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1. Introduction

This manual describes version 1.0 of the user friendly computer program GUTS-3S, which stands
for “General Unified Threshold Model of Survival — 3 Steps”. The program is developed by Udo
Hommen and Judith Klein. The program is originally based on the Jager et al. 2011.

GUTS-3S is a user-friendly stand-alone software covering all necessary steps for its use in risk
assessment, 1.e., as a tier 2 tool according to the aquatic guidance document. The program is part of

the ring test (Ashauer & Jager 2018).

The implementation can be used for three steps of analysis:

l. Calibration of the substance and species specific parameters using results of ecotoxicological
test(s),

2. Verification of the calibrated model based on results of additional test(s), and

3. Application, prediction of effects (survival over time) for exposure scenarios not tested e.g.
concentration profiles of focus scenarios, or LC50 values for a given time period of constant
exposure.

GUTS-3S predicts survival of an aquatic organism in dependence of a concentration of an active
substance.
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2. Installing GUTS-3S

GUTS-3S is provided as an installation package to create an executable local program file plus some
example data sets. Open the file setup.exe and follow the instructions to install GUTS-3S. Please

select first the language for the setup and decide on a few details of the installation:

Setup-Sprache auswahler

Wahlen Sie die Sprache aus, die wahrend der
Installation benutzt werden soll:

[English

-

oK [ Abbrechen ]

Select Additional Tasks ~
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing GUTS3s,
then dick Next.

Additional shorteuts:

Create a desktop shortout

Ready to Install
Setup is now ready to begin installing GUTS3s on your computer.

Click Install to continue with the installation.

Installing

Please wait while Setup installs GUTS3S on your computer.

Extracting files...
C:\Program Files (x86)\GUT S3s\EntityFramework. SqiServer.dll

Completing the GUTS3s Setup
Wizard

Setup has finished installing GUTS3s on your computer, The
application may be launched by selecting the installed
shortcuts.

Click Finish to exit Setup.

| Launch GUTS3s

Figure 1: Installing the program

At the end of the setup, you can decide to launch GUTS-3S directly of or exit the program (Figure

).

21 June 2018
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3. Working with GUTS-3S

The program offers three different procedures:

1. Calibration of the substance and species specific parameters using results of ecotoxicological
test(s),

2. Verification of the calibrated model based on results of additional test(s), and

3. Prediction of effects (survival over time) for exposure scenarios not tested e.g. concentration
profiles of focus scenarios, or LC50 values for a given time period of constant exposure.

In Figure 2, the start screen of the program is presented.

eurs-3s

~ Fraunhofer

IME

Fraunhofer Institute for Molecular G U TS'3S

Biology and Applied Ecology IME Version 1.0

Step 1: Step 2: Step 3: =

| ideveloped by Judith Klein, Udo Hommen and Michael Klein 20162016, based on Jageretal 2011
Figure 2: Start up window of the program GUTS-3S

3.1. Calibration

The aim of the calibration is to find the substance and species specific TK-TD parameters by
minimizing the deviations between experimental data sets and model outputs.

The experimental data have to be provided as Excel files. It is possible to use more than one data set

5



General Unified Threshold Model of Survival (GUTS-3S), Version 1: User Manual 21 June 2018

as input for the calibration

Before the calibration can start, different settings have to be made, which are described in the
following screenshots. By clicking at the calibration button, the following calibration form appears

(Figure 3).

L.~ Calibratior

Study Name | g0

MName File
Add

Comment

Measured Dala | TK-TD Parameters | Report Options

Start
Calibration

Interpolation Conc Data Cancel

Figure 3: Calibration form

At first, we have to add experimental data. We can do so by clicking the add button and adding an
Excel file including the data (Figure 3).

We add as example data sheet the data used in Ducrot et al. 2016. It is possible to add further studies
by clicking at the add button. In this case, we only add one study by clicking at “add” and by
choosing one study excel file.

The excel file is selected by browsing files on your computer. In Figure 35, an example of such an
experimental data file is presented. The aim of the calibration is to find values for the TK-TD
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parameters.
| Calibratiol
StudyName | ¢qqe Name File
Modelink Data Set Modelink_Fatheadminnow.xlsx Add
Comment Data set used in Modelink Workshop

Measured Data | TK-TD Parameters | Report Options

Data f

Time(d) 0.00 pug 558.00 688.00 866.00 1252.00 1650.00

asfL pugasfL pugasfL pugas. /L pgas. /L pgas/L
S B 20 20 20 2 20

1 20 19 20 12 4 1

2 20 19 20 12 4 0

3 20 19 19 9 4 0

4 20 17 18 & 4 0

Start
Calibration

Interpolation Conc Data Cancel

Figure 4: Data in calibration form

The program enters the information of the study file (environmental data and measured experimental
data) in the program’s surface. In the tab “measured data”, one can see the external concentration,
possibly measured internal concentrations and number of survivors in time (Figure 4).

The experimental data sets usually contain measurements on survived individuals in time at different
exposure levels. In the example of fish, for instance, experimental data according to the OECD
guideline 203 about the acute toxicity test can be used (OECD 1992).

The next tab “TK-TD Parameters”, Figure 5, is about the substance and species specific TK-TD
parameters and the calibration settings, e.g. which parameters should be calibrated, what are initial
values and ranges for the parameters and what should be the objective function (e.g. the measure to
be optimized during calibration). Furthermore, the user has to decide whether to use the SD or IT

model.
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In our example case (Ducrot et al. 2016), there is only the survival data and no additional
information on the toxicokinetic processes given, such that we have only one dominant rate constant
determining the speed of uptake and elimination of the active substance. Thus, we have in total to
find values for three parameters with respect to each model approach.

|~ Calibratiol

Study Name | -~

Name

Comment

Modelink Data Set

File

Modelink_Fatheadminnow xlsx

Data set used in Modelink Workshop

‘ Measured Data || TK-TD Parameters | RepcnOpuons|

Model Parameters Initials Lowers

El « in 7.448
SD k out 7.448
sD k k 0.0024
sD z 679.3
IT k in 0.848
IT k out 0.848
IT alpha 7115
IT beta 3.66
sp/IT h b 0.00315

|:| Preconditioning Initials 10
|| Explicit Solution
Dominant Rate Constant

Objectives

|| Least Square

Weighted Least Square
Least Mean Square

Root Mean Square
Absolute Deviation

Mean Absolute Deviation
Chi Square

Normal Log Likelihood
Mulinominal Log Likelihoad

15 T

»

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

Uppers Fit
10000
10000 O
10000
10000
10000 O
10000 O
10000 O
10000 O
10000

@ GUTS-SD
() GUTSHT

Add

Start
Calibration

Cancel

Figure 5: TK-TD parameters tab in calibration form

If you are not sure, which values are realistic, you can click the “Propose” button and the program
makes suggestions for the TK-TD values (Figure 6).
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Substance Properties Result

Log kow
Regression

¥l Fish
of Daphnids
£ Molluscs

Technology 16.5. pp. 274-278.
doi:10.1021/es00099a008

Cancel

Figure 6: Initial values for TK parameters

The program suggests values for the TK parameters based on the bioconcentration factor (BCF). A
bioconcentration factor expresses the tendency of a compound to accumulate in the organism (EFSA
PPR Panel 2013). We have found the following regression equations in literature, where the
calculations with regard to kin are based on Hawker and Des Connell 1986.

log(BCF)=a-log(K,,)+b

Iog(ki) =x-log(K,,) +Y

out

log(ki,) = (a—x)-log(K,,) +(b—y)
The first two regression curves are based on experimental data, where the third equation for k,, is

obtained by dividing the BCF regression by the 1/k, regression.
Fish:

BCF =0.048-K_, or (Mackay 1982)
log(BCF) =log(K,,) —1.32 (Mackay 1982)

|og(ki) _0.663-log(K, )~0.947  (Mackay 1982)

out
log(k;,) =0.337-log(K,,) —0.373
Zebra fish (Petersen and Kristensen 1998):
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log(k,,.) =—-0.41-log(K,,) +1.47
log(k;,) =1.98-log(K,,,) +0.147

Daphnids:
log(BCF) =0.989log(K,,) —1.3155 (Hawker and Des Connell 1986)
Iog(ki) =0.507-log(K,,,) —2.053 (Hawker and Des Connell 1986)
out
log(k;,) = 0.391-log(K,,) +0.7375
Molluscs

log(BCF) =0.844-log(K,,) —1.235 (Hawker and Des Connell 1986)

Iog(ki) =0.54-log(K,,) —0.983 (Hawker and Des Connell 1986)

out
log(k,,) = 0.304-log(K,,) —0.252
With regard to this rather statistic regression curves, they may be right in many cases. Though the
regression equations are not necessary correct for each species substance combination, however,
they can serve as initial values. There exist also more complex regression curves based on other
substance specific structure related properties (QSAR) e.g. Kaiser 2012.

As the dominant rate constant K, is just a renaming ofk_, , a possible initial value for k, may be

out >

then the by regression found value regarding the elimination ratek , .

For the toxicodynamic parameters we relate the parameters directly with the external concentration.

For the threshold parameter z, we use the same parameter value as for « .We assume a constant
exposure during the test period C,_,, (t) = K. For the killing ratek, , we fit the experimental data to
S(t) =exp(—h, -t) K<z
S(t)=exp(k,-z-t—-k K-t —h,-t) K>z

Fitting the log logistic curve to the external concentration C_,(t) = K as well as survival data

ext
derived at the last time pointt, .
1
St)=1-(———
® (1+ a’ K7’ )
With respect to the background mortality h, we propose to fit the equation S(t) =exp(-h, -t)

(control survival) to the experimental control survival probability data to get an adequate initial
value.

In addition to that you can save TK-TD parameters and load parameter values derived in other

10
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calibration runs by clicking the “Database” button. A similar window opens as concerning the
growth parameters containing a database of all saved TK-TD parameter sets.

The preconditioning check box is to test several initial values to have greater possibility to find a
good optimization solution. Instead of one initial parameter value set, the selected number of sets are
tested with the parameters chosen randomly out of their ranges.

In case of constant exposure, it is possible to use the explicit model solution instead of discretizing
the model system.

In the objectives box, several measures for the deviation between model results and data are
available. Often in literature a multinomial log likelihood function is used (Ashauer 2010; Ducrot et
al. 2016; Jager et al. 2011). Below a list of all implemented objective functions is presented (Table
1: Implemented objective functions for calibration).

Let N e N be the total number of data points, O € R be the observations andC € R" be the

calculations. Furthermore, let O,C e R, be the means of the respective data.

Table 1: Implemented objective functions for calibration

Objective Formula
Least Square

o-cf =X (0,-c)

i=1

Weighted Least Square Let wyeR,,
N
ZWi '(Oi -G )2
i=1
Least Mean Square L
! S@-c)
i=1

Root Mean Square N 1 ,
;W (0,-C)

N
|O_C|:Zl:|oi _Ci|

Absolute Deviation

Mean Absolute Deviation N o1
|O _C| - Zﬁpi _Ci|

i=1

11
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Chi Square N (C- -0 )2
2 _ i i
Yo
N 1 Log Likelihood N
ormal Log Likelihoo In(L):ﬁ In(z(oi_ci)zj
i=1
Multinomial Log Likelihood
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In the last tab “Report Options®, the design of the output can be specified (Figure 7).

| Calibratio
Study Name | ¢qqe Name File

Modelink Data Set Modelink_Fatheadminnow.xlsx Add
Comment Data set used in Modelink Workshop

Measured Data | TK-TD Parameters ‘ Report Options

Start
Calibration

g Cancel

Figure 7: Report option of calibration
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Clicking at Start Calibration starts the calibration procedure. The progress of the calibration is
shown by the progress bar at the bottom. It is possible to stop the calibration by pressing the “Stop”

button (Figure 8). Clicking at “Cancel” leads back to the initial start screen of the program and the

calibration is cancelled.

[/

Calibratiol

Study Name

Comment

Code Name

Modelink Data Set

File

Modelink_Fatheadminnow.xlsx

Data setused in Modelink Warkshop

Measured Data | TK-TD Parameters ‘ ReponOpunns‘

Model Parameters Initials Lowers

sD k in
SD k out
sD k k
5D z

IT k in
IT k out
IT alpha
IT beta
sD/IT h b

|| Preconditioning Initials
Explicit Solution
Dominant Rate Constant

Objectives

Uppers Fit
7.448  0.0001 10
7.448  0.0001 10000 ©E
0.0024  0.0000001 0.01
679.3  0.0001 10000
0.848  0.0001 10000 O
0.848  0.0001 10000 O
7115  0.0001 10000 O
3.66 0.0001 10000 [
0.00315 10000 [

10

Least Square

Weighted Least Square
LeastMean Square
Root Mean Square
Absolute Deviation
Mean Absolute Deviation
ChiSquare

Mormal Log Likelihood

I

Multinominal Log Likelihood 7

s

@ GUTS-SD
) GUTSHT

Cancel

224

Figure 8: Calibration started

Above the “Stop” button the number of iterations of the algorithm finding the TK-TD parameters is
given. Here, the screenshot was taken at iteration 224.

14
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If the solver finds an optimal solution, a new window opens to show the results, in the form of a plot
of the observed and modelled survival probability over time (Figure 9).

= = 1EF 7

Chart | Predicted-Measured Chart | Statistics | Report | LG50 |

Survival Probability

External Concenlratior
Internal Concentration
1 ~—] 1 —— Conc0 0 (ug/L) Hazard Function [ FitLL
" '\l —— Conc1 558 (ug/L) Survival Probabilit 0 Lesos
— Conc2 688 (ug/L)
—— Conc3 866 (ug/L)

0.8 Conc4 1252 (ug/L)

Confidence Intervals

[] Model Predictions

= Exp0 0 (ug/l)
= Exp1 558 (pg/L)
= Exp2 688 (ug/L)

0.6
= Exp3 866 (ug/L)

Exp4 1252 (ug/L)
= = Exp5 1650 (pgiL) Save Calibrated
0.4 \ \ Parameters

Survival Probability (-)

0 ——
0 2 4 _Report
Time (d)
Cancel

Modelink Data Set

Figure 9: Calibration chart of calibration result form

Additionally the user can see the external concentration, internal concentration and hazard function
(in case of SD) or distribution function (in case of IT).

If the user is content with the calibration result, it is possible to calculate confidence intervals. In the
group box on the right hand side different settings and options can be made.

The calculation of confidence intervals of parameters is done via profiling likelthood. In the
program, two different possibilities for their calculation is given: with fitting the likelihood and
without fitting the likelihood (D FtlL) . The output of the calculation is a text report (txt file).

In general, the calculation is very time consuming. Thus, by clicking at “Calculate” a form appears
showing the process of the calculation (Figure 10).

For more information, see Jager (2016); Meeker & Escobar (1995); Moerbeek et al. (2004).
Calculating the confidence interval of the optimal parameter p* is finding the intersection of the

approximate chi square distribution function 2- (L, —L(p)) and a critical chi square value x5, ,

in an interval [p, p*] respective[p*, p]:

15
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2- (Lbest - L( p) - ng ,1—a) ~0
The approximate chi square distribution function is calculated based on the optimal likelihood value
L, and the current likelihood value L(p)p € [p,p*] respectively p € [p*, p].

The critical chi square value is based on the number of fix parameters (1). Using an alpha of 0.05
leads to a critical value of 3.841.

CE— =)

0 1 364528474225449  99.099904 7078298
15.7472945358711  3.841433 11.9058615358711  3.64528474225449
Intersection pointin [3.645284 74225449 7 25046948450898].

0 2 546787711338173  93.3507580028444
4.24900112590046  3.841433 0.407568125900463 546787711338173
Intersection pointin [5.46787711338173,7 29046948450898].

0 3 6.37917329894536  92.0770270096513
1.70153913951415  3.841433 -2.13989386048585 6.37917329894536
Intersection pointin [2.46787711338173.6.37917329894536].

0 4 5.82352520616354  92.644892844042
283727080829556  3.841433 -1.00416219170444 592352520616354
Intersection pointin [5.46787711338173.5.92352520616354].

0 5 569570115977264  92.9778533734019
35031918670154  3.841433 -0.338241132984597 5.69570115977264
Intersection point in [5.46787711338173.5.69570115977264].

0 6 558178913657719  93.1589120665446
3.86530925330086 3.841433 0.0238762533008647 5.58178913657719
Intersection point in [5.58178913657719,5.69570115977264].

0 7 563874514817491  93.0670875061501
368166013251175  3.841433 -0.159772867488248 563874514817491
Intersection peintin [52.58178913657719.,5.63874514817491].

Fi igre 10: Active processes form appearing by clicking at “Calculate Confidence Intervals”

A report und the result of the numeric estimation of confidence intervals is stored in a text file.

For this example, we obtain the following confidence intervals:

Table 2: Estimated confidence intervals

Parameter Value Lower Bound Upper Bound
k_in 7.290469 5.588909 10

k_k 0.001931 0.001416 0.002517

z 674.442985 646.080488 686.929521

We obtain the following results by checking LC50s and model predictions: During the numeric
estimation of confidence intervals all internal concentration values, hazard function respective
distribution function values, and survival probability values are stored. Calculating of these values

16
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the 95% and 5% profiles leads to prediction band (Figure 11, Figure 12 and Figure 13).

HHS3 e

Chart | Predicted-Measured Chart | Statisties | Report | LC50 |

Survival Probability (-)

Survival Probabili v

95% Intervals of Model Predictions from Sample of Posterior

Survival Probability (-)

—— Conc0 0 (ug/L)
—— Conc1 558 (pg/L)
= Conc2 688 (ug/L)
—— Conc3 866 (pg/L)
Conc4 1252 (pg/L)
—— Concb 1650 (ug/L)
= Exp00 (ug/L)
Exp1 558 (ug/L) Intervals:
» Exp2688 (ug/L) 95% of mode| predictions
- Exp3 856 (ugiL) from sample of posterior
Exp4 1252 (ug/L)
= Exp5 1650 (ug/L)

Confidence Intervals

[ FitLL
LC50s
Model Predictions

Calculate |

Save Calibrated
Parameters

Cancel

Modelink Data Set

Figure 11: 95% of model survival predictions from sample of posterior

Chart | Predicted-Measured Chart | Statistics | Report [ LCS0 |

1650

Internal Concentration Profile (|

)

95% Intervals of Model Predictions from Sample of Posterior

1320

990

Internal Concentration Profile (pg/L)

2
Time (d)

= Conc0 0 (pg/L)

—— Conc1 558 (pg/L)
—— Conc2 688 (ug/L)
—— Conc3 866 (pg/L)

Conc4 1252 (ug/L)
= Conc5 1650 (pg/L)
= Exp00 (pg/L)
= Exp1 558 (ugrl)
= Exp2 688 (ugil)
= Exp3 866 (ug/l)
Exp4 1252 (ug/L)
= Exp5 1650 (ug/L)

Intervals
95% of model predictions
from sample of posterior

Confidence Intervals

[ FitLe
LC50s
Madel Predictions

Calculate

Save Calibrated
Parameters

Cancel

Modelink Data Set

Figure 12

2 95% of predicted internal concentration from sample of posterior

17
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Hazard Function (-)

7.14

5.712

2.856

Hazard Function (-)

Time (d)

95% Intervals of Model Predictions from Sample of Posterior

= Conc0 0 (pg/L)
—— Conc1 558 (pgil)
—— Conc2 688 (pg/L)
—— Conc3 866 (pgrL)
Conc4 1252 (pgrL)
Conch 1650 (pgrL)
= Exp00 (ug/L)
= Exp1558 (ug/l)
= Exp2688 (ugll) ¥
= Exp3 866 (ug/L)
Exp4 1252 (ug/L)
= Exp5 1650 (ug/L)

iiazard Function | v

Intervals:

95% of model predictions

from sample of posterior

21 June 2018

Confidence Intervals

[ FitLL
LC50s
Model Predictions

Calculate

Save Calibrated
Parameters

Cancel

Modelink Data Set

Figure 13: 95% of predicted hazard from sample of posterior

In Figure 14, the predicted LC50 in time with the respecting 95 % intervals is shown. The
calculation is based on the samples stored during the numeric estimation of confidence intervals. For
each stored survival probability data series the LC50 is calculated in time. Afterwards, the 5% and

95% quantiles are calculated (95% interval).

WS 2@

Chart | Predicted-Measured Chart | Statistics | Report| LC50

Predicted LC50 in Time

Confidence Intervals

95% Intervals of Model Predictions from Sample of Posterior e
2000 — Lcso Losts
Model Predictions
.
— 1500 =
=
2] [ Il B Intervals:
o | KT e 95% of model predictions
from sample of posterior
[®)]
= 1000 == Save Calibrated
P e Parameters
[Te]
O
—1 500
0

Time(d)

4 LCx
Calculator

Cancel

Modelink Data Set

Figure 14: Predicted LC50 in Time with 95% intervals of model prediction from sample of posterior
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The second tab “Predicted-Measured Chart”, Figure 15, contains a figure of prediction (x-axis) and
measured data (y-axis) including initial values and control data.

H¥ 3 ale
Predictec-Measured Chart | Statstics | Report | LC0 |
Measured and Predicted Survival Probability Corfidence infervals
[ FirlL
1 - = ConcO 0 (pg/L) .
[ = Conc1 558 (ug/L) e
x"‘ = Conc2 688 (uglL) [] Model Predictions
08 " = Conc3 866 (ug/L)
: L Concd 1252 (ug/L)
& e = Concs 1650 (ug/L)
@ ==-== Line of Identity
D g6 .
- R
9} ~
2 P
a " Save Calibrated
] 04 L Parameters
(| E——
;”'¢
o -
0
0 0.2 0.4 0.6 0.8 1
. __Report
Predicted Data
Cancel

Modelink Data Set

Figure 15: Predicted-Measured Chart of the calibration result form

The third tab, Figure 16, presents the statistical results based on number of survivor or survival
probability to provide additional information on the goodness of fit. For these statistical calculations,
the initial values (t=0) are not considered. Furthermore, we do not consider the control data for the
total study statistics as these are not affected by the TK-TD parameters.

19
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L Result
H 3 e

Chart | Predicted-Measured Chart| Statistics | Report | LC50 |

Infin: RNMGRES
5451, Probabiity

0.985

—Infinity|-18.0:

Conc 0 Conc 1 Conc 2 Conc 3 Conc 4
» Chi-Quadrat 0.003 0.121 0.042 1.508 7.962
Medel Error (x?) 0.599 4.074 2.359 19.26% 71.985
Coefficient of Determination NaN NaN 0.744 0.653 NaN
Meodel efficiency -Infinity|-Infinity|-0.240 -1.876
Absolute Residuals 0.377 2.623 1.354 6.450 8.854
Squared Residuals 0.055 2.302 0.827 17.259 31.849
Scaled Root Mean Squared Error 0.007 0.046 0.027 0.218 0.815
Scaled Total Error 0.006 0.046 0.024 0.195 0.738
Minus Multinominal LogLikelihood 0.252 11.757 8.9%92 20.022 16.808
i
Study 1
chi-guadrat
Medel Exror (x2) 17.156
Coefficient of Determination 0.935
Model efficiency 0.927
Absolute Residuals 31.061
Squared Residuals 86.981
Scaled Root Mean Squared Error 0.201
Scaled Total Error 0.150
Minus Multinominal LogLikelihood 59.236

4.279
12.68¢
6.169
4.279
1.657

o

21 June 2018

Confidence Intervals

[ FitLL
[ Lcs0s
["] Model Predictions

Calculate

Save Calibrated
Parameters

Cancel

Modelink Data Set

Figure 16: Statistical measurements of calibration result

We perform the statistics for both endpoints, number of survivors and survival probability. Due to

the properties of the statistical measurements only the residuals are different, the other statistical

measurements have the same values.

However, an overview of the used statistics is given in Table 3. Again, let N € N be the total

number of data, O € R" the experimental observation and C € R" the corresponding calculated

model prediction. The means are represented by O € R respectivelyC e R, .

Table 3: Statistical measurements to compare the correspondence of model prediction and experimental data

Statistics

Formula

Chi-Quadrat

N
=Y

i=1

(.-0)

@)

2

Model error

The number m e N denotes the degrees of
freedom (number of measurements minus
number of model parameters) and let be

a<(0,1).
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Let g2, be the tabulated 2, . Usually a value

of o =0.05 is chosen.

N

e=1oo-%-\/i2.2(ci—oi)2

Xtab =1

Coefficient of Determination

"= N > 2 —\2
oo Ee-c)
Model efficiency i ( c.-0 )2
EF =1-12
(0,-0)
i=1
Absolute Residuals N
AR = Zpu _Oi |
i=1
Squared Residuals

Scaled Root Mean Squared Error

Scaled Total Error

N

2.[C. -0

STE=12

Regarding the statistical result in Figure 16, one can see that for example for the control not all

statistical measurements deliver a numeric result.

We consider this example in more detail. The used data for the statistics is presented in Table 4.
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Table 4: Experimental data of control

time (d) 0] C

1 20 19.937
2 20 19.874
3 20 19.812
4 20 19.75

The coefficient of determination is not a number (NAN) because all observation data has the same
values. Thus, we are dividing 0 by 0. The same yields for model efficiency.

The fourth tab contains a written report containing all necessary information on the input, settings of
the calibration and the model prediction (Figure 17).

= )
H*S 2@

Chan | Predictled-Measured Chart | Statisics | Report |LG50

GUTS: Calibration Results
Version:vVersion 05/04/2018

] »

Confidence Intervals

[ FitLL
[[] Lcsos
[] Model Predictions

Study Modelink Data Set
Calculate

Comment Data set used in Modelink Workshop

Date 05/04/2018 12:35

PARBMETERS
Save Calibrated
GUTS-5D Parameters
Model Parameter Initials Lowers Uppers Fit Result Value
SD k_in 7.448 0.0001 10 yes 7.25046948450808
SD k_out 7.448 0.0001 10000 no 7.29046948450898
SD k k 0.0024 0.0000001 0.01 yes 0.0019308652359985
SD z 679.3 0.0001 10000 yes ©674.442985001341
SD/IT h b 0.00315 0.0001 10000 no 0.00315

Dominant rate constant used (k_in = k_out).

as objective Multinominal Log Likelihood was used. Report

The external concentration data is linear interpolated.

The ordinary differential eguations are solved exactly. ~ Cancel

Modelink Data Set

Figure 17: Text report of calibration

It is possible to copy the results, separately or all simultaneously, or to save and print them using the
symbols at the top. The file format is dependent on the result file: the charts are saved as jpeg, the
statistics and text report in txt.

Hé*S 2@
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Clicking at “LCx Calculator” opens the form in Figure 18 to calculate the concentration leading to x

% effect.

Input
LCx 50 Day 4
Model Parameter Value
E « in 7.448
sD k out 7.448
SD k k 0.0024
sD z 679.3
IT k in 0.848
IT k out 0.848
IT alpha 711.5
IT beta 3.66
SD/IT h b 0.00315
Result
Value Cla=005 Cla=095

Unit @ GUTS-SD
i/d () GUTS-IT
1/d -
ng a.s./L
1/(pg a.s./L...
1/d
1/d
pg a.s./L
1/d
Calculate
l Cl ] I Cancel ]

Figure 18: Calculation of LCx

Clicking at the button “Calculate” starts the LCx calculation procedure. As input the program needs

the current or different TK-TD parameters, the fraction effect X €[0,100] and the time span (here,

Day =4).

As initial guess for the concentration leading to x % effect, we use 100 times the highest
concentration, thus in our example case 165000.
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For the calculation of LCx, we need the current predicted survival probability of treatment and
control, as well as the fraction effect (e.g. x=50). We use the same function as Tjalling Jager in the
BYOM matlab function calc 1¢50.m.

crit =

O - X

So(t) 100

For each time point until “Day” (content of Textbox entered by user), we calculate the concentration
via intermediate theorem leading to a critical value of zero. The found concentration is the LCx
value. This result value for the chosen “Day” is entered into the table and the change of LCx values
in time is presented in the chart until the chosen “Day” (Figure 19). By clicking with the right mouse
click at the chart, the user can copy to clipboard or save or print the chart.

Input

LCx 50 Day 4
Meodel Parameter Value Unit
ER K in 1/a
sD k out 7.448 1/4
sD k k 0.0024 ng a.s. /L
sD z 679.3 1/(pg a.s./L...
IT k in 0.848 1/d
IT k out 0.848 1/4
IT alpha 711.5 ng a.s./L
IT beta 3.66 -

hb 0.00315 1/4

@) GUTS-SD

) GUTSIT

Predicted LCx in Time

N

\

2
Time(d)

Result

LCx Value Cla=0.05 Cla=0.95

3 4d-LC50 760.21434918...
.

Calculate

l Cl l [ Cancel l

Figure 19: LCx Calculator Form after a first run of the calculation of the 4d-LC50
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Clicking at report saves and opens the LCx report. The report contains the values of TK-TD
parameters, and the concentrations leading to x % effect in time t until entered “Day”. In Figure 20,
an LCx report for the 4d-LC50 is given using above chosen experimental data set and parameters of
Ducrot et al. 2016.

( — |
. LCxCalculation.txt - Editol (= J

Datei Bearbeiten Format Ansicht ?

Calulation Report No 1 4d-LC50

GUTS-3S: LCx - Calculation
Version:Version 05/04/2018

Date 05/04/2018 10:54
PARAMETERS

Parameter value Unit Description
k_in 7.448 1/d uptake rate constant
7.448 1/d elimination rate constant
0.0024 qug a.s./L killing rate constant
679.3 1/Cug a.s./L) -1 / d) threshold concentration
0.00315 1/d background mortality

4d-LC50
54140.625
16178.741
8468.560
5557.492
4124.701
3286.871
2747.619
2382.701
2117.439
1918.929
1765.265
1641.145
1544.984

[ el ol o o o o Y o e o Y o

igure 20: LCx Report .

Click at “Cancel” to return to the calibration result form.

Clicking at “CI” calculates the confidence interval for a equal to 0.05 and 0.95. The calculation of
confidence intervals of LC50 is done using Monte Carlo Simulation. For this, the user selects an
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upper and lower bound for each parameter and a method to generate random samples. For each
random generated parameter set, the LC50 is calculated. At last, the program calculates the
minimum, maximum, expected value, variance, standard deviation, median, 5th percentile and 95th
percentile based on all calculated scenarios.

Possible bounds are, for instance, the confidence intervals of parameters.

In a report, all parameter sets as well as the corresponding LC50 value is given.

Let | x| the smallest integer being smaller or equal to x. Assuming we have ordered data of sample
sizen: (xq,x,+,x,) Withx; < x, < -+ < x,,. For any number p € (0,1) we can calculate the p-
quantile by

1
v =17 (Xp.p + Xnp+1) ifn-pisinteger
p - L]

X|n-p+1) else

3.2. Verification

The aim of this procedure is to verify the TK-TD model by comparing model prediction to
experimental studies (not used for calibration).

Input: experimental data, parameter values
Settings: number of fitted parameters (for statistics)

The verification form has the same structure as the calibration form; the only part that is different is
the TK-TD tab. We can manually enter the parameter we want to validate or choose a parameter set
from the TK-TD database. By clicking at “Start Verification”, the programs calculates the model
prediction using the entered TK-TD parameters and compares them to the given experimental data
set (Figure 21).

The statistics is similar to the calibration statistics in Table 3.
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L Verificatiol
Study Name | ;o0 Name File

Modelink Data Set Madelink_Fatheadminnow xlsx Add
Comment Data setused in Modelink Workshop

Measured Data| TK-TD Paramaters ‘ Report Options

Model Parameter Value Unit

ENN « in 7.448 1/d

sD 7.448 1/d _

sp E Eut 0.0024 pg a.s. /L ) D
) GUTSAT

5D z 679.3 1/(pg a.s....

IT k in 0.848 1/d

T k out 0.848 1/d

IT alpha 711.5 pg a.s./L

IT beta 3.66 -

SD/IT h b 0.00315 1/d

Number of Fitted Parameters |3 |2

Explicit Solution

Start
Verification

Cancel

Figure 21: TK-TD parameters tab in verification form

As result, we obtain the time series of exposure, internal concentration, hazard (GUTS-SD) or
distribution function (GUTS-IT) and survival probability. It can also be selected which study (if
more than one was selected before) should be shown, if all or only specific concentrations should be
plotted and if the experimental data should be shown as symbols (Figure 22).
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He¥S 2@

Chart |F‘red|ctedfMeasured Chartl Statistics | Reportl LC50 ‘

External Concentration Profile

External Concentrati
Internal Concentratid
— Conc0 0 (ng/L)
—— Conc1 558 (pg/L) Survival Probability

—— Conc? 688 (ug/L)

—— Conc3 866 (pg/L)
Conc4 1252 (ug/L)
Conc5 1850 (pg/L)
Exp0 0 (pg/L)
Exp1 558 (pg/L)
Exp2 688 (pg/L)
Exp3 866 (pg/L)
Exp4 1252 (pg/L)
Exp5 1650 (pg/L)

Save
Calibrated
Parameters

Calculate
Confidence
Intervals

O] FitLL
[[] Lcsos
[] Clon Model Pre

2
Time (d) [—]
Cancel

External Concentration Profile (pg/L)

Modelink Data Set

Figure 22: Exposure profile of study in verification result form

In Figure 23, the verification result with respect to the number of fronds can be seen. Experimental
data (points) as well as model predictions (line) is presented in arithmetic scale.
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H¢*S @

Chart |F‘red|ctedfMeasured Chartl Statistics | Reportl LC50 ‘

External Concentration Profile

External Concentrati

Internal Concentratid
— Conc0 0 (pg/L) Hazard Function

—— Conc1 558 (pg/L) Survival Probability

—— Conc? 688 (ug/L)

—— Conc3 866 (pg/L)
Conc4 1252 (ug/L)
Conc5 1850 (pg/L)
Exp0 0 (ugiL)
Exp1 558 (pg/L)
Exp2 688 (pg/L)
Exp3 866 (pg/L)
Exp4 1252 (pg/L)
Exp5 1650 (pg/L)

External Concentration Profile (pg/L)

Time (d)

Cancel

:
carce |

Modelink Data Set

Figure 23: Survival probability of study in verification result form

It is possible to copy the results separately or all simultaneously. Furthermore, one can save or print
the results. Again, the file format is jpeg for the plots, and txt for statistics and the text report.

The results contain a similar statistical assessment and report as the calibration statistics.
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3.3. Application

Having found suitable TK-TD parameters in calibration and validation, in “Application” the user
can simulate the survival probability of a species in dependence of different exposure scenarios.
Before starting the calculation procedures, the user has to choose several input parameters such as

o the exposure of substance (tab “measured data”, Figure 24),

e the TK-TD parameters and

e the output variables (tab “options™).

Measured Data |TK—TD Parameters I Ophons‘

Exposure

] Muttiplication Factor

Interpolation Conc Data linear

Figure 24: Initial application form: Measured Data Tab

Exposure has to be specified. It can be defined to be constant or they can be read in from txt files
(Figure 25).

By clicking at multiplication factor, the program multiplies the exposure pattern by a factor to be
entered by the user. Furthermore, the user can decide whether the external concentration shall be
interpolated exponentially or linearly.

30



General Unified Threshold Model of Survival (GUTS-3S), Version 1: User Manual 21 June 2018

™ TExposure - dich Loe s g -

Datei Bearbeiten Format Ansicht ?

ftime Cwater
.000 0.000

.042 0.555

.083 2.368

.125 .205
.167 .000
.208 .015
.250 -405
.292 .568
333 437
375 .370
.417 .020
.458 .483
500 .493
542 .005
583 .038

0
0
0
0
0
0
0
0
0.
0.
0
0
0.
0.
0.
4

Figure 25: Exemplary concentration input text file

In the next tab “TK-TD Parameters”, the user can enter the parameter values as well as
supplementary information as the name of the substance, species and reference of the parameter
values. These information are obligatory.

The user can enter manually parameter values or choose a parameter data set by clicking at data
base. The data base contains all by the user saved TK-TD parameter data sets. We choose as an
example the TK-TD parameter set of Ducrot et al. 2016 (Figure 26).

Furthermore, the user can decide whether to use the reduced GUTS model with only one TK
parameter (dominant rate constant). In case of constant exposure, it is wise to check “explicit
solution”: The program uses the explicit solution function of the ordinary differential system, thus
there is no discretization of the model system necessary and the calculation time is shorter. However,
this is only possible in case of constant exposure.
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SD
SD
SD
IT
IT
IT
IT
SD/IT

@ GUTS-SD

Model

E i

Fathead Minnow

@) GUTS-T

Parameterx

Substance hypothetical Modelink substance
Species
Reference Modelink data set, supplementary data in Ducro

Value

7.448

k out  7.448
k_k 0.0024
z 679.3
k_in 0.848
k_out 0.848
alpha 711.5
beta 3.66
h_b 0.00315

[] Explicit Solution
Dominant Rate Constant

Unit
1/d

1/d

L /(p...
pg/L
1/d

1/d

pg / L

1/d

Figure 26: Application form: TK-TD Parameters Tab .

T

[\ Applicatio
TK-TD Parameters | Options

21 June 2018

In particular using a long time period leads to a longer calculation time. The maximum time period
is 485 days. The calculation of LC50 is done similar as above and is in particular for long time

periods time consuming.
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| Measured Data | TK-TD Parameters ‘ Options ;|

OUTPUT

485w

Figure 27: Application form: Options Tab
After the selections have been made, the “Start” button can be clicked to start the simulations.

The Application Result Form gives an overview of the entered information and the result of the
application procedure. Therefore, the program provides different diagrams: the external
concentration profile (input, Figure 28), the predicted internal concentration over time (Figure 29),
the predicted hazard (GUTS-SD, Figure 30) or distribution function (GUTS-IT), as well as survival
probability (output, Figure 31). In Figure 30, one can see that there is no mortality due to the
exposure. The survival probability decrease only due to the background mortality (Figure 31).

Furthermore, the user can save, print or copy the diagrams. Additionally the user can create an
output file (txt format), which can e.g. be imported in Excel for further evaluation of the results.
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Hd*3 5a|@
Chart |LC50 | Report
External Concentration Profile External Concentration
Internal Concentration
Hazard Function
63.621 _ ConSurviva\PrubabMity
= Conc10 (ug/L)
oy
3 th
g 50.8968
o
=
o
a I
- 381726 - 10 %Effect
.2
g
g I
E 25.4484
<]
(6]
©
£
& 12.7242
= A
-

0 70 140 210 280 350 420 490 Report
Time @)

hypothetical Modelink substance - Fathead Minnow - Modelink data set. supplementary data in Ducrot et al. 2016(27/03/2017)

Figure 28: External concentration profile in the application result form

HeSGae
Chart |LC5D | Report

Intemal Concentrat ~

Internal Concentration Profile

10.5222 J L
\'-

0 70 140 210 280 350 420 490 Report
T @)

hypothetical Modelink substance - Fathead Minnow - Modelink data set. supplementary data in Ducrot et al. 2016(27/03/2017)

52.611 — Conc0 0 (pg/L)
—— Conc1 0 (pg/L)
2 Il
T 42.0888
=
o
B
x | !
- 31.5666 1 t 10 %Effect
.2
g
5 l
8 210444
c
<]
(6]
©
£
i)
£

Figure 29: Internal concentration profile in the application result form
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H 3 5@
Chart |LC50 |Report
Hazard Function
1 —— Conc0 0 (pg/L)
—— Conc1 0 (ug/L)

0.8
z

S 06
©
c
3
[
b=

< 04
N
©
I

0.2

0

0 70 140 210 280 350 420 490
Time (d)

hypothetical Modelink substance - Fathead Minnow - Modelink data set. supplementary data in Ducrot et al. 2016(27/03/2017)

10 % Effect

Figure 30: Hazard function in time

& 6@

Chart |LC50 | Repont]
Survival Probability
1 —— Conc0 0 (ug/L)
= Conc1 0 (pg/L)
0.8
z
>
Z o6 \\
<
=]
e \
o
]
= 04 P
g \
3 \
0.2 \_
0
0 70 140 210 280 350 420 490
Time (d)

hypothetical Modelink substance - Fathead Minnow - Modelink data set. supplementary data in Ducrot et al. 2016(27/03/2017)

10 % Effect

Figure 31: Survival probability in prediction result form
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We repeat our calculation. However, we set the background mortality to zero to observe only the
effect of the active substance. As result, we obtain a survival probability of 100% for the total time
period of 485 days (Figure 32).

Chart [LC50 | Report|

Survival Probabilit +

Survival Probability

1 —— Conc0 0 (pg/L)
—— Conc1 0 (pg/L)

0.8

Safety Margin

0.6 10 % Effect

Analysis
0.4 z

Survival Probability (-)

0.2

0 70 140 210 280 350 420 490 Beport

Time (d) Cancel

hypothetical Modelink substance - Fathead Minnow - Modelink data set, supplementary data in Ducrot et al. 2016(27/03/2017)

Figure 32: Survival probability with background mortality equal to zero

The button “Safety Margin” calculates the multiplication factor that yields x percentage effect,
answering the question by which factor do we have to multiply the exposure profile to obtain x
percentage effect on the survival probability.

We want to know by which factor we have to multiply the exposure profile to obtain a mortality of
10%. This can be done by clicking at the button “Safety Margin”.

The calculation of safety margin is done by using the Intermediate value theorem. The program
searches in an interval [0,100- z] for GUTS-SD respectively [0,100 - ] for GUTS-IT. The result is

only given in a label on the right side next to the safety margin button and the diagram shows the
graphical result. In this particular case, we obtain a safety margin of 15.247 (Figure 33).
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‘ Application Resuli LE‘ ‘
H&S 5 @
Chart |LC50 |Repurt

Survival Probabilit +

Survival Probability

= Conc0 0 (pg/L)
—— Conc1 0 (pg/L)

Safety Margin

Afactor of 15.247
10 % Effect

Analysis

Survival Probability (-)

Tine @

hypothetical Modelink substance - Fathead Minnow - Modelink data set. supplementary data in Ducrot et al. 2016(27/03/2017)

Figure 33: Application result form after clicking at the button “Safety Margin”

Sensitivity analysis is a systematically analysis of the effect of relative changes in parameter value
on the model output. For this, only one parameter is changed in systematic manner whereas the
other parameters are fixed to their fitted values. It is possible to calculate sensitivity coefficients by
dividing the scaled parameter change by the scaled model output (EFSA PPR Panel 2014).

Local sensitivity analysis is when the value of a parameter is varied in a small area around the
proper parameter value. Global sensitivity analysis is the consideration of the total range of the
parameter (Pianosi et al. 2016). In Grimm et al. 2014 “global sensitivity analysis” is when several or
all parameters are varied over their whole ranges.

In principle both forms, sensitivity and uncertainty analysis, are the same. They differ in their
“Standard Analysis®, namely for the sensitivity analysis we propose to choose the chosen parameters
to vary one at a time in equidistant steps. For uncertainty analysis, we vary all parameters at one
time using a certain distribution.
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Model Parame Value Unit Descri Fix DIST VAR LB UB Output
k_in 7448 d uptake r unit. v 001 67 82 485 .
-
sD k_out 7443 1/d eliminati. unif.. = 0.01 6.7 82 ays
sD k_k 00024 Liugd) kiling ra. unif..  * 0.01 0 0.01 @ GUTS-SD simulations
sD z 6793 pall threshol unif. * 001 61137 74724 O GUTSHT
IT k_in 0848 1/d uptake r unif. = 001 0.7 9 Analysis
IT k_out 0 1/d eliminati. unif.. = 0.01 0.7¢ 0.94 6 Sensitivity
alpha 7115 g/ edian ... v if..  + 0.01 640.35 782 -
IT alpha pg/L median unif. 64 2.6¢ ® Uncertainty
IT beta 366 - shape p unif. - 001 329 403
SDAT h_b 0 1/d backgro... unif.. = 0.01 0 0
Standard Analysis
|| Explicit Solution 4
Dominant Rate Constant
. START

Endpoint

[]Lcsa SIMULATION

|:| Mortality Rate

|:| Safety Margin

|:| Survival Probability

[ Cancel ]

Figure 34: Sensitivity analysis form

The following possibilities are included. One can set a parameter value, growth as well as TK-TD
parameter fixed to a constant value or variable in each simulation.

If a parameter is variable, the user can choose between lognormal, normal, uniform, equidistant,
triangular and Marsaglia. Furthermore, the user can decide between several endpoints: LC50,
mortality rate, safety margin and survival probability.
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Distribution

Algorithm

Marsaglia

Let u,u, =U (0,1) be stochastically independently

uniformly distributed random variables. Set
v, :=2-u,—1 for i=1,2 as long as it yields that

W:=V; +V. <1. Then the random numbers

2, =V, ;—2 log(w)/w and z,:=V,, ;—2 log(w)/w

are normally distributed.

Triangular

Let a,beR, with a<b the range of the
distributed values. Furthermore, let C (a, b) be
the peak value. Let ue U (0,1) be a uniformly

distributed random variable.

Ifu<ﬂ then
b-a

z:=a+,/(b-a)-(c-a)-u

else

z:=b+\/’(b—a)~(c—a)~(1—u)

Uniform

Let a,beR, with a<b the range of the

distributed values. Let U € U(0,1) be a uniformly
distributed random variable. Set

z=(b-a)-u+a
to obtain a uniformly distributed random variable

Ze[a,b].

Normal

Let x,yeR and beR, the border. Let R,

be the expected value and o the variance.
Let U,,u, ~U (0,1)be uniformly distributed
random variables. Do

u,u, ~U(0,1)

X=2-b-u +(u—b) and
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_ 2
y=;~exp(— (x ,uz) ] until u, <y.
'\!2.72'-62 2‘0

Then is X € N(x,6”) a normally distributed

random variable (with corresponding probability
density function value y e R).

Equidistant

Let a,beR, with a<b the range of the

distributed values. Furthermore, let N € N be the
total number of simulations. For each simulation
i=1---,N, we calculate the number z, €[a,b]

with

z :(a+(b—a))-ﬁ.

Lognormal

Let 1€ R, be the expected value and o the

variance. Furthermore, let X € N(0,1) be a

normally distributed random variable. Set
2:=0”-x+log(u)

to obtain a log normally distributed random

variable zeR.
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Appendix

Structure of an Experimental Data File

This is an Excel file summarizing the data from one experimental test, shown in Figure 4 and Figure
21. The structure is fixed.

In B1, the name of the study can be entered. In B2, the code of the study can be entered and in B3
the species and in B4-B5 possible comments can be inserted by the user. All this information is
obligatory.

B6 (number of exposure levels including control) and B7 (number of entered data rows) are
necessary inputs. In this case, Figure 35, the number of entered data is from row 12 to 16 and thus,
altogether 5 rows.

In the first column the user can enter the time data in days. In this case, we have a test that is in total
4 days long with an exposure period of 4 days (orange). The entered time points indicate the time
point when the number of survivors was counted.

After this column, the experimental data concerning the treatments is added. Here, we start with the
control data (B-D). The first column (B) is the measured concentration in water. Additionally in C9
the nominal concentration is given. The second column (C) contains the counted number of
survivors, and the third column (I) contains measurements on internal concentration, if available.
This structure is the same for all treatments.

For the time points for which no external concentration data is available, the program interpolates
linearly or exponentially.

Below or to the right from the table with the input data, summary statistics, diagrams or additional
data can be inserted but will not be used by GUTS-3S.
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Modelink_Fatheadminnow.xlsx - Excel

Einfugen Seitenlayout Formeln Daten Uberprafen Ansicht TEAM () Was machten Sie tun?

21 June 2018

Klein, ludith £, Freigeben

“D ()S _ [calibr - KA ==E % 2 Textumbuch Standard - D ’;!d %iff"ﬂ;ge" - él: A p
Einfigen B FKU- . Verbinden und zentrieren ~ T« % om <3 2  Bedingte  AlsTabelle Zellenformatvorlagen o e"_ _ Sortieren  Suchen und

© o o - e Formatierung ~ formatieren ~ © [X]Format L4 und Filtern = Auswahlen ~

Zwischenablage Schriftart 5 Ausrichtung n Zahl 5 Formatvorlagen Zellen Bearbeiten A
¥26 - I v
A B C D | E F G H | 1 J K | L M N -

1 |Name Modelink Data Set

2 |Code

3 Species Fathead minnow

4 Comment |Data set used in Modelink Workshop

5 1

6 |Levels 6

7 Datarows

8

9 0.00 558.00 688.00 866.00

10 Time d Expl SN1 Cintl Exp2 SN2 Cint2 Exp3 SN3 Cint3 Exp4 SN4 Cint4 ExpZ
11 pga.s./L # mg uga.s./L # mgdw |uga.s./L # mgdw |uga.s./L # mgdw |uga.s
12 0 0.00 20 558.00 20 688.00 20 866.00 20 1252.
13 | 1 20 19 20 12

14 | 2 20 19 20 12

15 | 3 20 19 19 9

16 4 0.00 20 558.00 17 688.00 18 866.00 6 1252.
17 Tabellel @ 4 » "
Bereit = ) = ] + 140%

Figure 35: Example Input (Excel file), Data based on Ducrot et al. 2016
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Abbreviations

AR Absolute Residuals

BCF Bioconcentration Factor

Conc Concentration

EF Model Efficiency

Exp Experimental Data

FOCUS FOrum for international Coordination of pesticide fate models and their USe
GUTS-3S General Unified Threshold Model of Survival — 3 Steps

IME Fraunhofer Institute for Molecular Biology and Applied Ecology
IT Individual Tolerance

LC50 median lethal concentration, that concentration killing 50% of test species
ODE Ordinary Differential Equation

OECD Organisation for Economic Co-operation and Development

PEC Predicted Environmental Concentration

PPR Panel on Plant Protection Products and their Residues

QSAR Quantitative Structure-Activity Relationship

SD Stochastic Death

SR Squared residuals

SRMSE Squared Root Mean Squared Error

STE Scaled Total Error

TD Toxicodynamic

TK Toxicokinetic
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