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1. General information on PT (table 1)

Label

PT31/SB

Object of PT

Determination ofFe0s, Si%;, Al203, CaO, MgO, KO, LOI
in limeston:

Assessment method(s)

X-Ray fluorescence spectrometry and validatedwast-
method

Item of proficiency testing:

Limestone (vapene(samplePT 31/SB

Date of testing

Septembe-Octobe, 2023

Name and address of the PT
provider

SPL-LABMAT s.r.a
1. maje 432, 735 31 Bohumin, www.spl-labmat.cz
Tel: 596014627,-mail: info@sp-labmat.c.

Responsible person

Ing. Martin Bogumsk

Colaborator(s)

Ing. Denisa Kupczynova, René Piszc

Operations provided by
subcontractors

Providing of candidate material, preliminary cheahic
analysis and homogeneity analy

Number of participants

14

Test item description

Plastic PET bottle, contents 7

Number of test items

25 pce bottles crushed limestor

Technique of sample
preparation

Material was, crushed <0.2mm, sieved and homogenise

Item and result distribution

Post and transport servic e-mail and webpag:

Result acceptance

Electronic in provided form(MS Exce files)

Performance assessment
standards

Performance assessment based-scoring.
Result z-score with-2<Z_. <2 were considered

satisfactory for all parameters.

Reference values assessed as consensual withltles va
provided by participants. In all cases, this wasagtp the
arithmetic mean of the results after outliers esido by
Grubbs’ tes. Standard deviatic.

Homogeneity and stability

Material homogeneity was tested in the laborataryitérm
a.s. Measurements were done for three final samfles
determinations of each, 15 in total.

For homogeneity assessments and standard dev
calculation, the statistical method ANOVA was enyglo for
all assessments. Material homogeneity as compaitbdive
norms for assessment of elements in steel provedeszdory
for the PT. Homogeneity assessments were done lifd
elements. Given the character of the tested iteamy,

influences of time and environment instability akeludec

ation

ra
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2. Confidentiality agreement
The provider of PT declares that all informatiord atata pertinent to the individual participants
are considered confidential and dealt with accaiginParticipant code numbers are assigned at

random for each participant and each PT indepehdémthe final report, results are identified by
code numbers only and are therefore anonymous.

3. Abbreviations, definitions and signs
PT proficiency testing

PT XX/XX item labelling (samples) for PT
Participant in PT

laboratory, company or private person who receiliestems for PT and submits the results to
the PT provider

Accepted laboratory result
laboratory result which has not been excluded #ging

X laboratory result representing the arithmetic mefafusually) five results
submitted by participants

S selected standard deviation for five laborat@yessments for a given element
ts:0,05 confidence level for five assessments for thabdity level 95%

e . L t5'005
u repeatability of five results for one participaot= + \/E ‘S
n number of participants involved in the statidtdata set after exclusion of outliers
X reference value, see 6.1 for details on assessmen
Xet reference value calculated as mean of the valueslected participating

laboratories

Xer consensual estimate of the mean value of labgragsults performed according to
a method suitable for their distribution

Ser selected standard deviation from the statistesh set in PT

Sy selected standard deviation as listed in the nammdétermination of the given
element

Zor z-score derived fronser, see chapter 6.2
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z-score derived froray, see chapter 6.2

U Uncertainty of the reference value, extended uag#y (extension factor=2) in the
sense of the ISO Guide to the Expression of theetainty of Measurement (1993),
dependent on the standard deviation of the labyragsults. This is expressed as a
one half of a + interval.

4. General principles of the PT
PT was organized, executed and evaluated accotalimgCSN EN ISO/IEC 17043:2010.
4.1 PT schedule

Information about the PT were made public on thb gite of the provider. Those laboratories that
had previously expressed interest in receivingrmgtion on the next PT were informed by email.
Instructions for participants were part of the Rdgramme and were also distributed along with
the test item. The sample remains property of Hr&gypant once the PT has been concluded.

4.2 Conditions for PT patrticipation

By agreeing to participate in the PT, the partioisacommitted to deliver within the designated
period five parallel results of analyses, perforraeder the repeatability conditions (i.e. performed
with the exact same equipment in an immediate amoterrupted sequence). According to the
requirements of the nor@SN EN ISO/IEC 17043:2010 every measurement foPfishould be
performed as a routine measurement that is undesaime conditions and procedures as are usual
in the everyday operation of the laboratory. Theeasment method and (alternatively) the category
and type of equipment are given by the particijgatite PT protocol which was publicly accessible
during the PT period at the web site of the provigew.spl-labmat.cz.

Based on the experience of the previous yearthallesults submitted by participants, regardless
of the method and equipment used, were includélderstatistical data set. For evaluation, outlier
exclusion was employed or alternatively robustistias for elimination of the influence of outliers
on the reference value and corresponding unceytaint

Once the PT has been completed, the participants eiprovided:
Final report on theevaluation incl. evaluation of individual analytes.
Certificate of participation on the PT including two annexes.
Certificate of chemical analysidor new reference material

5. Preparation and homogeneity of the test items

Details concerning the preparation of the test steamd measurements of homogeneity for this PT
are presented in thable 1 — general information on the PT

For the evaluation of homogeneity, we have emplay@down programme using the statistical
method ANOVA along with calculation of the standdeViations from all assessments and their
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comparison to the usual values according to thenaar previous PTs. As the criterion of sufficient
homogeneity for the purpose of the PT, the condlifiobe met is < 0,5sy, wheresis the standard
deviation in the measurement of homogeneity &ni$ the standard deviation according to the
norm. Where no valid norm is available, an oldemmaevith expired validity or a norm used in
another country can be consulted, or comparisoh wélues from previous PTs for similar
materials. In case the s < Gsbcriterion is not met for some of the assessed petens, non-
homogeneity contribution can be taken into accdmntincreasingser and sy for z-scoring
assessment, in the following manner:

Spr* = \/SPT2 +s*
2
S ¥ =4/Sy +5°

6. Statistic evaluation and performance standards

6.1 Reference value and related uncertainty

The statistical methods employed were used acaptdirthe norms ISO 13528:2005SN ISO
5725-2:1997 &SN 1SO 2602:1993.

Mean value of five results submitted by a singlatabutor is thelaboratory mean x, which is
equivalent to the arithmetic mean from five measwets and which represents the result of the
laboratory for individual elements. The value o timeasurementncertainty u (repeatability),
calculated from five assessments of a single laborais also given.

This laboratory mean is given in bold on the pagis evaluation results for individual elements
and it is used for subsequent statistical evalnadidaboratory results — that is statistical degts

for individual elements. Uncertaintyis given in the column on the right along with takoratory
meanx.

On the basis of this data set, the reference valassessed and also the corresponding uncertainty.
Also, if need be, Grubbs test according to@s& 1SO 5725-2 is used to eliminate outlying results
Given the usual character of results in the pra¥sdeT, in great majority of case®nsensual
estimate of the reference valuXpris used. This can be calculated according to skstatstical
methods according to the algorithm given belowthis case the reference value on the page is
markedX = Xpr.

Where the provider considers it appropriate, imquaicases the reference value can be established
on the basis of the results from selected labdegtavith a long history of reliable results, where
the probability of correct determination is highkr.these cases reference value in the table is
marked a = Xge .
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Basic statistical terms used

n

Pi

Yik

i€ {1,..n}

k€ {1,...5:)
_=_1 Pi

\1—1'—:‘ k=11';;‘

_ - 1

y=%=138,%,

1 .
% = — Zz;l(_\,ik -¥)?
pi—1

1 —
‘ "G~ %)

)
— | 1 vp S . Dl
$0= Jro Zhe O =D

6/10

number of laboratories
number of assessmentg-th laboratory
result ok-th assessment in thieth laboratory

laboratory index
assessment index in théh laboratory

mean value of assessment i-th laboratory
mean value of evaluation from all laboratories
variance in-th laboratory

value variance from all laboratories

selected standard deviation of individual labamatesults

selected standard deviation of the data set flbm a

participating laboratories in PT

e .. . -
u=+2%.g determination uncertainty (repeatability)
5
t., .
U= J_r%-spT reference value uncertainty

Reference to the statistical methods used for thessessment of the reference value and its
uncertainty

- Arithmetic mean for elimination of outlying values by the Grubbs’ testaccording to
CSN ISO 5725-2.

- Robust method analysis based on median regred€idd (Montfort, M.A.J.von,
Commun. Soil. Sci. Plant. Anal. 27, 463-468 (1996)is method is employed whenever
the difference between AVG a MAD is above @;%mnd at the same time, the number of
laboratory means submitted is above 15.

- Horn’s procedures(J. Horn, J. Am. Stat. Assoc., Volume 78, Page(2983). Consensual
reference value, robust method suitable for a @malimber of accepted laboratory means.
It is being employed under the same conditiondy@asMAD, only for a lower number of
accepted laboratory means, between 8 and 14. Waethenumber of laboratories is equal
to or below 7 reference value is not assessedtavnatively only as an informative value.
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Commencement of

Evaluation algorithm:
evahation of the statiistic
dat: :set for thelemen( (o

oxide)

Input of the initial data set
of the laboratory means
e

fori =1 up.ton

Number of
participants
n=15

Grubbs's test for one o
two outliers acc. t»
CSN ISO 57252 outlying
values exclysion.

End of evaluation.
reference value:

X=XHorniS either
only of informative

Calculationyaf the classia
meaan X stinmatera w the
stamdars exeniatica "tf thp
settser (outlierss are ot
included 01 niss
callculaition,. Robust method RobusiEHorn’s
arralysis based o procetuze
me:dian regressior X robust=XHORN :
MAD (Monfort) calcurdion value or ignored
Xiobust=XMAD SPT robustt completely.
calculation _
SPT_rrobust
[
e If s
<“‘"‘“°'-~. | Krobust—X I <0,5 *5pr WM.,«—"“>_
S o
T
Resultant reference
Resultant value
reference value, X=Xrobust:
X=X ;’ SPT = SPT_rcbusst
spT=SpT  }
{}

—

1 Enc )
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6.2 Performance evaluation

z-scoring is done both faubjective Zpr, i.e. calculated from the participants’ data sdewiation
SpT

Spr

andobjective Zn, based on the deviation given above derived froenrtorm g (if available),
where

If the sy deviation is not available, subjectizacoringZer is used to assess the performance of the
laboratory.

If the sy deviation is available, the objective-scoring Zn is usedto evaluate the performance
and the subjectivez-scoreZprhas only informative value. In a very limited numbécases, where

the variability of laboratory means was larger, shbjective z-scoring was applied as criterion for
individual elements.

Performance value c}ZPT| <2 is consideregsatisfactory"

Performance value d? < |Z,.;| <3 is consideregdproblematic"

Performance value dZ, | >3 is consideredunsuitable”.

Problematic performance value calls for attention, unsuital@ggrmance calls for correction.



SPL-LABMAT sr.o., PT 31/9B 9/10
7. PT evaluation results summary
Table 2
No of
X V T N IaboNrgtgfries Overall No la\l/tljr?er:iléotrfllees
Element| [9owt.] | [%wt] |[%wt] [%wt.] in the data of criteria
laboratories
set were
exceeded
FecOsz | 0,445| 0,01: 0,01¢ 9 10 2
SiO2 0,708| 0,06= 0,09¢ 12 12 1
Al203 | 0,280 0,031 0,04¢ 11 11 0
CaO 4762 0,31 0,52 13 13 0
MgO | 6,420| 0,07¢ 0,12 12 13 1
K20 0,088| 0,012 0,01¢ 9 9 0
LOI 44 .4 0,2 0,2 9 11 2

X — reference value
U — reference value uncertainty
set— data set standard deviation
sy — standard deviation according to the norm
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8. Conclusion

Names of participating laboratories are statechen Gertificate of chemical analysis. Reference
material produced as the result of PT 31/9B is mh&8A



PT 31/9B - Fe,0,

Results, statistical parameters and scoring
Vysledky, statistické parametry a scoring

Code Method Individual results % [wt. %], Jednotlivé vy sledky [hm. %)] X [%] u [%] Zpt

Kaéd Metoda 1. 2. 3. 4. 5. average | repeatability | Z-scorepr
7 -
8 -
9 -
10 -
3* ICP 0,325 0,307 0,300 0,283 0,286 0,300 0,021 -9,67
4 XRF 0,411 0,415 0,412 0,410 0,415 0,413 0,003 -2,13
1 XRF 0,447 0,432 0,440 0,441 0,432 0,438 0,008 -0,47
5 ICP 0,431 0,431 0,443 0,455 0,431 0,438 0,013 -0,47
14 XRF 0,441 0,439 0,449 0,443 0,433 0,441 0,007 -0,27
6 XRF 0,432 0,430 0,454 0,435 0,462 0,442 0,018 -0,20
12 XRF 0,458 0,447 0,451 0,454 0,458 0,454 0,006 0,60
13 XRF 0,451 0,449 0,455 0,455 0,461 0,454 0,006 0,60
11 XRF 0,465 0,455 0,443 0,462 0,457 0,456 0,011 0,73
2 ICP 0,474 0,465 0,459 0,467 0,466 0,010 1,40

* - result excluded as outlier * - vysledek vylou€en jako odlehly
n K= Xpr Spr u
[%] [%] [%]
9 0,445 0,015 0,012

Z - score

Participant's Z - score distribution
Rozdéleni Z - score U €astnik G

3,00

2,00

1,00 4

-1,00 +

-2,00 ~

-3,00 -
3* 4 1 5 14 6 12 13 11

Laboratory code Kod laborato  Fe




PT 31/9B - SiO,

Results, statistical parameters and scoring
Vysledky, statistické parametry a scoring

Laboratory code

Koéd laborato Fe

Code Method Individual results % [wt. %], Jednotlivé vy sledky [hm. %)] X [%] u [%] Zpt
Kéd Metoda 1. 2. 3. 4, 5. average | repeatability | Z-score pr
7 -
9 -
3 Gravimetric 0,440 0,520 0,420 0,460 0,520 0,472 0,057 -2,41
6 XRF 0,634 0,631 0,638 0,635 0,642 0,636 0,005 -0,73
11 XRF 0,633 0,639 0,624 0,668 0,640 0,641 0,020 -0,68
10 Gravimetric 0,630 0,675 0,650 0,640 0,640 0,647 0,021 -0,62
1 XRF 0,698 0,691 0,687 0,697 0,702 0,695 0,007 -0,13
8 Gravimetric 0,690 0,700 0,710 0,690 0,720 0,702 0,016 -0,06
13 XRF 0,769 0,765 0,768 0,759 0,763 0,765 0,005 0,58
14 XRF 0,764 0,768 0,761 0,764 0,767 0,765 0,003 0,58
5 ICP 0,776 0,782 0,762 0,793 0,761 0,775 0,017 0,68
2 ICP 0,784 0,764 0,766 0,800 0,779 0,027 0,72
12 XRF 0,772 0,774 0,793 0,785 0,774 0,780 0,011 0,73
4 XRF 0,842 0,803 0,838 0,842 0,848 0,835 0,022 1,30
n X =Xpr Spr u
[%] [%] [%]
12 0,708 0,098 0,062
Participant's Z - score distribution
Rozdéleni Z - score U €astnik G
3,00
2,00
o 1,00
2 000 o R o G e o s O O IR
N 1,00 |
-2,00 A
-3,00
6 11 10 1 8 13 14 5 2 12




PT 31/9B - Al,,O,

Results, statistical parameters and scoring
Vysledky, statistické parametry a scoring

Code Method Individual results % [wt. %], Jednotlivé vy sledky [hm. %)] X [%] u [%] Zpt
Kaéd Metoda 1. 2. 3. 4. 5. average | repeatability | Z-scorepr
8
9
10 -
3 ICP 0,200 0,188 0,182 0,182 0,213 0,193 0,017 -1,89
11 XRF 0,238 0,219 0,223 0,230 0,221 0,226 0,010 -1,17
6 XRF 0,249 0,248 0,245 0,243 0,251 0,247 0,004 -0,72
1 XRF 0,263 0,261 0,252 0,253 0,261 0,258 0,006 -0,48
5 ICP 0,280 0,284 0,272 0,273 0,289 0,279 0,009 -0,02
2 ICP 0,289 0,286 0,284 0,289 0,287 0,004 0,15
13 XRF 0,290 0,289 0,293 0,290 0,292 0,291 0,002 0,24
14 XRF 0,296 0,296 0,294 0,307 0,302 0,299 0,007 0,41
4 XRF 0,309 0,318 0,318 0,327 0,328 0,320 0,010 0,87
12 XRF 0,320 0,324 0,310 0,327 0,330 0,322 0,010 0,91
7 ICP 0,335 0,388 0,355 0,349 0,350 0,355 0,024 1,63
n K= Xpr Spr u
[%] [%] [%]
11 0,280 0,046 0,031

Z - score

Participant's Z - score distribution
Rozdéleni Z - score U €astnik G

3,00

2,00 -

1,00

0.00 = == / I:l I:l

f <L I:l I:I

-2,00 +

-3,00
3 11 6 1 5 2 13 14 4 12
Laboratory code Kod laborato  Fe




PT 31/9B - CaO
Results, statistical parameters and scoring
Vysledky, statistické parametry a scoring

Code Method Individual results % [wt. %], Jednotlivé vy sledky [hm. %)] X [%] u [%] Zpt
Kaéd Metoda 1. 2. 3. 4. 5. average | repeatability | Z-scorepr
9 -
2 ICP 46,73 46,91 46,68 46,73 46,76 0,16 -1,65
14 XRF 47,08 47,02 47,21 47,12 46,99 47,08 0,11 -1,04
8 Titrimetric 47,31 47,31 47,17 47,04 47,04 47,17 0,17 -0,87
12 XRF 47,24 47,41 47,39 47,44 47,33 47,36 0,10 -0,50
1 XRF 47,65 47,30 47,34 47,36 47,51 47,43 0,18 -0,37
7 ICP 48,24 46,12 47,12 47,43 48,61 47,51 1,22 -0,21
13 XRF 47,61 47,43 47,64 47,41 47,57 47,53 0,13 -0,17
4 XRF 47,63 47,62 47,60 47,60 47,61 47,61 0,02 -0,02
6 XRF 47,72 47,75 47,66 47,69 47,72 47,71 0,04 0,17
10 Titrimetric 47,86 48,00 48,07 47,86 47,86 47,93 0,12 0,60
11 XRF 47,85 48,06 48,05 47,87 47,99 47,96 0,12 0,65
5 Titrimetric 48,40 48,62 48,40 48,40 48,40 48,44 0,12 1,58
3 ICP 49,01 48,46 48,35 48,24 48,90 48,59 0,43 1,87
n K= Xpr Spr u
[%] [%] [%]
13 47,62 0,52 0,31

Z - score

Participant's Z - score distribution
Rozdéleni Z - score U €astnik G
3,00

2,00

1,00

0,00 = | 0 | [

w || BB =T

-2,00 +

-3,00
2 14 8 12 1 7 13 4 6 10 11 5
Laboratory code Kéd laborato  fe




PT 31/9B - MgO
Results, statistical parameters and scoring
Vysledky, statistické parametry a scoring

Laboratory code

Kod laborato fe

Code Method Individual results % [wt. %], Jednotlivé vy sledky [hm. %)] X [%] u [%] Zpt
Kéd Metoda 1. 2. 3. 4, 5. average | repeatability | Z-score pr
9 -
1 XRF 6,304 6,256 6,220 6,222 6,202 6,241 0,050 -1,49
12 XRF 6,287 6,301 6,270 6,326 6,349 6,307 0,039 -0,94
11 XRF 6,252 6,267 6,328 6,353 6,348 6,310 0,058 -0,92
14 XRF 6,326 6,320 6,340 6,329 6,332 6,329 0,009 -0,76
8 Titrimetric 6,330 6,330 6,330 6,330 6,530 6,370 0,111 -0,42
5 Titrimetric 6,280 6,440 6,280 6,440 6,440 6,376 0,109 -0,37
10 Titrimetric 6,412 6,313 6,412 6,511 6,511 6,432 0,103 0,10
3 ICP 6,440 6,400 6,480 6,430 6,450 6,440 0,036 0,17
7 ICP 6,416 6,488 6,399 6,424 6,510 6,447 0,060 0,23
13 XRF 6,463 6,438 6,448 6,487 6,519 6,471 0,041 0,43
2 ICP 6,585 6,608 6,554 6,608 6,589 0,041 1,41
6 XRF 6,735 6,655 6,632 6,609 6,662 6,659 0,059 1,99
4* XRF 7,091 7,135 7,119 7,104 7,086 7,107 0,025 5,73
* - result excluded as outlier * - vysledek vylou€en jako odlehly
n X =Xpr Spr u
[%] [%] [%]
12 6,420 0,120 0,076
Participant's Z - score distribution
Rozdéleni Z - score U €astnik G
3,00
2,00 —
o 1,00 ]
8 =
8 0,00 _ R == | |
N _1,00 <L |:| |:|
-2,00 A
-3,00
12 11 14 8 5 10 3 7 13 2 6 4*




PT 31/9B - K,0O

Results, statistical parameters and scoring
Vysledky, statistické parametry a scoring

Laboratory code Kod laborato  Fe

Code Method Individual results % [wt. %], Jednotlivé vy sledky [hm. %)] X [%] u [%] Zpt
Kéd Metoda 1. 2. 3. 4, 5. average | repeatability | Z-score pr
3
6
8
9
10 -
7 AAS 0,070 0,059 0,069 0,056 0,055 0,062 0,009 -1,63
4 XRF 0,068 0,069 0,067 0,068 0,068 0,068 0,001 -1,25
11 XRF 0,079 0,078 0,071 0,070 0,075 0,075 0,005 -0,81
12 XRF 0,087 0,095 0,091 0,091 0,082 0,089 0,006 0,06
5 ICP 0,094 0,089 0,094 0,090 0,093 0,092 0,003 0,25
1 XRF 0,094 0,096 0,090 0,096 0,099 0,095 0,004 0,44
2 ICP 0,103 0,103 0,100 0,104 0,103 0,003 0,94
14 XRF 0,103 0,104 0,103 0,103 0,104 0,103 0,001 0,94
13 XRF 0,106 0,105 0,105 0,106 0,106 0,105 0,000 1,06
n X =Xpr Spr u
[%] [%] [%]
9 0,088 0,016 0,012
Participant's Z - score distribution
Rozdéleni Z - score (I ¢astnik G
3,00
2,00 -
o 1,00
8 — mm | | |
% 0,00
N 1,00 +—
-2,00 A
-3,00
11 12 5 1 2 14 13




PT 31/9B - LOI (loss of ignition)
Results, statistical parameters and scoring
Vysledky, statistické parametry a scoring

Code Method Individual results % [wt. %], Jednotlivé vy sledky [hm. %)] X [%] u [%] Zpt
Kéd Metoda 1. 2. 3. 4, 5. average | repeatability | Z-score pr
3 R
7 -
10 -
o* Gravimetric 43,9 43,6 43,6 43,5 43,7 43,6 0,2 -4,00
4* Gravimetric 43,7 43,7 43,7 43,7 43,7 43,7 0,0 -3,50
8 Gravimetric 44,3 44,3 44,2 44,1 44,2 44,2 0,1 -1,00
6 Gravimetric 44,2 44,2 44,2 44,1 44,1 44,2 0,1 -1,00
1 Gravimetric 44,1 44,2 44,3 44,3 44,3 44,2 0,1 -1,00
11 XRF 44,3 44,3 44,2 44.4 44,3 44,3 0,1 -0,50
12 Gravimetric 44,3 44,3 44,3 44,3 44,3 44,3 0,0 -0,50
13 Gravimetric 44,4 44,4 44,4 44,4 44,4 44,4 0,0 0,00
5 Gravimetric 44,5 44,5 44,5 44,3 44,5 44,5 0,1 0,50
14 Gravimetric 44,5 44,5 44,5 44,4 44,4 44,5 0,1 0,50
2 Gravimetric 447 44,4 447 447 44,6 0,2 1,00
* - result excluded as outlier * - vysledek vylou€en jako odlehly
n K= Xpr Spr u
[%] [%] [%]
9 44,4 0,2 0,3

Z - score

Participant's Z - score distribution
Rozdéleni Z - score U €astnik G

3,00

2,00

1,00 -

0.00 1t [ [ D
| NN

-1,00 -+

-2,00 -+

-3,00 -

o* 4* 8 6 1 11 12 13 5 14
Laboratory code Kod laborato fe




