REPORT
ON

THE PROFICIENCY TEST EXERCISE
FOR
X-RAY FLUORESCENCE LABORATORIES
ORGANIZED BY
INTERNATIONAL ATOMIC ENERGY AGENCY
PTXRFIAEA/O04
“‘SAMPLE OF ENVIRONMENTAL ORIGIN”

v
)
N\ yl/

IAEA

International Atomic Energy Agency

y

Atoms For Peace

IAEA Laboratories, Seibersdorf
November 2007






TABLE OF CONTENTS

Page

FOREWORD ... e e e s 1
INTRODUGCTION ..ot e e e e e e e e e e e e e e e nnn s 2
DEFINITIONS AND TERMINOLOGY  .ooiiiiiiiieei e 2
DET AILS e e 3

TESE SAMPIQ....cceeeeeee e e e e 3

Assigned Value and Target Standard Deviation............cc.ccuvvvvvvviiiiieneeennn. 3

Z-SCOMES aNOU-SCOIES.......ouviiiiiiiiiiiiiie et e e mee e e 3

CONSENSUS VAIUES.......oeiiiiiiiiiiiieiec ettt 5
RESULT S .ot r e e e e e e aeeeeeeeeees 8
ACKNOWLEDGMENT .. een e e eennes 9
LITERATURE .o 10
APPENDIX T TableS 1-5..ciiiiiiiieiei e 11-28
APPENDIX Il FIQUIES L1-6 ..ceviiiiiiiiiiieei ettt e e e e e 29-72






FOREWORD

The proficiency test (code PTXRFIAEA04) was tharth worldwide exercise organ-
ized by the IAEA Laboratories at Seibersdorf idearto assist X-ray fluorescence laborato-
ries in assessment and improvement of their acalypierformance. This time, the test in-
volved distribution to participating laboratoriesample of environmental origin (clay) with
established homogeneity and known target valuéiseonalytes. As usual, the laboratories
were requested to analyze the sample using estatlliechniques following their analytical
procedures. Based on the results of the proficieéestypresented in the report each participat-
ing laboratory should be able to assess their einalyesults by using the specified standard
performance criteria and, if appropriate, to idgndiscrepancies, and to correct their analyti-
cal procedures. The next proficiency test exensifidbe executed in 2008.



INTRODUCTION

The PTXRFIAEAO4 proficiency test was aimed at atiedy laboratories applying X-
ray fluorescence (XRF) techniques in environmentahitoring. The participants were re-
guested to use their established and proven acalytiocedures for the determination of
concentrations of chemical elements in clay saniie.samples, together with detailed in-
structions for analysts, were distributed to theip@ating laboratories in March 2007. The
deadline for submission of the results was Jun@07. The last results were received in
October 2007. The submitted results were proceggedped versus analytes/laboratories
and compared with the analytes’ assigned valuasthiecelements with known assigned val-
ues a set af-scores and-scores was calculated for each submitted reshé.obtained re-
sults and description of the statistical evaluapoocedures are presented in this report. Each
laboratory was assigned a code, therefore full ymaty of the presented results is guaran-
teed. The link between the laboratory code andatberatory name is known only to the or-
ganizers of the proficiency test and to the lalmyaitself.

DEFINITIONS AND TERMINOLOGY

In this section the definitions of terms used i@ fnoficiency testing schemes are
provided. Although this terminology might be knotarthe participants or can be found
elsewhere [1-3] the terms used in this report brarly defined to avoid any ambiguity:

Proficiency Testing Scheme: method of checking laboratory performance by rsezrinter-
laboratory tests, sometimes called “round robigtu

True Value: the actual concentration of the analyte in thérima

Assigned Value: the value of the concentration of the analytthenmatrix used as the true
value by the proficiency testing coordinator in thatistical treatment of results (or the best
available estimate).

Target Value for Sandard Deviation: a numerical value for the standard deviation ofesas-
urement result, which has been designated as et targmeasurement quality.

Consensus value: the mean value of the reported laboratory resttes the removal of out-
liers.

Consensus value of the standard deviation: the standard deviation of the mean value of the
reported laboratory results after the removal dhiens.

Certified Reference Material: A reference material, accompanied by a certiéicahe or more
of whose property values are certified by a procedhich establishes traceability to an ac-
curate realization of the unit in which the progearalues are expressed, and for which each
certified value is accompanied by an uncertainty stiated level of confidence.



DETAILS

Test Sample

The test sample was a clay material preparedestdd by an external independent
laboratory. The powdered, homogenized, and drie@ma&was distributed to 52 laboratories
in sealed plastic bottles, each bottle containid@glof the test sample. The participants were
asked to conduct the determination of the massidrescof chemical elements making up the
sample according to their routine analytical prazed. Their were also instructed to deter-
mine the moisture content of the material by usirsgparate sample and to report the results
on a dry-weight basis. Only one result per elerpentanalytical technique was to be submit-
ted. Each result was to be accompanied by an dstiofids uncertainty expressed as one
standard deviation. No restriction on the numbeepbrted elements was imposed.

Assigned Value and Target Standard Deviation

The consensus values established by independentimratory surveys were used as
the assigned values of the analybs, The results for 41 analytes were submitted byigart
pants of this proficiency test: Al, As, Ba, Br, @&, Ce, Cl, Co, Cr, Cs, Cu, Fe, Ga, Hf, K,
La, Mg, Mn, Na, Nb, Nd, Ni, P, Pb, Pd, Pr, Rb, 8, Si, Sm, Sn, Sr, Th, Ti, U, V, Y, Zn, and
Zr. Thez- andu-scores were calculated for all the submitted tesaflall analytes except Cl,
Cs, Hf, Pd, Pr, and Sm, for which the assignedesaiuvere not available. For each analyte a
target value of the standard deviation has bedgreess using a modified Horowitz function
as proposed in the reference [4]:

022X, X, <12007
H,=4002(X,)** 120107 <X, <0138 (1)

00L/X , X, >0.138

In Eqgn. (1) the assigned value of anal¥g,is expressed as a mass fraction. The target value
of the standard deviatiow, is related tdHa by a factok:

o,=kH,, k= 051015 )

Depending on the value of the fackathe target value of the standard deviation isgaed
as fit-for-purpose at three levels of uncertaitty: 0.5 - appropriate for high precision analy-
sis;k = 1.0 - appropriate for well established routinalgsis;k = 1.5 - satisfactory for com-
mon analytical tasks. The relative value of thgeastandard deviatioRSD, expressed in

per cent, is defined as follows:

RD =22 oo 3)

A

The relative value of the target standard deviati®a function of the assigned mass fraction
of the analyteXa, is presented in Fig. 1.

Z-Scores andJ-Scores.
The reported concentrations of analytes were coeapaith the assigned values us-
ing thez-score analysis. For every result-sacore was calculated:



(4)

The term X’ denotes the reported mass fraction of analytéined by different fit-for-

purpose ranges of the target standard deviatiee ttiifferent values afscores were calcu-
lated by combining Egns. (2) and (4). Assuming Hyadropriate values fofa andoa have

been used and that the underlying distributionnafiical errors is normal, apart from out-
liers, in a well-behaved analytical systeracores would be expected to fall outside the range
—2<2z<2in about 4.6% of instances, and outside thegai3g<z < 3 only in about 0.3%.
Therefore, based on the z-scores the followingsi@eilimits were established:

|Z7<2 - asatisfactory result,
2<|7<3 -the result s considered questionable, (5)

|Z=3 - the result is considered unsatisfactory.

The advice to the laboratory is that falling foe tiit-for-purpose range, selected by the labo-
ratory, anyz-score for an element outside the range2zX 2 should be examined by the
analyst and all steps of the analytical procederéied to identify the source(s) of the ana-
lytical bias.

For every participant the rescaled sunz-etoresRSZ, as well as the sum of squared
z-scoresSZ, were calculated as defined by the following eigunest

pI:

RSz == ©6)
sz=)(z) ()

i=1

The symbol L’ denotes the number of results provided by thedatory/participant for all

the analytes determined. The summing up in Egnané (7) takes into account alkcores
for all analytes reported by participant. TR® can be interpreted as a standardized nor-
mally distributed variable, with expected value &do zero and unit variance. It is sensitive
in detecting a small consistent bias in an analy/sgstem, however, it is not sensitive in
cases where there are even big errors but havipgsttp signs. Th8%Z takes no account of
the signs because it depends on the squesedres. It has a chi-squared)(distribution

with L degrees of freedom. TI8&Z can be regarded as complementarig®d, which means
that if RSZ is well within the range -3 RSZ < 3 and if at the same time valueS¥ is above
the x2.., value the overall performance of the laboratoguiees improvement.

The reported results were accompanied by the stdnoheertainty estimate made by
the participant. The values were used to calculateores:

X=X,

(0. +(o.)

The symbol oy denotes the standard uncertainty of the submrsdltx. If the assumptions
aboutXa, andon and about the normality of the underlying disttibns are correct, and the

u=

(8)



laboratory estimate afy takes into account all the significant sourcesrafertainty, the-
scores would have a truncated normal distributigh wnit variance. In a well-behaved ana-
lytical system only 0.1% af-scores would fall outside the range 3.29. Therefore, the fol-
lowing decision limits for th&-scores were established:

1.64>u - reported result does not differ from the assignaue,

1.64 <u<1.95 - reported result probably does not diffenfrthe assigned value,
1.95 <u< 2.58 - itis not clear whether the reported argigaed values differ, (9)
2.58 <u< 3.29 - reported result is probably different frdme assigned value,
3.29<u - reported result differs from the assigned value.

Theu-scores are especially useful for deciding whethedaboratory fit-for-purpose criteria
are fulfilled. By comparing Eqgn. (4) and Egn. (8)eccan immediately notice that for corre-
sponding values af-score ana-score the following inequality is always fulfilled

uslz (10)

It implies that if theu-score is larger than 3.29 also the decision lforithe corresponding
score is triggered and the laboratory has to chieelanalytical procedure as well as review
the uncertainty budget estimationuiscore stays below the value of 1.64 and at theesam

time thez-score decision limit is triggereqizk> 3) the laboratory should reevaluate its fit-for-
purpose status for that particular analyte.

Consensus Values

To examine the overall performance of the parditiy laboratories the submitted
results have been also statistically processedrandonsensus values were calculated. The
results were tested for the presence of outliegrgyus set of seven outlier rejection tests:

description of symbols:

X <...<X - setof analytical results,
X - mean value, (112)
S - standard deviation,

1. Coefficient of kurtosis [5], number of results:<®H < 100, two-sided test, confidence

level = 0.95:
ny (X-x)*
— i=1

b, =

(12)

{Zl‘, (?-WT

- if by > critical value then reject the result that ishegt furthest distance from the mean,
decrease, repeat the procedure uritj < critical value.



2. Coefficient of skewness [5], number of results, < 60, one-sided test, confidence
level = 0.95:

Jn> (% -%)°
b= (13)
{Z(&-Y)ﬂ

- f ‘\/E‘ > critical value then: if /b, is positive then rejeck, otherwise rejeck,, de-

crease, repeat the procedure ur*t\l,ﬁ‘ < critical value.

3. Veglia's test [6, 7], number of results<s < oo, two-sided test, confidence level = 0.95:

e [N XX (14)
n-1 s,

where:
X, , examined value, the result at the furthest destdrom the mean

X, the mean value of the population of the resuith the examined result excluded

S,.;» the standard deviation of the population ofrésults with the examined result
excluded

- if h > critical value then reject, otherwise temporarily exclude the from the popula-

tion of results and proceed with testing the nexlier candidate, if the following value
of h > critical value then reject both results, decegaespectively, repeat the proce-
dure untilh < critical value.

4. Dixon'’s test [8], number of results:<3n < 25, two-sided test, confidence level = 0.95:

- if x;is at the furthest distance from the mean valus talculate:
(% =%)/(%,=%), 3=n<7
_ 0o =x) /(%1 =%), 8=n<10

- (15a)
(% = %) /(X ., —%), 11lsn<13
(% = %) /(X =%), 14sn<25
- if x, is at the furthest distance from the mean valee talculate:
(% =X-) (X, =%), 3sn<7
- - <n<l
(= (X, = %) /(%,—%,), 8<n<10 (15b)

- (X, =X, (X, —X%,), 11<n<13
(X, = %) (X, = %), 14sn<25

- if r > critical value then reject the tested resultrdasen, repeat the procedure until
r < critical value.



5. Ouitlier rejection test proposed in [5], numberesults: 4 n < 100, two-sided test, con-
fidence level = 0.95:

w/s=(x,—x)/s (16)

- if w/is> critical value then: ifx, —X = X — X, reject bothx, and x, , otherwise rejeck,
(X, =x or X =x,), the result that is at the furthest distance ftbenmean, for the re-
maining population of result®’E n — 1) calculater, :|X'—xk|/s', where: X' is the mean

value ands 'is the standard deviation of the population ofrémults excluding the re-
jected valuex, , if T, > critical value then reject also the second ex&reesult, decrease

n respectively, repeat the procedure until wigitical value.

6. Ouitlier rejection test proposed in [9], numberegults: X n < oo, two-sided test, confi-
dence level = 0.95:

B, =|x~X/s (17)
where:
X, , examined value

- if B,> critical value then reject the tested resulteggghe procedure unt, < critical
value.

7. Outlier rejection test proposed in [10], numberedults: 3 n < 100, two-sided test,
confidence level = 0.95:

2 (x=x)?
S/s="t% | k=lork=n (18)
D (% =%)°
i=Lizk
where:

X, examined value, the result at the furthest de#drom the mean
X', the mean value of the population of the resuith the examined result, excluded

- if §/S> critical value then rejeck, , decrease, repeat the procedure ungéf / S<
critical value.

The results which passed the outlier rejection @doces were used to calculate the consen-
sus mean value of analyd&;, and corresponding consensus value of its startavidtion,

Jc.



(19)

(20)

The termm denotes the number of reported values for a gawveyte excluding the outliers
rejected by at least one of the outlier rejecti@msss. The summing up in Egn. (19) and (20)
takes into account only the results which passeti@loutlier rejection tests. The obtained
consensus values were compared with the assigmaeesvaf analytes.

RESULTS

The clay test sample was distributed to 52 lalooieg for chemical composition
analysis. Out of the 52 laboratories 24 particigatethe test. The list of the participating
laboratories is presented in Table 1. Seven agalytitchniques have been distinguished to
be in use by the participants. The techniques ectthique codes are listed in Table 2. The
techniques types EDXRF, EDXRFISO, and EDXRFTUBE #$thtwe considered of similar
type. The distinction between them (EDXRFISO or EEFXUBE) was based on informa-
tion provided by participants. In case no suffitiefiormation available a generic type
EDXRF was assigned. The technique ICP-AE (codg:\8a3 not X-ray emission related.
The participants submitted 362 individual resutis41 analytes. All submitted results have
been evaluated. In Table 3 a summary of the assignalyte values, the target values of
standard deviation, as well as the consensus vaheeshown. The consensus values were
calculated by using Eqgns.(19) and (20) based on&ddited analytical results after exclud-
ing 45 results classified as outliers. The correabetween the assigned and the consensus
values is shown in Fig. 2. As can be noticed tlaeeeonly a few elements for which there is
significant disagreement between these values.eldlesnents include Pb, S, Sn, and U. In
Table 4 the values of thee andu-scores for all the submitted results are listdte ZF andu-
scores were calculated for the three differenfiolitpurpose ranges, as defined in Eqn. (2). In
Figs. 3 and 4 the distributions of the proficiemest results are shown. In Fig. 3 the distribu-
tions of results for the analytes for which at téasesults passed the outlier rejection tests are
shown. Due to rather low number of results, theaplgs could only be used as indicators of
the trends observed in the reported data. All thyufations of the results, after outlier rejec-
tion, have passed a normality test (Kolmogorov-&ovj. In Fig. 4 the bar chart distributions
of thez-scores are presented for analytes with at leagbfitted results. The results are
sorted in ascending order versus laboratory coddtay are accompanied by technique

codes marked on a linked uppérxis. The decision levels of satisfactory resuits; 2, for
different fit-for-purpose targets have also beemkad. For every participating laboratory its

overall performance is presented in Fig. 5. Thésptwesented in this figure relate all the
scores and-scores calculated for a given laboratory. Theslegilimits of unsatisfactory

results marked with black linegz(< 3, u < 329) divide the plot area in four quadrants. Due
to inequality (10) all the points accompanied Hgl@oratory estimate of the uncertainty lay

always below the line = fz|. The smaller the laboratory estimated uncertasitiie closer
the related point lays to the= [ line. The better performing laboratories wouldénanore



points located in the lower-left quadrant of thetplf there are many points located in the
upper-right quadrant it suggests that these redaltsot fall in the defined fit-for-purpose
targets and that the laboratory provided too “of#iiti’ uncertainty estimate. The partici-
pants are advised to examine in detail their requktsented in Table 4, Figs. 4 and 5 in order
to better define their fit-for-purpose status adl teeidentify the analytes requiring improve-
ment in the analytical procedures.

The partitioning of the results between differanalytical techniques is presented in
Fig.6. As can be noticed the majority of the detaations were carried out by energy dis-
persive XRF techniques (51.11%): EDXRFISO + EDXRIBHE}* EDXRF, followed by
WDXRF (29.83%), TXRF (8.29%). The rest of the sutbedi results was obtained by PIXE-
PIGE (6.08%), and ICP-AE (4.7%).

We would like to encourage the analysts to takeipdahe forthcoming proficiency
tests as the real benefits arise from a regularcgzation in the scheme.
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Table 1. The laboratories participating in thefigiency test exercise.

Analyst Name Institution Country
Nikolla Civici Institute of Nuclear Physics Albania
Idir Toumert Centre de Recherche Nucléaire d'Alger Algeria
Instituto de Pesquisas Energéticas e NucleareN|IREentro de
Ivone Mulako Sato Quimica e Meio Ambiente (CQMA), Laboratério de Flescéncia de  Brazil
Raios X (LFX)
Carlos Roberto Appoloni Departamento de Fisica/CCE, Universidade Estaduhbddrina Brazil
Wu Jizong Chemical Analysis and Test Center, China InstitdtAtomic Energy China
Nancy Alberro Macias Centro de Aplicaciones Tecnoldgicas y Desarrollclsiar (CEADEN)  Cuba
Zoltan Szskefalvi-Nagy gﬁﬂcz?jse?ﬁ;cgf IgiltletrL]J(t:ee ;or Particle and Nucleays$tts of the Hungar- Hungary
Raoelina Andriambololona Institut National des Sciences et Techniques Nurel@dINSTN) Madagascar
Moussa Bounakhla Centre National de I'Energie, des Sciences et debriiques Nucléaires Marocco

Idris Isa Funtua

M. Alexandra Barreiros

Peter Kump

(CNESTEN)

Materials Science and Development Section, Centr&tergy Research

and Training, Ahmadu Bello University Nigeria
Laboratério de Andlises Ambientais e Controlo daligiade (LAACQ), Portuaal
Instituto Nacional de Tecnologia Industrial (INETI) 9
Jozef Stefan Institute Slovenia

12



Table 1 continued

Analyst Name Institution Country
Ziga Smit Faculty of Mathematics and Physics, University pitlljana Slovenia
Zoran Mili ¢ Narodni Muzej Slovenije Slovenia
Shirani Seneviratne Atomic Energy Authority Sri Lanka
Farouk Idris Habbani Department of Physics, University of Khartoum Sudan
Sarinrat Wonglee Thailand Institute of Nuclear Technology Thailand
gﬂg;:{/e; dhanangkur Rare Earth Research Center Thailand

Aleksandra Nestorovska-
Krsteska

Haifa Ben Abdelwahed
Abdullah Zararsiz
John S. Watson

Eduardo D. Greaves

Vuong Thu Bac

Ministry of Environment and Physical Planning

Centre National des Sciences et Technologies Ninetta
Saraykoy Nuclear Research and Training Center
The Open University, Department of Earth Sciences

Departamento de Fisica, Universidad Simén Bolivar

Center for Radiation Protection and Environment Kwomg, Institute
for Nuclear Science and Technology (INST), Vietnatomic Energy

Commission (VAEC)

The Former Yugoslav
Republic of Macedonia

Tunisia
Turkey
United Kingdom

Venezuela

Vietnam

13



Table 2. The coding, description and the abbrediatemes of the analytical techniques
used by participants of the proficiency test exsci

Technique

Code Description Abbreviation

10 Energy dispersive X-ray fluorescence spec- EDXRE
trometry

11 Energy dlsperS|ye )_(-ray fluorescence, rad'O'SOEDXRFISO
tope source excitation

12 Energy o!lsp_erswe X-ray fluorescence, X-ray EDXRETUBE
tube excitation

1.3 Total reflection X-ray fluorescence TXRF

2.0 Wavelength dispersive X-ray fluorescence WDXRF

45 Proton mdu_ceq X-ray emission + proton 'nducquXE-PIGE
gamma emission

8.0 Inductively couples plasma atomic emission KHS

14



Table 3. The assigned values of analytes, the taeleés of the standard deviations, ob-
tained by using modified Horowitz function, Eqn),(&nd the consensus values. The popu-
lations with at least 5 reported results were te&te normality by using Kolmogorov-
Smirnov test, all examined populations passeddsie For the elements Cl, Cs, Hf, Pd, Pr,
and Sm, the assigned and target values were nitdlalea The assigned values of elements
shown initalics should be considered indicative.

— O 5 S o Z
g 323 S5 S8¢ 3%
; T2 0 S w S = L =
7 ==  Targetvalue of standarddevia- 3 8 2SS B 2O
=4 2 S tion, oa &S Go8 & 82
= o © ’ 0 o ne'>S o ¢
o » 2 SE SZ% E 5
< T 0 ©°° 22
k=05 k=1.0 k=15
[o/kg]
Al 111.0 1.55 3.09 4.64 110.9 6.03 11 2
Ca 2.07 0.053 0.105 0.158 2.18 0.157 17 O
Cl - - - - 1.31 0.131 1 O
Fe 47.9 0.76 1.52 2.28 49.9 1.64 22 2
K 19.60 0.355 0.709 1.064 19.6 0.726 17 1
Mg 8.24 0.170 0.340 0.510 8.592 0.01496 3
Na 4.21 0.096 0.192 0.288 4.73 0.687 6 O
Si 253.0 2.52 5.03 7.55 253.0 5.03 12 1
Ti 5.57 0.122 0.244 0.366 5.95 0.195 20 3
[mg/kg]
As 16.4 0.86 1.72 2.58 19.3 2.47 8 0
Ba 414 13.35 26.7 40.1 420 15.3 10 1
Br 8.52 0.494 0.988 148 9.14 0.078 6 3
Cd 0.081 0.00895 0.0179 0.0269 2.20 0.708 2 0
Ce 95.0 3.83 7.66 115 99.6 6.04 6 1
Co 10.0 0.57 1.14 1.71 12.3 1.30 7 1
Cr 90.7 3.685 7.37 11.06 79.8 6.58 13 4
Cs - - - - 10.0 1.34 1 O
Cu 21.7 1.095 2.19 3.29 21.9 2.05 16 4
Ga 26.2 1.285 2.57 3.86 25.23 0.447 10 3
Hf - - - - 21 18.1 2 0
La 451 2.04 4.07 6.11 54.0 2.31 6 O
Mn 193 7 14.0 21.0 230 12.6 18 2
Nb 19.3 0.990 1.98 2.97 204 1.21 9 0
Nd 43.1 1.96 3.91 5.87 41.70 0.135 3 1
Ni 27.2 1.325 2.65 3.98 28.2 1.34 10 2
P 448 14.3 28.6 42.9 359 26.4 1 O
Pb 29.6 1.425 2.85 4.28 42.2 3.69 15 1
Pd - - - - 16.9 2.20 1 O
Pr - - - - 7.90 0.800 1 O
Rb 137 5.25 10.5 15.8 138.7 5.89 17 O
S 613 18.7 37.4 56.1 1504 330 4 0
S 15.8 0.835 1.67 251 16.75 0.396 4 1
Sm - - - - 7 - 1 O
Sn 4.09 0.265 0.530 0.795 6.2 1.34 1 O

15



Table 3 continued...

S © 3 So 2

(®] = @ — = |

g 33 S5 S8S¢ 33

>, g2 S g E s

7 =2  Targetvalue of standard devia- 7 8 pES T -o¢

*qi L c tion, oa G S So8 o 92

= S © 0 o ne> o ¢

& 2 SE §Z8 E 5

< 2T 0t ©0°° =z %=
k=0.5 k=1.0 k=15

Sr 109.0 4.305 8.61 12.92 102.6 4.74 18

Th 15.7 0.83 1.66 2.49 18.7 2.18 4 0

U 2.86 0.196 0.391 0.587 4.25 0.631 2 0

\/ 140 5.35 10.7 16.1 167 29.8 9

Y 27.9 1.355 2.71 4.07 27.1 1.32 11

Zn 161 6 12.0 18.0 166.2 5.65 20

Zr 177 6.5 13.0 19.5 176.7 9.04 14

16



Table 4. Summary of the reported results and tlelediedz-scores and-scores. The results
rejected by the outliers rejection procedures weaeked with *’ in the “Analyte concentra-
tion” column. In brackets, following the elementdyol, the assigned values of element con-
centration and target standard deviationkferl, are shown.

S S
() (D) =
o o E > 3
S 8 £ 3 o

D] ©
> 9 O o . Z-scores u-scores
e o S @ 2
S c o 2 s
o = Q © @
2 8 = 5 3
S = E 3

< ¢ k=05k=10 k=15 k=05 k=1.0 k=15

Al (111.0+ 3.09) [g/kg]
8 2.0 7.510* 0.0900 1.20 -66.97 -33.49 -22.32 66.8633.47 22.32
21 2.0 11.1* 1.03 9.26 -64.64 -32.32 -21.55 53.80 0.68  21.03
17 1.2 83.33 0.328 0.39 -17.91 -8.95 -5.97 1752 908. 5.95
22 1.1 99 14.0 14.21  -8.09 -4.05 -2.70 0.89 0.87 850.
15 1.2 101.6 9.60 9.45 -6.10 -3.05 -2.03 0.97 0.94 0.88
3 2.0 102.92 0.510 050 -5.23 -2.61 -1.74 4.96 2.58 1.73
13 20 109.17 0.945 0.87 -1.19 -0.59 -0.40 1.01 705 0.39
10 1.2 112.2 2.01 1.79  0.76 0.38 0.25 0.47 032 30.2
20 2.0 114.699 - - 2.39 1.20 0.80 2.39 1.20 0.80
7 8.0 131.848 - - 13.49 6.75 4.50 13.49 6.75 4.50
1 45 144.0 7.20 500 21.36 10.68 7.12 4.48 421 853.
Ca (2.07+ 0.105) [g/kg]
17 1.2 0.898 0.0200 2.23 -22.34 -11.17 -7.45 20.8710.97 7.39
14 1.2 1.21 0.188 1555 -16.46 -8.23 -5.49 443 240 3.53
4 1.0 1.3 - - -14.67 -7.34 -4.89 14.67 7.34 4.89
12 11 1.8200 0.00800 0.44 -4.77 -2.38 -1.59 471 382 159
10 1.2 1.90 0.131 6.88 -3.16 -1.58 -1.06 1.18 0.99 0.81
6 1.1 1.96 0.520 26.48 -2.02 -1.01 -0.67 0.20 0.20 0.20
20 2.0 2.087 - - 0.32 0.16 0.11 0.32 0.16 0.11
3 2.0 2.249 0.0209 093 341 1.70 1.14 3.17 1.67 13 1.
21 2.0 2.26 0.103 455  3.71 1.85 1.24 1.68 132 31.0
7 8.0 2.309 - - 4.56 2.28 1.52 4.56 2.28 1.52
22 11 2.40 0.216 9.00 6.29 3.15 2.10 1.49 137 412
15 1.2 2.46 0.210 854  7.43 3.72 2.48 1.80 166 914
13 20 2.50 0.347 13.86  8.25 4.13 2.75 1.23 119 14 1.
1 45 2.59 0.130 502 991 4.96 3.30 3.71 3.11 2.55
9 1.2 2.68 0.398  14.87 11.55 5.78 3.85 1.51 1.47 42 1.
18 2.0 2.91 0.226 7.76 16.03 8.01 5.34 3.63 3.38 053.
2 1.3 3.53 0.330 9.36 27.77 13.88 9.26 4.36 421 99 3.
Cl [g/kg]

1 1 4.5 1.31 0.131 10.00 - - - - -
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Fe (47.9t 0.76) [g/kg]
12 1.2 5.60* 0.300 5.36 -55.90 -27.95 -18.63  51.9627.42  18.47
13 2.0 43.02 0.970 225 -645  -323 -2.15 3.97 2.72 1.98
2 13 43.03 0.253 059 -6.44  -322 -2.15 6.11 3.18 2.13
14 1.2 44.3 4.04 9.10 -470 -235  -157 0.87 0.83 .770
21 2.0 44.47 0.618 139 -454 227  -151 3.52 2.10 1.46
1 45 44.6 2.30 5.16 -4.36  -218  -1.45 1.36 1.20 021.
23 1.1 44.7 1.39 311 -428 214  -1.43 2.05 158 .221
16 1.1 44.75 0.770 1.72 -416  -208  -1.39 2.92 1.86 1.31
3 20 45.40 0.272 060 -330 -1.65 -1.10 3.11 1.62 1.09
19 1.3 45.7 1.20 262 -2.88 -144  -0.96 1.54 1.13 .850
24 1.2 46.38 0.506 1.09 -202 -1.01  -0.67 1.68 0.96 0.66
22 11 47.3 3.35 7.08 -079 -040 -0.26 0.17 0.16 .150
10 1.2 48.71 0.210 043  1.07 0.54 0.36 1.03 0.53 360.
5 1.2 49.0 1.13 230 139 0.70 0.46 0.78 0.56 0.42
15 1.2 49.5 2.92 590 211 1.06 0.70 0.53 0.49 0.43
7 80 49.95 - - 2.71 1.35 0.90 2.71 1.35 0.90
17 1.2 56.88 0.100 0.18 11.86 5.93 3.95 11.76 5.92 3.95
20 2.0 59.06 0.000 0.00 14.75 7.37 4.92 14.75 7.37 4.92
9 12 60.1 8.94 14.87 16.17 8.08 5.39 1.36 135 313
6 1.1 62.8 7.07 11.26  19.65 9.82 6.55 2.09 206 020
4 1.0 67.8 - - 26.30  13.15 8.77 26.30  13.15 8.77
3 13 40357 0.502 0.12 470.00 235.00 156.70 391.6223.00 153.00
K (19.60+£ 0.709) [g/kg]
12 1.2 1.810* 0.0500 2.76 -50.22 -25.11 -16.74  39.7 25.05  16.72
17 1.2 13.75 0.100 0.73 -16.52  -826  -551 1590 188. 5.48
14 1.2 14.3 1.36 9.50 -14.88  -7.44  -4.96 3.75 3.44 3.05
4 10 15.70 - - -11.01  -551  -3.67 11.01 5.51 3.67
5 1.2 18.8 4.46 23.78 -237  -1.18  -0.79 0.19 0.19 .180
7 80 19.41 - - -053  -0.27  -0.18 0.53 0.27 0.18
6 1.1 19.54 0.380 194 -017 -008  -0.06 0.12 0.07 0.05
3 20 19.753 0.0256  0.13  0.43 0.22 0.14 0.43 0.22 140
20 2.0 19.85 - - 0.70 0.35 0.23 0.70 0.35 0.23
13 2.0 19.867 0.0130  0.07 0.75 0.38 0.25 0.75 0.38 0.25
10 1.2 20.58 0.310 151 275 1.38 0.92 2.07 1.26 880.
21 2.0 20.59 0.515 250 278 1.39 0.93 1.58 1.13 840.
1 45 20.6 1.10 5.34  2.82 1.41 0.94 0.87 0.76 0.65
15 1.2 21.4 1.39 6.50  5.00 2.50 1.67 1.23 1.14 1.01
22 11 23.2 1.42 6.12 10.16 5.08 3.39 2.46 227 320
9 12 23.3 2.33 10.02 10.35 5.18 3.45 1.56 151 314
2 13 23.6 1.03 437 11.18 5.59 3.73 3.64 3.17 2.68
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Mg (8.24+ 0.340) [g/kq]
13 2.0 7.803* 0.0100 0.13 -2.58 -1.29 -0.86 257 291. 0.86
21 2.0 8.44* 0.412 4.88 1.18 0.59 0.39 0.45 0.38 310.
20 2.0 8.563 - - 1.90 0.95 0.63 1.90 0.95 0.63
7 8.0 8.601 - - 2.13 1.06 0.71 2.13 1.06 0.71
3 2.0 8.612 0.0276 0.32 2.19 1.10 0.73 2.16 1.09 730.
1 45  27.9¢ 1.40 502 11590 57.94 38.63  13.94 836 13.20
Na (4.21+ 0.192) [g/kg]
3 2.0 2.17 0.214 9.87 -21.29 -10.65 -7.10 8.71 7.11 5.70
21 2.0 3.71 0.309 8.33 -5.26 -2.63 -1.75 1.56 1.39 1.20
20 2.0 4,778 0.00 0.00 5.92 2.96 1.97 5.92 2.96 719
13 2.0 4.8970 0.00300 0.06 7.16 3.58 2.39 7.16 3.58 2.39
1 4.5 5.77 0.290 5.03 16.27 8.13 5.42 5.11 4.49 23.8
18 2.0 7.06 0.566 8.02 29.67 14.83 9.89 4.96 476 .48 4
Si (253.0+ 5.03) [g/kqg]
21 2.0 24.8* 3.09 12.45 -90.74 -45.37 -30.25 57.3038.66 27.99
3 2.0 227.73 0.381 0.17 -10.05 -5.02 -3.35 9.94 15.0 3.35
6 1.1 238 29.8 12.52 -5.85 -2.93 -1.95 0.49 0.49 480.
15 1.2 240 21.1 8.80 -5.22 -2.61 -1.74 0.62 0.61 590.
22 1.1 242 16.6 6.86 -4.37 -2.19 -1.46 0.66 0.63 600.
13 2.0 248.17 0.335 0.13 -1.92 -0.96 -0.64 1.91 609 0.64
12 1.2 250 30.0 12.00 -1.19 -0.60 -0.40 0.10 0.10 .100
20 2.0 257.13 - - 1.64 0.82 0.55 1.64 0.82 0.55
17 1.2 258.96 0.497 0.19 2.37 1.19 0.79 2.33 1.18 790
1 4.5 262 13.1 5.00 3.58 1.79 1.19 0.67 0.64 0.60
10 1.2 274.10 0.747 0.27 8.39 4.20 2.80 8.04 415 .78 2
8 2.0 285.0 3.00 1.05 12.72 6.36 4.24 8.17 5.46 4 3.9
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Ti (5.57+ 0.244) [g/kg]
11 1.1 0.886* 0.0840 9.48 -3850 -19.25 -12.83  81.6 18.20 12.51
1 45 4.90 0.245 500 -5.51 -2.75 -1.84 2.45 1.94 521
13 2.0 4.980 0.0140 0.28 -4.85 -2.43 -1.62 482 224 162
2 13 5.09 0.217 426 -3.91 -1.96 -1.30 1.91 146 .121
14 1.2 5.12 0.474 9.26 -3.67 -1.83 -1.22 0.91 0.84 0.75
3 20 5.171 0.0134 0.26 -3.28 -1.64 -1.09 3.26 1.64 1.09
3 13 5.24 0.081 154 -2.73 -1.37 -0.91 2.27 1.30 .890
21 2.0 5.66 0.206 3.64 0.75 0.37 0.25 0.38 029 20.2
19 1.3 5.72 0.531 928 1.23 0.62 0.41 0.28 026 30.2
10 1.2 5.80 0.119 205 1.91 0.95 0.64 1.36 086 00.6
22 11 6.09 0.385 6.32  4.28 2.14 1.43 1.29 1.14 809
15 1.2 6.22 0.440 7.08  5.30 2.65 1.77 1.41 1.28 31.1
17 1.2 6.38 0.050 0.78  6.63 3.32 2.21 6.14 325 921
9 1.2 6.69 0.567 8.47  9.22 4.61 3.07 1.94 1.82 1.66
6 1.1 6.744 0.0980 145  9.65 4.83 3.22 7.52 4.48 11 3.
12 1.2 7.00 0.100 1.43 11.76 5.88 3.92 9.08 544 78 3.
5 1.2 7.1 1.50 2129 12.25 6.12 4.08 0.99 0.98 0.96
4 1.0 7.30 - - 14.22 7.11 4.74 14.22 7.11 4.74
16 1.1 44.75* 0.770 1.72 322.10 161.00 107.40 50.2648.52 45.98
8 20 77.30% 0.900 1.16 589.70 294.80 196.60 78.9876.94 73.86
As (16.4+ 1.72) [mg/kg]
19 1.3 11.0 4.00 36.36  -6.27 -3.14 -2.09 1.32 1.24 1.13
20 2.0 12.2 - - -4.88 -2.44 -1.63 4.88 2.44 1.63
7 8.0 15.9 - - -0.58 -0.29 -0.19 0.58 0.29 0.19
22 11 17.6 3.30 18.75  1.39 0.70 0.46 0.35 032 90.2
21 2.0 17.7 1.44 814 151 0.76 0.50 0.78 0.58 0.44
14 1.2 23.5 2.60 11.06  8.25 4.12 2.75 2.59 228 419
4 10 24.7 - - 9.64 4.82 3.21 9.64 4.82 3.21
1 45 31.8 6.40 20.13 17.89 8.94 5.96 2.39 232 322

Ba (414+ 26.7) [mg/kg]

7 80 340 - - -5.54 -2.77 -1.85 5.54 2.77 1.85
3 20 382 67.2 17.60 -2.42 -1.21 -0.81 0.47 0.45 410.

6 11 403 33.3 8.27 -0.86 -0.43 -0.29 0.32 0.27 20.2

24 1.2 403.4 3.23 0.80 -0.80 -0.40 -0.27 0.77 0.40 0.26

21 20 408.6 9.26 227 -0.40 -0.20 -0.13 0.33 0.19 0.13

15 112 434 10.0 2.30 1.50 0.75 0.50 1.20 0.70 0.48
19 13 462 69.0 14.94 3.59 1.80 1.20 0.68 0.65 0.60
22 11 468 28.0 5.98 4.04 2.02 1.35 1.74 1.40 1.10
20 20 483.6 - - 5.21 2.60 1.74 5.21 2.60 1.74
1 45 1100* 110 10.00 51.31 25.65 17.10 6.19 6.06 .865
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Br (8.52 + 0.988) [mg/kg]
14 1.2 3.10* 0.800 25.81 -10.98 -549  -3.66 5.77 274, 3.22
22 11 7.00* 0.600 857 -3.08 -154 -1.03 1.96 1.32 0.95

6 1.1 8.4* 3.15 3732 -016  -0.08 -0.05 0.03 0.02 .020
17 1.2 9.0 3.00 33.33 097 0.49 0.32 0.16 0.15 0.14
21 2.0 9.16 0.412 449  1.30 0.65 0.43 1.00 0.60 20.4
24 1.2 9.3 1.02 11.02 151 0.76 0.50 0.66 0.53 0.42

Cd (0.081 + 0.0179) [mg/kg]

7 80 1.7 - - 181.00 90.50 60.33 181.00 90.50  60.33

22 1.1 2.70 0.400  14.81 292.80 146.40 97.61 6.55 54 6. 6.53
Ce (95.0 £ 7.66) [mg/kg]

6 1.1 45* 16.0 3592 -13.15  -657  -4.38 3.05 2.83 552

3 20 83.8 6.77 8.08 -294  -147  -0.98 1.45 1.10 840.
15 1.1 92 11.0 11.96 -0.78  -0.39  -0.26 0.26 0.22 190.
21 2.0 98.2 8.03 8.18 0.83 0.42 0.28 0.36 0.29 0.23
22 1.1  105.0 7.00 6.67 261 1.31 0.87 1.25 0.96 40.7
24 12 1193 2.09 1.75  6.35 3.17 2.12 5.57 3.06 820

Co (10.0+ 1.14) [mg/kg]

3 20 8.9 1.23 13.86 -1.94  -097  -0.65 0.81 0.66 520.
20 2.0 9.7 0.00 0.00 -053 -0.27 -0.18 0.53 0.27 180.
21 2.0 10.9 0.62 5.66  1.61 0.81 0.54 1.09 0.71 0.50

4 1.0 12.9 - - 5.13 2.56 1.71 5.13 2.56 1.71

7 80 13.7 - - 6.54 3.27 2.18 6.54 3.27 2.18

6 1.1 17.6 6.84 38.97 13.35 6.67 4.45 1.10 1.09 710

9 12 144* 15.0 10.42 236.90 11850  78.97 8.93 8.91 8.88

Cr (90.7+ 7.37) [mg/kg]

6 1.1 51 15.3 29.69 -10.68  -534  -3.56 2.51 2.32 092
17 1.2 61.0 5.00 820 -8.07 -403 -2.69 4.78 3.34 452

4 10 73.3 - - -473 236  -1.58 4.73 2.36 1.58

7 80 75.9 - - -402 201  -1.34 4.02 2.01 1.34

3 20 76.7 1.36 178 -381  -191  -1.27 3.57 1.87 261.

3 13 79 11.2 1425 -325  -1.62  -1.08 1.01 0.89 60.7
21 2.0 86.2 1.54 1.79 -1.24  -062  -0.41 1.14 0.60 .410
20 2.0 95 - - 1.17 0.58 0.39 1.17 0.58 0.39
19 1.3 120 40.0 33.33  7.96 3.98 2.65 0.73 0.72 0.71
22 11 174* 18.0 10.34 2263  11.31 7.54 4.53 428 953

1 45  224* 45.0 20.09 36.21 18.11  12.07 2.95 2.92 .882

2 1.3 249* 51.6 20.72 43.00 2150 14.33 3.06 3.04 .003
14 12 273* 29.7 10.87 4958 2479  16.53 6.10 5.96 5.76

Cs [mg/kg]
21 2.0 10.0 1.34 13.40 - - - - - -
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Cu (21.7« 2.19) [mg/kg]
14 1.2 9.2 2.30 25.00 -11.44 572  -3.82 4.91 3.94 3.12

4 10 12.9 - 0.00 -8.06 -403  -2.69 8.06 4.03 2.69
19 1.3 13.0 5.00 3846 -797 -3.98  -2.66 1.70 1.59 1.46
20 2.0 20.1 - - -1.47  -0.73  -0.49 1.47 0.73 0.49
21 2.0 20.28 0.618 305 -1.30 -0.65 -0.43 1.13 0.63 0.43
15 1.2 22 11.0 50.00  0.27 0.14 0.09 0.03 0.03 0.03

3 20 22.99 0.890 387 1.8 0.59 0.39 0.92 055 80.3

7 80 26.9 - - 4.76 2.38 1.59 4.76 2.38 1.59
24 1.2 27.9 8.33 29.82 570 2.85 1.90 0.74 072 007

2 13 28.9 4.82 16.67  6.60 3.30 2.20 1.46 1.36 1.24

1 45 29.3 5.90 20.14  6.96 3.48 2.32 1.27 1.21 1.13

3 13 29.5 9.84 33.32 717 3.58 2.39 0.79 0.78 0.76
22 11 62.0* 5.00 8.06 36.90 1845 12.30 7.87 7.39 6.74

6 1.1 72* 23.1 31.97 46.28 23.14 1543 2.19 218 172
17 1.2 133* 10.0 7.52 101.90 50.95  33.97 11.06  7.0.8 10.58
13 2.0  245.0* 5.00 2.04 204.40 10220 68.15  43.63 0.92  37.35

Ga (26.2+ 2.57)[mg/kg]

6 1.1 16.0* 6.00 3750 -7.96 -3.98  -2.65 1.66 1.56 1.43

1 45 21.2* 4.30 20.28 -390 -1.95 -1.30 1.11 1.00 0.87
14 1.2 23.3 2.60 11.16 -2.26  -1.13  -0.75 1.00 0.79 0.62
22 1.1 24.2 2.10 8.68 -156 -0.78  -0.52 0.81 0.60 .460
21 2.0 25.01 0.412 165 -093 -046  -0.31 0.88 0.46 0.31
20 2.0 25.2 - - -0.78  -0.39  -0.26 0.78 0.39 0.26
15 1.2 26 10.5 40.38 -0.16  -0.08  -0.05 0.02 0.02 020.

3 13 26.2 2.01 7.66  0.03 0.02 0.01 0.02 0.01 0.01

3 20 26.62 0.494 1.86  0.33 0.16 0.11 0.31 016 10.1

9 12 41.0* 8.00 19.51 11.55 5.77 3.85 1.83 1.76 671,

Hf [mg/kg]
3 20 8.2 1.46 17.88 - - - - - -
4 1.0 33.7 - - - - - - - -
La (45.1 £ 4.07) [mg/kg]

3 20 46.4 6.43 13.84  0.65 0.32 0.22 0.19 0.17 0.15
22 1.1 49.0 3.00 6.12  1.92 0.96 0.64 1.08 0.77 0.57
21 2.0 54.6 4.12 7.55  4.65 2.32 1.55 2.06 1.63 1.28

4 1.0 56 0.00 0.00 5.36 2.68 1.79 5.36 2.68 1.79
15 1.1 56.0 6.00 10.71 5.36 2.68 1.79 1.72 150 712
24 1.2 62.3 2.24 359 847 4.23 2.82 5.70 3.71 2.65
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Mn (193% 14.0) [mg/kg]

9 12 152 19.0 1250 -586  -293  -1.96 2.03 1.74 451,

7 80 158 - - 501 250  -1.67 5.01 2.50 1.67
21 20 1698 9.26 545 -331 -166 -1.10 2.00 1.38 1.01

3 20 20364 0.858 042 152 0.76 0.51 1.51 0.76 510.

2 13 205 52.0 25.39  1.69 0.84 0.56 0.22 0.22 0.21
20 2.0 209 - - 2.29 1.14 0.76 2.29 1.14 0.76
15 1.2 210 19.0 9.05 243 1.22 0.81 0.84 0.72 0.60

3 13 227 62.4 2751 484 2.42 1.61 0.54 0.53 0.51
19 13 234 12.0 513  5.86 2.93 1.96 2.95 2.23 1.70
10 1.2 243 47.0 19.34  7.15 3.58 2.38 1.05 1.02 0.97
22 11 245 20.0 8.16 7.44 3.72 2.48 2.45 2.13 1.79

1 45 253 25.0 9.88 858 4.29 2.86 2.31 2.10 1.84
18 2.0 263 78.0 29.66 10.01 5.01 3.34 0.89 088 708
13 2.0 2710 8.00 295 11.16 5.58 3.72 7.34 4.84 48 3.
14 12 318 31.8 10.02 17.81 8.90 5.94 3.82 358 732

4 10 3268 - - 19.14 9.57 6.38 19.14 9.57 6.38
17 1.2 432* 10.0 231 3418 17.09 11.39 19.59  13.9010.29

6 1.1 1381* 226 16.36 169.90 84.96  56.64 5.25 5.25 5.23

Nb (19.3 + 1.98) [mg/kg]
22 1.1 15.0 1.10 733 -435 217  -1.45 2.91 190 .361
23 1.1 16.0 3.00 18.75 -3.34  -167 -1.11 1.05 0.92 0.78
21 2.0 19.04 0.309 162 -026  -013  -0.09 0.25 0.13 0.09
20 2.0 19.5 - - 0.20 0.10 0.07 0.20 0.10 0.07
15 1.2 21.0 4.50 2143  1.72 0.86 0.57 0.37 035 20.3

6 1.1 21.1 5.45 2588  1.78 0.89 0.59 0.32 0.30 0.28
24 1.2 21.3 1.74 819  2.02 1.01 0.67 1.00 0.76 0.58

1 45 25.0 7.00 28.00 5.77 2.88 1.92 0.81 0.78 0.75
16 1.1 26 10.0 38.46  6.78 3.39 2.26 0.67 0.66 0.64

Nd (43.1 = 3.91) [mg/kg]
22 11 41.6 2.60 6.25 -0.77 -0.38  -0.26 0.46 0.32 .230
21 2.0 41.8 2.16 517 -0.67 -0.33  -0.22 0.45 0.29 .210
24 1.2 44.54* 0.379 0.85 0.73 0.37 0.24 0.72 0.37 .240
Ni (27.2% 2.65) [mg/kg]
19 1.3 22.0 5.00 2273 -393  -197 -1.31 1.01 0.92 0.81

7 80 24.4 - - 212 -106 -0.71 2.12 1.06 0.71

3 13 27.0 4.47 16.54 -0.14  -0.07  -0.05 0.04 0.03 .030

3 20 27.66 0.906 328 035 0.17 0.12 0.29 016 10.1
24 1.2 28.7 7.59 26.44 115 0.57 0.38 0.20 019 80.1
20 2.0 30.3 - - 234 1.17 0.78 2.34 1.17 0.78
21 2.0 31.39 0.823 262 317 1.59 1.06 2.69 151 031.
22 1.1 33.8 3.70 1095  4.99 2.49 1.66 1.68 145 212

1 45 74* 15.0 20.27 3537 17.68 11.79 3.11 3.07 023.

6 1.1  136* 29.0 21.32 8222 4111 2741 3.75 3.74 .723
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Table 4 continued...
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R [ 3

< ¢ k=05k=10 k=15 k=05 k=10 k=15
P (448 28.6) [mg/kg]
3 20 359 26.4 735 -6.23 -3.12 -2.08 2.97 229 717
Pb (29.6+ 2.85) [mg/kg]

7 80 20.2 - - -6.61 -3.31 -2.20 6.61 3.31 2.20
20 2.0 29.7 - - 0.07 0.04 0.02 0.07 0.04 0.02
24 1.2 30.2 2.14 7.09 0.44 0.22 0.15 0.24 0.18 0.13
21 2.0 31.8 1.13 3.56 1.55 0.78 0.52 1.21 0.72 0.50
22 11 33.0 7.00 21.21 2.39 1.20 0.80 0.48 045 104

2 13 34.7 8.38 24.16 3.58 1.79 1.19 0.60 0.58 0.54

6 1.1 35.4 9.80 27.68 4.08 2.04 1.36 0.59 0.57 0.54
19 1.3 45.0 9.00 20.00 10.83 5.42 3.61 1.69 1.63 55 1.

3 20 46.0 1.60 3.47 11.53 5.77 3.85 7.67 5.03 3.60

9 1.2 47.0 9.00 19.15 12.24 6.12 4.08 1.91 1.84 517

4 1.0 50.1 - - 14.42 7.21 4.81 14.42 7.21 4.81
17 1.2 58.0 6.00 10.34 19.97 9.99 6.66 4.61 4.28 86 3.
15 1.2 60 14.2 23.67 21.38 10.69 7.13 2.13 210 520
12 1.2 69.0 2.00 290 27.71 13.85 9.24 16.06 11.33 8.36
11 11 141.0* 9.00 6.38 78.35 39.17 26.12 12.23 8al. 11.19

Pd [mg/kg]
14 1.2 16.9 2.20 13.02 - - - - - -
Pr [mg/kg]
22 11 7.90 0.800 10.13 - - - - - -
Rb (137+ 10.5) [mg/kg]
23 1.1 98.0 6.00 6.12 -7.46 -3.73 -2.49 4.90 3.24 .322
12 1.2 106 54.0 50.94 -5.93 -2.97 -1.98 0.57 0.56 .550
14 1.2 118 10.8 9.19 -3.73 -1.87 -1.24 1.63 1.30 021.
16 11 123 19.0 15.45 -2.68 -1.34 -0.89 0.71 0.65 .570
17 1.2 128.0 4.00 3.13  -1.72 -0.86 -0.57 1.37 0.80 0.56
22 11 130 10.0 769 -1.34 -0.67 -0.45 0.62 0.48 380.

3 20 130.4 2.89 222 -1.26 -0.63 -0.42 1.10 0.61 .410

2 13 135.6 7.58 559 -0.27 -0.14 -0.09 0.16 0.11 .080
20 2.0 136.1 - - -0.17 -0.09 -0.06 0.17 0.09 0.06
15 1.2 137.0 8.70 6.35 0.00 0.00 0.00 0.00 0.00 00.0
13 2.0 141 15.0 10.64  0.77 0.38 0.26 0.25 0.22 0.18
21 2.0 142.0 1.54 1.09 0.97 0.48 0.32 0.93 048 20.3
24 1.2 144.5 1.04 0.72 1.44 0.72 0.48 1.41 071 804

1 45 147.0 15.0 10.20 1.91 0.96 0.64 0.63 055 604

6 1.1 172 44.9 26.17 6.63 3.31 2.21 0.77 0.75 0.73

4 1.0 175.3 - - 7.33 3.67 2.44 7.33 3.67 2.44

9 1.2 195 19.0 9.74 11.10 5.55 3.70 2.94 2.68 2.36
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Table 4 continued...
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< ¢ k=05k=10 k=15 k=05 k=10 k=15
S (613t 37.4) [mg/kg]
13 2.0 925.0 3.00 0.32 16.72 8.36 5.57 16.51 8.33 575
18 2.0 979 327 33.40 19.61 9.81 6.54 1.12 1.11 1.10
17 1.2 1853 41.0 221 66.45 3322 22.15 27.53 22.3617.87
1 45 2260 230 10.18 88.26  44.13  29.42 7.14 7.07 96 6.
< (15.8 + 1.67) [mg/kg]
6 1.1 13.0% 4.38 33.82 -3.42 -1.71 -1.14 0.64 0.61 0.57
3 20 16.0 1.78 11.15  0.19 0.10 0.06 0.08 0.07 0.05
20 2.0 17.1 0.00 0.00 1.56 0.78 0.52 1.56 0.78 0.52
21 2.0 17.2 1.13 6.59 1.67 0.83 0.56 0.99 0.69 0.51
Sm [mg/kg]
4 1.0 7 - - - - - - - -
Sn (4.09+ 0.530) [mg/kg]
21 2.0 6.2 1.34 21.63 7.92 3.96 2.64 1.54 1.46 1.35
Sr (109.& 8.61) [mg/kg]
23 11 59.0 4.00 6.78 -11.62 -5.81 -3.87 8.51 5.27 3.70
7 80 75 - - -7.90 -3.95 -2.63 7.90 3.95 2.63
1 45 90.4 9.00 9.96 -4.32 -2.16 -1.44 1.87 1.49 181.
16 1.1 93 17.0 18.28 -3.72 -1.86 -1.24 0.91 0.84 750.
14 1.2 96.2 8.80 9.15 -2.98 -1.49 -0.99 1.31 1.04 .820
12 1.2 100 25.0 25.00 -2.09 -1.05 -0.70 0.35 0.34 .320
2 13 100.2 6.08 6.07 -2.05 -1.03 -0.68 1.19 0.84 .620
15 1.2 106.0 7.20 6.79 -0.70 -0.35 -0.23 0.36 0.27 0.20
17 1.2 106.0 3.00 2.83 -0.70 -0.35 -0.23 0.57 0.33 0.23
3 20 106.54 0.912 0.86 -0.57 -0.29 -0.19 0.56 0.28 0.19
22 11 108.0 8.00 741 -0.23 -0.12 -0.08 0.11 0.09 0.07
20 2.0 108.6 - - -0.09 -0.05 -0.03 0.09 0.05 0.03
24 1.2 110.6 2.96 2.67 0.38 0.19 0.13 0.31 0.18 201
21 2.0 111.2 1.03 0.93 0.50 0.25 0.17 0.49 025 701
9 1.2 135 17.0 12.59 6.04 3.02 2.01 1.48 1.37 1.22
4 1.0 136.5 - - 6.39 3.20 2.13 6.39 3.20 2.13
18 2.0 166.0* 4.00 241 13.25 6.62 4.42 9.70 6.01 .224
6 1.1 198* 39.0 19.70 20.68 10.34 6.89 2.27 223 172.
Th (15.7 £ 1.66) [mg/kg]
22 11 14.0 2.00 1429 -2.05 -1.02 -0.68 0.79 0.65 0.53
20 2.0 17.5 - - 2.17 1.09 0.72 2.17 1.09 0.72
21 2.0 18.73 0.618 3.30 3.66 1.83 1.22 2.93 1.71 18 1.
6 1.1 24.5 9.50 38.78 10.61 5.30 3.54 0.92 091 009
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Table 4 continued...
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< @ k=05k=10 k=15 k=05 k=1.0 k=15
U (2.86 £ 0.391) [mg/kg]
21 20 3.81 0.309 8.11 4.86 2.43 1.62 2.60 1.91 314
20 20 4.7 - - 9.42 4.71 3.14 9.42 4.71 3.14
V (140 10.7) [mg/kg]
4 1.0 39.6 - - -18.86 -9.43 -6.29 18.86 9.43 6.29
3 20 104.3 2.45 235 -6.71 -3.35 -2.24 6.09 3.27 212
7 8.0 120 0 0.00 -3.76 -1.88 -1.25 3.76 1.88 1.25
3 13 148 51.9 35.05  1.49 0.75 0.50 0.15 0.15 0.15
20 20 150.2 - - 1.92 0.96 0.64 1.92 0.96 0.64
21 20 150.3 2.06 1.37  1.93 0.97 0.64 1.80 095 406
6 1.1 187 21.0 11.23  8.83 4.42 2.94 2.17 2.00 1.78
22 11 267 29.0 10.86 23.86  11.93 7.95 4.31 411 843.
17 12 341 10.0 293 37.76 18.88  12.59 17.74  13.7610.67
Y (27.9£ 2.71) [mg/kg]
24 1.2 21.9 2.70 12.33  -4.44 222  -1.48 1.99 1.57 1.23
23 1.1 22.0 4.00 18.18 -436  -2.18  -1.45 1.40 1.22 1.04
15 1.2 24.0 2.40 10.00 -2.88 -1.44  -0.96 1.42 1.08 0.83
22 11 26.0 2.00 769 -141  -070  -0.47 0.79 0.56 .420
21 20 28.41 0.309 1.09 0.38 0.19 0.13 0.37 0.19 130.
20 20 28.6 - - 0.52 0.26 0.17 0.52 0.26 0.17
4 1.0 29.3 - - 1.04 0.52 0.35 1.04 0.52 0.35
9 1.2 30.2 4.90 16.23 1.70 0.85 0.57 0.45 0.41 0.36
3 20 33.62 0.384 1.14 4.23 2.12 1.41 4.07 2.09 014
14 1.2 42 .4* 4.00 9.43 10.72 5.36 3.57 3.43 3.00 552
6 1.1 81* 245 30.14 3957 19.78  13.19 2.18 217 152.
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< o k=05k=10 k=15 k=05 k=10 k=15
Zn (161 12.0) [mg/kg]
14 12 130 12.3 947 519 259  -1.73 2.27 1.81 431,

6 1.1 147 41.0 2789 -234  -117  -0.78 0.34 0.33 310.

1 45 148 15.0 10.14 -2.17  -1.08  -0.72 0.80 0.68 560.

3 20 1539 1.08 070 -1.19 -059  -0.40 1.17 0.59 .400
21 20 1544 3.09 200 -1.10 -055  -0.37 0.98 0.53 0.36
20 2.0 1549 - - -1.02  -051  -0.34 1.02 0.51 0.34

7 80 157 - - -0.67 -0.33  -0.22 0.67 0.33 0.22
22 1.1 159 12.0 755 -033 -017  -0.11 0.15 0.12 090.
19 1.3 159 14.0 881 -033 -017 -0.11 0.13 0.11 090.
24 12 160 13.1 8.17 -0.17  -0.08 -0.06 0.07 0.06 040.

3 13 1689 4.32 256  1.32 0.66 0.44 1.07 0.62 0.43
11 11 174 10.0 575 217 1.08 0.72 1.12 0.83 0.63
15 12 177 18.3 10.34  2.67 1.34 0.89 0.83 0.73 0.62
17 1.2 196.0 6.00 3.06 5.84 2.92 1.95 4.13 261 5138
16 1.1 204 72.0 3529  7.17 3.59 2.39 0.60 0.59 0.58
13 2.0 216 25.0 11.57  9.18 4.59 3.06 2.14 1.98 1.79

4 10  226.7* - - 10.96 5.48 3.65 10.96 5.48 3.65
18 2.0  237* 30.0 12.66 12.68 6.34 4.23 2.48 235 172

2 13  287* 16.2 5.64 21.07 10.54 7.02 7.31 6.27 252

9 12  299* 32.0 10.70 23.02  11.51 7.68 4.24 4.04 763.

Zr (177« 13.0) [mg/kg]

1 45 121 24.0 19.83 -862  -431  -2.87 2.25 2.05 811.
16 1.1 132 13.0 985 -693 -346  -2.31 3.10 245 921.
23 1.1 1510 6.00 397 -400 -200 -1.33 2.94 1.82 1.28
22 1.1 159 11.0 6.92 -2.77  -1.39  -0.92 1.41 1.06 800.
24 12  161.2 5.85 363 -244 -122 081 1.81 1.11 0.78
15 12 170 10.8 6.35 -1.08 -054  -0.36 0.56 041 310.
20 20 1751 - - -029  -0.15  -0.10 0.29 0.15 0.10
21 20 1822 2.06 1.13  0.80 0.40 0.27 0.76 039 60.2
17 1.2  183.0 4.00 219 092 0.46 0.31 0.79 044 003
12 1.2 206 65.0 31.55  4.46 2.23 1.49 0.44 0.44 0.43

4 10 2159 - - 5.99 2.99 2.00 5.99 2.99 2.00

9 12 217 25.0 1152  6.16 3.08 2.05 1.55 1.42 1.26

3 20 2244 1.48 0.66  7.30 3.65 2.43 7.11 3.62 2.43

6 1.1  302* 47.0 15.56  19.24 9.62 6.41 2.64 256 624
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Table 5. The combinerscores for the participating laboratories. Thdyra without as-
signed values (ClI, Cs, Hf, Pd, Pr, and Sm) werecaosidered.

g °¢ -
8 L5 Rescaled sum of scores Sum of squared scores RS 3
g E % (RS2) (SSz) 5 ¢
- =
k=05 k=10 k=15| k=05 k=10 k=15 ¥
1 21 85.80 42.90 28.6D 27890 6973 3099  35.48
2 11 30.82 15.41 10.27 3310 827 368  21.92
3 35 74.68 37.34 24.89 222000 55490 24660  53.20
4 17 16.63 8.32 5.54 2647 662 294  30.19
5 3 6.51 3.25 2.17 158 39 18 9.35
6 24 82.85 41.42 27.6R 41450 10360 4606  39.36
7 17 43.28 21.64 14.48 33240 8310 3693  30.19
8 3 309.10 154.60 103.00 352300 88080 39150 9.35
9 13 97.12 48.56 32.37 57770 14440 6419  24.74
10 7 7.13 3.57 2.38 145 36 16  16.01
11 3 24.26 12.13 8.09 7626 1906 847 9.35
12 9 -25.39 -12.70 -8.46 6637 1659 737  19.02
13 13 66.96 33.48 22.3p 42480 10620 4720  24.74
14 14 2.69 1.34 0.90 3792 948 421 26.12
15 19 8.78 4.39 2.93 692 173 77  32.85
16 7 120.40 60.20 40.13 103900 25980 11550  16.01
17 17 53.75 26.87 17.92 19180 4795 2131  30.19
18 6 41.33 20.67 13.78 1958 490 218  14.45
19 10 2.56 1.28 0.85 356 89 40  20.48
20 26 8.88 4.44 2.96 432 108 48  41.92
21 32 -22.75 -11.37 -7.58 12650 3162 1406  49.48
22 27 75.17 37.58 25.06 88600 22150 9844  43.19
23 6 -14.32 -7.16 -4.77 255 64 28  14.45
24 15 4.73 2.37 1.58 186 46 21 27.49
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APPENDIX I
Figures 1-6
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Fig. 1. Relative value of the target standard denaRSD, as a function of the assigned
mass fraction of the analyt¥,, calculated by using a modified Horowitz function,
Eqn. (3). The target value,, is related tdHa by a factoik and it is recognized as fit-
for-purpose in three levels of uncertaintys= 0.5 - solid black ling appropriate for
high precision analysig; = 1.0 - solid green lingappropriate for well established
routine analysisk = 1.5 - solid red ling satisfactory for common analytical tasks.
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Fig

Consensus value of the analyte, X [g/g]

T 2 — — — T
10 10™ 10° 10 10
Assigned value of the analyte, X, [9/d]

10

. 2. Correlation between assigned valXas,and the consensus values of analytes,
Solid red squares correspond to elements the a&skigaiues of which were known
with high degree of accuracy. Hollow black circtesrespond to elements the as-
signed values of which can be considered as indecanly. The analytes for which a
significant disagreement was observed betweendsigraed and consensus values are
indicated by arrows, in the brackets next to thenel@ symbol the number of re-
ported results is given. The uncertainties of $®gned values shown in the plot were
calculated according to Eqn. (2) wihl= 1. The uncertainties of the consensus values
were calculated according to Eqn.(20), exceptHerresults reported by single labora-
tory, in such a case the laboratory estimate ofitieertainty is shown in the plot.
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Fig. 3.
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Fig. 3 continued...
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Fig. 3 continued...
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Fig. 3 continued...
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Fig. 3 continued...
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Fig. 3 continued...
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Fig. 3 continued.
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Fig. 3 continued...
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Fig. 3 continued...
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Fig. 4. Distributions of the-scores for analytes reported by at least 6 laboest. The bar charts show
the distance between the reported and the assigiieels of the analyte. The submitted results
and their uncertainties, as provided by the angyste marked with filled squares accompanied

by uncertainty bars. The horizontal lines showatimissible levels af-score,|Z < 2, for three

different fit-for-purpose ranges defined by fadton Eqn. (2)k = 0.5 - solid black linesk = 1.0
- solid green linesandk = 1.5 - solid red lines
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Fig. 5 continued...
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Fig. 5 continued...
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Fig. 5 continued...
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Fig. 5 continued...
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108 (29.83%)

30 (8.29%)

94 (25.97%) 22 (6.08%)

17 (4.7%)
19 (5.25%)

72 (19.89%)

[ Energy dispersive X-ray fluorescence (EDXRF)

[ Energy dispersive X-ray fluorescence with radioisotope source excitation(EDXRFISO)
Il Energy dispersive X-ray fluorescence with X-ray tube excitation(EDXRFTUBE)

Total reflection X-ray fluorescence (TXRF)

[ Wavelength dispersive X-ray fluorescence (WDXRF)

[——1 Proton induced X-ray emission + proton induced gamma emission (PIXE-PIGE)

[ Inductively coupled plasma - atomic emission (ICP-AE)

Fig. 6. Utilization of the analytical techniquerfeach analytical technique the number of sub-
mitted results is shown. The percent values rétatbe total number of 362 submitted
results.
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