| Silvia Hinarejos, # Pernille Thorbek, ||
and Gabriel Weyman ff

HARA | IMROG RS Frolania ot Santa dac Fromettamas Fouiing Frotavicolnais of (oalit dec Milloy douatinaes Rannec Francal
At

‘ J’ EFSA Journal

Recommendations on how to
use TK/TD model in acute risk
assessment for vertebrates.

SCIENTIFIC OPINION
ﬁ ADOPTED: 27 June 2018
doi: 10.2903/].efsa.2018.5377

Scientific Opinion on the state of the art of
Toxicokinetic/Toxicodynamic (TKTD) effect models for
regulatory risk assessment of pesticides for aquatic
organisms

EFSA August 2018

SO TK/TD modeling

TKTD guidance ??
Official tool ??

EFSA Panel on Plant Protection Products and their Residues (PPR),
Colin Ockleford, Paulien Adriaanse, Philippe Berny, Theodorus Brock, Sabine Duquesne,
Sandro Grilli, Antonio F Hernandez-Jerez, Susanne Hougaard Bennekou, Michael Klein,
Thomas Kuhl, Ryszard Laskowski, Kyriaki Machera, Olavi Pelkonen, Silvia Pieper,
Robert H Smith, Michael Stemmer, Ingvar Sundh, Aaldrik Tiktak, Christopher J. Topping,
Gerrit Wolterink, Nina Cedergreen, Sandrine Charles, Andreas Focks, Melissa Reed,
Maria Arena, Alessio Ippolito, Harry Byers and Ivana Teodorovic
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TK (Body burden): Acceptance

Northern Zone (GD)

(Higher Tier Risk Assessment for Birds and Mammals in Northern Zc

- [...] body burden approach are not considered appropriate for t
Zone until validated models and guidance for use are availab

Mediterranean Countries

* Body burden modelling accepted at national level (e.c
judgment needed for SPAIN)

 GREECE (national requirement, 6. Ecotoxicolog
— Use of Body Burden Model for higher Tier ass

Central Zone
« CTGB (NL)

Currently Accepted Models

TK/TD models (aka body burden)

Toxicological models (e.g. QSAR) /[

ctgb
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Problem definition

Why do we need TK/TD models in aquatic risk asses

PEC > RAC

« Tier 1 aquatic risk assessment for PPPs freq
the use of higher tier approaches to evidenc
risk to aquatic organisms.

Laboratory pulsed exposure experi
used to test the effects of vary
on the mortality and/or |
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Exposure peaks

Concentration of pesticide in time

Watner layer | - 318.00 m|

= Concentration dissolved in FOCUS segment of water layer of substance EXSW1
ip Print Save Edit
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EPAT approach

Exposure event for
threshold x

Exposure event for [ |
threshold x

-
Background

No exposure event concentration

for threshold x of exposure Threshold x

Concentration

e Do SN N 0Q!

IH

Time LLOQ is used as threshold for the ,zero leve

Definition of exposure

Threshold conc. Ewvent no. Start date & time t[dav] Max.conc. Duration Interval No.extrema AUC THAC-event TWAC-background
[days] [days] [ug/L*h] [ng/L] [pg/L]

1.000e-10 1 01.01.19688 0l:00:00 0.042 1.835e-03 364.958 - 114 Z.644e+00 3.019=-04 1.178e-05
1.000e-05 1 01.01.1966 01:00:00 0.042 1.635=-03 364.958 - 114 Z.644e+00 3.018e-04 1.178=-05
1.000e-03 1 13.09.198¢€ 07:00:00 255,282 1.42e=-03 0.250 - 1 7.985e-03 1.331e-03 4.075e-05
1.000e-03 2 19.10.1%8€ 06:00: 291.250 1.507=-03 0.375 1.243e-02 1.362e-03 4.087=-05
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GUTS approach

Acute Effect Assessment Chronic Effect Assessment

Specific Protection Goal

RAC,, .. — derivation ~——>Tler-4«—  RAC,, ., — derivation
(linked to PECyymg) |6 studies and]jiniced to PEC,,y may

landscape level
models or PECsw:wa)

Tier-3:
Population and community level
experiments and models

> Ecological realism

Tier-2: Chronic lab tests
with additional species
and/or refined exposure

Tier-2: Acute lab tests
with additional species
and/or refined exposure

TK / TD
models

Tier-1: Core acute toxicity data | Tier-1: Core chronic toxicity data

Complexity
(data)

>
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GUTS approach

TOXICOKINETICS AND DAMAGE DYNAMICS

Reduced GUTS (GUTS RED) Full GUTS
Mo internal concentration in the model, Internal concentration explicithy modelled,
scaled damage expressed in units of the scaled damage expressed in units of the
external (water) concentration (D) internal concentration (0

déie) = K X () — kgye X G(T)
dﬂn‘ I:t] §

= hﬂ' = I:{:“. |:_t_:| - Dw{t).j

f = ke, % (C(t) — Dy (1))

X
TOXICODYNAMICS AND DEATH MECHANISM
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GUTS-Toxicodynamics (TD)

Death ass

Different assumptions lead to different
survival predictions at the end of the
simulation

“Individual
Tolerance”
Each individual has
different
“tolerance”, when
exceeded = death

“Stochastic Death”

All individuals have
the same tolerance.
Death is a chance
process

Exposure
Exposure
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Model selection

« Higher tier procedures regarding modelling differ be

exposure and effect risk assessment:

Exposure modelling: Effect mo
— Check model — Select &
— Check scenarios

— Check mitigation
measures

» Applicant knows the
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GUTS implementations

Participant(s) Affiliatio
BYOM / Matlab Tjalling Jager DEBtox rese

DEBtox Tjalllng Jager DEBtox re

Andre Gergs,

EpyTox Raymond Nepstad

Udo Hommen,
GLISE Judith Klein 'r

Mathematica Andreas Focks r
ModelMaker

N|na Cedergreer
OpenModel
F-'_
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EasyGUTS

b EasyGUTS v 16.7.8

Parameterisation and Validation

File of parameterisation data:  C\EasyGUTS\Runs\Example\Datalcsv Biowse
File of validation data Biowse
Oulput path for result fles C\EasyGUTS\Runs\Example\Datal Biowse

« EasyGUTS is an user interface e

Preparation of gts exposure files (TOXSWA2GUTS)

to handle and run R scripts

Analysis
Path of gts files

Path ofbestftparameters:  C\EasyGUTS\Runs\Example\Datal

Modelselection  Analysis

v
]

16 [ ® GUTSProper @ LD50 Settings LD50: | Set LD50 parameters.
11
1
1

Check GUTS options

© sD ©) Forecast  Setiings Forecast  Survival tiigger

e
o
1 orr © MTW Sefiings MTW:  Safetyfactor: 100 Time window [h}: 720
o

11t|| General Settings

« Approach comparable to the
KinGUI pack age (Wln dows S i e —— Bos | s

8 background.zers <-°
. a pars_start <- cf #0.1,3,20,10)

. 31 sample_length N <-
3z names (pars_start) <- of'nb’, e, . )
33 ke.upper <-
34 kk.upper <-
35 mn.upper <-
36 sd.upper <-
37 InpuctParaDataPach <-"C:/Easy emplates/Daca Diazinon.cov®
L] InputValDataPath <-"nc"
T

40 ® Self-Defined Wrapper Functions
4 * These funct
.

are simple *helper* scripts. They are intended to simplify the calculations in our paper. Mowever, they da not belong to our

« Based on R package “GUTS”
and calibration approack
published by A

ntation from a plain text file. The data should be in
s are ignored.

represe

R R object of 118t with vectors of data.
_read_list <- function( file )
et <- 1ist()
58 inl <- scan(file, what = **, sep = "\n*, commentchar = "#"}
nms < MULL
[ for { i in seq_along(inl) ) (
gaub(® *, ", inl[i], fiked = TRUE)
¥ <= unlist(straplit(andlil, ":"))
nns <- c(ams, x[1])
recl[4]] <= as.numericiw

sot(arroplic(al2), * "))

names(ret) <- nms
invisible (zeturn(ret))
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Example results

Data A - calibration - SD

BCihd
DELFHI
DEBtox acute

GUTE 25
athe matica
odelhdaker

Parameter value

@
5
g
:
il
=

G & @ F O G % @ & W O ®
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Stepwise GUTS approach

Calculation of PECsw

Calibration and Validation of GUTS based on ¢

laboratory data

Forecast calculation with PECsw

Selection of worst case exposure |

Derivation of laboratory

9 -11 October 9th European Modelling Workshop
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Stepwise approach: 1) PECsw
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Stepwise approach: 2) GUTS Calibration

A: Late onset of effect (TOE) B: Early onset of effect (TO

15 - Control 15 ] Control
£10 - 10 -
N e
© © © Measured
R 5 - S 5 - s
(=] N Q I Predicted (GUTS)
0 - onXAoi‘cAAlchA20¢¢A2|c‘¢AA‘A 0 = ?00‘AQ‘COC?‘QQO‘QQOQ’l“GCQAO
0 10 20 0 10 20
Survivor time points [d] Survivor time points [d
15 7 Conc. level 1 A tou Conc. level 1 B
(7] (]
£i10 - S0 -
§ § © Measured
B 122001 . Q%7 ai,, . * Predicted (GUTS)
0 - 44404t = ‘. R LR YR e 0 - ¢° " SA4%aselisssanasianias
0 10 20 0 10 20
Survivor time points [d] Survivor time points [d
159 Conc. level 2 155 Conc. level 2
» . i | ® s i s
S0 - = S0 - .
S 4¢a - s s * Measured
S 5 - ——— : &s-  Ca :  Predicted (GUTS)
0 - 444, . ‘ ::‘tb‘tlA0003¢0 o ¢ - %‘Ofo‘lulvooloiootu
0 10 20 0 10 20
Survivor time points [d Survivor time points [d
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Stepwise approach: 3) Forecast

Estimated mortalities (%) compared to controls calculated with
GUTS model and exposure profiles based on FOCUS SW mode

sostemonre | “™ | i | amam | dies | i | s | o
Application rate pond '€
Winterosg/ | A | - | - | +s9 |+0a| 0 | 0 |
s0gfve | 8 | - | - [+6s | +32 | 0 |

Leafy

vegetables /
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Stepwise approach: 4) Selection worst case

Early TOE
Late TOE
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Stepwise approach: 5) Lab exposure

B Based on late TOE
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Conclusion |

« Time of onset of effects (TOE) and internal carry-o

also strongly affects the response of test organisn

Step-wise approach is a valuable and reprod
select ecotoxicologically relevant concentre
pulsed-exposure studies

Easy-to-use and provides a repra
sound way to demonstrate co
higher tier aquatic ri
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Conclusion Il

 GUTS is a powerful tool to predict effects on suriva
various exposure scenarios

« Simulation of effects allows an accurate predictic
effects

« Windows Implementations of GUTS mode

- EasyGUTS, Delphi version, GUTS
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Thank you for yoL
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