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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Water quality — Calculation of biological equivalence
(BEQ) concentrations

1

Scope

This document specifies the derivation of biological equivalence (BEQ) concentrations for results of in

or ceflular growth. The concept described here can be used for any biological assay aftenth

cability.

To derive BEQ concentrations, the effect on a biological process caused by a sample - i.e.
of the sample - is expressed in terms of a concentration of a reference compound which 1
equiyalent effect on the process. The term "sample” used in this documerit| addresses en
samples as well as defined mixtures and pure compounds used as_test item in a bi
concentrations can be derived for environmental water samples, extracts of environm
samples including tap water or solutions of pure chemicals or mixtures of chemicals.

2

Normative references

Therge are no normative references in this document.

L

[erms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO gnd IEC maintain terminology databases for use in standardization at the following adc

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: availablé at https://www.electropedia.org/

biolggical equivalencé€-concentration

BEQ|concentration

concentration of a‘xeference compound (3.6) that causes the same effect as the effect mg
sample, a sample.dilution or a solution containing one or more chemicals

3.2

congentration-effect relationship
respopnse to a concentration gradient of an environmental sample or a known substance o
substances which 15 described by pre-determined diagnostic indicators

ne induction
e proof of its

the activity
esults in an
Vironmental
bassay. BEQ
ental water

Iresses:

asured in a

I mixture of

[SOURCE: ISO 6107:2021, 3.127, modified — the term "environmental sample" added; Note 1 to entry
has been deleted.]

3.3

concentration factor

CF

ratio of the actual concentration of the sample compared to the original sample taking all enrichment

and

dilution steps of the sample into account

© IS0 2022 - All rights reserved
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limit of quantification

LOQ

lowest value of a determinant that can be determined with an acceptable level of accuracy and precision

[SOURCE: IS

3.5
negative co

0 15839:2003, 3.18]

ntrol material

well characterized material and/or substance that, when evaluated by a specific test method,
demonstrates the suitability of the test system to yield a reproducible, appropriately negative,

non-reactiv
Note 1 to ent
[SOURCE: I

3.6
reference c
RC
compound V
enable the c

Note 1 to ent
or substance
areproducib

[SOURCE: IS
measureme
the assessm
modified to
conceptisn

3.7
X %-effect (
EC,

concentrati
growth inhi

[SOURCE: IS

3.8
X %-effect (
RC,

T 1 H £l o & 4 i
Ul TIITIIINIar ICDPUIIDC I CIIC LTOL DyDLClll

"y: In practice, negative controls include blanks, vehicles/solvents and reference materiats.

bition

0 15952:2018, 3.6]

oncentratiofiof a reference compound

0 7405:2018, 3.4, modified — Note 1 to entry has been deleted.]

ompound

vith one or more property values that are sufficiently reproducible’and well establishged to
hlibration of the measurement method

"y: For the purpose of this document, a reference compound is-ahy well characterized materialland/
that, when tested by the procedure described, demonstrateg.the suitability of the procedure to|yield
e, predictable positive response.

0 7405:2018, 3.5, modified — "compound" replaces "material”; "the calibration of the
ht method" replaces "use of the material or substance for the calibration of an apparatus,
ent of a measurement method or for the -agsignment of values to materials". Note 1| was
cover only a reference compound resulting'in a positive response - otherwise the progosed
bt applicable.]

oncentration

n at which a specific effectis detected; x is the percentage (e.g. 10, 25, 50) of this effect, e.g.

concentration of asreference compound (3.6) at which a specific effect is detected; x is the percentage

(e.g. 10, 25,

b0),0f\this effect, e.g. growth inhibition

4 Principle

The general idea for the derivation of BEQ concentrations, assessed by the test method, is shown in
Figure 1. The biological activity of a sample is expressed in terms of a concentration of a reference
compound which affects a biological process to the same extent. By this means, BEQ concentrations
allow an indirect quantification of results and a comparison of results obtained by different laboratories.
Furthermore, a robust way to calculate BEQ concentrations is a necessary requirement for a possible
use of effect-based trigger (EBT) values in regulations(=l-[6].[Z].[8],

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=4d8a1a301026c3dbb72aa1e3471db8e4

IS0 23196:2022(E)

35

. /
. /]

0,1 1 3 10 100 1000 X
L | | |
0,01 0,1 1 10 100 X1
1 2
Key
X concentration of the reference compound, e.g. in ng/1
X1 concentration factor of the samplé\compared to the original water sample
Y effect in arbitrary units
1 sample diluted
2 sample concentrated
3 biological equivalence)(BEQ) concentration

—®— reference compound
—D— sample
NOTH The measured effect of a sample or a sample dilution is extrapolated to a concentration ¢f a reference

compound whieh'induces the bioassay to the same extend as the sample or sample dilution to derive a biological
equivalence (BEQ) concentration, here an example of an agonistic action is shown.

Figure 1 — Basic principle of the derivation of a biological equivalence (BEQ) conc¢ntration

Several different methods for the derivation of BEQ concentrations have been published, but not all
methods are applicable to all kinds of concentration-effect relationships. For a detailed discussion about
advantages and disadvantages of the various mathematical approaches, see References [1],[3],[5],[6].

The method described in this document, termed RC,-approach, is reported to be a robust method for
the derivation of BEQ concentrations[11.[12] and outlined as well in OECD 455[13],

NOTE In the literature, other terminologies might be found for RC,, such as PCy,. PC;, describes the
concentration of the positive control that induces a 10 % effect-level. In this document, the term “reference
compound” is used instead of “positive control”. Therefore, RC is used instead of PC.

The approach is illustrated in Figure 2. As a first step of the RC,-approach, the concentration-effect
relationship of the reference compound is modelled to determine the maximum effect of the assay for
the reference compound. Next, the effect levels are normalized to a percentage scale whereby the effect

©1S0 2022 - All rights reserved 3
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level of the negative control material is defined as 0 % and the maximum effect level of the reference
compound is defined as 100 %. Then, the concentration of the reference compound that affects the

assay to the

Key

X conce
X1 conce
Y norm

RC;;,  conce
CF;y  conce
—&— refere
—O— sampl]
NOTE Fd
is the modell

concentratio
linear interp

Figure 2 —

x %-effect level is calculated (RC,).

Y

120

100 ’/0—0—07

o [/
20 ,/

10

0 —Oe-o®-

0,1 1 RCy | 10 100 1000 X
L | | | |

0,01 01  CFp 1 10 100 X1

htration of the reference compound, e.g. in ng/1

htration factor of the sample compared to the orjginal water sample

lized effect in %

htration of the reference compound at 10.%-effect level

htration factor of the sample at 10 % effect level with respect to the reference compound
lhce compound

e

llowing data normalization, where 0 % equals the effect in the negative control material and 1
bd maximum effect'of-the reference. The sample concentration factor (CF) and reference comy
1 (RC) required-to-reach an effect level of x % (here 10 %) are interpolated from the data
lation (dashedline). The BEQ concentration is derived by dividing RC, by CF,.

Illustration of the RC,-approach for the derivation of a biological equivalence (E
concentration

00 %
ound
using

EQ)

In a further step, the concentration factor of the sample is determined at which the sample affects the
assay to the selected x %-effect level (CF,). As defined in 3.3, the concentration factor describes the ratio
of the actual concentration of the sample compared to the original water sample taking all enrichment
and dilution steps of the sample into account. If a sample is, under consideration of a quantitative
process, enriched 1 000-fold by solid phase extraction, the final concentration factor of the sample after
a 100-fold dilution with, for example, growth medium is 10. If this sample is tested in a series of six
1-2 dilutions, the resulting rounded concentration factors are 10, 5, 2,5, 1,25, 0,62, 0,31 and 0,15. The
biological equivalence (BEQ) concentration of the sample is finally given by the ratio RC,/CF,.

© IS0 2022 - All rights res
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5 Procedure

5.1

General

Usually, concentration-effect relationships of reference compounds and samples (see Clause 1) in
reporter gene assays and proliferation assays are sigmoidal. Depending on the individual shape of
the concentration-effect relationship, a suitable mathematical model has to be selected for fitting. In
general, a five parametric logistic modell14].[13] can be applied as shown in 5.2.

The overall procedure for the calculation of BEQ concentrations consists of the following steps that are

desc

5.2

5.2.1
equi

To a
conc

be p

to ey

resp

Use f]

a)

b)

c)

d)

q

q
f

q

5.2.5);

ribed in detail in 5.2:

dssessment of the suitability of the experimental data for the calculation of a biological
oncentration (see 5.2.1);

itting of concentration-effect data for the reference compound (see 5.2.2);
alculation of quality measures for the fit (see 5.2.3);
normalization of data from the reference compound and samples (See 5.2.4);

[(
]

alculation of the x %-effect level of the reference compound‘and the respective RQ

dssessment of the validity of the experimental data fointhe calculation of a biological
oncentration (see 5.2.6);

¢alculation of the concentration factor of the saniple at the x %-effect level by linear i

see 5.2.7);

¢alculation of the biological equivalence (BEQ) concentration (see 5.2.8).

Procedure for the calculation ©f biological equivalence (BEQ) concentrati

valence (BEQ) concentration

bsess the validity ofsthe experimental data for the calculation of biological equiva
bntrations (see 5.2:6) by the procedure described in this document, some calcula
erformed. The ekperimental data should be assessed prior to this procedure as desc
aluate its general suitability. Use only experimental data which fulfil the validity cr
pctive standard or guideline for the calculation of biological equivalence (BEQ) concen

he follewing guidance to assess a general suitability of the data:

equivalence

-value (see

equivalence

hterpolation

DNS

Assessment of the suitability of the experimental data for the calculation of a biological

ence (BEQ)
ions should
ribed below
iteria of the
[rations.

hction of the

dtdeast two more data points than the number of parameters describing the logistic fu

q
PEEZL £ 7N PR TP-W-TEE £ 7=\ 4 pnloti ool AL+l n sl ArIRAIS

A fortha oo anpdb b oy AL alats Q A
cuarvoe arc 1\.\1u11 CU IULI LIIU LUIICULTIlI dlivITvIiIcc lblaLIUllﬂllllJ UII'LIICU TUICTUIILD bUlllPUull

¢l, i.e. in case

of the five-parametric logistic function described in 5.2.2 seven data points are required;

the upper curve plateau of the sigmoidal concentration-effect relationship of the reference

compound is indicated by the data, i.e. might be estimated by the human eye;

the lower curve plateau of the sigmoidal concentration-effect relationship of the reference

compound is indicated by the data, i.e. might be estimated by the human eye;

the effect measures of the tested sample concentrations are likely to cross the chosen x %-effect

level.

Figure 3 shows two examples to guide the assessment of the suitability of the experimental data for the
calculation of an equivalence concentration.

© IS0 2022 - All rights reserved
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Figure 3 a) shows two concentration-effect relationships of the reference compound that are not suitable
for the calculation of biological equivalence (BEQ) concentrations. In case of the upper curve (black
triangles, high response curve), the bottom of the concentration-effect relationship is not defined; in
case of the lower curve (black squares, low response curve), the top (maximum to infinite effect range)
is not defined. In such cases, adjust the concentration range for the reference compound to generate a
complete concentration-effect relationship.

Figure 3 b) shows a suitable concentration-effect relationship for the reference compound but the effect
response of the sample is too low to reach or exceed an equivalent of the 10 % effect threshold of the
reference compound (RC;,-value, 10 % is indicated by a line).

6 © IS0 2022 - All rights reserved
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Key

be+d /
de+d | 4

2e+4 -
0 B -——a—a—-a-—8—8

o

0,1 1 10
a)

1,4e+5 |

1,2e+5
le+5 [
8e+4d |
6e+4 -
4e+d -

2e+4

100

1000 X

01 1 10
b)

concentration of a reference compound and a sample

effect in arbitrary units

100

1000 X

——— —

e,

reference compound without defined top
reference compound without defined bottom
reference compound

sample

Figure 3 — Examples for guidance on assessment of the suitability of experimental data
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5.2.2 Fitting of concentration-effect data for the reference compound

Use the following five-parametric logistic function given by Formula (1) to fit the measured
concentration-effect relationship to the model.

fx)=yy=de—=0 @

b
Xj
1+(_)
w

y; isthe effect measure at concentration x;;

where

is the compound concentration which activates the test system to the effect y;;
d isthe calculated parameter for the bottom curve plateau of the reference compound;

a is the calculated parameter for the top curve plateau of the reference compound (the sum of d
and a describes the maximum curve plateau);

w is the curve point of inflection;
b isthe slope factor or hill slope which describes the steepness-0fthe curve;
[ istlhe symmetry factor of the sigmoidal curve.

NOTE Ifff =1, the curve is symmetrical.

Figure 4 shows an example of a concentration-effect relationship with the reference comppund
17B-estradipl, which was modelled using Formula (1) (line). The calculated parameters for the fungtion
are summatjized in Table 1.

Y

1,4e+5

1,2e+5

le+5
8etd [
6e+4~1

4e+4 |-

2e+4
0 9__0.’0/8'

01 0,1 1 10 100 X

Key
X  concentration of the reference compound 173-estradiol [ng/l1]
Y effectin arbitrary units

Figure 4 — Example of effect data of the reference compound 173-estradiol
(circles depict triplicate data)

8 © IS0 2022 - All rights reserved
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Table 1 — Calculated parameters for the function of reference compound data

d 227595

a 125 034,65
w 4,63

b -2,81

f 0,34

5.2.3 Calculation of quality measures for the fit

The $tatistical background for this approach - Chi square Goodness-of-fit test - is describef in Chapter
11 of Reference [16]. In short, the statistic ;52 Formula (2) characterizes for polynomials the variance
s2 of the fit.

(2)

where

Y; isthe effect measure at concentration i;

Ji is the effect measure predicted by the model at concentration i;

¢; isthe standard deviation of the effect measure.at concentration i.

x?isthe characteristic of the spread of the data givenby 02 and the accuracy of the fit. The fdefinition of
X2, a$ the ratio of the estimated variance s? to.the parent variance o2 times the number df degrees of
freedom ¥, makes it a convenient measure of the goodness of fit. If the fitting functign is a good

apprpximation to the parent function, thentheé estimated variance s2 should agree well with the parent
2

varignce o2 and the value of the reducedchi-square should be approximately unity, Zrzed =-% =110[2],

To eq4timate the quality of the fitted function use Formula (3) to calculate the reduced chitsquare also
termled as mean square weightedideviation (MSWD).

_£\2
yEed:Z(yIG.ZfI) X% (3)

wherte

Y; istheeffect measure at concentration i;

Ji ~“1s the effect measure predicted by the model at concentration i;

o; isthe standard deviation of the effect measure at concentration i;

i
¥ is the degrees of freedom given by number of data points minus number of fit-parameters.

This calculation is exemplified in Table 2 by using the data presented in Figure 4. A value of )(rzed >> 1
would indicate that the fitting function is not appropriate for describing the data. The observed value
for szed will differ between experiments because of the uncertainty in the determination of s2. Upper

boundaries for acceptable values of y2 can be defined based on a 5 % threshold by making use of the
distribution of y? that is a function of the degrees of freedom % only.

The integral of the y2-distribution between the calculated value of y2 and « "describes the probability,
that a set of n data points, drawn from the parent distribution would yield a value of y% equal or greater
than the calculated value"l18l. In other words, in case of a low probability it is highly unlikely that the

©1S0 2022 - All rights reserved 9
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measured data deviate randomly from the fitted function indicating a systematic discrepancy between

the data and the fit.
Table 2 — Example for the calculation of x% and ;(rzed
c(E2) Signal Signal Signal Rounded | Rounded | Variance Fit (f) Wif)?/o
replical | replica2 | replica 3 mean standard
deviation
ng/1 Vi o; o?
0,027 2776 4999 3144 3600 1200 1440000 3232 0,00
0,082 t 041 4938 4680 4550 460 211600 4977 0;0%
0,16 b 842 7 186 6 559 6 860 310 96 100 7 478 070
0,27 D 139 10 613 12 001 10 600 1400 1960000 10 707 0,91
0,55 19 567 20009 23191 21000 2000 4000000 18 501 1,5
0,82 24 358 22269 26 053 24 000 1900 3610000 16 039 0,01
2,7 716 217 73982 65 543 72000 5600 31360000/ 71730 3,84
8,2 117 182 117 440 118 054 117 560 450 202 500 117 658 0,84
27,2 123 336 122 930 128 175 124 800 2900 8410 000 124 753 0,12
Sum 7,27
(x*)
%) 4
2 p
Ared 1.8
A probability around 50 %, i.e. an area of 0,5, is an\eptimal value. A probability below 5 % if not
acceptable. [[his is illustrated in Annex A using the~data from the example with ¢ =4 and y2 57,27
resulting inja P, = 0,122 3, i.e. with a probability-of 12,23 % higher values of X2 can be expelcted.
Figure A.1 shows the situation for y2 = 9,487 73(@nd ¥ = 4 resulting in an unacceptable low probability
(£ 5 %) of a higher value of y2. In turn an dverfitting of the data would be indicated by a probability
above 95 % and

below the v

and can be fi

5.2.4 Nor]

Normalize {

Formula (4)

. Therefore, the value for y%for the fit has to be above the value for Px(xz -19) = 0,95

hlue for P
(2%

y

pbund in statistical text’books[1Z].

malization of'data from the reference compound and samples

Yid

) = 0,05/The respective y2-values for ©# from 1 to 10 are given in Table A.1

he meastiyed effect data for the reference compound and the sample to 100 % tising

Vi (%)=

x100

(4)

where

Yi(%) is
Vi is

d

is

a

the normalized effect measure at concentration i;
the effect measure at concentration i;

the calculated parameter for the bottom curve plateau of the reference compound;

imal activation of the test system by the reference compound.

10

is the calculated parameter for the top curve plateau of the reference compound, i.e. the max-

© IS0 2022 - All rights reserved
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5.2.5 Calculation of the x %-effect level of the reference concentration-effect relationship and
the respective RC,-value

Calculate the RC, value of the reference compound by applying the parameters for the reference
compound determined in 5.2.2 using Formula (5):

LT
RC, = (@]f_1 ‘w (5)
b'e
where
p is the chosen effect level in % at which the equivalent concentration is to be-calcilated;
RC, isthe x %-effect concentration (EC,) of the reference compound causingiah x %-¢ffect level;

W is the curve point of inflection;

1 is inverse proportional to the slope of the function;
Ji describes the asymmetry of the sigmoidal curve.
NOTH If f=1 the curve is symmetrical.

Using average data shown in Figure 4 the RC, at the chosen effect level of x = 10 % is cplculated as
RCof, = 0,41 ng/I (see Figure 5; the use of x to denote the,effect level along the y-axis is basefl on historic
nomenclature.).

Y

120 |
100 |
80
60 [
40~

20
x=10%

0,01 0,1 RCyp, 1 10 100 X

Key

X concentration of the reference compound 17f-estradiol [ng/]]

Y normalized effect in %

RC;, concentration of the reference compound 17f-estradiol at 10 % effect level = 0,41 ng/1

Figure 5 — Calculation of the concentration of the reference compound (173-estradiol)
exhibiting x % of the maximal effect (RC,)

©1S0 2022 - All rights reserved 11
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essment of the validity of the experimental data for the calculation of a biological

equivalence (BEQ) concentration

The following criteria shall be met for the valid calculation of an equivalence concentration:

a) the maximal effect measured for one or more of the tested reference compound concentrations is
>90 %;

b) the minimal effect measured for one or more of the tested reference compound concentrations is
below the chosen x %-effect level;

c) the LOQ for the reference compound, as defined by the respective standard of the test method
applied]is < RC, (determined according to 5.2.5);

d) the effeft measures of the tested sample concentrations are crossing y,,, determined in-5:2.5 Hased
on the dhosen x %-effect level.

5.2.7 Calgulation of the concentration factor of the sample at x %-effect level' bylinear

interpolatign

In case of s3
sigmoidal fy

a robust cal
low activity,

Identify thd

directly bel
concentrati
example, 10

mples showing only a weak induction (or activation) of the assay,'a fitting of the data
nction is not appropriate because the data do not provide suffi¢ient information. To {
Culation of the concentration factor of the sample at x %-efféct level even for samples
a linear interpolation is applied, using the data points adjacent to the selected effect I4

data point in the normalized concentration-effect relationship of the sample th

n-effect relationship of the sample that is diréctly above the selected effect level o
%.

by a
[ low
with
bvel.

at is

w the selected effect level of, for example, 10 %, Identify the data point in the normallized

f, for

Calculate thle concentration factor of the sample atthe x %-effect level (CF,) based on the normallized

sample data|

using Formula (6):

Xhigh ~ Xlow

(6)

CFy =(X= Y1ow )- T Xlow
Yhigh = View
where
X id the chosen effectJevel in % at which the equivalent concentration is to be calculated;
Xow 19the concentrdtion factor of the sample at the effect level y,,;
Xphigh 1§ the coneentration factor of the sample at the effect level y};q,;
Yiow 19 the%=effect level below the chosen effect level x;
Yhigh is-tie-Ye-effectevel-above-the-chosen-efectlevelx

Figure 6 exemplifies the calculation of the concentration factor of the sample at the 10 %-effect level
(CF10) based on the normalized sample data using Formula (6).
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5.2.9

Calcylate the biologic¢abequivalence (BEQ) concentration of the sample as given in Formula

whet

concentration factor of the sample

normalized effect in %

concentration factor (no dimension) of the sample at 10 %.effect level = 0,43
raw data

mean values

gure 6 — Example for the calculation ofthe concentration factor of a sample at x
level by linear interpolation

CF at the chosen effect level of x.= 10 % is calculated as CFy, o, = 0,43 (see Figure ¢

ar extend as 0,41 ng/1 of thereference compound 173-estradiol (E2; see Figure 5).

Calculation of the biological equivalence (BEQ) concentration

RC,
GE,

'BEQ —

e

%-effect

). Thus, the

le at a concentration level ofi43: % (original sample concentration = 100 %) induces the assay to a

(7):
(7)

Ygrq is the biological equivalence (BEQ) concentration of the sample;

RC

CF

X

« is the concentration factor (CF) of the sample at x %-effect level (see 5.2.7).

is the concentration of the reference compound causing the x %-effect level (see 5.2.5);

The biological equivalence (BEQ) concentration of the sample shown in Figure 6 is 0,95 ng/l
17B-estradiol-equivalence.

©ISO

2022 - All rights reserved
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6 Validity criteria

Consider the derivation of a biological equivalent (BEQ) concentration valid if the following conditions

the bioassay meets validity criteria of the experimental method used;

the bioassay involves a concentration-effect relationship of a reference compound;

number of tested reference compound concentrations exceeds fitted parameters by two or more;

Chi square Goodness-of-fit test is met;

Test report

for the reference compound is < RC, (x determined according to 5.2.5);

est measured effect caused by the reference compound is less than x % (x- détern|
g to 5.2.5) the highest measured effect >90 %;

ct measures of the tested sample concentrations are crossing y,, determined in 5.2.5 b
hosen x %-effect level.

port shall include the information described below.<Concerning minimal inform
s for in vitro bioassays see Reference [9]:

nce to this document, i.e. [SO 23196:2022;
nt that the validity criteria defined in Clause 6-were met;
required for identification of the test sample;

ple enrichment and maximal concentrations tested and all dilutions of pure comp
bntrations of compounds in a mixture or concentration factors of the samples test
ssay, for example, if the samplesis enriched 1 000 times, then diluted 1:100, the may
ration factor is 10;

nd used as reference in€luding compound name and CAS number;
pffect level x used to-calculate the equivalence concentration;
guantificationdorthe reference compound;

sed for the'fit of the concentration-effect relationship;

is of fitgiven by y2, and x?

lined

ased

htion

pund
bd in
imal

of.degrees of freedom for the y? statistics and the threshold value of y2 for P , ,

0,95

\
AVARL)|

and y2 for PZ( 0) = 0,05 (see Table A.1 or Reference [17]);

1%,

value of the equivalence concentration.

are met:

a)

b)

<)

d)

e) the LO(Q

f) the low
accordi

g) theeffe
on the g

7

The test re

requiremen

a) arefere

b) statems

c) alldata

d) the sanj
or conc
the biog
concent]

e) compou

f) chosen

g) limit of

h) model y

i) goodne

j)  number

k)

14

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=4d8a1a301026c3dbb72aa1e3471db8e4

ISO 23196:2022(E)
Annex A
(informative)

Illustration of y?2 statistics using data from Table 1

A.1 General

Thisfannex illustrates the y? statistics using data from Table 1.

A.2 | Assessment of the quality of fit using data from Table 2

The Figure A.1 shows two y2-distributions. In Figure A.1 a) the calculated’¥%-of 7,27 is inflicated. The
integral from y2 = 7,27 to o is 0,122 3. Therefore, with a probability of 12,23 % higher valjies of y2 can
be expected indicating a sufficient quality of the fit. The Figure A.1-b)Jillustrates the situation for a
probhbility of 5 % to obtain higher values of x2 if a set of n data point$.would be drawn from the parent
distrjibution. The respective value for y2 is 9,487 73. In other @ords, a value for y2 aboye 9,487 73
indidates an insufficient quality of the fit.
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