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. Organismy nejsou pouze ruzné vypadajici
,vacky" se stejnym obsahem

systemy
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... a proto i odpovédi na stres se pro ruzné
organismy mohou velmi lisit ...

Odpovedi na stres zavisi na:
Organismu
Sledovanéem endpointu
Typu stresu
ExpoziCnim scenari
Podminkach v zivotnim prostredi
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Vyrovnani se s ruznorodosti odpovédi v ekotoxikologii:

1) .Black-box":

Popiseme stresovou situaci (napf. expozice daného druhu uréitymi
koncentracemi dané toxické latky po uréity ¢as), pozorujeme
koneCnou odpoved organismu (napf. mortalitu dafnii) a urCime
napr. EC50 nebo NOEC

+ Jednoduchost
+ Moznost vyuziti ve standardnich postupech (OECD, CSN ISO)

- Neziskame vhled do toho, jak stres opravdu v systému pusobi
- Popiseme pouze jeden druh odpovedi pro danou expozici
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Vyrovnani se s ruznorodosti odpovédi v ekotoxikologii:

2) White-box":
Snazime se detailné popsat organismus a porozumet vSem
dulezitym mechanismum zpusobujicim specifickou odpovéd na
stresovy faktor

+ Vyuziti pro vyvoj specificky pusobicich latek (farmaka,
pesticidy), v mediciné a toxikologii Cloveka

-  Extremne slozité pro ekotoxikologii, detailné popsat
mechanismy pusobeni vSech latek ve vSech moznych
organismech je vicemene nerealné

©)
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Vyrovnani se s ruznorodosti odpovédi v ekotoxikologii:

3) .Simple-box":

Organismus (biologicky systém) je zjednodusen do té miry, aby
sly jeho odpovedi modelovat a zobecnit, ale zase ne tolik,
abychom se dostali do ,black box" pristupu ...

- Zaklad TK, TD a DEBtox modelu

Cenirum pro wwzlum
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1) Deskriptivni (popisny)
~ souvisi s ,black-box" pfistupem

©)

~ stanoveni ECx, NOEC, LOEC apod. za standardizovanych
podminek v laboratofi (mikro-, mesokosmu) pomoci kfivek
davka-ucinek ¢i ANOVA testu

~ ignhoruje mechanismus ucinku, casovou zavislost odpovedi
atd. > tézka predikce ucinku toxickych latek na netestovane

r‘ln |hy, tOXIkaf‘.ty nnhn nd!lsne aov nn7lcnl

faktoru nejistoty)

C
'C
C
N

~ deskriptivnim modelem je i model SSD (Species sensitivity
Distribution) pouzivany pro predikci uc€inku toxickych latek na
spoleCenstva organismu
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1) Deskriptivni (popisny)
... Rozdily mezi ECx hodnotami kadmia ...
(méreny ucCinky na hlistici v ruznych Casech)

1T

-
=] o=

ECx (mg/L)

o

exposure time (days) (Jager T., ES&T, 2011)
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1) Deskriptivni (popisny)
.. Rozdilné odpovédi organismu pfi ruznych
koncentracich/délkach pusobeni toxické latky...

® ¢ te
K’é

)‘(

tomiciqch ltek
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2) Mechanisticky
~ souvisi se ,simple-box" pfistupem

~ TK/TD modely, DEB/DEBtox modely, IBM populacni model;}

~ uvazuje Casovou zavislost u€inku toxickych latek a pomaha
pochopit a popsat jejich mechanismus

~ umoznuje extrapolaci na netestované druhy, toxikanty a
expozicni scenare (napf. ménici se koncentrace)

TK

%

= Output =

S
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¢
g TD

e processes

Survival
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Time

Organism
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~ osud toxické latky v organismu; ,,Co dela organismus s

toxickou latkou®

Absorpce
Distribuce
Metabolismus
Eliminace

3
~ ADME"
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—> Popisuje, jak vnejsi koncentrace toxicke latky souvisi s
vnitrni

—> Popisuje koncentraci toxicke latky v organismu v Case

©)

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi

40
& Daphnia magna
30 4
—_ S e
2 p o
Cé s 7 ®at
v * ’ﬂ: X
% Iy, AN
2 201 / s W\ .
._‘_"’ (fl \\ ‘\\
5 e //° b
E oY Ny 8
(8] V74 . O
i NS
104 & e T
® TN
L] \__‘\.k\.
et
L4 -I'::._.—'\_.
[ ] TR
® e
0 . T T T
g 0.08 &
= 0.06 +
g 0.04 4
O 0.02 4
0.00 T & & -0 -
0 1 2 3 4 5 6 7

(Rubach, Ashauer et al. 2010)



Absorpce

IOrganismus muze pfijmout pouze biodostupnou frakci latky!

Prijem latky do organismu (ekologicky relevantni):
* Respiracni (pasivni difuzi/aktivnim transportem)

* Transdermalni; pres povrchy
e Peroralni; s potravou

Cenirum pro wwzlum
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Eliminace

* Respiracni (pasivni difuzi/aktivnim transportem)
* Transdermalni; pres povrchy

VylouCeni VS Ci TS
Biotransformace
Reprodukce

Rust

+ + +

Cenirum pro wwzlum
toodckych Latelk
v prostiedi

©)




Absorbce a eliminace zavisi nha:
* Velikosti absorpcni plochy
* Poctu prekonavanych barier
* Prokrvenosti mista kontaktu

* Velikosti (geometrie) molekuly
» Stupni disociace (pKa) latky
« Hydrofobnosti latky (log P)

« Podminkach v ZP
(pH, T, salinita, ...)

©)
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Distribuce

~ distribuce mezi organy, tkanemi, apod. a do mista ucCinku
~ zavisi na vlastnostech chemikalie a slozeni tkani/organu

@
=
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« Kumulace S |\ intravenozni

. . > vstup

* Redistribuce :
5 . .
= inhalacni
Q ., vstup
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ol oralni
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Metabolismus (biotransformace)

~ Obecné vede ke tvorbe vice hydrofilnich latek (z lipofilnich)
a tim usnadnuje jejich vylucovani z tela

~ zavisi na druhu organismu, veku, pohlavi, stavu, dalsim
stresu a toxickych latkach

| muze vést k detoxifikaci ale zaroven k bioaktivaci !
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- 2. Toxikoki

CH, H,OH ,0-glukuronid
NO. pasp O,N NO, wuct O,N NO,

~ Obe 1ich)

,OH nitroreduktasa CH,O-glukuronid
|"‘_" 01" NH: Jﬂ-glmurmldasa D’z” MO:
J
~ Za l im
zDH H,0H acetylace ,OH
M@ ON NH,  paso O,N NHOH sulfurace O,N NHOX
. —_— e L T
e
‘g
Fr =
X = , -SO;H
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Jednokompartmentove

~ organismus jako jeden dobre promichany, homogenni
kompartment

Fyziologické (PBPK)

. D ad

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi

©)




Celkova vnitrni

Biodostupna | Absorpc
koncentrace

koncentrace —
liminace

dCint (t) L

kup * Cext (t) _ kel E: Cint(t)

rychlostni konstanta prijmu [l/(h*g,,)]
externi biodostupna koncentrace [mol/l]
rychlostni konstanta eliminace [1/h]
koncentrace v tele [mol/g,]
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Celkova vnitrni

Biodostupna | Absorpc

koncentrace —
liminace

koncentrace
latky
... Jiné vyjadreni téhoz ...
dCine (t)
lgt — kel (BCF & Cext (t) - Cint(t))

BCF : biokoncentracni faktor, BCF =k, / ke,
C.;- externi biodostupna koncentrace [mol/l]
k., :  rychlostni konstanta eliminace [1/h]
C.;: koncentrace v tele [mol/g,]

Cenirum pro vyzlum
toxickych Latek

v prostiedi



Rubach, Ashauer et al. 2010 \/o//P“o N._ _Cl
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Toxicokinetics of [14C]chlorpyrifos in arthropods ~ N
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Uvazovani rustu jako ,fedéni“ koncentrace latky v organismu

©)

dC e (1)
dt

L . * 1 d

=k 7 (Con (O-Cm () -C im(t)--L—s-—Lf‘

dt

Uvazovani vzniku metabolitu

Parent:

Metabolite:

dCint, (t)
dtp = kup ext,p (t) k int,p (t) {kmet ) Cint,p (ﬂ

dlc int, met (t)
dt

= kmet ’ Cint,p (t) - kel,met ’ Cint,met (t)

Internal concentration metabolite Rate constant for metabolite formation
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Abbas and Hayton 1997:
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Differential Equations Used in the PBPK-PD Model

Water (w):
d[PO]./dt = Clg+[PO],/V,, —
Plasma (p):
d[PO],/dt = {C1,[PO],, + Ou[PO],/R, + O,[PO]./R,
+ Oi[PO]/R; +0.4 O,[POl./R, + O[POL/Re — Cl4[PO],
= (Qp + On +O1 + On + Q) [PO]}/T, — Keg[CaE][PO]
Liver (1):
d[PO),/dt = (O,[PO], — O,[PO],/R, — CL,[PO],/R))/ T
— Kacue[ACKE],[PO], — Ke.e[CaE]L[PO],
d[AChE]/dt = Ry — K4g[AChE], — Kace[AChE],[PO],
d[CaE],/dt = R, — K4[CaE], — Kc£[CaE],[PO],
Other tissues (1):
d[POJ/dt = (O,[PO], — O[POL/R)/V; — Kacse[AChE][PO];
— Keie[CaE];[PO];
d[AChE];/dt = R,; — K4[AChE]; — Kyce[ AChE][PO];
d[CaE];/dt = R,; — K4[AChE]; — Kc.g[CaE];[PO];

CL#[PO]./Vs

PBPK model pro paraoxon ve pstruhovi
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.

~ Popisuje interakce toxické latky s cilovym mistem a nasledujici
biologickou odpovéd; ,Co dela toxicka latka s organismem*”

~ Popisuje, jak vnitfni koncentrace toxickeé latky souvisi s jejimi
toxickymi efekty (mortalita, rust, reprodukce,...)

Mortalita

Cenirum pro vyzlum
toxiclpch Latek
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Koncentrace
tox. latky v ZP

\ 4

Koncentrace
tox. latky v
organismu

Toxikokinetika

C wabar

C internal

\ 4

Koncentrace
tox. latky na
cilovém misté

A 4

Interakce
tox. latky s
ilovym mistem

Bunécna
odpoved

Organova
odpovéd

Odpovéd
organismu

Damagea
o

Toxikodynamika

Survivors

toxickych Latek
v prostiedi

Podle: Ashauer & Escher (2010). JEM.




... Rozdil mezi mortalitou pfi pusobeni toxické latky s rychlou

kinetikou a pomalou ...

Preziti |
[%] Rychla Pomala
kinetika Kinetika
cas cas
(6) %";&W’" Podle: http://www.debtox.info/book.php




.Model nahodné smrti*

~ vSichni jedinci daného druhu jsou stejne citlivi
~ kazdy jedinec ma urcitou pravdepodobnost, ze zemre a o tom,
jestli opravdu zemre rozhoduje ,nahoda”
~ vySSi davka toxicke latky pravdepodobnost smrti zvySuje (u
vSech jedincu stejné)

—> Pfi dostatecné dlouhém pusobeni jakékoliv koncentrace toxické
latky umrou vsichni jedinci v populaci
- Pfi opakované (pulsni) expozici se stejny efekt opakuje po
kazdém pulsu (mira mortality se nemeéni)

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi

©)




dH (t)

= kk X max(Ci(t) — z,0) + h_controls

dt
S(t) =e~HE
dH(t)/dt.' hazard rate (death per time) [1/d]
KK: Killing rate constant (increases hazard rate per pg a.i.) :L/(pg Xd)]
Ci(t): time course of scaled internal concentration [Mg/L]
Z: threshold [ug/L]
h_controls: background hazard rate (control mortality) 1/d]
S(t): survival probability -]
t: time d]
Cenirum pro vyzlum
(6) s lopuy Jager et al. 2011, ES&T




.Model individualni tolerance"

~ ruzni jedinci daného druhu jsou ruzné citlivi

~ jakmile je u daného jedince presazen prah tolerance, jedinec
zemre

- Nizka koncentrace toxické latky pusobici na populaci nezpusobi
smrt vSech jedincu — ti ,odoln&jsi“, u kterych neni presazen prah

[ 4

tolerance preziji neomezene dlouho

- Opakovana (pulzni expozice) ma po kazdém pulzu mensSi efekt
na zbytkovou populaci, protoze po kazdém pulzu zbude v
populaci vic a vic tolerantnich jedincu

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi
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F(t) =

-B

max Ci(o)

S(t)= (1 —F(t)) X e~ Tucontrolsxt

F(t): cumulative log-logistic distribution of threshold over time [-]
Ci(t): time course of scaled internal concentration [Mg/L]

a. median of threshold distribution [Mg/L]

G- shape parameter of distribution -]
h_controls: background hazard rate (control mortality) 1/d]

S(t): survival probability -]

t: time  (current point in time) d]

o: time  (time before current point in time) d]

Cenirum pro vyzlum
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toxiclych Litek Jager et al. 2011, ES&T



5. TK-TD modely; SD vs IT

C in water

Fraction of survivors

L J

Time

4 100

\ SD
Survivors 50 \i 50 |T
25 SD

Time

Fraction of survivors

Cenirum pro wwzlum
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~ do modelu IT a SD pridaji parametry ,damage” (posSkozeni)
a ,organism recovery rate constant” (konstanta zotaveni
organismu z poskozeni)

~ model GUTS je pak smési upravenych modelu IT a SD a
mel by byt univerzalngjsi ...

Zajemci se vice dozvedi:

Jager, Albert, Preuss, Ashauer 2011, ES&T
http://www.ecotoxmodels.org/toxicokinetic-toxicodynamic-models/

Cenirum pro vyzlum
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TKTD model

Treatment A

1.

Exposure

| |

C yrasee [ /L]

= I (Model input)
Simulated internal - . .
concentration { CRp s Dzon
< s e || , Toxicokinetics
[=]
E D= L&
:;:' :z Diazoxon :': Diazounon
oo 8 S| R
i 040 Jx\ 0.40 4 \ “I
LESR o .30 ;
E Dm-j’_j_____i}&______ 020 44 ——— ——— 2 _l‘ —————— __;-__
. 010 “‘“‘"— 0.0 4 L
Fitted parameters: - 7 N -
Kk (killing rate) / , . .
k. (recovery rate RL ) Toxicodynamics
threshold 2 ] B
£ ] ﬁ v

o 4 8 12 18 20 2=

Time [days]

0 £ g8 1z 16 20 24 O =+ B8 12 1% =] 22

Time [days] Time [days]

Ashauer et al. (2010). ES&T. 44, pp. 3963



~ Dynamic energy budget (,dynamicka energeticka bilance”)
~ jde také o TD !

, VSechny organismy vyuzivaji zdroje energie ze zivotniho
prostredi, aby udrzeli jejich zivotni cyklus®

Jager T., Making Sense of Che,ical Stress;

toxicigch litek http://www.debtox.info/book.php
v prostiedi

Cenirum pro vyzlum
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.

- Pokud se z néjakého duvodu organismu nedostava dost
energie, nebo ji musi vynalozit na vyporadavani se se stresem
(napf. toxickym), ovlivni to i vydej energie investovaneé do
zivotnich funkci (rast, dospivani, tvorba potomku atd.) a to
specificky podle druhu organismu a stresu

stress affects mother
feeding

wgg_' _—

7 redistribution

— €« Jager T., Making Sense of
Chemical Stress;
http://www.debtox.info/book.

php

maintenance 7% J
-



food » faeces

assimilation

reserve

mobilisation

somatic maintenance maturity maintenance

growth maturation reproduction

structure maturity buffer |- > eggs

Jager T., Making Sense of Chemical Stress;
http://www.debtox.info/book.php
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food b faeces
assimilation

* Rezervy a struktury maji konstantni slozeni

reserve * Pfi stalém mnozstvi potravy je pomér mezi rezervami
& a strukturami konstantni

* Proménna ,Dospivani (maturity)® pfedstavuje informaci

 Potrava je ihned asimilovana do rezerv, odkud se

structure maturity | | buffer |-+ eggs energie prerozdeéluje dal

» Organismus je béhem rustu isomorfni

somatic maintenance K 1K maturity maintenance

growth maturation @) reproduction

» Maturity = prahova hodnota 1 - organismus zacne pfijimat potravu (,narozeni®)
» Maturity = prahova hodnota 2 - organismus se muze rozmnozovat (,puberta®)
(nadale uz hodnota Maturity neroste a organismus do ni neinvestuje dalSi energii)

* Fixni frakce z energie z rezerv je pouzita na udrzeni télesnych funkci (somatic
maintenance) a rustu (growth), zbytek jde na ,udrZeni dospélosti“ (maturity
maintenance) a na dospivani/reprodukci .... ~ K~pravidlo

» UdrZeni télesnych funkci ma prednost pfed rustem a ,udrzeni dospélosti“ ma
prednost pred dospivanim a reprodukci

©)
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DEB modely pro ruzné vékové kategorie organismu

Embryo ... nepfijima potravu Juvenil ... nerozmnozuje se

d feeding » faeces

foo
reserve AT
assimilation

K K ..iIsanon eServe
) ) reproducing
somatic maintenance, maturity maintenance |
adult! ” X
growth maturation somatic maintenance maturity maintenance

growth maturation

Dospélec ... nedospiva

feeding

food
\ assimilation

reserve

» faeces

K -K

somatic maintenance, maturity maintenance

growth reproduction

Cenirum pro wwzlum
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Uginky toxickych latek podle DEB modelu
* Ovlivnéni prijmu potravy (energie)
« ZvySeni energie nutné na udrzeni telesnych funkci
* Ovlivnéni dospivani
 Qvlivnéni rdstu

food faeces
assimilation

reserve

mobilisation

somatic maintenance maturity maintenance

growth maturation reproduction

structure maturity buffer [ * eggs

Cenirum pro vyzlum
toxickych Latek
v prostiedi
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Vyhody a nevyhody DEBtox modelu

Popsani a predpovéd efektu toxickych latek na rust,
reprodukci, respiraci atd.

Priblizeni procesu v organismu a nalezeni
mechanismu ucinku toxickych latek

Lze pouzit na jakykoliv organismus

Nepopise efekty toxickych latek na chovani, nepopise
vznik deformit apod.

Je treba mnoho vstupnich dat (které je treba ziskat
testovanim organismu)

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi



1) Vstupni data

Simulated data set &3
Fossible moas are effect on maintenance JMv* (1+=), growth yV&/(l+=) and assimilation f£*(1l-=).
For this animal, delta M = 0.34, WB0 = 0.045 mg, and d ¥V = 0.1.

Body length (mm), conc in mg/L in first row, time in days in first column

NaN Q 0.4 1.6 3.6 6.4 10
0 3.4 3.2 3.4 3.3 3.3 3.3
15 6.6 6.5 6.7 B.5 6.3 6.1
30 E.B E.EB E.S B.b B.Z2 7.8
45 10.3 10.4 10.5 10.1 8.5 B.GS
B0 11.4 11.5 11.7 11.1 10.4 9.4
73 12.1 12.3 12.4 11.7 10.8 8.5
g0 12.6 12.8 12.9 12 10.9 8.2
105 12.9 13.3 13.2 12.2 10.9 g
120 13.2 13.5 13.4 12.3 10.7 E.b
135 13.4 13.7 13.5 12.3 10.5 B.Z2
130 13.5 13.8 13.8 1z.2 10.2 7.7
©)| ==
toxickych Litek
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klad tvorby DEBTox modelu

1) Vstupni data

Cumulative reproduction (eggs), conc in mg/L in first row, time in days in first column

NaM 0 0.4 1.8 3.6 6.4 10
0 0 0 0 0 0 0
15 0 0 0 0 0 M
30 3 4 [ 3 0 Q
45 40 40 42 34 21 10
&0 80 94 94 g0 &l 33
75 147 134 130 130 100 a7
g0 208 220 212 183 141 Ta
105 275 2085 277 239 181 g2
120 345 367 344 283 2149 g2
135 418 445 413 347 251 g2
130 493 522 483 389 275 g2

Number of survivors, conc in mg/L in first row, time in days in first column

Mal Q 0.4 1.6 3.6 6.4 10
Q 10 10 10 10 10 10
135 10 10 10 10 10 10
30 10 10 10 10 10 10
45 10 10 10 10 10 10
(30 10 10 10 10 10 g
T3 10 10 10 10 10 4
af 10 10 10 10 10 B
105 10 10 10 10 g T
120 10 10 10 10 g &
135 10 10 10 10 2] 3
130 10 10 10 10 2] 4
©) | sz
v prostiedi




2) Rovnice
toxikokineticky model

dCime (1)
dt

Lm * e 1 d 3
kel 'T'(Cext(t)_c lm(t))_c 1ﬂt(t)"§'aL

Stresovy faktor (ovlivnéni DEB parametru toxickou latkou)

s = —max (C; —¢o,0)
Cr

SD model (vliv toxickeé latky na preziti)
h =k, max(c; — z,0) + h,

d
. _tS — —(h+hb)S

v prostiedi
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2) Rovnice
DEBtox rovnice

Specification of assimilate fluxes

Body volume
Assimilation

Somatic maintenance
Structural growth
Reproduction buffer

L3 = Wv/dv
Ja = [J4,, L7
Tap = JU L

Jv =yva(kJa — Jur)
Jp = (1 — HJ)JA (1f Wy < va then Jp = 0)

State variables and repro rate

Structural body mass

%WV = JV with Wv(()) = WV()

Continuous reproduction R = ygaJr/Wpo

Physical length
Growth rate constant

Derived model results
L,=L/éy
rp = yvaJir/(3dy)

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi



3) Parametry DEBtox rovnic a jejich popis

Symbol Explanation Dimension
Primary parameters
f scaled functional response (0-1) —
J4 . Maximum area-specific assimilation rate — m,/(1%t)
I3 Volume-specific maintenance costs ma/(13t)
Whgo Assimilates in a single freshly-laid egg Mg
Wvo Structural body mass at start of test m
Wy, Structural body mass at puberty m
YBA Yield of egg buffer on assimilates Mg /Mg 0.¢
Yva Yield of structure on assimilates m/mg 0.
K Fraction of assimilation flux for soma -
Conversions
dy Dry weight density of structure m/13
O shape correction coefficient [—]
Fluxes and states
Ja Mass flux for assimilation mg/t
Jur Mass flux for maintenance mg/t
Jr Mass flux to reproduction buffer mg/t
Jv Mass flux for structure m/t
Wi Mass of structural body m
Other output and intermediate parameters
e S L., Physical body length [
(6) toxickgch Litek B Von Bertalanffy growth rate constant 1/t
v prostiedi R Continuous reproduction rate #/t




4) Priblizeni nekterych parametru modelu pomoci dat z

©)

kontroly

14
12 5
I L]
5
E =
10} o
E 2
= S
(o]
| - B‘ o
Q ¥
— o
== =
T gl 2
o [1+]
- E
4 >
O
time (days) time (days)
@ulation of asymptotic standard errors \
Estimated parameters, standard errors (CV), and approximate confidence intervals
kapa 0.7934 se 0.001663 ( 0.002096) CI 0.7901 - 0.7966
Jam 0.0542 se 0.0001274 ( 0.00235)Cl 0.05395 - 0.05445
Centrum pro vjzlmm Jvm  0.009201 se 2.326e-05( 0.002528) Cl 0.009155 - 0.009246

toodckych Latelk
v prostiedi

WVp 2513 se 0.01546( 0.006151)Cl  2.483-2.543
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5) Hledani dalSich parametru pomoci vysledku jednotlivych
expozici toxickou latkou a urceni MoA

? Omezuje toxicka latka primarné rust organismu ?

-
(2%
w
o
o

* % [» 00

—
o
.
o
o

<>

(%]
o
o

Conc. 0

Conc. 04
Conc. 16
Conc. 36
Conc.64
Conc. 10

N
o
o

body length (mm)

cumulative eggs per female

—
o
o

time (days)

Cenirum pro vyzlum
toxickych Litek

time (days)
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body length (mm)

cumulative eggs per female

fime (days)

Cenirum pro wwzlum
toodckych Latelk
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5) Hledani dalSich parametru pomoci vysledku jednotlivych
expozici toxickou latkou a urceni MoA

? Zvysuje toxicka latka primarne potrebu energie na
udrzovani télesnych pochodu ?

< ox % [0 0O

Conc. 0

Conc.04
Conc. 16
Conc. 36
Conc.64

Conc. 10

time (days)




5) Hledani dalSich parametru pomoci vysledku jednotlivych
expozici toxickou latkou a urceni MoA

? Snizuje toxicka latka primarne schopnost vyuzit energii
ziskanou v potrave ?

600
o Conc.0

500 o Conc.04
& Conc. 16

400 + Conc. 36
* Conc. 64

300 ¢ Conc. 10

body length {mm)

200

100

cumulative eggs per female

0 50 100 150 0 5 150
time (days) time (days)

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi
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body length (mm)

scaled internal conc.

©)

0 50 100

150

time (days)
10
8
6
4
2
0 1 N i
0 50 100 150
fime (days)
Cenirum pro wwzlum
toxiclpch Latek
v prostiedi

6) Celkovy vystup

cumulative eggs per female

600
O Conc. 0 o
500t © Conc.04 ¥,
A Conc 16 ’
400 =+ Conc 386
*  Conc.6.4 £
300t ¢ Conc. 10 =E’
a
200+
100+ 2
_/J‘ N , 0 X ) N
20 100 150 0 50 100 150
time (days) time (days)

Estimated parameters, standard errors (CV), and approximate confidence intervals

kapa  0.7947 se 0.002012 ( 0.002532)ClI 0.7907 - 0.7986

Jam  0.05444 se 0.000215 ( 0.003949) ClI 0.05402 - 0.05486
Jvm  0.009138 se 5.805e-005 ( 0.006353) CI 0.009024 - 0.009252
WVp 2.327 se 0.04596( 0.01974)Cl 2.237-2.418

kk 0.00273 se 0( 0.2073)Cl 0.00273-0.00273

z 4.845 se 0.3293( 0.06796) Cl 4.2-5.49

ke 0.02475 se 0.0005313 ( 0.02147)Cl 0.0237-0.02579

Ct 19.85 se 0.2431( 0.01224)Cl 19.38-20.33

Cco 0.89 se 0.02398( 0.02694)ClI  0.843-0.937
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v prostiedi
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Cenirum pro wwzlum
toodckych Latelk
v prostiedi
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9. ODKAZY

Kde se dozvite (mnohem) vice?

TKTD, GUTS:
http://www.ecotoxmodels.org

DEB, DEBtox:
http://www.debtox.info/links.php
http://www.bio.vu.nl/thb/deb

Cenirum pro wwzlum
toodckych Latelk
v prostiedi

©)




V ¢em tvorit modely?

Matlab (BYOM, DEBtoxM)
R (package GUTS)
OpenModel

(pfed samotnym modelovanim je dobré znat alespon zaklady
diferencialnich rovnic, principu regresniho modelovani a
vérohodnostnich funkci)

Cenirum pro vyzlum
toxiclpch Latek
v prostiedi
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