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Introduction

This document summarizes performance results of 21 regression models for the Bioconcentration factor in
fish. The performance results reported here are based on average experimental log BCF values (y-values) of
701 chemical compounds and corresponding predicted log BCF values of a reported model (y-values). This
means that the performance tests were run in the output data space, only. This is because this information
has been available to us for all considered models as a common basis to run comparative performance
tests, while reliable information about the input (descriptor) data used to develop and test a model is only
published rarely. Nonetheless, the performance tests we run for each model are important and essential
for finding appropriate model candidates to be used in regulatory procedures.

Performance Tests

This section gives a brief description about the performed tests and their resulting scores applied.
Sample size

A model that works on a large number of chemical compounds is more likely being reliable than a model
that predicts only few compounds. Also, implementing a QSAR model into REACH regulation would require
a model to work on hundreds, thousands, or even ten thousands of compounds as reliable as possible. To
take this into account the first score reflects sample size:

SNzn/NI

with n — number of predicted compounds published for the model or the model works on with some
plausibility, and N = 701 — number of experimental values available to any model for these performance
tests.

Linear regression between predicted and experienced values

This test provides basic model properties like model accuracy (R?), slope a, and intercept b of a linear
regression y = ay + b on both the design data (blue colored information in the graph) the model was
developed on and on out-of-sample test data (green colored information in the graph). The number of
compounds in the design and in the test data set varies from model to model. In cases where the splitting
into design and test data was not published or uncertain, a random, roughly 70/30 split of the data was
done instead.

Having three basic properties for design and independent out-of-sample data sets, it is possible to get an
indication of the generalization power or “robustness” of a model. The less the model properties on the
two data sets differ the more robust a model appears.

In result, there are 6 values, 3 static and 3 robustness values, which are compared with the ideal reference
model values providing 6 subscores S;. These 6 subscores are then summarized to a single score Sp
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representing basic model properties using this formula:
Sp= (351 +25,+5S53+5,+0,55; + 0,556)/8,

with S; —accuracy on design data, S, — accuracy robustness, S; — slope on design data, S; — slope robustness,
Ss—intercept on design data, Sg — intercept robustness.

Corresponding to the used linear regression above, y = ay + b, the regression plot shows the experienced
values on the y-axis and the predicted values of the x-axis. We did not considered the reverse case
(predicted vs. experienced), § = cy + d, since from the relation ac = R? and a = 1,0 on the design data, for
reference, it follows ¢ = R? and d # 0. This provides no new information and can be omitted, therefore.

Over-/underestimation tendencies of a model

For regulatory purposes it makes a huge difference whether a model rather over- or underestimates
experienced values. Overestimation is clearly the preferred and acceptable behavior of a QSAR model from
a regulators perspective. Since experimental values, which the models are compared to, usually have huge
uncertainty their selves this leads to the concept of False Positives and False Negatives known in
classification modeling. When assigning an uncertainty & to the experimental values y an uncertainty
interval y-e < y < y+¢is established the predicted values can be compared with. If a predicted value is within
this uncertainty interval it is seen as correct prediction. If it is below the lower bound of the uncertainty
interval, y-¢, it underestimates the experienced value and is classified as “False Negative” (FN). In the
opposite case, when the prediction is higher than the upper bound of the interval, y+¢, it overestimates the
experimental value and it is “False Positive” (FP). In our tests, we used a rather very small uncertainty of
+10%, € = 0,1y, given that uncertainty of experimental values can easily reach 100% and more. The score
for this test is calculated in this way to satisfy the above mentioned regulatory requirements:

Sen=1-(2FN/n +FP/n)/ 3,
with n — number of predicted compounds available in the data set for the given model (sample size).

It is possible to optimize the false negative rate by shifting a model by a constant value u, which changes
the intercept b’ = b - u of the regression equation accordingly. In a second step, we also calculated the
optimal false negative score Sgyop: for a model based on shifting the entire model by .. This is reported in
the results summary for comparison, only.

Error decomposition

The squared model error between experienced and predicted values, e = (y — y)?, is decomposed into three
components:

I=(ex+es+eg)/e

with ey — the error rate described by noise in the data, es — error rate that describes the deviation of the
regression slope from the reference slope of 1, and ez — rate that expresses how much of the model error is
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due to model bias. The error decomposition score for this test is calculated accordingly:
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Se=(en+2-es-eg)/ 3e.

One method to check if and to which extent a model is different from a pure chance model is so-called Y-

scrambling. Here, the experienced log BCF values are reordered randomly m times and the resulting model

accuracy R? is measured for every simulation run (m = 30 was used in this test). If a model is not just

reflecting a random relationship, the observed R’is zero, ideally. For each simulation, we also decomposed

the error e = 1 — R? into its components again. For the noise and slope deviation components, eyand es, the

same relation as for R? is true: the larger the difference between scrambled and original results the more

likely the model is not a chance model. The bias component eg should not change, ideally.

This leads to this Y-scrambling score formula:

with

where an index of 0 indicates the original, un-scrambled values, correspondingly.

_r '

Ss=(As+ Ay + As +0,25A5) / 3,25,

1 m
A =R2——ZR2
A 0 m2 i
=1
m
1
Ay =2 _Zem— en,o
i=1
m
1
Ag =2 |— €si — €50
i=1
m
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Performance Results

1. Reference Model

Alternative Non-Testing methods
Assessed for REACH Substences

The reference graphics and scores for the ideal model are shown below.

Basic model properties

log BCF
i -
4 y,
4,00 “
y=Xx
2|
§ 3,00 = & Log BCF exp
§° outliers
g 2,00 i),r /A test data
c ; y=EX
K] 2 ® err>2stDev
5 i R4=1 ‘
% 1,00 7 Al ===Linear (Log BCF exp)
—==Linear (test data)
300 2)00 1,00 400 1,00 2,00 3,00 4,00 5,00 6,00 7,00
#—-1,00
u +
predicted log BCF
SCORES
Sample Size: 701 1,00 FN:0% FP:0% 1,00
Accuracy: 1,0 Slope: 1,0 Intercept: 1,0 1.00
Accuracy Robustness: 1,0 Slope Robustness: 1,0 Intercept Robustness: 1,0 !
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Error decomposition and Y-scrambling

1,00 ) 40U -
/ y=05x+0,5 —
0,60 ° 0,80
(7}
U, 0U '6 U, 06U
o 2
= ®
0,40 0,40
92 0,2 0,4 06 08 12 02 o 0,2 0,4 0,6 0,8 1 1,2
o r(Y, Yscrambled) r(Y, Yscrambled)
° y=-0,5x+0,5
a 0,40
o 8 0,00
t4 @
> 030 y =-2E-31x + 2E-31
[ X
[a] 0,00
°\" 0,20
0,00 £] L =
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
Error Decomposition
Noise: 1,0 Deviation Slope: 0,0 Bias: 0,0 1,00
Y-Scrambling
Accuracy: 1,0 Noise: 1,0 Deviation Slope: 1,0 Bias: 1,0 1,00
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2. CAESAR Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

log BCF

~

y=10,9755x+0,0905

=10,83064

experienced log BCF

Log BCF exp

outliers (y_y space)

test data

e P> O o

err > 2 stDev

====Linear (Log BCF exp)

—===Linear (test data)

y = 0,9569x+0,2765

L R*=0,55136
predicted log BCF
SCORES
Sample Size: 701 1,00 FN:429% FP:36% 0,60
Accuracy: 0,74 Slope: 0,97 Intercept: 0,82

Accuracy Robustness: 0,66 Slope Robustness: 0,99 Intercept Robustness: 0,82

0,79
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Error decomposition and Y-scrambling

0,8 11 |
0 7 1 Y 0O-A26 05507 J
7 0,426x+0,5507
0,6 0,9 /k
0,5 ¢ a8 /
2 ;
~ 0,4 2
-4 x 0,7
0,3
0,6
U,
0,1 ‘
U,a T
-0,2 . 0f2 0,4 0,6 ols 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
-0;1
r(Y, Yscrambled) r(Y, Yscrambled)
Yo U,UZ5
y 5 0,0185x + 0,0034 /E]
0,02
4‘\ y = -0,4445x + 0,4459
g Ua
o @
[ & o0 /
> 0,3 ]
[
[a] X 0,01
x 0,2
01 0,005
\m
O Il ¢ O
0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

Error Decomposition

Noise: 0,97 Deviation Slope: 0,0 Bias: 0,02 0,98

Y-Scrambling
Accuracy: 0,74 Noise: 0,85 Deviation Slope: 0,89 Bias: 0,98 0,84
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3. CAESAR valid

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

log BCF

u

y=0,9764x +0,0163
R>=/0,84789

S @ Log BCF exp
o
¥ outliers (y_{ space)
g ) A test data
g £
2 ® err>2stDev
:-J. R A == |inear (test data)
¢ (N L, «=—Linear (test data)

§ 10023x-0,0367

_ 2

N .Sa 0,65347
-&- o
predicted log BCF
SCORES
Sample Size: 531 0,76 FN:34 9% FP:43% 0,63
Accuracy: 0,80 Slope: 0,99 Intercept: 0,99

Accuracy Robustness: 0,76

0,86
Slope Robustness: 0,98 Intercept Robustness: 0,96 !
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Error decomposition and Y-scrambling

0,9 1t Jﬂ
0o I 1 - |
07 e y =0,4448x +0,5474
! 0,9
0,6 Y
k] 68
0,5 o
o 2
o 04 ® 0,7
0,6
01
04—
20,2 - 02 04 06 08 12 -0,2 0 0,2 0,4 0,6 0,8 1 1,2

r(Y, Yscrambled) r(Y, Yscrambled)

0,0045

U,UU‘-}‘
x\ y = -0/4454x + 0,4513 0,0035
b 0,003
oo = 0,0006x 4 0,0013

[
g 8 y=
{ I EE -
32 0,2
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,996 Deviation Slope: 0,0 Bias: 0,0 1,00
Y-Scrambling
Accuracy: 0,80 Noise: 0,90 Deviation Slope: 0,90 Bias: 1,00 0,88
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4. TEST Model

Basic model properties

log BCF
E y=1,0781x-0,1197 n
R%2=0,8239
e} © Log BCF exp
o
tén [ outliers (y_y space)
kA A test data
e
2 ® err>2stDev
[T} .
% "; : 356x+ 0’12 Linear (Log BCF exp)
. e R*+0,41119 ==Linear (test data)
-
T &
predicted log BCF
SCORES
Sample Size: 686 0,98 FN:35% FP:41% 0,63
Accuracy: 0,78 Slope: 0,97 Intercept: 1,00

0,75
Accuracy Robustness: 0,50 Slope Robustness: 0,80 Intercept Robustness: 0,76 !
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Error decomposition and Y-scrambling

08 J T ’J‘\
07 _ y=03976x+0,5923 | _—T
:: 2 0,8
2 ;
o~ 04 2
& 0;3 X ;:&/
0,1 0,5
-0,2 -1 0,2 0,4 0,6 0,8 1.2 A
il 02 0 02 0,4 06 08 1 1,2
- r(Y, Yscrambled) r(Y, Yscrambled)
075 0,00025 0
y =-0,3977x + 0,4076 0,0002
qé. 0,35 "
@ "~ &
> 025 = 2E-05x + 7E-05
Al—o2 =
R 0,15 — | Ej
~F)
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
Error Decomposition
Noise: 0,99 Deviation Slope: 0,01 Bias: 0,0 0,99
Y-Scrambling
Accuracy: 0,78 Noise: 0,79 Deviation Slope: 0,79 Bias: 1,00 0,80
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5. Fu Acid Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

log BCF

y:

1,0699x - 0,0774
R? = 0,63889 L

w

S 9 Log BCF exp
@ / S|
%n . outliers (y_y space)
g > A test data
e
2 a ® err>2stDev
§- ====Linear (Log BCF exp)
¢ 1 @ —===Linear (test data)
* 73x +0,0437
4‘ 0,52303
-0,5 U/,Fh-‘ 0 3i5 3 4,5
e
(L]
predicted log BCF
SCORES
Sample Size: 85 0,12 FN:24 % FP:52 % 0,67
Accuracy: 0,53 Slope: 0,91 Intercept: 0,99

Accuracy Robustness: 0,81

0,72
Slope Robustness: 0,70 Intercept Robustness: 0,89
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Error decomposition and Y-scrambling

0,6

y =0,1689x + 0,6083

0T
0,45
Ua
0z 02 04 06 08 12 0,2 0 02 04 06 0,38 1 1,2

r(Y, Yscrambled) r(Y, Yscrambled)

R2
a
[
% Noise

§ y =-0,1861x + 0,246 " ’ y =(0,0172x ¥ 0,0557
g ;'E 1]
K] ;
X
<
-0,2 h 0 0,2 0,4 0,6 0,8 :Il 1,2 -0,2 h 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,86 Deviation Slope: 0,07 Bias: 0,07 0,91
Y-Scrambling
Accuracy: 0,52 Noise: 0,33 Deviation Slope: 0,35 Bias: 0,99 0,44
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6. Fu Base Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

w
8]

log BCF

w

y=1,0
RZ

2,5

282x - 0,1067
=10,69224 G A

9 Log BCF exp

outliers (y_y space)

A test data

experienced log BCF

® err>2stDev

=0,9487x+0,1128 = Linear (Log BCF exp)

R%=10,52571
—===Linear (test data)
4 2/5 3ls
predicted log BCF
SCORES
Sample Size: 46 0,07 FN:30% FP:59% 0,60
Accuracy: 0,64 Slope: 0,99 Intercept: 0,90

Accuracy Robustness: 0,75

0,78
Slope Robustness: 0,92 Intercept Robustness: 0,99
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Error decomposition and Y-scrambling

0,5 /
0.4 2 y = 0,2402x + 0,7169
o 2
< 0,3 X

-0,2 0,2 0,4 0,6 0,8 12 -0,2 ’ 0 0,2 0,4 0,6 0,8 1 1,2

o r(Y, Yscrambled) r(Y, Yscrambled)

®
g 0,2
2 y =-0,1636x + 0,1579 § *
] x @
o —_ ° y|=-0,0766x + 0,1252
X
\\
0 1 1
—02_\“D 0)2 0,4 0,6 0,8 1j2 o |
r(Y, Yscrambled) 0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,95 Deviation Slope: 0,0 Bias: 0,05 0,97
Y-Scrambling
Accuracy: 0,62 Noise: 0,47 Deviation Slope: 0,32 Bias: 0,92 0,50
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7. Fu Model

Basic model properties

log BCF

y =1,0462x - 0,0833
? = 0,66306

o

e

| -

outliers (x_y space)

A test data

P
L 5 & Log BCF exp
p—
L
=
[
P

® err>2stDev

experienced log BCF

== |inear (test data)

===Linear (test data)

y-+-0,7734%-+0,0397

*" 1 _ 5 N
] N a R*=(0,52256
I /7 Tt _
. b

predicted log BCF

SCORES
Sample Size: 131 0,19 FN:26 % FP:54 % 0,67
Accuracy: 0,56 Slope: 0,91 Intercept: 0,98

0,73
Accuracy Robustness: 0,79 Slope Robustness: 0,73 Intercept Robustness: 0,88 !
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Error decomposition and Y-scrambling

g 09 y =0,2071x + 0,6933 /,4]
/
' .g ’ /
~ 0,3 g
< X
o; o
092 0;2 04 06 08 12 02 o 0,2 04 06 038 1 1,2
’ r(Y, Yscrambled) r(Y, Yscrambled)
y = -0/1793x +0,2202 '
[
g "
@ a8
& R QO y =-0,0270 TU0863 iy
g 2
<
0,05 ‘q-l 0,02
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,90 Deviation Slope: 0,04 Bias: 0,06 0,93
Y-Scrambling
Accuracy: 0,55 Noise: 0,41 Deviation Slope: 0,37 Bias: 0,98 0,48
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8. Episuite Regression Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

~

log BCF

%0,9886x -0,
R*>=0,7242

<
I

1427

experienced log BCF

Log BCF exp

outliers (y_y space)

test data

e P> O o

err > 2 stDev

====Linear (Log BCF exp)

—===Linear (test data)

!
N

y =09

R%=0,73307

601x~-0,0028

f
w

predicted log BCF

Sample Size: 701

1,00

SCORES

Accuracy: 0,73 Slope: 0,97
Accuracy Robustness: 0,99 Slope Robustness: 0,97

FN:28 % FP:50% 0,65

Intercept: 0,93
g 0,87

Intercept Robustness: 0,86

HEE ' 1 Yiaas




B | HEE I T

\

oNtores

Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

U, 7 |J_| U,J
0,6 y=0,4x +0,5643
U, 6
> 2
~ 04 ‘Z’ 0,7
= U, 5 °\°
0,6
U, Z
0,1 z
Ua
-0,2 . 0,2 0,4 0,6 0,8 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
=01
r(Y, Yscrambled) r(Y, Yscrambled)
b \VAVL o) |
B &i (VAVC ) /D
= 0,035
° y=-0,431x +0,4294 . v= 0,0311k + 0,0063
a 0,3 0,03
() 7))
= .c%‘ 6,025
ple 0,2
a R 0,02
X 01 0,015
\E"I 0,01
0
0,2 0,2 oj4 ole 0,8 T 12 g
U, 1 U
r(Y, Yscrambled) .02 0 02 04 0,6 08 1 12
r(Y, Yscrambled)

Error Decomposition

Noise: 0,96 Deviation Slope: 0,0 Bias: 0,04 0,97

Y-Scrambling
Accuracy: 0,73 Noise: 0,80 Deviation Slope: 0,86 Bias: 0,97 0,81
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9. Episuite Arnod-Gobas Up Model

Basic model properties

log BCF

~

Log BCF exp

outliers (y_y space)

test data

e P> O o

err > 2 stDev

experienced log BCF

====Linear (Log BCF exp)

—===Linear (test data)

2 = y-=-0,9603x+ 0,121
230,74161
predicted log BCF
SCORES
Sample Size: 697 0,99 FN:25% FP:39% 0,70
Accuracy: 0,74 Slope: 0,96 Intercept: 1,00

0,89
Accuracy Robustness: 0,99 Slope Robustness: 0,99 Intercept Robustness: 0,99 !
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Error decomposition and Y-scrambling

0,7 0,9
0,6 y #0,4139x + 0,554
U, 6
U,o 3
E 0,4 ‘23 07
U, 5 o\e 06
Ur ’
04
-0,2 . 0[2 0,4 0,6 0,8 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
=01
r(Y, Yscrambled) r(Y, Yscrambled)
b 0,035
0,03 |
. 4‘ y =-0/4396x + 0,4411 0095 /
-3 b “ y|=0,0256x + 0,0041
K] 1] 0,0
7)) N 8 ;
> 6,3 o
g S 0,015
x o Uul
01 W
\4:1
O Lt O
0,2 0 0,2 0,4 0,6 0,8 1 1,2 0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

Error Decomposition

Noise: 0,97 Deviation Slope: 0,0 Bias: 0,03 0,98

Y-Scrambling
Accuracy: 0,74 Noise: 0,82 Deviation Slope: 0,87 Bias: 0,97 0,82
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10. Episuite Arnod-Gobas Mid Model

Basic model properties

log BCF

~

y=0,9311x 40,0199

u

experienced log BCF

9 Log BCF exp

[ outliers (y_y space)

A testdata

® err>2stDev
====Linear (Log BCF exp)

—===Linear (test data)

- L y=[0,9397x+ 0,0463
R%=0,75417
predicted log BCF
SCORES
Sample Size: 697 0,99 FN:26 % FP:38% 0,70
Accuracy: 0,74 Slope: 0,94 Intercept: 0,99
0,89

Accuracy Robustness: 0,99 Slope Robustness: 0,99 Intercept Robustness: 0,93
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Error decomposition and Y-scrambling

06 ' =0,417x + 0,5384
055 3 0,8
O -6 U, 7
~ A 2
z U, 5 o\e
3 0,6
-0,2 . 0/2 0,4 0,6 0,8 12 -0,2 ' 0 0,2 0,4 0,6 0,8 1 1,2
' r(Y, Yscrambled) r(Y, Yscrambled)
v =-0,4444x + 0,457 sors y = 0,0273x + 0,0046
g 0,4 4
S 800
2 o3 s
a o) 0,015
32 0,2
0 £ o
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
Error Decomposition
Noise: 0,95 Deviation Slope: 0,01 Bias: 0,04 0,97
Y-Scrambling
Accuracy: 0,74 Noise: 0,84 Deviation Slope: 0,90 Bias: 0,97 0,84




S5
oNtoares

Alternative Non-Testing methods
Assessed for REACH Substences

11. Episuite Arnod-Gobas Low Model

Basic model properties

log BCF

~

experienced log BCF

Log BCF exp
outliers (y_y space)

test data

e P> O o

err > 2 stDev
====Linear (Log BCF exp)

—===Linear (test data)

2 i v =0,9329x & 0]0627
R*%0,75661
predicted log BCF
SCORES
Sample Size: 697 0,99 FN:27% FP:37% 0,70
Accuracy: 0,74 Slope: 0,93 Intercept: 0,97
0,88

Accuracy Robustness: 0,99 Slope Robustness: 0,99 Intercept Robustness: 0,94

B _ HEE ' 1 Yiaas
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Alternative Non-Testing methods

Assessed for REACH Substances

Error decomposition and Y-scrambling

06 ' y=0,4211x + 0,534
055 3 0,8
O .6 U, 7
~ 04 2 g
z U, 5 o\e
) 0,6
-0,2 B 0/2 0,4 0,6 0,8 12 -0,2 ' 0 0,2 0,4 0,6 0,8 1 1,2
' r(Y, Yscrambled) r(Y, Yscrambled)
; 0,03 ]
o y =-0,447x +0,4622 0625 /
s .,. y 30,0259 + 0,0038
& S 0,0
a 0,3 $
a o 0,015
32 0,2
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
Error Decomposition
Noise: 0,95 Deviation Slope: 0,02 Bias: 0,03 0,97
Y-Scrambling
Accuracy: 0,74 Noise: 0,83 Deviation Slope: 0,89 Bias: 0,97 0,83
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Alternative Non-Testing methods
Assessed for REACH Substences

12. Episuite Arnod-Gobas Up KM=0 Model

Basic model properties

log BCF

~

y=/0,7283x - 0,0076 iy
R% = 0,60985

Log BCF exp

test data

@
[ outliers (y_y space)
A
°

err > 2 stDev

experienced log BCF

====Linear (Log BCF exp)

—===Linear (test data)

i y-=10,7864x~-0,0306
5 e R*F10,69162
predicted log BCF
SCORES
Sample Size: 697 0,99 FN:14 % FP:67% 0,68
Accuracy: 0,63 Slope: 0,76 Intercept: 0,98

0,79
Accuracy Robustness: 0,88 Slope Robustness: 0,92 Intercept Robustness: 0,98 !
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

"R y =0,143x + 0,4411
Q 0,52 |
0,4 2 . k)
o 2 2
o 0,3 NS 0,48
-0,2 R 0,2 0,4 0,6 0,8 12 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
o r(Y, Yscrambled) r(Y, Yscrambled)
' y =-0)3735x + 0,4844 B y =0,2305x +0,0746
g o4 025
o3 =
a o 015
32 0,2
on \E|] el
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
Error Decomposition
Noise: 0,57 Deviation Slope: 0,11 Bias: 0,32 0,71
Y-Scrambling
Accuracy: 0,63 Noise: 0,25 Deviation Slope: 0,74 Bias: 0,76 0,56
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13. Mackay valid Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

log BCF

~

y/=0,6559x + 0,4
RZ +0,50745

915

w

S 9 Log BCF exp
o
tén [ outliers (y_y space)
kA A test data
e
2 ® err>2stDev
:-J- ====Linear (Log BCF exp)
¢ —===Linear (test data)
o -
3 /
- y-=0,6359x+0,4509
e RZ=0,50221
e
predicted log BCF
SCORES
Sample Size: 549 0,78 FN:32% FP:47% 0,63
Accuracy: 0,51 Slope: 0,65 Intercept: 0,53

Accuracy Robustness: 1,00 Slope Robustness: 0,97

0,74
Intercept Robustness: 0,96 !

HEE ' 1 Yiaas
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

05 /LJ] o y=02438x+0,4018 | _£]
b o 0,65
)
U, 5 ‘6 U, 0
o~ 2
« B 0,55
02~ 02 04 06 08 12 02 o0 02 04 06 0,38 1 1,2
o r(Y, Yscrambled) r(Y, Yscrambled)
' = -0,2767x + 0,484
ol y 0329x +0,0242 -
"
% 03 — a ]
[ X
a T~
N3 0,2 ot
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,73 Deviation Slope: 0,22 Bias: 0,05 0,82
Y-Scrambling
Accuracy: 0,50 Noise: 0,47 Deviation Slope: 0,53 Bias: 0,97 0,54
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14. Veith valid Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

~

log BCF

ay

y =0,7878x + 0,1269
R%=0,52293

ur

l':A VN E

9 Log BCF exp

[ outliers (y_y space)

experienced log BCF

A test data

® err>2stDev

====Linear (Log BCF exp)

—===Linear (test data)

L zi
~
=] 1 = Y=0,7032x+ 0,2368
T R?+0,45807
predicted log BCF
SCORES

Sample Size: 549 0,78 FN:23% FP:56% 0,66
Accuracy: 0,51 Slope: 0,75 Intercept: 0,82

Accuracy Robustness: 0,88

B _ HEE ' 1 Yiaas

0,72
Slope Robustness: 0,89 Intercept Robustness: 0,89
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

0,6 0,85

o y =0,2251x + 0,5592 =

05
0,75
U, 7

L

R2
[ a
[
% Noise
sés & S
U

-02 012 04 06 08 12 0,2 0 0,2 04 06 038 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

U5 ‘ 0 0,14 /D
ﬂ\ y = -0,3025 + 0/3902 N ¥|=0,0774x +0,0506
g. 'y " T
7'° o 8 0,08
> 6,25 o
[ X
=} 0,2 &
R 15 ?
o5 ju 002 &
U ! o
0,2 0 0,2 04 0,6 0,8 1 1,2 0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

Error Decomposition

Noise: 0,79 Deviation Slope: 0,08 Bias: 0,13 0,86

Y-Scrambling
Accuracy: 0,50 Noise: 0,46 Deviation Slope: 0,63 Bias: 0,92 0,56
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Alternative Non-Testing methods
Assessed for REACH Substences

15. Bintein valid Model

Basic model properties

log BCF

~

y=0,7819x +0,0733
R? = 0,39409

o

S 9 Log BCF exp
o
¥ 3 [ outliers (y_y space)
kA A test data
e
2 2 ® err>2stDev
@
g- ====Linear (Log BCF exp)
o l ' i
— —===Linear (test data)
o
0~
0,5 0,
=%
y=0,6095x + 0,4751
R?+0,22796

predicted log BCF

SCORES
Sample Size: 514 0,73 FN:16 % FP:60% 0,69
Accuracy: 0,35 Slope: 0,70 Intercept: 0,86

0,56
Accuracy Robustness: 0,56 Slope Robustness: 0,78 Intercept Robustness: 0,85 !
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

0,6 0,85

o y =0,2251x + 0,5592 =

05
0,75
U, 7

L

R2
[ a
[
% Noise
sés & S
U

-02 012 04 06 08 12 0,2 0 0,2 04 06 038 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

U5 ‘ 0 0,14 /D
ﬂ\ y = -0,3025 + 0/3902 N ¥|=0,0774x +0,0506
g. 'y " T
7'° o 8 0,08
> 6,25 o
[ X
=} 0,2 &
R 15 ?
o5 ju 002 &
U ! o
0,2 0 0,2 04 0,6 0,8 1 1,2 0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

Error Decomposition

Noise: 0,79 Deviation Slope: 0,08 Bias: 0,13 0,86

Y-Scrambling
Accuracy: 0,50 Noise: 0,46 Deviation Slope: 0,63 Bias: 0,92 0,56
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16. Dimitrov valid Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

log BCF

Ve Wl ] 0 Ogr
Yy T Y,79U7X =V 00U

R? = 0,58053 e}

Log BCF exp

experienced log BCF
N

outliers (y_y space)

test data

e P> O o

err > 2 stDev

====Linear (Log BCF exp)

—===Linear (test data)

y=0;9225x+0;,0683

, RY=0,5592
-3
predicted log BCF
SCORES
Sample Size: 687 0,98 FN:31% FP:50% 0,62
Accuracy: 0,58 Slope: 0,94 Intercept: 0,92

Accuracy Robustness: 0,97

B 1 HE ' 1 "UEs

0,81
Slope Robustness: 0,97 Intercept Robustness: 0,98
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

0,6 0,85

o y =0,2251x + 0,5592 =

05
0,75
U, 7

L

R2
[ a
[
% Noise
sés & S
U

02~ 02 04 06 08 12 0,2 0 02 04 06 0,38 1 1,2
-0;1
r(Y, Yscrambled) r(Y, Yscrambled)

u‘: ‘0 0,14 /D
ﬂ\ y =-0,3025x + 0,3902 - y|=0,0774x + 0,0506
g g Y 0,1
7,0 U'i ‘%‘ 0,08
Y
[ X
a 0,2 0,
R 0,15 ?
. 0 002 T =
! o
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,95 Deviation Slope: 0,0 Bias: 0,05 0,97
Y-Scrambling
Accuracy: 0,57 Noise: 0,69 Deviation Slope: 0,74 Bias: 0,97 0,69
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Alternative Non-Testing methods
Assessed for REACH Substences

17. Nendza max valid Model

Basic model properties
log BCF
7
6 =0,4822x +0,2141
R%2=0,26997 Lt

° ¢ B

: & )
" S ‘
g 3 ,s ’ Q 9 Log BCF exp
gﬂ oL@ ‘ [ outliers (y_y space)
g 5 ~, ba - ." t’ A testdata
_§ AN @ A ® err>2stDev
] N £ .
% 1 : “‘ - .—% ====Linear (Log BCF exp)

A. * t ’ Q' “. ~==Linear (test data)
0 ' < }
i 4 1
%
1 v=0,525% + 0,039
R?=0}33063
2
3
predicted log BCF
SCORES
Sample Size: 531 0,76 FN:2% FP:95% 0,67
Accuracy: 0,28 Slope: 0,50 Intercept: 0,88

0,60
Accuracy Robustness: 0,82 Slope Robustness: 0,92 Intercept Robustness: 0,82 !
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

[}
0,2 B 0,4
~ s y = -0,0004x +0,2269
-4 0,15 o U3
; ®
on G a
0,05 O
-0,2 0,2 0,4 0,6 0,8 12 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
e r(Y, Yscrambled) r(Y, Yscrambled)
04 0,7
0,35 i _w_ ///‘t-l
§ o =-0,1174x + 0,2083 05
2 5 y=-0,1174x +0,2082 § - v =/0,1177x + 0,5649
a Be Ua
a T 0.3
=x 0,15 — T o
o =
0,05 01
0 o<
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
Error Decomposition
Noise: 0,21 Deviation Slope: 0,09 Bias: 0,70 0,48
Y-Scrambling
Accuracy: 0,28 Noise: 0,03 Deviation Slope: 0,24 Bias: 0,87 0,24
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Alternative Non-Testing methods
Assessed for REACH Substences

18. Dimitrov max valid Model

Basic model properties

log BCF

. v = 0,8644x - 0,5945
R%=0,61115

Log BCF exp

outliers (y_y space)

test data

e P> O o

err > 2 stDev

experienced log BCF
N

====Linear (Log BCF exp)

—===Linear (test data)

-1
@ y-+=0,6934x-0,1579
5 = RZ<0,45271
-3
predicted log BCF
SCORES
Sample Size: 687 0,98 FN:5% FP:81% 0,70
Accuracy: 0,57 Slope: 0,78 Intercept: 0,63

0,67
Accuracy Robustness: 0,74 Slope Robustness: 0,80 Intercept Robustness: 0,57 !
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

0,6 0,5 A'J_‘
D ; — L
0,5
y =0,0544x +0,4128
0,35
04
.g U,5
~ 0,3 ‘Z’ 0,25
- R [0
o 0,15
01 0,1
0,05
U
-02 012 04 06 08 12 0,2 0 0,2 04 06 038 1 1,2
-0;1
r(Y, Yscrambled) r(Y, Yscrambled)

y = 0,2565x + 0,2374

y =-0,3109x +0,3498 65

04 /

S

N

u
% Bias

% Dev Slope
c
G

[v

- = o
-0,2 0 0,2 0,4 0,6 0,8 1 1,2 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,45 Deviation Slope: 0,03 Bias: 0,52 0,63
Y-Scrambling
Accuracy: 0,57 Noise: 0,06 Deviation Slope: 0,64 Bias: 0,71 0,45
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19. EUSES valid Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

log BCF

~

/=0 'Ql:1v4.n219¢:
;0100

R%=0,46346 -

Log BCF exp

outliers (y_y space)

experienced log BCF

test data

e P> O o

err > 2 stDev
====Linear (Log BCF exp)

—===Linear (test data)

Yy =0,6558x|+0,2582

- R*=0,44249
predicted log BCF
SCORES
Sample Size: 629 0,90 FN:21% FP:58% 0,67
Accuracy: 0,46 Slope: 0,67 Intercept: 0,71
y p p 0,72

Accuracy Robustness: 0,96

Slope Robustness: 0,97

Intercept Robustness: 0,94
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

> j] ' y =0,2579x + 0,4549 L
U, 7 LJ
04 /
o~ <Z> M
G R 03
02
01
0,4 0,6 08 12 e
-0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)
/5 0,7
;l s y=-0,2741x + 0,4183 -
[ 0,35 U0
s "
7,° o2 8 0,4
2 02 o
g BQ 0,3
< ) y=0,0162x + 0,1268
0,15 EJ 0,2
o5 —*
U U
0,2 0 0,2 0,4 0,6 0,8 1 1,2 0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

Error Decomposition

Noise: 0,70 Deviation Slope: 0,13 Bias: 0,17 0,80

Y-Scrambling
Accuracy: 0,46 Noise: 0,48 Deviation Slope: 0,57 Bias: 0,96 0,54
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Alternative Non-Testing methods
Assessed for REACH Substences

20. Veith & Cosian Model

Basic model properties
log BCF
7
. y={1,0658x-0,3421
R*=0,60919
5 { !
- L P |
| BN | [ | ol o | TRABGHE | |

Q 3 ‘_ . A .‘i“;ﬂ 1 et © LogBCFexp
E : "AA ‘ji‘k, ‘~ ’\' | 1 {.‘._' 1 outliers (y_y space)
T 2 % 7 -'*‘f‘l.‘v‘":"‘ ";"’ ,;— ) éﬁ. A test data
§ >4 -__;‘4’;-' ~ ® err>2stDev
'E _"4‘ A'l‘ iA &
2 1 g b~ ’ - - = Linear (Log BCF exp)
¢ " Y -’?’ - ” Q; e ~Linear (test data)

0 - | &

i) 5 b ) s & 3,5 )
1 L] y=1,0392X-10,2777
ol R*=10,62845
22 ™=
-3
predicted log BCF
SCORES
Sample Size: 545 0,78 FN:27 % FP:50% 0,65
Accuracy: 0,61 Slope: 0,95 Intercept: 0,69

0,81
Accuracy Robustness: 0,97 Slope Robustness: 0,97 Intercept Robustness: 0,94 !
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—

oNtores

Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

09 —

0,6 /‘-
0,8
o5 _;w/ y=0,2871x + 0,6524

04

0,5

R2
% Noise

e 0,4

0,3

0,2

01 ’,,
01
0
-0,2 B 0f2 0,4 0,6 0,8 12 -0,2 0 0,2 0,4 0,6 0,8 1 1,2

o r(Y, Yscrambled) r(Y, Yscrambled)

u,/d
g y =-0,3029x + 0,303 &5
7,° E 04
o
] x
a o 0,3
ES . 0,2
G y =(0,0157x + 0,0446
0,05 \E /Y
0 S Pei
0,2 0 0,2 0,4 0,6 0,8 1 1,2 0,2 0 0,2 0,4 0,6 0,8 1 1,2
r(Y, Yscrambled) r(Y, Yscrambled)

Error Decomposition
Noise: 0,93 Deviation Slope: 0,0 Bias: 0,07 0,95
Y-Scrambling
Accuracy: 0,61 Noise: 0,56 Deviation Slope: 0,60 Bias: 0,98 0,62
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Alternative Non-Testing methods
Assessed for REACH Substences

21. Esculder Gilabert Model

Basic model properties

log BCF

Log BCF exp

outliers (y_y space)

test data

e P> O o

err > 2 stDev

experienced log BCF

====Linear (Log BCF exp)

—===Linear (test data)

vy =0,0507x -/1,5049
I\ R%¥=10,53405

predicted log BCF

SCORES
Sample Size: 545 0,78 FN:0,5% FP:96 % 0,68
Accuracy: 0,61 Slope: 0,99 Intercept: 0,0

0,73
Accuracy Robustness: 0,82 Slope Robustness: 0,93 Intercept Robustness: 0,95 !
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

0,5 / i \
I 0,25
0,4 ks y=-0,1331x+0,3433 | ——_ |
o~ 2 b [
« i B 0,15
-0,2 B 0,2 0,4 0,6 0,8 12 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
o r(Y, Yscrambled) r(Y, Yscrambled)
b y =-0,1894x + 0,1823 oy ¥/=0,3225x +0,4744 — T
. X
o 0,0
ao U, 15 .g
; ~_ -
g 01 ES g
X 0,05 b
0 O e
02 ) ola ole 08 12 o
' r(Y, Yscrambled) 0,2 0 02 04 06 0,8 1 1,2
r(Y, Yscrambled)
Error Decomposition
Noise: 0,20 Deviation Slope: 0,0 Bias: 0,80 0,47
Y-Scrambling
Accuracy: 0,61 Noise: 0,29 Deviation Slope: 0,37 Bias: 0,67 0,44
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22. CORAL Model

Basic model properties

Alternative Non-Testing methods
Assessed for REACH Substences

~

log BCF

ay

y:

0,997x - 0,0806
R*=0,76458

Log BCF exp

outliers (y_y space)

experienced log BCF

test data

e P> O o

err > 2 stDev

====Linear (Log BCF exp)

—===Linear (test data)

y =0,9681x - 0,0316
i) R2=0,78668

"
w

predicted log BCF

Sample Size: 698

Accuracy: 0,77
Accuracy Robustness: 0,97

B _ HEE ' 1 Yiaas

SCORES
1,00 FN:32% FP:42% 0,65
Slope: 0,98 Intercept: 0,95

0,89
Slope Robustness: 0,97 Intercept Robustness: 0,95 !
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Alternative Non-Testing methods
Assessed for REACH Substences

Error decomposition and Y-scrambling

il ] 1 J‘
0,7 = 0,4586x + 0,54 ;3//LJ
O ° 0,6
0,5 g 0 /
E 0,4 E w
0,3 © %
0,1 0,2
-0,2 -0-1 0,2 0,4 0,6 0,8 1.2 U
il 02 0 02 0,4 06 08 1 1,2
- r(Y, Yscrambled) r(Y, Yscrambled)
v
oo y = -0,3816x + 0,4154 '
g o .
@ "~ ‘c%
a Yreo © 0,2
a 3 y =10,0769x 1+ 0,0353
ES 0,15 UL
— 0
c —
0,05 0,2 g oj2 04 06 os\:r 12
O D =01
0,2 0 02 0,4 06 08 1 1,2 r(Y, Yscrambled)
r(Y, Yscrambled)
SCORES
Error Decomposition
Noise: 0,98 Deviation Slope: 0,0 Bias: 0,02 0,99
Y-Scrambling
Accuracy: 0,77 Noise: 0,86 Deviation Slope: 0,83 Bias: 0,98 0,83
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Model Performance Summary

oONtores

Alternative Non-Testing methods
Assessed for REACH Substences

Table 1 and 2 summarize the resulting scores for the tested models in descending order for not optimized

and optimized false negative scores, correspondingly. The final score S is obtained as a weighted mean:

S= (0,255[\/ + SFN + 55 + SE + Sp) /4,25.

Table 1: Performance results for tested models in descending order.

Model

#

10

11

22

16

20

14

12

19

13

Model
Name

ES arnod-

gobas mid

ES arnod-
gobas up

ES arnod-

gobas low

CORAL
ES

regression

Caesar
model
valid

Caesar
model

TEST

Dimitrov
valid

Veith &
Cosian

Veith
valid

ES arnod-
gobas up
kmO

EUSES
valid

Mackey
valid

Sn

0,99

0,99

0,99
1,00

1,00

0,76

1,00
0,98

0,98

0,78

0,78

0,99

0,90

0,78

Sen

0,70

0,70

0,70
0,65

0,65

0,63

0,60
0,63

0,62

0,65

0,66

0,68

0,67

0,63

Ss

0,84

0,82

0,83
0,83

0,81

0,88

0,84
0,80

0,69

0,62

0,56

0,56

0,54

0,54

Se
0,97
0,98

0,97
0,99

0,97
1,00

0,98
0,99

0,97
0,95

0,86
0,71

0,80

0,82

0,89

0,89

0,88
0,89

0,87

0,86

0,79
0,75

0,81

0,81

0,72

0,79

0,72

0,74

Model
offset

0,00

0,00

0,00
0,00

0,00

0,00

0,00
0,00

0,00

0,00

0,00

0,00

0,00

0,00

Score S
0,858
0,857

0,855
0,849

0,837
0,836

0,813
0,805

0,787
0,760

0,705
0,703

0,693

0,686
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15

18

21

17

Fu base
Fu
Fu acid
Bintein
valid
Dimitov
max valid

Esculder
Gilabert

Nendza
max valid

oONtores

0,07
0,19
0,12

0,73

0,98

0,78

0,76

0,60
0,65
0,67

0,69

0,70

0,68

0,67

0,50
0,48
0,44

0,47

0,45

0,44

0,24

0,97
0,93
0,91

0,82

0,63

0,47

0,48

0,78
0,73
0,72

0,56

0,67

0,73

0,60

0,00
0,00
0,00

0,00

0,00

0,00

0,00

Alternative Non-Testing methods
Assessed for REACH Substences

0,676
0,667
0,652

0,641

0,633

0,592

0,510

Table 2: Performance results for tested models with optimized false negative score in descending order.

Model
#

10

11

22

16

20

Model
Name

ES arnod-
gobas mid

ES arnod-
gobas up

ES arnod-
gobas low

CORAL

Caesar
model
valid

ES
regression

Caesar
model

TEST

Dimitrov
valid

Veith &
Cosian

Sn

0,99

0,99

0,99

1,00

0,76

1,00

1,00
0,98

0,98

0,78

Sen

0,73

0,73

0,73

0,70

0,70

0,71

0,68
0,71

0,71

0,71

Ss

0,84

0,82

0,83

0,83

0,88

0,81

0,84
0,80

0,69

0,62

Se

0,97
0,98

0,97

0,99

1,00

0,97

0,98
0,99

0,97

0,95

Sp

0,89

0,89

0,88

0,89

0,86

0,87

0,79
0,75

0,81

0,81

Model
offset

u

0,20

0,15

0,20

0,55

0,30

0,55

0,65
0,55

0,55

0,45

Score S

0,865
0,863

0,862

0,862

0,853

0,851

0,833
0,823

0,806

0,775
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M

14

12

19

13

15
18
21

17

)

—r

SIS

Veith
valid

ES arnod-
gobas up
kmO

Fu base

EUSES
valid

Mackey
valid

Fu
Fu acid
Bintein
valid
Dimitov
max valid

Esculder
Gilabert

Nendza
max valid

0,78

0,99

0,07

0,90

0,78

0,19
0,12

0,73

0,98

0,78

0,76

0,70

0,69

0,72

0,70

0,68

0,69
0,68

0,71

0,70

0,69

0,68

0,56

0,56

0,50

0,54

0,54

0,48
0,44

0,47

0,45

0,44

0,24

Alternative Non-Testing methods
Assessed for REACH Substances

0,86 0,72
0,71 0,79
0,97 0,78
0,80 0,72
0,82 0,74
0,93 0,73
0,91 0,72
0,82 0,56
0,63 0,67
0,47 0,73
0,48 0,60

0,45

0,20

0,25

0,30

0,45

0,25
0,65

0,30

-0,20

-0,50

-0,50

0,714

0,705

0,704

0,700

0,697

0,678
0,654

0,645

0,633

0,595

0,511




