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Abstract

This report describes the preparation and certification of reference material BAM-U118, aqua regia
extractable elements in sandy soil according to DIN EN 16174 [1] and EN I1SO 54321 [2]. The certified
mass fractions are listed below.

The following mass fractions were certified:

Extraction according to Extraction according to
DIN EN 16174 or DIN EN 1S0 54321, DIN EN 16174 or DIN EN ISQ 54321,
Method A ¥ Method B
Element (open vessel, reflux conditions) (microwave-assisted, 175 °C)
Mass fraction” Uncertainty U? Mass fraction” Uncertainty U?
in mg/kg in mg/kg in mg/kg in mg/kg
As 9.53 0.35 9.89 0.23
Cd 441 1.2 449 1.0
Co 3.57 0.14 3.91 0.21
Cr 892 26 902 24
Cu 375 n 377 10
Hg 6.2 0.3 6.4 0.3
Ni 98.4 2.3 98.4 2.2
Pb 492 26 482 M
TI 0.16 0.02 0.19 0.03
VvV 7.7 1.1 19.5 1.1
Zn 1388 43 1418 40
" Unweighted mean value of the means of accepted datasets obtained by at least 11 different laboratories and/or
different methods of measurement. The certified values are corrected to the dry mass content of the material
determined according to ISO 11465. They are operationally defined by the analytical protocols given in DIN EN 16174 and
DIN EN 1SO 54321.
2 Estimated expanded uncertainty U with a coverage factor of k = 2, corresponding to a level of confidence of
approximately
95 %, as defined in the Guide to the Expression of Uncertainty in Measurement (GUM, ISO/IEC Guide 98-3:2008).
% Extraction procedure according to EN 16174, Method A, is identical to the analytical protocol given in ISO 11466.

CRM BAM-UT18 is available as a powder with particle sizes between 63 p and 125 pm and is supplied in

100 mL amber glass bottles containing (52 + 1) g. The minimum amount of sample to be used for the
determinationis 0.5 g.

The certified value is valid for a period of 36 months beginning with the dispatch of the reference
material from BAM.
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1 Introduction

The determination of trace element contents of soils after extraction with agua regia is a very common
analytical task in the daily practice of testing laboratories involved in the assessment and monitoring
of environmental pollution. In many countries it is prescribed by legislation which also demands that
the reliability of measurement results must be assured by appropriate guality control.

A very useful tool for this purpose is the analysis of certified reference materials (CRM). However, in
this context it is important to note that the used CRMs should match the matrix composition of the
samples to be tested as close as possible. Given the wide variation of “real world” soils in terms of their
mineral components, organic matter and anthropogenic contamination, there is a need for a wide range
of different soil reference materials.

The intention of the project described in this report was to certify aqua regia extractable mass fractions
of the environmentally most relevant elements As, Cd, Co, Cr, Cu, Hg, Ni, Pb, Tl, V, and Zn. Because
these mass fractions are operationally defined, strict adherence to an agreed extraction procedure is
requested as the basic prerequisite for obtaining comparable analytical results.

For this reason, in the course of the current certification project the two extraction protocols given in
DIN EN 16174 [1] and DIN EN ISQ 54321[2] as Method A and Method B were followed. Method A is based
on thermal heating in an open apparatus under reflux, whereas Method B is performed as a pressurised
microwave-assisted extraction in a closed vessel at (175 + 5) °C.

The certification of reference material BAM-U118 was carried out according on the basis of 150 17034
[3], 150 33401 [4], and IS0 33405 [5].

2 Candidate material

The starting material for preparing CRM BAM-UT18 was sandy soil collected at an industrially
contaminated site in the Berlin region (Germany).

The raw material was dried at ambient air to constant mass and afterwards the fraction passing a
1 mm screen was ground in a ball mill (with grinding bowls and balls made of zirconia) completely to
particle sizes below 125 pm. Homogenization and bottling of the ground material were performed using
a spinning riffler according to the so-called “cross-riffling scheme” [6]. A total of 1000 bottles each
containing (52 + 1) g were produced between October 2023 and May 2024 and stored at (20 + 3) °C.

3 Homogeneity study

A total of 12 bottled units of the candidate material were selected using a systematic sample picking
scheme following the sequence of bottling to give complete coverage of the production batch.

From each selected unit five sub-samples were analyzed applying the extraction procedure according
to DIN EN 16174, Method B, and using sample intakes of 0.5 g. Each one sub-sample per unit was
analyzed together under repeatability conditions in one run with one calibration.

A homogeneity test according to EN 16174, Method A was not performed because the sample weights
used for this test are three to six times higher than those used for EN 16174, Method B. Any
inhomogeneities in the sample material weighing 1.5 g cannot be greater than those in material
weighing 0.5 g.

All measurement results and used analytical methods are given in Annex B.

The estimate of analyte-specific inhomogeneity contribution wu,, to be included into the total
uncertainty budget was calculated using Eq. (1) and Eq. (2):

MSamong —MSwithin
Spp = \[max ( — ,0) (1)



e _\/MSwithin \ 2
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where:
MS.mene  mean of squared deviations between bottles (from 1-way ANOVA, see
Annex 1)
MS.imin  mean of squared deviations within one bottle (from 1-way ANOVA)
n number of replicate measurements per bottle
N number of bottles selected for homogeneity study

s,, signifies the between-discs standard deviation whereas Uy, denotes the maximum heterogeneity
that can potentially be hidden by an insufficient repeatability of the applied measurement method
(which has to be considered as the minimum uncertainty contribution). In any case the larger of the
two values was used as ug(1).

The calculated relative values of s,,, u;, , and u,, are given in the following Table 1.

Table 1: Relative uncertainty contributions due to possible sample inhomogeneity

Element Se, (%) Uy, . (%) Uy, (%)
As MSamong < MSuithin 0.541 0.541
Cd MSamong < MSuithin 0.483 0.483
Co 0.483 0.518 0.518
Cr MSamong < MSuithin 0.512 0.512
Cu MSamong < MSuithin 0.534 0.534
Hg MSamong < MSuithin 0.686 0.686
Ni MSamong < MSuithin 0.508 0.508
Pb MS among < MSuithin 0.441 0.441
\ 0.340 0.335 0.340
Zn MSamong < MSuithin 0.450 0.450

NOTE: Although the minimum sample intake required for extraction according to Method A is much larger than
for Method B (3 g vs. 0.5 g) and therefore less impact of possible sample inhomogeneity on measurement
results is to be expected, the same relative uncertainty contributions v, were taken into account when
calculating the combined uncertainties of certified values referring to extraction according to Method A
and Method B, respectively.

4 Stability study

Based on many years of experience gained at BAM with reference materials of similar matrix
composition, it is very unlikely that agua regia extractable mass fractions of elements will change if
the samples are stored and handled properly. Nevertheless, a stability check of the bottled material
was performed.

Therefore, immediately after bottling selected units were stored at a temperature of -20 °C, +20 °C,
+40 °Cand +60 °C, respectively (the indicated temperature values imply a tolerance of +3 °C).

After a storage time of 3, 6 and 12 months, respectively, two bottles per temperature level were
analyzed four times for agua regia extractable mass fractions applying extraction according to DIN EN
16174, Method B.



The extraction solutions were analyzed under repeatability conditions in one run with one calibration.
The measurement results (see Annex D) were evaluated for each analyte calculating the ratios R, and

their uncertainties u,using Eq. (3) and Eq. (4), respectively:

where X, and X

samples stored at the reference temperature -20 °C, respectively. CV.and CV.

-20 °C

Rt:Xt/X-ZU"C

U= (CVtZ + C\/-20‘70 )7+ R,

(3)
(4)

are the mean values of four analyses of samples stored at temperature t and of

coefficients of variation.

20°C

are the corresponding

Table 2: Results of the stability test after storage times of 3, 6 and 12 months, respectively

Cloment | St3ee i

Storage at 20 °C Storage at 40 °C Storage at 60 °C

3 months 1.0037 + 0.021 0.9902 + 0.0155 0.9943 + 0.0130

As 6 months 0.9980 + 0.0210 1.0007 + 0.0233 1.0097 + 0.0190
12 months 0.9917 + 0.0229 0.9907 + 0.0296

3 months 1.0056 + 0.0188 0.9876 + 0.0180 0.9958 + 0.0195

cd 6 months 0.9984 + 0.0195 0.9950 + 0.0242 1.0039 + 0.0214
12 months 0.9932 + 0.0149 1.0056 + 0.0187

3 months 1.0036 + 0.0234 1.0002 + 0.0299 0.9800 + 0.0260

Co 6 months 0.9978 + 0.0285 1.0000 + 0.0419 0.9991+ 0.0319
12 months 0.9471+ 0.0309 0.9846 + 0.0271

3 months 1.0072 + 0.0192 0.9873 + 0.0163 0.9948 + 0.0145

Cr 6 months 1.0002 + 0.0195 0.9963 + 0.0237 1.0027 £ 0.0206
12 months 0.9948 + 0.0160 1.0033 £ 0.0166

3 months 1.0057 + 0.0206 0.9860 + 0.0193 0.9947 + 0.0188

Cu 6 months 0.9974 + 0.0210 0.9905 + 0.0256 0.9975 + 0.0230
12 months 0.9916 + 0.0168 1.0049 + 0.0204

3 months 1.0108 + 0.0429 0.9938 + 0.0468 1.0046 + 0.0401

Hg 6 months 0.9928 + 0.0346 0.9861+ 0.0345 0.9855 + 0.0347
12 months 1.0075 £ 0.0378 1.0085 + 0.0335

3 months 1.0069 + 0.0189 0.9871+ 0.0188 0.9949 + 0.0173

Ni 6 months 1.0018 + 0.0295 1.0093 + 0.0427 1.0126 + 0.0330
12 months 0.9724 + 0.0288 0.9861+ 0.0317




Table 2 (continued): Results of the stability test after storage times of 3, 6 and 12 months,

respectively
Cloment | Stoage i

Storage at 20 °C Storage at 40 °C Storage at 60 °C
3 months 1.0044 + 0.0166 0.9864 + 0.0181 0.9953 + 0.0141
Pb 6 months 0.9997 + 0.0172 0.9955 + 0.0218 1.0038 + 0.0184

12 months 0.9950 + 0.0126 1.0060 + 0.0158
3 months 1.0020 + 0.0659 1.0127 + 0.0675 1.0269 + 0.0695
Tl 6 months 0.9700 + 0.0888 0.9266 + 0.0935 0.9275 + 0.0881

12 months 0.9938 + 0.0305 0.9978 + 0.0240
3 months 0.9946 + 0.0217 1.0061 + 0.0249 0.9897 + 0.0142
Vv 6 months 0.9773 + 0.0312 0.9778 + 0.0309 0.9772 + 0.0298

12 months 0.9966 + 0.0230 1.0017 + 0.0119
3 months 1.0069 + 0.0190 0.9901 + 0.0175 0.9972 + 0.0161
Zn 6 months 1.0031+ 0.0201 1.0028 + 0.0236 1.0093 + 0.0205

12 months 0.9945 + 0.0146 1.0041 + 0.0147

If one postulates that agua regia extractable mass fractions of samples stored at -20 °C do not change
over time, in case of ideal sample stability at a higher storage temperature t the ratio R, should be 1. In
reality, however, unavoidable random variations of measurement results as well as sample
inhomogeneity have to be taken into account. Thus, a material can be considered stable at storage
temperature tif the value 1is comprised between R, - u,and R, + u,. This precondition is fulfilled for all
analytes and storage temperatures under test. For this reason, taking into account an expansion of the
total uncertainty of the certified values by an ‘instability component’ was not considered necessary.

Stability testing will be continued by further measurements of units stored at -20 °C, +20 °Cand +40 °C
over the period of availability of the material. Thus, the validity of the expiration date of
36 months after dispatch given in the certificate is maintained by post-certification measurements
performed at BAM.

5 Inter-laboratory comparison (ILC)
5.1 Design of the certification study

The certification study was organized as an inter-laboratory comparison (ILC). Laboratories invited to
participate were selected on the basis of their expertise demonstrated in the course of preceding
proficiency tests or validation projects organized by BAM in the field of inorganic soil analysis.

Finally, a total of 18 laboratories took part in the ILC carried out in the second half of 2025. All of them
declared to operate an internal quality management system accredited to ISO/IEC 17025 [7] and
covering the determination of agua regia extractable trace elements in sails.

The participants were free to apply one of the two standard procedures, DIN EN 1SO 54321 or DIN EN
16174 concerning the extraction procedure. For analysis of the extraction solutions, participants were
free to use the method of their choice.

Each participating laboratory received one unit of the bottled candidate material and had to analyze
four to six independent sub-samples. In addition, the dry mass content of the soil material had to be
determined on separate sub-samples by drying to constant mass at (105 + 2) °C according to ISO 11465



[8]. All reported aqua regia extractable mass fractions were corrected to the dry mass content of the
soil sample.

5.2 Participants and used analytical methods

The following laboratories, all holding an accreditation according to ISO/IEC 17025, participated in the
certification interlaboratory comparison:

ALS Germany GmbH, Altenberge (Germany)

Analysen Service GmbH, Umwelt- und Ollabor Leipzig, Leipzig (Germany)

Analysen Service GmbH, Privates Institut fiir Umweltanalytik, Penzlin (Germany)
AZBA Analytisches Zentrum Berlin-Adlershof GmbH, Berlin (Germany)

Bundesanstalt fir Materialforschung und -priifung (BAM), Berlin (Germany)

chemlab Gesellschaft fuir Analytik und Umweltberatung mbH, Bensheim (Germany)
Chemisches Labor Dr. Wirts + Partner Sachverstandigen GmbH, Hannover (Germany)
Eurofins Umwelt Ost GmbH, Niederlassung Freiberg, Bobritzsch-Hilbersdorf (Germany)
GBA Gesellschaft fir Bioanalytik mbH, Pinneberg (Germany)

GEO-data, Dienstleistungsgesellschaft fiir Geologie, Hydrogeologie und Umweltanalytik mbH,
Garbsen (Germany)

GEOTAIX Umwelttechnologie GmbH, GBA-GROUP, Wiirselen (Germany)
Ingenieurbetrieb Dr. Piitz GmbH & Co. KG, Briithl (Germany)

Institut Dr. Nowak GmbH & Co. KG, Ottersberg (Germany)

IUQ Dr. Krengel GmbH, Grevesmiihlen (Germany)

Mittelrheinlabor Neuwied, Neuwied (Germany)

Neptune Energy Deutschland GmbH, Labor Steinitz, Salzwedel (Germany)
SGS Analytics Germany GmbH, Fellbach (Germany)

SGS Analytics Germany GmbH, Markkleeberg (Germany)

SGS Institut Fresenius GmbH, Herten (Germany)

BAM delivered two independent datasets.
Not all of the participants did apply both extraction methods under investigation; some of them did
also not determine the full range of relevant elements.

For determination of element concentrations in the agua regia extraction solutions the following
analytical methods were used by the participants:

Cold-vapour atomic absorption spectrometry (CV-AAS)

Cold-vapour atomic fluorescence spectrometry (CV-AFS)

- Flow injection mercury system (FIMS)

Inductively coupled plasma mass spectrometry (ICP-MS)

Inductively coupled plasma optical emission spectrometry (ICP-OES)



Table 1: Analytical procedures used by the participating laboratories

Lab-No. [ Element/Parameter Sample Sample pretreatment Analytical method
mass
B301 As, Cd, Co, Cr, Cu, Ni, Pb, |1g DIN EN 16174, Method B ICP-MS (DIN EN IS0 17294-2), commercial
TI,V, Zn multi-element solution (Merck)
Heg g DIN EN 16174, Method B CVAAS (DIN EN IS0 12846), commercial
mono-element solution (VWR)
TS 5-85¢g DIN 15934 (105 °C)
B302 As, Cd, Co, Cr, Cu, Ni,Pb, [3-4¢ DIN EN ISO 54321, Method A | ICP-0ES
T, V, Zn
Hg 3-4g¢g DIN EN IS0 54321, Method A | CVAFS
TS 2-3¢g DIN 15934 (105 °()
B303 As, Cd, Co, Cr, Cu, Ni, Pb, [05¢g DIN EN 16174, Method B ICP-MS, commercial mono-element
TI,V, Zn solutions
Heg 05¢g DIN EN 16174, Method B CVAAS, commercial mono-element
solution
TS DIN 15934 (105 °C)
B304 As, Cd, Cr, Cu, Ni, Pb, Zn |2¢ DIN EN 16174, Method A ICP-OES, commercial mono-element
05¢ DIN EN 16174, Method B solutions (Sigma-Aldrich (As), Merck, Roth
(Ni)
Co, TI, V 2g DIN EN 16174, Method A ICP-MS, commercial mono-element
05¢g DIN EN 16174, Method B solutions (Merck, Bernd Kraft (V))
Hg 2g DIN EN 16174, Method A CVAAS (DIN EN IS0 12846), commercial
05¢g DIN EN 16174, Method B mono-element solution (VWR)
TS 2g DIN 15934 (105 °C)
05¢g
B305 As, Cd, Co, Cr, Cu, Hg, Ni, |2.2¢g DIN EN ISO 54321, Method A | ICP-MS, commercial mono-element
Pb, TI,V, Zn 0.5G DIN EN ISO 54321, Method B solutions (Merd()
TS 15-25¢g DIN 15934 (105 °()
B306 Cd, Co, Cr, Cu, Ni, Pb, Tl, 2-3¢g DIN EN 16174, Method A ICP-OES (DIN EN IS0 11885), commercial
V, Zn 0.5-0.7¢g | DIN EN 16174, Method B multi-element solution (Merck)
As 2-3¢g DIN EN 16174, Method A ICP-OES (DIN EN ISO 11885), commercial
0.5-0.7¢g [ DIN EN 16174, Method B mono-element solution (Merck)
Hg 2-3¢g DIN EN 16174, Method A CVAAS (DIN EN IS0 12846), commercial
0.5-0.7¢g [ DIN EN 16174, Method B mono-element solution (Merck)
TS 6-1g DIN 15934 (105 °C)
B307 As, Cr, Cu, Pb, Tl 05-1g DIN EN 16174, Method B ICP-MS (DIN EN IS0 17294-2), commercial
mono-element solutions (CPAchem)
Cd. Co, Ni, V, Zn 05-1¢g DIN EN 16174, Method B ICP-OES (DIN EN IS0 11885), commercial
mono-element solutions (CPAchem)
Hg 05-1¢g DIN EN 16174, Method B CVAAS (DIN EN IS0 12846), commercial
mono-element solution (VWR)
TS 5g DIN 15934 (105 °()
B308 As, Cd, Co, Cr, Cu, Ni,Pb, 3¢ DIN EN IS0 54321, Method A | ICP-OES, commercial mono-element
V, Zn solutions (Analytichem)
Tl 3g DIN EN IS0 54321, Method A | ICP-MS, commercial mono-element
solutions (Analytichem)
Hg 3g DIN EN IS0 54321, Method A | CVAAS, commercial mono-element
solution (Analytichem)
TS 3g DIN 15934 (105 °C)
B309 Cd, Co, Cr, Cu, Ni, Zn 15¢g DIN EN 16174, Method B ICP-MS (DIN EN IS0 17294-2), commercial
multi-element solution (Merck)
As, Pb, TI, V 15¢ DIN EN 16174, Method B ICP-MS (DIN EN IS0 17294-2), commercial
mono-element solutions (Thermo, Merck
)
Hg 15¢g DIN EN 16174, Method B CVAAS (DIN IS0 16772), commercial mono-
element solution (Merck)
TS 10¢g DIN 1SO 11465
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Table 1: Analytical procedures used by the participating laboratories (cont.)

Lab-No. [ Element/Parameter Sample Sample pretreatment Analytical method
mass
B310 As, Cd, Co, Cr, Cu, Ni, Pb, [1-15¢g DIN EN IS0 54321, Method B | ICP-MS (DIN EN IS0 17294-2), commercial
TI,V, Zn multi-element solution (Roth)
Hg 1-15¢g DIN EN IS0 54321, Method B | ICP-MS (DIN EN IS0 17294-2), commercial
mono-element solutions (Merck)
TS 12¢g DIN 15934 (105 °C)
B3 As, Co, Cr, Ni, TI, V g DIN EN 16174, Method B ICP-MS, commercial mono-element
solutions (Thermo, SPC (Co, Cr))
Cd, Cu, Pb, Zn g DIN EN 16174, Method B ICP-OES, commercial mono-element
solutions (Thermo, SPC (Pb))
Hg 1g DIN EN 16174, Method B CVAAS, commercial mono-element
solution (Agilent)
TS 2g DIN 15934 (105 °()
B312 As, Cd, Co, Cr, Cu, Ni,Pb, [3.5¢ DIN EN 16174, Method A ICP-OES, commercial mono-element
TI,V, Zn solutions (Merck)
Hg 35¢g DIN EN 16174, Method A CVAAS, commercial mono-element
solution (Merck)
TS 2g DIN 15934 (105 °C)
B313 As, Cd, Co, Cr, Cu, Ni, Pb, |1-24¢ DIN EN IS0 54321, Method B | ICP-OES, commercial multi-element
TI,V, Zn solution (Bernd Kraft)
Hg 1-24g¢ DIN EN IS0 54321, Method B | CVAAS, commercial mono-element
solution (Roth)
TS 4-10¢g DIN 15934 (105 °()
B314 As, Cd, Co, Cr, Cu, Ni, Pb, |15-3¢g DIN EN 16174, Method A ICP-MS (DIN EN IS0 17294-2), commercial
TI,V, Zn 05¢ DIN EN 16174, Method B multi-element solution (CPA)
Hg 15-3¢ DIN EN 16174, Method A CVAAS, commercial mono-element
05¢g DIN EN 16174, Method B solution (CPA)
TS 16-27¢ DIN 15934 (105 °()
B315 As, Cd, Co, Cr, Cu, Hg, Ni, [15¢g DIN EN 16174, Method A ICP-MS (DIN EN IS0 17294-2), commercial
Pb, TI, V, Zn 05¢g DIN EN 16174, Method B mono-element solutions (Merck)
TS 2g DIN 15934 (105 °C)
B316 As, Cd, Co, Cr, Cu, Hg, Ni, [15¢g DIN EN 16174, Method A |CP-OES (DIN EN IS0 17294-2), commercial
Pb, V, Zn 05¢ DIN EN 16174, Method B mono-element solutions (Merck)
TS 2g DIN 15934 (105 °C)
B331 As, Cd, Co, Cr, Cu, Ni, Pb, [0.5-1¢g DIN EN 16174, Method B ICP-OES, , commercial mono-element
V, Zn solutions (Perkin Elmer)
Hg 0.5-1¢g DIN EN 16174, Method B FIMS, commercial mono-element solution
(Sigma Aldrich)
TS 3-45¢g DIN 15934 (105 °()
B332 As, Cd, Co, Cr, Cu, Ni, Pb, [1g DIN EN ISO 54321, Method B | ICP-OES, commercial multi-element
TI,V, Zn solution (Merck)
Hg g DIN EN IS0 54321, Method B | CVAAS, commercial mono-element
solution (Merck)
TS 10¢g DIN 15934 (105 °C)
B333 As, Cd, Co, Cr, Cu, Hg, Ni, |2¢ DIN EN 1SO 54321, Method A | ICP-MS (DIN EN SO 17294-2), commercial
Pb, V, Zn 05¢ DIN EN IS0 54321, Method B | mono-element solutions (Roth)
Hg 2g DIN EN IS0 54321, Method A | Cold vapour atomic fluorescence
05¢g DIN EN IS0 54321, Method B | spectrometry), commercial mono-element
solution (B. Kraft)
TS 7g DIN 15934 (105 °C)
B334 As, Cd, Co, Cr, Cu, Ni,Pb, [2¢g DIN EN I1SO 54321, Method A | ICP-OES, commercial mono element
TV, Zn solutions (Perkin Elmer)
Hg 2g DIN EN ISO 54321, Method A | ICP-OES, commercial mono element
solutions (Merck)
TS 4g DIN 15934 (105 °C)

n




5.3 Statistical evaluation of ILC-results

The measurement results obtained by participating laboratories are compiled in Annex A. The tables
show the single results (M) of each laboratory, the respective laboratories’ mean values (M), absolute
and relative intra-laboratory standard deviation (s and srel, respectively), the standard deviation of
laboratory means (sw), and in addition the square root of mean of variances of data sets under
repeatability conditions ($;). n is the number of accepted data sets.

In the related figures the continuous line marks mean of the laboratories’, the broken lines form the
upper and lower limits of the range M + 1s, the standard deviation calculated from the laboratories’
means.

Further, for each laboratory its mean value and single standard deviation is given. Qutliers which have
been excluded are highlighted in yellow.

The statistical evaluation of the data was performed using the software program eCerto [3]. The

following results were obtained:

Method A:

As cd Co Cr Cu Hg
Number of data sets M M M M 11 12
Dixon (o = 0.05) Lab. B334 Lab. B334
Dixon (o = 0.07)
Grubbs (a = 0.05) Lab. B334 Lab. B304 Lab. B334
Grubbs (a = 0.07)
Grubbs Pair (a = 0.05)
Grubbs Pair (a = 0.01)
Cochran (a = 0.01) Lab. B306 Lab. B314 Lab. B314 Lab. B314
Kolmogorov-Smirnov- Distribution: | Distribution: | Distribution: | Distribution: | Distribution: | Distribution:
Lilliefors Test normal normal normal normal normal normal

The outliers (Lab. B334 for Cd and for Hg) were removed.

Ni Pb Tl \Y Zn
Number of data sets 1 1 9 M 1
Dixon (a = 0.05) Lab. B312 Lab. B334 Lab. B302
Dixon (a = 0.07) Lab. B334 Lab. B302 --- ---
Grubbs (a = 0.05) Lab. B312 Lab. B302
Grubbs (a = 0.01) Lab. B312 Lab. B302
Grubbs Pair (a = 0.05)
Grubbs Pair (a = 0.01) Labs. B334,

B312

Cochran (a = 0.01) Lab. B314 Lab. B314 Lab. B314 Lab. B314 Lab. B306
Kolmogorov-Smirnov- Distribution: | Distribution: | Distribution: | Distribution: | Distribution:
Lilliefors Test normal normal normal normal normal

The outlier (Lab. B302 for TI) was removed.

12




Method B:

As cd Co Cr Cu Hg
Number of data sets 15 15 15 15 15 16
Dixon (o = 0.05) Lab. B307
Dixon (o = 0.07) Lab. B307
Grubbs (a = 0.05) Lab. B307
Grubbs (a = 0.01) Lab. B307
Grubbs Pair (o = 0.05)
Grubbs Pair (a = 0.01)
Cochran (a = 0.01) Lab.B314
Kolmogorov-Smirnov- Distribution: | Distribution: | Distribution: | Distribution: | Distribution: | Distribution:
Lilliefors Test normal normal normal normal normal normal
The outlier (Lab. B307 for Cu) was removed.
Ni Pb Tl \ Zn
Number of data sets 15 15 12 15 15
Dixon (a = 0.05) Lab. B331 Lab. B313
Dixon (a = 0.01) Lab. B331 Lab. B313
Grubbs (a = 0.05) Lab. B331 Lab. B313
Grubbs (a = 0.01) Lab. B331 Lab. B313
Grubbs Pair (o = 0.05)
Grubbs Pair (a = 0.01)
Cochran (a = 0.01) Lab. B303 Lab. B314 Lab. B313 Lab. B306 Lab. B314
Kolmogorov-Smirnov- Distribution: | Distribution: | Distribution: | Distribution: | Distribution:
Lilliefors Test normal normal normal normal normal
The outliers (Lab. B331 for Pb and Lab. B313 for Tl) were removed.
6 Certified values and uncertainties
The unweighted means of accepted dataset means were taken as the best estimates w, for the

element

values to be certified. They are expressed on a dry mass basis corresponding to a drying temperature

of (105 + 2)°C.

The respective combined uncertainties were calculated from the spread resulting from the certification
inter-laboratory comparison (uic) and the uncertainty contributions from possible inhomogeneity (L)
of the material using Equation 3.

with

— 2 2
U = Uje T Upy

2
U= [Swm: uncertainty contribution resulting from inter-laboratory comparison
n

n :number of data sets used for calculating the certified mass fraction of each element

Calculated agua regia extractable mass fractions w

elemen

. and absolute values of the different

uncertainty components referring to extraction according to DIN EN 16174 or DIN EN ISO 54321, Method A
and Method B, are given in Table 3 and Table 4, respectively.
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Table 3: Mass fractions and uncertainty components for the relevant analytes inCRM BAM-U118;
extraction according to DIN EN 16174 or DIN EN IS0 54321, Method A

Element , Hetemen K , e o el , o N . Y
in mg/kg in ma/ke in mg/kg in % inmg/kg | inmg/kg | NM8/kg
As 9.53 0.56 (1) 0.167 0.541 0.052 0.18 0.35
cd 441 1.7 (10) 0.54 0.483 0.213 0.58 1.2
Co 3.57 0.21(11) 0.064 0.518 0.018 0.067 0.14
Cr 892 40 (1) 12.0 0.512 4.57 13 26
Cu 375 16 (11) 49 0.534 2.00 53 1
Hg 6.24 0.41 (1) 0.13 0.686 0.043 0.131 0.27
Ni 98.4 3.3 (M) 1.0 0.508 0.50 1.12 2.3
Pb 492 42 (M) 13 0.441 217 13 26
T 0.16 0.022 (8) 0.008 0.500%* 0.0008 0.01 0.02
Vv 17.7 1.8 (11) 0.55 0.340 0.061 0.55 11
Zn 1388 68 (11) 21 0.450 6.25 22 43
TS (%) 97.25 0.62 (20)
*values taken from homogeneity test using Method B
**estimated from other elements
Table 4. Mass fractions and uncertainty components for the relevant analytes inCRM BAM-U118;
extraction according to DIN EN 16174 or DIN EN IS0 54321, Method B
Element ,we‘emem = ) e oo (€1 ) Yo ) B v
inmg/kg in ma/ke inmg/kg in % inmg/kg | inmg/kg in mg/kg
As 9.89 0.39(15) 0.10 0.541 0.054 0.12 0.23
cd 44.9 1.7 (15) 0.42 0.483 0.217 0.47 1.0
Co 3.91 0.39(15) om 0.518 0.0203 om 0.21
Cr 902 42 (15) " 0.512 4.62 12 24
Cu 377 16 (15) 4.2 0.534 2.02 4.7 10
Hg 6.41 0.46 (16) 0.12 0.686 0.044 0.13 0.26
Ni 98.4 3.7 (15) 1.0 0.508 0.50 1.1 2.2
Pb 482 18 (14) 4.8 0.441 213 5.2 1
T 0.19 0.05 (12) 0.015 0.500** 0.0010 0.015 0.03
Vv 19.5 2.1(15) 0.55 0.340 0.067 0.55 11
Zn 1418 73 (15) 18.9 0.450 6.38 20 40
TS (%) 97.25 0.62 (20)

**estimated from other elements
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The expanded uncertainty U was obtained by multiplying the combined uncertainty u.,,, by a coverage
factor k = 2, giving a level of confidence of approximately 95 % to be associated with the interval +U
around the certified mass fraction [10].

The certified aqua regia extractable mass fractions of trace elements in CRM BAM-U118 and their
corresponding expanded uncertainties after rounding are summarized on Page 2 of this report.

7 Metrological traceability

The certified aqua regia extractable mass fractions of trace elements in CRM BAM-U118 are
operationally defined referring to the analytical protocols prescribed by DIN EN ISO 16174/DIN EN 1SO
54321, Method A and Method B.

8 Additional material information

The main matrix constituents of CRM BAM-U118 were determined by semi-quantitative X-ray
fluorescence (XRF) analysis. Table 5 shows the obtained non-certified results.

Table 5:  Matrix composition of CRM BAM-U118 (informative values)

Element Si Al Ca Fe K Mg

Mass fraction in % 32.3 2.7 0.77 1.7 1.0 0.15

Mass fraction of any other element detectable with XRF was determined to be less than 0.2 %

Additional informative analytical results obtained in the course of sample characterization are
summarized in Table 6.

Table 6: Informative secondary parameters characterizing CRM-BAM-U118

Parameter Mass fraction in % Analytical method
Dry matter fraction at 105 °C 97.3 DIN EN 15934 [11]
Loss on ignition at 550 °C 14.6 DIN EN 15935 [12]
Organic carbon (TOC) 7.1 DIN EN 15936 [13]
Inorganic carbon (TIC) 7.1 DIN EN 15936 [13]
9 Information on the proper use of CRM BAM-U118

9.1 Recommended use

The intended purpose of CRM BAM-UT18 is the verification of analytical results obtained for agua regia
extractable mass fractions of trace elements in sails applying the standardized procedures prescribed
by DIN EN 16174 and DIN EN IS0 54321 (Method A and Method B, respectively). In this context it is noted
that the extraction procedure according to EN 16174, Method A, is identical to the analytical protocol given
in 1ISO DIN 11466 [14].

As any reference material, CRM BAM-UT18 can also be used for routine performance checks (quality
control charts) or validation studies.

Please note that it cannot be expected that the two extraction methods specified in DIN EN 16174 or
DIN EN ISO 54321 provide compatible measurement results for all types of soil samples. Depending on
the origin of the material to be analyzed, extraction with aqua regia using the microwave-assisted
closed vessel procedure might be prone to result in higher mass fractions for certain elements, in
particular for Cr, Pband V.

15



9.2 Transport, storage and handling

CRM BAM-U118 can be shipped at ambient temperature. Upon receipt the material should be stored at
a temperature below 25 °C in its original tightly closed bottle. When handling the sample, the bottle
shall be left unclosed as briefly as possible. Care should be taken to avoid moisture pick-up once the
bottle is opened.

BAM cannot be held responsible for changes that happen during storage of the material at the
customer's premises, especially regarding opened samples.

The material should be used as it is from the bottle. However, before taking a sub-sample a
re-homogenisation by manual shaking of the closed bottle is strongly recommended.

It should be kept in mind that aqua regia extractable mass fractions of elements in soil are
operationally defined. When performing analyses, the analytical protocols given in DIN EN 16174 or DIN
EN IS0 54321 (Method A and Method B) must strictly be followed.

All analytical results have to be corrected for dry mass content of the material which has to be
determined according to ISO 11465 using a separate sub-sample. The value given in the table above
(98.6 %) should be regarded as being informative only.

9.3 Shelf life

The initial stability study after storage of selected units at different temperatures did not reveal any
statistically significant deterioration of the certified properties. However, starting with dispatch of the
material from BAM the validity of the certificate expires after 36 months. Post-certification
measurements will be conducted in appropriate periods to keep this information up to date.

9.4 Safety information

The usual laboratory safety precautions have to be applied. No hazardous effects are to be expected
when the material is used under conditions commonly adopted for the analysis of environmental
samples. It is strongly recommended to handle and dispose the reference material in accordance with
the guidelines for hazardous materials legally in force at the site of end use and disposal.
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1n Annexes

Annex A: Results of certification interlaboratory comparison
Annex B: Homogeneity study (measurement results)

Annex C: Stability study (measurement results)

List of used abbreviations
(if not explained elsewhere in the report)

M arithmetic mean of means
n number of accepted datasets
S standard deviation
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Annex A: Results of certification interlaboratory comparison

Method A
Arsenic:
Lab./Meth. | ZRV-B302 | ZRV-B333 | ZRV-B334 | ZRV-B314 [ ZRV-B308 | ZRV-B312 | ZRV-B315 [ ZRV-B304 | ZRV-B306 | ZRV-B316 | ZRV-B305
M, [mg/ke] 8.3 9.3 9.2 91 95 96 9.6 9.8 10.3 10.0 10.3 n
9.4 8.4 9.3 9.3 95 9.6 9.7 10.0 9.7 9.9 10.5 1
8.6 8.7 8.9 9.6 9.4 95 9.8 99 10.1 10.2 10.4
8.5 9.0 8.7 9.0 9.4 9.6 9.7 95 1.0 9.9 10.5
9.7 9.6 10.1 10.8
9.0
M [mg/kgl 8.7 8.8 9.0 9.2 9.4 9.6 9.7 9.8 9.9 10.1 10.5 9.53
s [mg/ke] 0.50 0.40 0.29 0.27 0.05 0.04 0.05 0.21 0.67 0.13 0.20 swlme/kgl | 0.56
s, [mg/ke] 0.30
S 0.058 0.045 0.033 0.029 0.006 0.004 0.005 0.021 0.068 0.013 0.019 0.058
1.5
1.0 A
o 105 | {
~
£ I
£ 100 - ¥
5 . J
prr) $
E 9.5 3
£
S I |
£ T l
w
<
8.5 -
8.0
ZRV-B302 ZRV-B333  ZRV-B334 ZRV-B314 ZRV-B308 ZRV-B312 ZRV-B315 ZRV-B304  ZRV-B306 ZRV-B316 ZRV-B305

Laboratory

< BAM



Cadmium:

Lab./Meth. |ZRV-B304 | ZRV-B308 | ZRV-B314 | ZRV-B315 | ZRV-B316 | ZRV-B312 | ZRV-B302 | ZRV-B333 | ZRV-B305 | ZRV-B306 | ZRV-B334
M [meg/kg] 40.2 42.6 37.9 43.2 43.6 44 4 45.6 45.8 46.5 475 52.3 n
415 43.0 44.0 435 437 45.1 44.6 45.8 47.0 47.0 53.2 1
413 425 47.7 433 439 443 437 44.8 46.9 46.9 50.0
411 42.5 437 44.0 434 44.1 44.5 44.2 46.8 451 49.6
43.9 437 44.5 45.5
46.0
M [mg/kgl 41.0 42.7 43.3 43.6 43.6 44.5 44.6 45.1 46.3 46.3 51.3 441
s [mg/kg] 0.57 0.26 4.04 037 0.18 0.43 0.78 0.80 1.06 0.94 1.75 sumlmg/kel | 163
s, [mg/kg] 1.43
Srel 0.014 0.006 0.093 0.009 0.004 0.010 0.017 0.018 0.023 0.020 0.034 0.037
55
52
o
5 49
E
c
S 46 T 1 1
= i L +
. ; !
=
m 43 s *
; 1
h=}
Y 40
37
ZRV-B304 ZRV-B308 ZRV-B314 ZRV-B315 ZRV-B316 ZRV-B312 ZRV-B302 ZRV-B333 ZRV-B305 ZRV-B306 ZRV-B334
Laboratory
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Cobalt:

Lab./Meth. | ZRV-B304 | ZRV-B302 | ZRV-B312 | ZRV-B333 | ZRV-B316 | ZRV-B315 | ZRV-B334 | ZRV-B306 | ZRV-B305 | ZRV-B308 | ZRV-B314
M [mg/kg] 31 33 34 35 3.6 3.5 3.8 39 3.7 3.8 33 n
3.2 3.4 3.4 3.6 3.6 3.6 37 3.6 3.6 3.9 4.0 11
33 33 33 33 3.6 36 35 37 3.8 3.8 43
32 3.2 3.4 36 36 36 35 37 3.9 39 4.0
3.6 35 35 35
35
M [mg/kg] 3.2 3.3 3.4 3.5 3.6 3.6 3.6 3.6 3.7 3.9 3.9 3.6
s [mg/kg] 0.06 0.08 0.04 0.12 0.02 0.03 0.14 0.17 0.17 0.05 0.41 sw [mg/kg] 0.21
s [mg/kg] 0.16
Srel 0.019 0.025 0.012 0.035 0.004 0.008 0.039 0.047 0.046 0.013 0.104 0.060
4.6
4.2 -
o
B
on
E
c L 3
538 :
E I R 2 1
u 3 }
2 4 1
E 3.4 . $
o
3.0
ZRV-B304 ZRV-B302 ZRV-B312 ZRV-B333 ZRV-B316 ZRV-B315 ZRV-B334 ZRV-B306 ZRV-B305 ZRV-B308 ZRV-B314
Laboratory
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Chromium:

Lab./Meth.|ZRV-B304 | ZRV-B302 | ZRV-B333 | ZRV-B305| ZRV-B315 | ZRV-B334 | ZRV-B314 | ZRV-B316 | ZRV-B308 | ZRV-B306| ZRV-B312
M [mg/ke] 783 863 864 871 898 909 821 900 908 974 956 n
834 889 874 881 886 919 958 885 917 965 954 n
805 849 871 868 899 883 896 300 909 946 957
793 870 868 885 901 868 923 899 900 926 964
893 884 905 899
917 918
M [mg/kgl 804 869 869 880 894 895 899 901 908 938 958 892.3
s [mg/kg] 22.08 16.34 4am 10.32 7.75 23.41 58.02 10.42 6.85 28.82 4.35 sw [meg/ke] 39.78
s, [mg/ke] | 23.08
Srel 0.027 0.019 0.005 0.012 0.008 0.026 0.065 0.012 0.008 0.031 0.005 0.045
1020 1
970 -
o
g I
E 920 + J.
E } I * ; i
2 870 - { H t I
=)
o
=
2 820 |
E
S
770 A
720
ZRV-B304 ZRV-B302 ZRV-B333 ZRV-B305 ZRV-B315 ZRV-B334 ZRV-B314 ZRV-B316 ZRV-B308 ZRV-B306 ZRV-B312
Laboratory

22



Copper:

Lab./Meth. | ZRV-B304 | ZRV-B302 | ZRV-B334 | ZRV-B333 | ZRV-B308 | ZRV-B305| ZRV-B314 | ZRV-B315 | ZRV-B316 | ZRV-B306| ZRV-B312
M [meg/kg] 338.0 374.0 374.0 377.4 369.2 368.4 368.2 379.0 382.0 409.0 400.0 n
352.0 367.0 378.0 362.5 3741 376.2 394.9 381.3 3817 408.0 400.0 n
343.0 359.0 364.0 364.7 369.1 370.8 368.7 379.8 384.3 384.0 401.0
343.0 367.0 356.0 371.3 368.6 376.3 371.7 381.1 380.3 392.0 399.0
381.2 381.0 383.1 399.0
384.0
M [mg/ke] 344.0 366.8 368.0 369.0 370.2 374.6 375.9 380.4 382.3 396.0 400.0 375.2
s [mg/ke] 5.83 6.13 9.93 6.74 2.59 5.05 12.77 0.97 1.51 .19 0.82 sw [ma/kel 15.12
s, [me/ke] 7.01
Srel 0.017 0.017 0.027 0.018 0.007 0.013 0.034 0.003 0.004 0.028 0.002 0.040
440
410 A
on
g l .
on
E
£ 1
5 380 - I I s *
E { ¢ t I 1
Y=
w
w
[0}
E 350 A
=3
3 t
320
ZRV-B304 ZRV-B302 ZRV-B334 ZRV-B333 ZRV-B308 ZRV-B305 ZRV-B314 ZRV-B315 ZRV-B316 ZRV-B306 ZRV-B312
Laboratory
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Mercury:

Lab./Meth. [ ZRV-B302 | ZRV-B305| ZRV-B314 | ZRV-B306 | ZRV-B304 | ZRV-B316 | ZRV-B315 | ZRV-B312 | ZRV-B333 | ZRV-B317 | ZRV-B308 | ZRV-B334
M [meg/kg] 5.8 5.6 5.8 6.3 6.3 6.2 6.4 6.6 6.6 6.5 6.8 7.9 n
5.5 5.3 5.7 6.1 6.0 6.3 6.5 6.5 6.4 6.6 6.8 8.0 12
5.4 6.1 5.7 6.3 6.2 6.4 6.5 6.7 6.6 6.8 7.6
5.8 56 59 6.4 6.3 6.5 6.6 6.5 6.7 6.8 7.5
5.8 6.0 6.2 6.7
6.0
M [mg/kg] 5.6 5.7 5.8 6.2 6.2 6.2 6.5 6.5 6.5 6.6 6.8 7.7 6.2
s [mg/kg] 0.19 0.31 0.10 0.15 0.21 0.06 0.13 0.05 0.14 0.09 0.04 0.24 s v [me/kel 0.41
s, [ma/ke] 0.15
Srel 0.033 0.054 0.017 0.025 0.034 0.009 0.020 0.007 0.022 0.013 0.006 0.031 0.065
8.5
8.0 {
o 75 -
~
on
E
£ 707
c F
i T- i
g 651 t : 1
= T T 3
w
8 60 - t I
E I ,
o t
5.5 4
5.0
ZRV-B302 ZRV-B305 ZRV-B314 ZRV-B306 Z/RV-B304 ZRV-B316 ZRV-B315 ZRV-B312 ZRV-B333 ZRV-B317 ZRV-B308 Z/RV-B334
Laboratory
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Nickel:

Lab./Meth.| ZRV-B302 | ZRV-B305 | ZRV-B333 | ZRV-B304 | ZRV-B316 | ZRV-B334 | ZRV-B315 | ZRV-B314 | ZRV-B308 | ZRV-B306| ZRV-B312
M [meg/ke] 98.2 96.0 98.5 93.6 96.9 99.3 97.2 94.7 991 95.0 108.0 n
93.1 95.1 96.5 98.4 97.1 100.0 98.0 106.5 100.7 101.0 107.0 n
94.0 92.4 96.2 97.6 97.6 96.8 97.6 94 .5 99.9 101.0 107.0
95.1 97.0 95.0 97.5 96.6 94.4 98.3 100.0 991 101.0 106.0
97.0 97.3 98.4 107.0
98.1
M [mg/kegl 95.1 95.5 96.5 96.8 97.1 97.6 97.9 98.9 99.7 100.5 107.0 98.4
s [mg/kg] 2.22 1.90 1.45 2.15 0.37 2.55 0.51 5.66 0.78 3.98 0.82 swlmg/kel | 3.29
s, [mg/ke] 2.55
Srel 0.023 0.020 0.015 0.022 0.004 0.026 0.005 0.057 0.008 0.040 0.008 0.033
10
105
@
] !
100
£ ! t
8 T I } 4 1 ¢
k]
© 95 I J. -
L
0
(1]
E
5 90
85
ZRV-B302 Z/RV-B305 ZRV-B333 Z/RV-B304 ZRV-B316 /RV-B334 ZRV-B315 Z/RV-B314 ZRV-B308 Z/RV-B306 ZRV-B312
Laboratory
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Lead:

Lab./Meth. | ZRV-B314 | ZRV-B304 | ZRV-B315 | ZRV-B302 | ZRV-B316 | ZRV-B333 | ZRV-B306 | ZRV-B308 | ZRV-B305| ZRV-B312 | ZRV-B334
M [mg/kgl 4021 4450 460.9 4910 469.3 476.3 480.0 484.0 488.4 560.0 583.0 n
4553 469.0 460.0 468.0 467.5 4807 488.0 4914 506.6 561.0 593.0 1
5014 465.0 463.0 452.0 469.7 482.1 489.0 486.3 4921 562.0 572.0
462.8 465.0 469.2 460.0 4654 470.8 471.0 483.6 499.6 560.0 573.0
468.8 4683 486.0 510.3
501.0
M [mg/kg]| 455.4 461.0 464.4 467.8 468.1 477.5 485.8 486.3 499.4 560.8 580.3 491.5
s [mg/kel 40.89 10.83 4.37 16.82 1.73 5.08 9.99 3.58 9.29 0.96 9.84 sulme/kgl | 4132
s, [mg/kel | 14.82
Srel 0.090 0.023 0.009 0.036 0.004 0.01 0.021 0.007 0.019 0.002 0.017 0.084
600
*
550
4
=
on
E
£
§ 500 1 . }
B 3
g : i
2 ¥ i :
[0} *
E 450
=]
[~
400
ZRV-B314 ZRV-B304 ZRV-B315 ZRV-B302 ZRV-B316 ZRV-B333 ZRV-B306 ZRV-B308 ZRV-B305 ZRV-B312 ZRV-B334

Laboratory




Thallium:

Lab./Meth.| ZRV-B305| ZRV-B306 | ZRV-B304 | ZRV-B308 | ZRV-B315 | ZRV-B334 | ZRV-B314 | ZRV-B312 | ZRV-B302
M [meg/ke] 0.13 0.16 0.15 0.16 0.16 0.17 0.19 0.19 0.43 n
0.14 0.16 0.15 0.16 0.16 0.18 0.18 0.19 0.71 9
0.13 0.15 0.15 0.15 0.16 0.18 0.19 0.20 0.47
0.12 0.14 0.15 0.15 0.16 0.17 0.21 0.20 0.45
0.13 0.15 0.16
0.14
M [mg/kg] 0.13 0.15 0.15 0.16 0.16 0.17 0.19 0.19 0.51 0.16
s [meg/kgl 0.004 0.007 0.003 0.003 0.002 0.008 0.014 0.001 0.131 sw[mg/kg]l | 0.022
s, [mg/kg] | 0.007
Srel 0.032 0.047 0.020 0.019 0.015 0.048 0.073 0.005 0.255 0.136
0.6 1
on
-
~
on
E
£0.4 1
c
2
S
Y
[T
0
80.2 - S - ¢ *
i i 3. .
0.0
ZRV-B305 ZRV-B306 ZRV-B304 ZRV-B308 ZRV-B315 ZRV-B334 ZRV-B314 ZRV-B312 ZRV-B302
Laboratory
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Vanadium

Lab./Meth. |ZRV-B304 | ZRV-B312 | ZRV-B333 | ZRV-B305 | ZRV-B334 | ZRV-B308 | ZRV-B314 | ZRV-B302 | ZRV-B316 | ZRV-B315 | ZRV-B306
M [mg/kg] 15.0 16.3 15.8 16.6 17.8 18.0 16.6 19.5 18.9 19.1 21.8 n
14.7 16.4 16.3 15.9 17.9 18.3 18.2 18.7 18.9 19.1 21.8 n
15.0 15.6 16.5 16.0 17.2 18.1 19.8 18.3 18.9 19.0 21.8
14.8 16.0 15.9 17.4 16.7 18.3 18.7 18.8 18.9 19.2 216
15.4 19.1 19.1 19.6
19.8
M [mg/kg] 14.9 16.1 16.1 16.2 17.4 18.2 18.3 18.8 19.0 19.1 21.1 17.7
s [mg/kg] 0.15 0.36 0.35 0.76 0.56 0.16 134 0.50 o.M 0.06 1.06 s v [mg/kg] 179
s, [mg/kg] 0.63
Seel 0.010 0.022 0.022 0.047 0.032 0.009 0.073 0.027 0.006 0.003 0.050 0.101
24
21 A
on
=
£
£ } * ¥
S 18 1 T £ 1
1
o
£ ; I }
n L = 1
1]
E 15 3
>
12
ZRV-B304 ZRV-B312 ZRV-B333 ZRV-B305 ZRV-B334 ZRV-B308 ZRV-B314 ZRV-B302 ZRV-B316 ZRV-B315 ZRV-B306
Laboratory
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Zinc:

Lab./Meth. | ZRV-B304 | ZRV-B314 | ZRV-B315 | ZRV-B302 | ZRV-B316 | ZRV-B308 | ZRV-B333 | ZRV-B312 | ZRV-B306 | ZRV-B305| ZRV-B334
M [meg/kg] 1230 1235 1349 1394 1361 1388 1425 1432 1380 1431 1535 n
1270 1383 1353 1323 1357 1391 1389 1426 1390 1445 1514 n
1250 1434 1348 1351 1363 1385 1365 1429 1480 1434 1499
1246 1314 1359 1356 1354 1383 1421 1431 1680 1464 1478
1356 1365 1350 1477
1340
M [mg/kg] 1249 1341 1353 1356 1360 1387 1400 1430 1437 1450 1507 1388
s [mg/kg] 16.5 86.1 4.6 29.2 4.3 3.8 28.4 2.6 1291 19.8 241 sw [mg/kg] 68.3
s, [me/kg] 496
Srel 0.013 0.064 0.003 0.022 0.003 0.003 0.020 0.002 0.090 0.014 0.016 0.049
1700
1600 -
4
En 1500 A
.
£ . t 1
5 1400 l
= - L
g L 4 = *
=
w1300 -
[0}
E t
o
N 1200
1100
ZRV-B304 ZRV-B314 ZRV-B315 ZRV-B302 ZRV-B316 ZRV-B308 ZRV-B333 ZRV-B312 ZRV-B306 ZRV-B305 ZRV-B334
Laboratory
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Method B
Note: (the results of laboratory ZRV-B304 were completely removed because of technical problems (high spread, low values))

Arsenic:
Lab./Meth. | ZRV-B304 | ZRV-B307 [ ZRV-B303 [ ZRV-B303] ZRV-B311 | ZRV-B301 | ZRV-B333 | ZRV-B313 | ZRV-B314 [ ZRV-B332 [ ZRV-B305 | ZRV-B316 [ ZRV-B310 | ZRV-B315 | ZRV-B306 | ZRV-B331
M [mg/kg] 9.4 9.1 10.0 9.0 96 9.7 9.4 9.9 9.7 9.8 10.1 10.2 10.4 10.2 10.9 10.9 n
8.4 9.2 9.2 97 95 9.4 9.8 9.9 9.7 9.8 10.2 10.1 10.2 103 10.3 10.6 16
8.9 9.4 9.8 9.8 10.0 101 101 99 9.7 99 10.0 103 10.3 10.7
8.9 10.2 96 95 9.9 95 101 99 10.2 10.0 9.8 10.2 10.5 10.4
9.7 9.7 10.0 10.0 9.8 10.6 10.1 10.5 10.3
9.8 10.0 10.1 103 9.8 10.2 10.5 10.4
M [mg/ks] 8.9 9.0 9.6 9.6 9.6 9.7 9.8 9.9 9.9 9.9 10.0 10.0 10.1 10.2 10.5 10.5 9.89
s [mg/kg] 0.72 0.16 0.53 0.49 0.15 0.16 0.24 0.19 0.20 0.1 0.19 018 0.30 0.06 0.20 0.22 sulme/kel | 039
s, [ma/kg] 0.26
Sl 0.081 0.017 0.055 0.051 0.016 0.017 0.024 0.020 0.020 0.0m 0.019 0.018 0.030 0.006 0.019 0.021 0.039
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Cadmium:

Lab./Meth. | ZRV-B304 | ZRV-B303 | ZRV-B332 | ZRV-B310 | ZRV-B307 | ZRV-B316 | ZRV-B315 | ZRV-B306 | ZRV-B333 | ZRV-B314 | ZRV-B331 | ZRV-B309| ZRV-B311 | ZRV-B305 | ZRV-B301 | ZRV-B313
M; [mg/kg] 41.0 43.0 42.6 433 44.0 44.0 443 443 442 439 46.6 457 46.4 46.5 46.8 47.5 n
38.5 409 431 435 431 443 44.0 451 447 453 46.3 452 46.2 47.5 46.7 46.8 16
43.2 44.4 43.4 435 443 44.0 46.1 46.0 45.9 47.6 46.6 46.4 47.6 471
43.3 42.6 441 43.4 44.0 43.4 44 .4 46.3 45.2 451 46.4 46.5 46.5 47.0
42.7 43.0 43.4 43.2 433 453 46.1 46.8 47.0
42.8 43.2 441 44.0 441 46.0 48.5 479
M [mg/kg] 39.8 42.0 43.0 43.3 437 43.8 44.0 44.0 44.8 45.4 45.9 45.9 46.4 46.6 47.1 47.2 44.9
S [mg/kg] 177 1.49 0.29 0.61 0.48 0.40 0.43 0.66 0.88 1.07 0.55 116 0.16 0.51 0.76 0.41 Sm [mg/kg] 1.62
s, [ma/kel 0.74
Srel 0.044 0.035 0.007 0.014 0.0m 0.009 0.010 0.015 0.020 0.024 0.012 0.025 0.003 0.0M 0.016 0.009 0.036
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Cobalt:

Lab./Meth. | ZRV-B304 | ZRV-B309 | ZRV-B306| ZRV-B311 | ZRV-B305| ZRV-B315 | ZRV-B301 | ZRV-B333 | ZRV-B310 | ZRV-B316 | ZRV-B331 | ZRV-B303 | ZRV-B314 | ZRV-B307 | ZRV-B313 | ZRV-B332
/\/I‘[mg/kg] 3.3 3.3 3.6 3.6 3.6 3.8 3.8 3.8 3.8 3.9 3.9 4.0 3.7 4.5 4.7 4.5 n
3.3 3.4 3.6 3.5 3.6 3.8 3.8 3.9 3.9 3.8 3.8 3.9 4.3 4.5 4.7 4.5 16
3.5 3.6 3.6 3.4 37 3.8 3.9 4.0 3.9 3.9 41 4.6 4.6 4.6
3.3 3.2 3.6 3.8 37 37 3.8 3.8 3.9 3.8 41 4.5 4.7 4.6
3.3 3.6 3.7 3.8 3.8 3.9 4.0 4.3 4.7
31 37 3.8 3.9 3.8 41 4.2 4.7
M [mg/kg] 3.3 3.4 3.4 3.6 3.6 3.7 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.5 4.6 4.6 3.91
s [mg/kg] 0.01 0 0.23 0.03 0.12 0.05 0.04 0.08 0.08 0.04 0 0.05 0.23 0.05 0.23 0.09 s v [mg/kel 0.39
s, [mg/ke] 0.12
Srel 0.004 0.034 0.068 0.008 0.033 0.013 0.0m 0.020 0.021 0.010 0.027 0.013 0.056 0.012 0.050 0.021 0.100
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Chromium:

Lab./Meth. |ZRV-B304 | ZRV-B305 | ZRV-B306 | ZRV-B333 | ZRV-B310 | ZRV-B311 | ZRV-B303 | ZRV-B313 | ZRV-B315 | ZRV-B309| ZRV-B316 | ZRV-B332 | ZRV-B307 | ZRV-B301| ZRV-B331 | ZRV-B314
M [mg/kel 808 850 843 862 862 877 904 924 899 890 914 915 920 898 976 888 n
773 855 858 861 869 878 865 898 897 902 896 916 929 941 961 965 16
831 863 883 889 873 898 895 927 307 924 921 959 969 986
848 855 854 842 877 896 918 903 504 Ell 938 931 961 1083
829 841 865 861 875 504 509 309 1018
858 864 868 886 920 917 991 981
M [mg/kg] 791 843 853 865 865 876 884 891 895 906 908 915 927 938 978 981 901.6
s [mea/kg] 24.75 11.60 8.92 12.49 15.04 233 27.53 22.98 14.29 15.50 8.52 5.24 8.37 34.02 21.42 80.22 sw [me/kel 41.35
s, [ma/kel 26.52
Srel 0.031 0.014 0.010 0.014 0.017 0.003 0.031 0.026 0.016 0.017 0.009 0.006 0.009 0.036 0.022 0.082 0.046
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Copper:

Lab./Meth. | ZRV-B304 | ZRV-B331 | ZRV-B305 | ZRV-B333 | ZRV-B310 | ZRV-B303 | ZRV-B306 | ZRV-B315 | ZRV-B313 | ZRV-B332 | ZRV-B301 | ZRV-B316 | ZRV-B311 | ZRV-B309| ZRV-B314 | ZRV-B307
M [mg/kg] 348.0 353.4 364.6 360.8 368.0 361.2 380.0 380.5 391.0 378.0 383.9 388.0 386.6 389.0 396.9 475.0 n
289.0 340.8 364.6 361.3 372.0 380.4 376.0 381.5 377.0 385.0 385.2 389.5 385.1 394.0 402.5 473.0 16
3319 352.5 374.6 382.0 381.0 380.2 380.0 386.0 382.6 383.4 387.0 405.0 407.2 475.0
3213 358.2 361.1 362.0 386.0 378.3 3390.0 384.0 372.8 382.7 387.0 396.0 41.3 452.0
353.0 353.0 369.0 368.0 372.0 367.0 382.0 382.7 382.7
337.0 369.0 377.0 376.0 375.0 381.0 399.8 3390.9
M [mg/kgl 318.5 339.6 358.6 364.5 370.3 370.8 378.0 378.1 380.0 382.7 384.5 386.2 386.4 396.0 404.5 468.8 3771
s [mg/kgl 41.72 12.43 5.93 6.79 6.59 13.54 6.03 3.55 9.21 2.94 8.70 3.68 0.90 6.68 6.20 .21 sy [mg/kel 16.10
s [mg/kel 7.46
Srel 0.131 0.037 0.017 0.019 0.018 0.037 0.016 0.0098 0.024 0.008 0.023 0.010 0.002 0.017 0.015 0.024 0.043
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Mercury:

Lab./Meth. | ZRV-B313 | ZRV-B310 | ZRV-B314 | ZRV-B305 | ZRV-B306 | ZRV-B316 | ZRV-B304 | ZRV-B315 | ZRV-B317 | ZRV-B307 | ZRV-B311 | ZRV-B301 | ZRV-B331 | ZRV-B303 | ZRV-B333 | ZRV-B332 | ZRV-B3083
M [mg/kg] 5.4 5.7 6.0 5.6 6.7 6.3 6.7 6.4 6.6 6.5 6.5 6.5 6.5 6.9 6.7 6.8 7.2 n
5.2 6.0 5.9 6.0 6.1 6.3 5.8 63 6.5 6.6 6.6 6.6 6.5 6.6 7.0 7.5 7.0 17
5.5 6.4 6.0 6.1 5.9 6.1 6.3 6.4 6.4 6.5 6.7 6.7 6.9 6.9 7.6
5.6 6.1 6.6 6.2 6.0 6.5 6.4 6.6 6.6 6.5 6.7 6.7 7.2 7.4
6.0 6.1 6.0 6.1 6.2 6.5 6.5 6.3 6.4
6.0 5.8 6.3 6.3 6.6 6.6 6.7 7.4
M [mg/kg] 5.4 5.9 6.0 6.1 6.1 6.2 6.3 6.3 6.5 6.5 6.5 6.6 6.6 6.7 6.8 7.0 7.3 6.41
s [mg/kel 0.15 0.26 0.07 038 033 0.15 0.59 0.10 0.09 0.10 0.06 0.07 0.16 0.24 0.14 0.42 0.28 sulmg/kgl | 0.46
s [mg/kel 0.22
Srel 0.027 0.044 0.012 0.063 0.053 0.024 0.094 0.016 0.014 0.015 0.009 0.010 0.024 0.036 0.020 0.059 0.038 0.072
8.0
7.5 1
g
En 7.0 1 T T
N
5 65 - 3 { 3 : {
] { t
o
&
I’ 6.0 1 I 3
M
g |
on
x 5.5 1 }
5.0 T T T T T T
ZRV-B313 ZRV-B310 ZRV-B314  ZRV-B305  ZRV-B306  ZRV-B316  ZRV-B304  ZRV-B315 ZRV-B317  ZRV-B307  ZRV-B3T ZRV-B301 ZRV-B331  ZRV-B303  ZRV-B333  ZRV-B332  ZRV-B309
Laboratory

35



Nickel:

Lab./Meth. |ZRV-B304 | ZRV-B332 | ZRV-B305 | ZRV-B310 | ZRV-B333 | ZRV-B306 | ZRV-B315 | ZRV-B311 | ZRV-B313 | ZRV-B309| ZRV-B331 | ZRV-B316 | ZRV-B307 | ZRV-B303 | ZRV-B301 | ZRV-B314
M [mg/kg] 93.6 88.9 96.4 94.2 95.2 97.8 97.6 98.2 98.7 97.1 1011 103.8 102.0 106.6 100.2 100.6 n
81.6 90.1 95.5 96.1 95.7 98.9 97.3 97.9 102.0 938.8 102.2 1001 101.0 96.4 103.8 109.4 16
90.8 92.4 98.3 93.1 98.4 100.0 97.3 95.8 103.0 99.6 98.7 99.8 103.7 104.4
89.8 93.2 92.9 94.7 92.6 98.9 98.3 101.0 99.5 97.0 100.2 101.0 100.2 103.7
89.4 92.3 94.6 95.1 95.3 99.0 99.9 101.5 100.3
89.5 94.4 98.9 96.4 101.0 100.8 100.6 103.2
M [mg/kg] 87.6 89.8 94.0 95.1 96.1 97.0 97.6 97.9 99.6 99.9 100.1 100.8 101.0 101.5 101.9 104.5 98.4
s [mea/kg] 8.51 0.65 1.88 1.88 1.98 2.56 1.68 0.45 2.25 2.42 177 172 0.90 7.19 1.83 3.66 sw [me/kel 3.70
s, [ma/kel 2.67
Srel 0.097 0.007 0.020 0.020 0.021 0.026 0.017 0.005 0.023 0.024 0.018 0.017 0.009 0.071 0.018 0.035 0.038
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Lead:

Lab./Meth. | ZRV-B304 | ZRV-B332 | ZRV-B303 | ZRV-B310 | ZRV-B316 | ZRV-B307 | ZRV-B306 | ZRV-B305 | ZRV-B314 | ZRV-B315 | ZRV-B309| ZRV-B313 | ZRV-B333 | ZRV-B311 | ZRV-B301 | ZRV-B331
M, [mg/ke] | 436.0 435.0 478.0 467.0 470.1 480.0 495.0 472.5 4445 492.4 480.0 498.0 496.2 499.6 500.9 554.9 n
379.0 4410 452.8 4710 4745 475.0 500.0 4873 498.8 4895 485.0 485.0 501.0 499.1 4986 586.9 1
444.0 4810 465.9 474.0 450.0 4783 503.4 4935 500.0 430.0 512.9 5022 516.4 558.2
440.0 456.0 465.4 470.0 478.0 494.9 500.6 4862 486.0 436.0 430.7 5014 4343 589.2
438.0 466.0 465.2 479.0 4737 4783 494.0 510.2 540.8
438.0 463.0 470.8 479.0 486.1 503.0 5211 556.9
M [mg/kg]| 407.5 4393 465 .4 467.3 468.6 4748 480.2 4813 486.8 487.7 487.8 4943 500.2 500.6 506.9 564.5 4815
slmg/kgl | 4031 3.08 17.81 8.36 3.79 4.1 17.50 9.55 28.29 5.50 8.58 6.28 9.47 147 10.64 1930 | sylme/kel | 17.72
s [mg/kgl | m.87
Sl 0.099 0.007 0.038 0.018 0.008 0.009 0.036 0.020 0.058 0.01 0.018 0.013 0.013 0.003 0.021 0.034 0.037
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Thallium:

Lab./Meth. [ ZRV-B305| ZRV-B301| ZRV-B309| ZRV-B310 | ZRV-B314 | ZRV-B332 | ZRV-B304 | ZRV-B306| ZRV-B303 | ZRV-B311 | ZRV-B315 | ZRV-B307 | ZRV-B313
Mi[mg/kg] 0.09 0.13 0.14 0.17 0.19 0.19 0.19 0.20 0.20 0.25 0.31 1.00 n
0.10 0.15 0.14 0.177 0.20 0.19 0.19 0.20 0.20 0.20 0.25 0.32 1.80 13
0.12 0.14 0.18 0.17 0.14 0.16 0.22 0.21 0.24 0.30 0.90
0n 0.14 0.15 0.15 0.16 0.19 0.20 0.24 0.29 1.20
0.n 0.15 0.14 0.18 0.21 0.24 0.80
0.14 0.15 0.18 0.18 0.24 0.66
M [mg/kgl 0.10 0.14 0.15 0.16 0.17 0.18 0.19 0.20 0.20 0.20 0.24 0.30 1.06 0.19
S [mg/kg] 0.014 0.006 0.017 0.015 0.028 0.012 0.000 0.013 0.000 0.003 0.007 0.013 0.406 SM [mg/kg] 0.051
s [mg/ke] 0.013
Srel 0.131 0.044 0.115 0.092 0.165 0.065 0.000 0.067 0.000 0.014 0.027 0.044 0.383 0.273
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Vanadium:

Lab./Meth. | ZRV-B301 | ZRV-B305 | ZRV-B309 | ZRV-B333 | ZRV-B304 | ZRV-B310 | ZRV-B311 | ZRV-B303 | ZRV-B313 | ZRV-B315 | ZRV-B314 | ZRV-B316 | ZRV-B332 | ZRV-B307 | ZRV-B306 | ZRV-B331
M [mg/kg] 4.4 16.4 16.1 17.5 18.5 18.1 19.4 20.0 18.7 20.5 18.9 211 20.8 217 18.5 22.4 n
4.8 6.6 17.0 17.8 18.3 18.8 8.3 18.5 19.9 20.4 18.5 217 211 21.4 24.9 221 16
4.4 15.7 7.7 18.1 18.4 18.5 20.0 20.2 233 20.8 213 20.8 219 22.8
15.9 7.2 16.0 18.0 18.7 18.5 213 20.5 21.6 213 213 21.4 17.6 221
16.6 17.2 18.8 19.3 20.0 20.8 213 229 22.5
15.3 18.5 19.9 19.9 20.6 216 23.9 22.8
M [mg/kgl 15.2 16.6 16.7 17.9 18.4 18.7 19.4 19.8 20.0 20.3 20.8 21.1 21.2 21.3 21.6 22.5 19.5
s [mg/kgl 0.85 0.62 0.80 0.27 0.4 0.43 0.09 0.35 0.68 0.27 2.00 0.39 0.27 0.38 2.95 0.33 sy [mg/kel 21
s [mg/kel 1.00
Srel 0.056 0.038 0.048 0.015 0.008 0.023 0.005 0.017 0.034 0.013 0.096 0.019 0.013 0.018 0.137 0.015 0.108
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Zinc:

Lab./Meth. | ZRV-B304 | ZRV-B315 | ZRV-B305 | ZRV-B316 | ZRV-B307 | ZRV-B333 [ ZRv-B309| ZRV-B310 | ZRV-B306 | ZRV-B313 | ZRV-B311 | ZRV-B314 | ZRV-B303 | ZRV-B301 | ZRV-B332 | ZRV-B331
M [mg/kel 1180 1321 1379 1381 1380 1377 1374 1388 1420 1404 141 1284 1435 1498 1520 1603 n
1040 1317 1384 1351 1390 1343 1366 1401 1420 1398 1406 1413 1435 1479 1530 1614 16
1313 1342 1366 1360 1412 1422 1427 1420 1414 1410 1486 1516 1540 1639
1310 1371 1372 1370 1390 1390 1365 1370 1403 1413 1540 1433 1510 1634
1290 1337 1370 1386 1380 1392 1431 1510 1542
1306 1394 1368 1400 1402 1522 1530 1629
M [mg/ke] 1110 1309 1363 1372 1375 1380 1388 1389 1402 1402 1410 1431 1435 1480 1523 1610 1418
s [mg/ke] 99.0 1.0 217 14.5 129 287 248 22.9 223 73 29 1109 0.0 40.0 12.1 36.0 sulmg/kgl | 731
s, [ma/kel 35.4
Srel 0.089 0.008 0.016 0.0M 0.009 0.021 0.018 0.016 0.016 0.005 0.002 0.078 0.000 0.027 0.008 0.022 0.052
1700
1600
& 1500 I !
5 1
‘é" -
£ 1400 i 3 ¥
- 1 i { { i
8
E 1300 :
£
2 1200
£
o
N
1100 -
1000 :
ZRV-B304  ZRV-B315  ZRV-B305  ZRV-B316  ZRV-B307  ZRV-B333  ZRV-B303  ZRV-B310  ZRV-B306  ZRV-B313  ZRV-B311  ZRV-B314  ZRV-B303  ZRV-B301  ZRV-B332  ZRV-B331
Laboratory

40



Dry matter fraction:

Lab./Meth. | ZRV-B303 | ZRV-B333 [ZRV-B314*| ZRV-B331| ZRV-B334 | ZRV-B313 | ZRV-B315 | ZRV-B316 [ ZRV-B301 | ZRV-B302 | ZRV-B332 | ZRV-B308 | ZRV-B306 [ ZRV-B305 | ZRV-B307 | ZRV-B312 | ZRV-B304 | ZRV-B310 | ZRV-B309| ZRV-B3n
M [%] 9556 9.7 9.7 96.9 96.9 97.0 97.1 97.1 97.2 97.1 97.2 97.4 97.3 97.6 97.6 97.7 97.8 97.9 98.2 983 n
95.8 96.2 96.2 96.9 97.0 97.0 97.0 97.0 97.2 97.2 97.2 97.4 97.5 97.7 97.8 97.7 97.8 98.0 98.2 98.2 20
9.2 97.1 97.2 97.4 97.6 97.8
97.0 97.2 97.4 97.8
97.4 97.8
97.4 97.8
M [%] 95.7 96.4 96.5 96.9 97.0 97.0 97.0 97.0 97.1 97.2 97.2 97.4 97.4 97.6 97.7 97.7 97.8 97.9 98.2 98.3 97.3
s [mg/ke] 0.14 033 039 0.00 0.02 0.00 0.08 0.04 0.03 0.03 0.02 0.00 0.06 0.05 014 0.05 0.00 0.02 0.02 0.10 s [%) 0.62
T sl 0.13
Sl 0.001 0.003 0.004 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.001 0.006
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Annex B: Homogeneity study (measurement results)

Arsenic (mg/kg), ICP-MS

< BAM

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 10.76 10.77 10.57 10.49 10.83 10.685 0.1457 1.36
18 10.50 10.70 10.40 10.82 10.82 10.648 0.1932 1.81
202 10.81 10.57 10.48 10.75 10.60 10.645 0.1354 1.27
286 10.47 10.66 10.32 10.58 10.65 10.537 0.1442 1.37
370 10.99 10.99 10.61 10.63 10.48 10.737 0.2355 2.19
454 10.66 10.97 10.45 10.55 10.70 10.667 0.1952 1.83
538 1.0 1.15 10.84 10.72 10.87 10.918 0.1694 1.55
622 10.46 10.61 10.77 10.54 10.73 10.621 0.1306 1.23
706 11.53 n21 10.36 10.46 10.59 10.830 0.5133 4.74
790 10.63 10.93 10.81 10.55 10.46 10.678 0.1921 1.80
874 10.88 10.97 10.55 10.73 10.69 10.763 0.1633 1.52
958 11.90 10.21 10.54 10.57 10.80 10.802 0.6500 6.02
MW 10.883 10.813 10.559 10.616 10.685 10.71
SD 0.4390 0.2818 0.1735 0.1131 0.1352 0.1040
RSD (%) 4.03 2.61 1.64 1.07 1.27 0.97
sums of squares degrees of
Source of variation (SS) freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 0.584885871 n 0.054080534  0.657790584 0.769989701 1994580015
Within groups 3.946340494 48 0.082215427
Total 4.541226365 59
MSamong 0.054080534
MSithin 0.082215427
n (replicates) 5
U g’ acc. 1SO 33405 (Between-bottle homogeneity study) = (MS among = MSyithin) /N Uy -0.00562698
— U pb(rel.) 0
U acc. ISO 33405 (Insufficient repeatability of the measurement method) = V[(MS yitnin) /1) *V (2/v)] Upp 0.0579347
v = number of samples Proben * (n-1) = 48 — U pp(rel) 0.541



Cadmium (mg/kg), ICP-0ES

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 45.16 44.81 4410 44.01 44.87 44.590 0.5076 114
18 44.06 44.55 43.89 43.75 44.63 44174 0.3954 0.90
202 44.78 44.00 43.79 45.38 43.49 44.288 0.7761 1.75
286 4413 43.80 43.22 44.45 44.55 44.029 0.5403 1.23
370 45.90 45.29 44.02 44M 43.78 44.620 0.9245 2.07
454 43.56 45.42 43.55 44.08 43.96 4415 0.7657 1.74
538 45.77 44.94 44.15 44.55 451 44.906 0.6098 1.36
622 42.37 44.05 44.83 43.99 447 43.880 0.9079 2.07
706 48.62 45.92 43.31 44.29 44.21 45.268 2.0940 4.63
790 45.38 45.36 44.78 44.00 43.34 44.572 0.8885 1.99
874 45.23 45.61 43.88 441 44.02 44.57 0.7923 1.78
958 47.87 42.50 44.16 44.72 44.46 44.743 1.9492 4.36
MW 45.235 44,688 43.972 44.287 44.217 44.480
SD 1.7310 0.9649 0.4959 0.4392 0.5357 0.3987
RSD (%) 3.83 2.16 113 0.99 1.21 0.90
degrees of
Source of variation sums of squares (55)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 8.743126246 n 0.794823653 0.704076371  0.728371834 1.894580015
Within groups 54187053 48 1128896938
Total 6293017925 59
MSzmong 0.794829659
MSuithin 1128896938

Uy’ acc. 1SO 33405 (Between-bottle homogeneity study) = (MSmang = MSuithin) /1

n (replicates)

U acc. 1SO 33405 (Insufficient repeatability of the measurement method) = V[(MS yithin)/n)*V (2/V)]

5

v = number of samples Proben * (n-1) = 48

Uy~ -0.06681346

— U bb(rel.)

Upp 0.2146789

— U bb(rel.)

0.483
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Cobalt (mg/kg), ICP-MS

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 4.02 3.98 4.00 3.89 4.02 3.982 0.0543 137
118 3.97 417 3.93 3.97 413 4.033 0.1073 2.66
202 3.98 3.97 3.81 4.02 3.89 3.932 0.0859 2.18
286 3.93 4.02 3.93 4.02 3.99 3.979 0.0436 1.10
370 4.10 4Mm 3.98 3.98 3.93 4.019 0.0799 1.99
454 3.96 4.16 3.96 3.99 3.99 4.013 0.0843 2.0
538 4.06 4.17 3.5 4.05 4.06 4.058 0.0778 1.92
622 3.78 4.00 3.97 4.00 3.97 3.944 0.0920 2.33
706 4.29 4.25 3.87 3.97 4.01 4.077 0.1819 4.46
790 417 4.16 4.10 4.09 3.97 4.097 0.0786 1.92
874 4.07 413 3.90 3.94 3.96 4.000 0.0977 2.44
958 4.28 3.84 3.94 4.00 4.07 4.027 0.1628 4.04
MW 4.051 4.080 3.945 3.993 3.998 4.013
SD 0.1447 0.167 0.0722 0.0505 0.0645 0.0499
RSD (%) 3.57 2.86 1.83 1.26 1.61 1.24
degrees of
Source of variation sums of squares (SS) freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 0.137129918 1 0.012466356 1177192588  0.327578576 1.994580015
Within groups 0.508315379 48 0.010589304
Total 0.645445297 59
MSamong 0.012466356
MSuithin 0.010589904
n (replicates) 5
Uy’ acc. 150 33405 (Between-bottle homogeneity study) = (MSamong - MSithin) /N Uy’  0.00037529
— U ph(rel.) 0.483
Uppacc. 1S0 33405 (Insufficient repeatability of the measurement method) = V[(MS yinin) /) *V (2/v)] Upp 0.0207926
v = number of samples Proben * (n-1) = 48 — U bi(rel) 0.518
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Chromium (mg/kg), ICP-MS (mass 52)

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 951.64 941.02 923.50 927.33 951.87 939.072 13.2813 1.41
18 933.11 944.80 926.99 924.59 945.57 935.012 9.7971 1.05
202 945.84 930.60 920.11 957.92 919.63 934.819 16.7325 1.79
286 926.78 927.84 907.49 937.58 945.24 928.987 14.1978 1.53
370 979.73 960.75 932.37 937.07 928.13 947.610 21.9488 2.32
454 917.20 962.85 920.14 935.00 938.59 934.753 18.2060 1.95
538 972.73 561.02 936.65 940.68 957.52 953.720 14.9197 1.56
622 914.07 938.82 944.62 927.64 941.55 933.338 12.5355 1.34
706 1033.45 987.15 914.77 926.12 939.82 960.259 49.3277 5.14
790 957.96 964.29 953.32 933.59 927.49 947.331 15.9614 1.68
874 S71.77 975.92 933.14 928.41 939.29 949.705 22,4213 2.36
958 1018.19 910.22 935.76 932.30 957.89 950.872 41.2520 4.34
MW 960.205 950.440 929.070 934.017 941.050 942.957
SD 37.5536 22.0299 12.8820 9.0946 1.7936 9.8333
RSD (%) 3.91 2.32 1.39 0.97 1.25 1.04
degrees of
Source of variation sums of squares (SS)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 5318122759 il 4834657053  0.848271926  0.53442885 1.994580015
Within groups 27357.21074 48 569.9418904
Total 326753335 59
MSamong 483.4657053
MSuithin 569.9418904
n (replicates) 5
U’ acc. 1SO 33405 (Between-bottle homogeneity study) = (MS among - MSythin)/1 U o -17.295237
— U bb(rel.) 0
U acc. 1SQ 33405 (Insufficient repeatability of the measurement method) = V[(MS i) /1) *V (2/v)] Uw  4.8236688
v = number of samples Proben * (n-1) = 48 — U pbrel.) 0.512
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Copper (mg/kg), ICP-0ES

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 405.42 401.15 394.60 394.04 402.64 399.566 5.0359 1.26
18 394.24 398.21 392.38 391.06 400.56 395.289 3.9929 1.01
202 400.97 392.46 390.27 407.84 388.96 396.098 8.0602 2.03
286 392.40 391.13 385.48 397.49 400.89 393.476 5.9430 1.51
370 411.73 406.41 394.15 395.78 391.47 399.904 8.7088 2.18
454 387.19 408.18 389.64 395.89 393.77 394.933 8.1513 2.06
538 410.68 404.47 396.02 401.13 407.87 404.032 5.7393 1.42
622 3751 393.79 401.89 394.46 396.72 392.393 10.1710 2.59
706 441.67 413.87 386.64 396.17 399.12 407.493 21.4583 5.27
790 407.98 406.26 401.43 394.80 390.74 400.239 7.3739 1.84
874 404.67 410.90 392.51 395.17 396.50 399.947 7.6191 1.91
958 429.46 378.57 394.20 400.96 401.94 401.023 18.4384 4.60
MW 405.125 400.448 393.266 397.063 397.595 398.699

SD 17.9157 10.06M 5.0460 4.3953 5.6217 4.4408
RSD (%) 4.42 2.51 1.28 1 141 m
degrees of
Source of variation sums of squares (SS)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 1084.652635 1 98.60479042  0.887533371 0.558464875 1.994580015
Within groups 5332.79096 48 111.099817
Total 6417.443655 59
MS;mong 98.60479042
MSyiithin 111.099817
n (replicates) 5
U’ acc. 1S0 33405 (Between-bottle homogeneity study) = (MSamong - MSuithin) /N U’ -2.49900425
— U pb(rel.) 0
Uppacc. 1SO 33405 (Insufficient repeatability of the measurement method) = V[(MS within) /1) *V (2/V)] Upp 2.1297020
v = number of samples Proben * (n-1) = 48 — U pbrel) 0.534
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Mercury (mg/kg), ICP-OES

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 6.35 6.29 6.76 6.26 6.28 6.388 0.2099 3.29
18 6.31 6.31 6.10 6.09 6.35 6.232 0.1268 2.03
202 6.37 6.19 6.22 6.51 6.04 6.269 0.1805 2.88
286 6.43 6.33 6.05 6.45 6.23 6.295 0.1640 2.61
370 6.55 6.57 6.16 6.65 6.08 6.403 0.2584 4.04
454 6.12 6.52 6.09 6.19 6.1 6.205 0.1783 2.87
538 6.45 6.32 6.13 6.37 6.34 6.322 0.M74 1.86
622 6.04 6.27 6.40 6.16 6.23 6.218 0.1332 214
706 6.84 6.54 6.29 6.09 6.13 6.376 0.3120 4.89
790 6.34 6.47 6.63 6.30 6.09 6.367 0.2014 3.16
874 6.37 6.50 6.17 6.21 6.12 6.275 0.1573 2.51
958 6.95 5.93 6.26 6.35 6.24 6.347 0.3726 5.87
MW 6.427 6.354 6.272 6.302 6.185 6.308
SD 0.2587 0.1802 0.2212 0.1718 0.1032 0.0691
RSD (%) 4.03 2.84 3.53 2.73 1.67 110
degrees of
Source of variation sums of squares (5S)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 0.262430677 1 0.023857334  0.519417996  0.88065299 1994580015
Within groups 220468304 48 0.045930897
Total 2.467113717 59
MSamong 0.023857334
MSyitin 0.045930897
n (replicates) 5
Uy acc. 150 33405 (Between-bottle homogeneity study) = (MSmong - MSyitnin)/N uw’  -0.00441471
— U bh(rel.) 1]
U acc. IS0 33405 (Insufficient repeatability of the measurement method) = V' [(MS yinin) /1) *V (2/v)] uw  0.0433027
v = number of samples Proben * (n-1) = 48 —> U pbrel) 0.686

47



Nickel (mg/kg), ICP-0OES

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 100.98 93.91 98.23 97.95 100.16 99.447 1.3032 1.31
118 98.60 99.20 97.68 97.54 99.67 98.539 0.9280 0.94
202 100.07 97.96 97.17 101.34 96.98 98.705 1.9171 1.94
286 98.25 97.52 96.16 98.96 99.42 98.063 1.2829 1.31
370 102.16 101.03 97.83 98.23 97.87 99.424 2.0254 2.04
454 97.32 101.61 97.38 98.48 98.16 98.588 1.7582 1.78
538 102.09 100.89 938.04 99.52 1011 100.529 1.2371 1.23
622 94.25 98.07 100.08 97.78 98.30 97.697 2127 2.18
706 109.68 102.95 86.44 98.74 98.60 101.282 5.2505 5.18
790 101.48 101.13 99.79 98.25 96.71 99.472 1.9984 2.01
874 100.70 102.15 99.35 98.08 98.18 93.691 1.7349 1.74
958 106.65 94.64 98.27 99.49 99.17 99.642 4.3677 4.38
MW 101.018 99.754 98.121 98.697 98.694 99.257
SD 4.0829 2.3686 1.2582 1.0418 1.2762 1.0133
RSD (%) 4.04 2.37 1.28 1.06 1.29 1.02
degrees of
Source of variation sums of squares (SS)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 56.47670535 n 5134245941  0.82392573  0.617000837 1.994580015
Within groups 299.1092477 48 6.23144266
Total 355.585953 59
MSamong 5.134245941
MSuithin 6.23144266
n (replicates) 5
Uy’ acc. 1S 33405 (Between-bottle homogeneity study) = (MSamong - MSyitnin) /1 Up’  -0.21943934
— U pb(rel.) o
U acc. SO 33405 (Insufficient repeatability of the measurement method) = V{(MS yitnin)/n)*V (2/v)] Uw 05043784
v = number of samples Proben * (n-1) = 48 — U bb(rel) 0.508
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Lead (mg/kg), ICP-0ES

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 483.47 480.36 473.21 471.48 483.03 478.307 5.6088 1.17
18 471.31 476.97 471.96 468.42 480.07 473.746 4.6871 0.99
202 479.48 473.96 470.35 483.58 468.61 475.194 6.2679 1.32
286 472.52 469.81 466.31 477.23 477.58 472.687 4.8353 1.02
370 494.74 485.34 472.33 472.91 470.31 479.124 10.5462 2.20
454 467.01 488.29 468.26 472.30 474.97 474.164 8.51M 1.79
538 490.03 482.42 474.47 477.72 485.56 482.037 6.1721 1.28
622 459.15 473.15 482.80 473.27 476.76 473.024 8.6924 1.84
706 515.95 4392.34 466.26 475.99 473.71 484.848 19.8197 4.09
790 483.26 484.99 480.61 473.77 465.19 477.562 8.1309 1.70
874 485.48 488.85 474.49 474.62 471.72 479.027 7.6081 1.59
958 511.94 459.27 475.52 478.15 476.38 480.247 19.2755 4.01
MW 484.525 479.645 473.045 474.951 475.321 477.497
SD 16.9808 9.4554 5.0989 3.9179 5.9061 3.8315
RSD (%) 3.50 1.97 1.08 0.82 1.24 0.80
degrees of
Source of variation sums of squares (SS)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 807.4309113 m 73.402810M 0.67664623  0.753215399 1.994580015
Within groups 5207.056M 48 108.4803356
Total 6014.487021 59
MSamong 73.402810M
MSwithin 108.4803356
n (replicates) 5
Uy’ acc. IS0 33405 (Between-bottle homogeneity study) = (MSamang - MSwitnin) /N U’ -7.0155051
— U pb(rel.) 0
Uy acc. SO 33405 (Insufficient repeatability of the measurement method) = V[(MS i) /n)*V (2/v)] Ubh 21044456
v = number of samples Proben * (n-1) = 48 — U bb(rel.) 0.441
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Vanadium (mg/kg), ICP-OES

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 25.22 25.31 25.17 24.91 24.82 25.084 0.2129 0.85
18 24.85 25.31 25.06 25.43 25.04 25.136 0.2310 0.92
202 25.17 25.29 24.94 25.39 24.56 25.066 0.3312 1.32
286 25.40 25.00 24.59 25.03 24.82 24.966 0.3007 1.20
370 25.60 25.43 25.02 25.16 25.04 25.250 0.2561 1.01
454 25.03 25.59 24.77 25.05 24.79 25.047 0.3303 1.32
538 25.18 25.19 24.86 25.27 25.31 25.159 0.1773 0.70
622 23.68 24.55 24.99 24.77 24.35 24.468 0.5013 2.05
706 26.73 25.32 24.33 25.18 24.77 25.266 0.9058 3.59
790 25.09 25.59 25.12 24.99 24.83 25.123 0.2831 113
874 25.58 25.32 24.68 24.79 24.73 25.021 0.4052 1.62
958 25.88 24.66 24.70 25.08 24.84 25.032 0.5018 2.00
MW 25.284 25.213 24.851 25.086 24.824 25.052
SD 0.7101 0.3256 0.2462 0.2108 0.2414 0.2045
RSD (%) 2.81 1.29 0.99 0.84 0.97 0.82
degrees of
Source of variation sums of squares (SS)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 2.300217283 n 0.20910662 1.210527636  0.306014015 1.994580015
Within groups 82916833 48 0.172743402
Total 10.59190058 59
MSamong 0.209110662
MSuithin 0172743402

n (replicates)

Uy’ acc. IS0 33405 (Between-bottle homogeneity study) = (MS among = MSuithin) /1

5

Uy acc. ISO 33405 (Insufficient repeatability of the measurement method) = V[(MS witnin)/n)*V (2/v)]

v = number of samples Proben * (n-1) = 48

2
Ubp

Ubb

0.007273452

— U bb(rel.)

0.0839775

— U bb(rel.)

0.340

0.335
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Zinc (mg/kg), ICP-0OES

Bottle Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Mean SD RSD (%)
034 1363.8 1352.3 1336.1 1334.8 13511 1347.6 12.2 0.90
18 1330.1 1347.3 1329.9 1333.2 1352.7 1338.6 10.6 0.79
202 1349.4 1328.3 1325.5 1376.9 1316.5 1339.3 24.2 1.81
286 1320.1 1323.9 1307.3 1349.3 1345.3 13291 7.7 1.33
370 1389.4 1367.6 1334.9 1337.1 1326.6 13511 26.5 1.96
454 131.4 13741 1322.2 13351 1325.9 1333.7 241 1.81
538 1379.3 1363.7 1338.4 1351.2 1361.1 1358.7 15.2 1.12
622 1280.4 1330.9 1353.1 1335.4 1328.9 1325.7 271 2.04
706 1461.6 1389.3 1312.7 1336.6 1342.3 1368.5 59.0 4.31
790 1366.4 1372.0 1355.7 1334.2 1314.9 1348.6 237 1.76
874 1367.7 1378.4 1330.5 1339.4 13291 1349.0 22.6 1.68
958 1435.4 1289.5 1335.1 1353.3 1341.4 1350.9 53.0 3.93
MW 1362.9 1351.4 1331.8 1343.0 1336.3 1345.1
SD 50.9 28.7 14.2 12.8 14.8 12.3
RSD (%) 3.74 213 1.06 0.95 mm 0.92
degrees of
Source of variation sums of squares (SS)  freedom (df) Mean squares (MS) F-value P-value critical F-value
Between groups 8351.213458 il 759.2012235  0.845702808 0.596802766 1.994580015
Within groups 43090.384 48 897.7163333
Total 5144159746 59
MSamong 759.2012235
MSuithin 897.7163333

n (replicates)

Uy acc. 1SO 33405 (Between-bottle homogeneity study) = (MS among - MSyithin)/N

Uy acc. IS0 33405 (Insufficient repeatability of the measurement method) = V[(MS yitnin)/n)*V (2/v)]

5

v = number of samples Proben * (n-1) = 48

2
U

Ubb

-27.703022

— U bb(rel.)

6.0538513

— Upb(rel.)

0.450
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Annex C: Stability study (measurement results)

Arsenic (ICP-OES):

3 month 6 month 12 month
As As As
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 10.16 9.91 10.17]
158 Ref.(-20°C) 10.09 10.10 9.91
158 Ref.(-20°C) 10.04 9.91 10.24
158 Ref.(-20°C) 10.19 10.18 10.38
622 Ref.(-20°C) 10.09 9.69 9.90
622 Ref.(-20°C) 10.20 10.08 10.10
622 Ref.(-20°C) 9.99 9.86 10.36
622 Ref.(-20°C) 10.15 10.10 10.03
MW 10.71 9.98 10.13
S0 0.07 0.16 0.18
RSD (%) 0.73 1.64 1.82
34 Stab. (RT) 9.99 10.07 10.15
34 Stab. (RT) 10.19 9.75 10.16
34 Stab. (RT) 10.25 10.15 9.91
34 Stab. (RT) 9.91 9.92 10.18
790 Stab. (RT) 10.52 9.90 10.01
790 Stab. (RT) 10.21 10.06 10.20
790 Stab. (RT) 9.94 9.96 9.96
790 Stab. (RT) 10.19 9.85 9.83
MW 10.15 9.96 10.05
SD 0.20 0.13 0.14
RSD (%) 1.97 132 1.41
202 Stab. (+40°0) 10.07 9.93 9.94
202 Stab. (+40°C) 10.03 9.82 10.00
202 Stab. (+40°C) 9.90 9.79 9.85
202 Stab. (+40°0) 10.17 10.09 10.23
468 Stab. (+40°0) 9.86 9.88 9.84
468 Stab. (+40°C) 9.82 9.97 9.76
468 Stab. (+40°C) 10.14 10.24 10.38
468 Stab. (+40°0) 10.14 10.18 10.32
MW 10.01 9.99 10.04
SD 0.14 0.17 0.24
RSD (%) 1.38 1.65 236
370 Stab. (+60°C) 10.18 10.16
370 Stab. (+60°C) 10.05 10.17
370 Stab. (+60°C) 10.06 10.16
370 Stab. (+60°C) 9.84 9.96
874 Stab. (+60°0) 10.16 10.15
874 Stab. (+60°C) 10.02 9.98
874 Stab. (+60°C) 10.12 10.00
874 Stab. (+60°C) 10.00 10.02
MW 10.06 10.08
SD 0.1 0.09
RSD (%) 1.07 0.92




Cadmium (ICP-OES):

3 month 6 month 12 month
cd Cd cd
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 44.05 44.01 43.98
158 Ref.(-20°C) 44.67 43.75 43.53
158 Ref.(-20°C) 4513 43.12 45.25
158 Ref.(-20°C) 43.72 44.44 44.64)
622 Ref .(-20°C) 43.45 42.68 4417
622 Ref.(-20°C) 43,81 4434 4454
622 Ref.(-20°C) 44,09 42.58 44 31
622 Ref.(-20°C) 4469 44.03 44,53
MW 4420 43.62 44.37
SD 0.57 0.73 0.57
RSD (%) 130 168 1.15
34 Stab. (RT) 44 .35 43.21 44.72
34 Stab. (RT) 44.65 4314 44.46
34 Stab. (RT) 44.34 43.43 43.49
34 Stab. (RT) 44.34 43.60 43.90
790 Stab. (RT) 45.76 43.51 43.88
790 Stab. (RT) 44.23 44.54 44.44
790 Stab. (RT) 43.67 43.56 43.89
790 Stab. (RT) 44.27 43.39 43.75
MW 44.45 43.55 44.07
SD 0.59 0.43 0.42
RSD (%) 134 1.00 0.96
202 Stab. (+40°C) 44.21 43.60 43.85
202 Stab. (+40°C) 4415 42.95 44.59
202 Stab. (+40°C) 43.10 42.41 44.53
202 Stab. (+40°C) 44.24 43.90 44.98
468 Stab. (+40°C) 43.38 42.39 44.62
468 Stab. (+40°C) 43.74 43.42 4427,
468 Stab. (+40°C) 43.68 44.48 45.98
468 Stab. (+40°C) 42.71 44.06 4413
MW 43.65 43.40 44.62
SD 0.56 0.76 0.65
RSD (%) 1.28 1.76 1.45
370 Stab. (+60°C) 44.34 44.94
370 Stab. (+60°C) 43.61 44.25
370 Stab. (+60°C) 43.77 43.63
370 Stab. (+60°C) 43.48 43.41
874 Stab. (+60°C) 44.78 43.22
874 Stab. (+60°C) 44.02 43.60
874 Stab. (+60°C) 4419 43.34
874 Stab. (+60°C) 43.93 43.93
MW 44.01 43.79
SD 0.42 0.57
RSD (%) 0.96 130
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Cobalt (ICP-OES):

3 month 6 month 12 month
Co Co Co
Bottle number Storage me/kg me/kg me/kg
158 Ref.(-20°C) 3.790 3.804 4.0301
158 Ref.(-20°C) 3.700 3.888 3.9141
158 Ref.(-20°C) 3.734 3.731 4.1392
158 Ref.(-20°C) 3.861 3.861 3.8931
622 Ref.(-20°C) 3.776 3.763 3.9415
622 Ref.(-20°C) 3.729 3.856 3.9683
622 Ref.(-20°C) 3.824 3.631 4.0434
622 Ref.(-20°C) 3.857 3.892 3.8202
MW 3.78 3.80 3.97
SD 0.06 0.09 0.10
RSD (%) 1.60 2.38 2.52
34 Stab. (RT) 3.835 3.696 3.9743
34 Stab. (RT) 3.871 3.716 3.8589
34 Stab. (RT) 3.809 3.815 3.8557
34 Stab. (RT) 3.778 3.837 3.7601
790 Stab. (RT) 3.874 3.815 3.7640
790 Stab. (RT) 3.792 3.830 3.7924
790 Stab. (RT) 3.713 3.782 3.7925
790 Stab. (RT) 3.707 3.866 3.9076
MW 3.80 3.79 3.84
5D 0.06 0.06 0.08
RSD (%) 1.69 1.57 1.97
202 Stab. (+40°0) 3.830 4.054 3.8454
202 Stab. (+40°C) 3.801 3.772 3.8734
202 Stab. (+40°C) 3.830 3.939 3.9673
202 Stab. (+40°C) 3.769 3.765 3.9206
468 Stab. (+40°C) 3.637 3.668 3.8937
468 Stab. (+40°C) 3.803 3.713 3.8846
468 Stab. (+40°0) 3.668 3.809 3.9677
468 Stab. (+40°C) 3.938 3.706 3.9068
MW 3.78 3.80 3.91
5D 0.10 0.13 0.04
RSD (%) 2.52 3.44 171
370 Stab. (+60°C) 3.664 3.926
370 Stab. (+60°C) 3.760 3.902
370 Stab. (+60°C) 3.781 3.773
370 Stab. (+60°C) 3.710 3.795
874 Stab. (+60°C) 3.831 3.731
874 Stab. (+60°C) 3.584 3.698
874 Stab. (+60°C) 3.676 3.822
874 Stab. (+60°C) 3.650 3.752
MW 3.71 3.80
SD 0.08 0.08
RSD (%) 2.1 2.1
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Chromium (ICP-0ES):

3 month 6 month 12 month
Cr Cr Cr
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°0) 900.7 911.9 905.5
158 Ref (-20°C) 304.9 913.4 897.3
158 Ref (-20°C) 913.4 890.3 930.3
158 Ref.(-20°C) 893.6 917.8 910.8
622 Ref.(-20°0) 883.5 885.1 908.8
622 Ref (-20°C) 889.1 918.3 911.8
622 Ref (-20°C) 904.2 880.6 906.7
622 Ref.(-20°C) 916.1 909.8 913.3
MW 900.7 903.4 910.6
SD 1.4 15.4 9.4
RSD (%) 126 1.71 1.03
34 Stab. (RT) 908.2 897.1 925.3
34 Stab. (RT) 902.4 895.6 914.1
34 Stab. (RT) 906.3 899.6 892.6
34 Stab. (RT) 910.8 909.2 906.0
790 Stab. (RT) 934.5 901.6 902.1
790 Stab. (RT) 898.3 921.9 912.2
790 Stab. (RT) 830.0 902.6 901.0
790 Stab. (RT) 907.2 901.1 893.1
MW 907.2 903.6 905.8
SD 12.8 8.4 1.1
RSD (%) 1.42 0.93 1.23
202 Stab. (+40°C) 899.6 906.0 897.9
202 Stab. (+40°C) 894.9 891.1 911.4
202 Stab. (+40°C) 880.8 879.4 914.6
202 Stab. (+40°0) 904.4 911.0 922.5
468 Stab. (+40°C) 880.9 881.5 915.4
468 Stab. (+40°C) 885.3 898.9 909.4
468 Stab. (+40°C) 888.2 918.4 9353
468 Stab. (+40°C) 879.8 914.3 901.6
MW 889.2 900.1 9713.5
SD 9.4 14.9 1.8
RSD (%) 1.06 1.65 1.29
370 Stab. (+60°C) 901.5 926.9
370 Stab. (+60°C) 884.9 913.8
370 Stab. (+60°C) 891.1 903.4
370 Stab. (+60°C) 892.1 900.0
874 Stab. (+60°C) 903.3 896.5
874 Stab. (+60°C) 893.9 901.1
874 Stab. (+60°C) 901.8 896.9
874 Stab. (+60°C) 899.3 908.3
MW 896.0 905.9
SD 6.5 10.3
RSD (%) 0.72 1.14
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Copper (ICP-OES):

3 month 6 month 12 month
Cu Cu Cu
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°0) 385.5 393.1 389.1
158 Ref (-20°C) 391.9 390.6 382.4
158 Ref (-20°C) 396.5 383.3 401.1
158 Ref.(-20°C) 383.6 397.6 394.1
622 Ref.(-20°0) 379.0 380.0 388.5
622 Ref (-20°C) 383.9 395.1 391.9
622 Ref.(-20°C) 389.4 379.1 390.9
622 Ref.(-20°C) 394.2 393.2 391.1
MW 388.0 389.0 391.1
5D 6.0 7.2 53
RSD (%) 1.54 1.85 1.35
34 Stab. (RT) 390.3 385.7 392.7
34 Stab. (RT) 389.9 384.4 391.4
34 Stab. (RT) 389.9 386.8 382.0
34 Stab. (RT) 389.9 388.7 389.0
790 Stab. (RT) 401.9 387.0 385.1
790 Stab. (RT) 387.6 397.0 391.8
790 Stab. (RT) 383.4 388.2 385.8
790 Stab. (RT) 389.0 385.9 384.9
MW 390.2 388.0 387.8
SD 52 3.9 3.9
RSD (%) 1.34 1.01 1.01
202 Stab. (+40°C) 387.0 387.0 385.1
202 Stab. (+40°C) 386.0 380.4 3941
202 Stab. (+40°C) 378.9 376.7 393.4
202 Stab. (+40°0) 388.8 390.4 396.5
468 Stab. (+40°C) 376.9 376.8 392.7
468 Stab. (+40°C) 382.8 384.7 389.0
468 Stab. (+40°C) 383.5 3953 404.6
468 Stab. (+40°C) 377.0 391.2 388.9
MW 382.6 385.3 393.0
SD 46 6.9 59
RSD (%) 1.21 1.80 1.50
370 Stab. (+60°C) 388.0 398.3
370 Stab. (+60°C) 381.3 392.0
370 Stab. (+60°C) 384.9 385.7
370 Stab. (+60°C) 380.9 384.3
874 Stab. (+60°C) 3937 382.7
874 Stab. (+60°C) 385.8 387.5
874 Stab. (+60°C) 388.9 383.2
874 Stab. (+60°C) 384.4 390.5
MW 386.0 388.0
SD 4.2 5.3
RSD (%) 1.09 137
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Mercury (ICP-MS):

3 month 6 month 12 month
Hg Hg Hg
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 6.28 6.37 6.56
158 Ref.(-20°C) 6.57 6.20 6.44
158 Ref.(-20°C) 6.49 6.55 6.80
158 Ref.(-20°C) 6.46 6.42 6.92
622 Ref.(-20°C) 6.40 6.39 6.76
622 Ref.(-20°C) 6.35 6.17 6.31
622 Ref.(-20°C) 6.67 6.12 6.55
622 Ref.(-20°C) 6.97 6.38 6.66
MW 6.52 6.33 6.62
SD 0.22 0.14 0.20
RSD (%) 3.34 2.29 3.03
34 Stab. (RT) 6.84 6.24 6.89
34 Stab. (RT) 6.54 6.44 6.59
34 Stab. (RT) 6.36 6.1 6.73
34 Stab. (RT) 6.64 6.15 6.65
790 Stab. (RT) 6.74 6.45 6.84
790 Stab. (RT) 6.63 6.17 6.62
790 Stab. (RT) 6.35 6.53 6.42
790 Stab. (RT) 6.66 6.16 6.66
MW 6.59 6.28 6.67
SD 0.17 0.16 0.15
RSD (%) 2.60 2.62 2.21
202 Stab. (+40°C) 6.47 6.34 6.77
202 Stab. (+40°C) 6.55 6.23 6.72
202 Stab. (+40°C) 6.18 6.25 6.59
202 Stab. (+40°C) 6.57 5.95 6.74
468 Stab. (+40°C) 6.31 6.62
468 Stab. (+40°C) 6.90 6.48 6.80
468 Stab. (+40°C) 6.39 6.27 6.55
468 Stab. (+40°C) 6.50 6.14 6.65
MW 6.48 6.24 6.68
SD 0.21 0.16 0.09
RSD (%) 3.31 2.63 1.34
370 Stab. (+60°C) 6.68 6.24
370 Stab. (+60°C) 6.53 6.33
370 Stab. (+60°C) 6.39 6.55
370 Stab. (+60°C) 6.53 6.02
874 Stab. (+60°C) 6.60 6.26
874 Stab. (+60°C) 6.82 6.09
874 Stab. (+60°C) 6.50 6.26
874 Stab. (+60°C) 6.39 6.12
MW 6.55 6.23
SD 0.14 0.17
RSD (%) 2.18 2.66
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Nickel (ICP-OES):

3 month 6 month 12 month
Ni Ni Ni
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 98.70 100.35 99.99
158 Ref.(-20°C) 100.27 101.54 101.12
158 Ref.(-20°C) 100.90 96.61 108.43
158 Ref.(-20°C) 97.73 100.83 100.58
622 Ref.(-20°C) 97.16 95.48 102.44
622 Ref.(-20°C) 98.09 991 99.99
622 Ref.(-20°C) 99.04 95.34 99.64
622 Ref.(-20°C) 100.29 98.73 100.M
MW 99.02 98.50 101.54
) 1.35 2.43 2.92
RSD (%) 136 2.46 2.88
34 Stab. (RT) 99.53 97.45 100.20
34 Stab. (RT) 99.86 97.12 99.56
34 Stab. (RT) 99.48 97.48 97.29
34 Stab. (RT) 99.36 100.95 98.74
790 Stab. (RT) 102.61 97.32 98.53
790 Stab. (RT) 99.25 100.01 99.67
790 Stab. (RT) 98.36 98.56 98.19
790 Stab. (RT) 99.21 100.49 97.74
MW 99.71 98.67 98.74
) 1.25 1.58 1.01
RSD (%) 1.25 160 102
202 Stab. (+40°C) 99.44 104.13 98.44
202 Stab. (+40°C) 98.72 96.37 100.44
202 Stab. (+40°C) 96.56 98.99 99.81
202 Stab. (+40°C) 98.92 98.35 101.70
468 Stab. (+40°C) 96.67 95.50 100.07
468 Stab. (+40°C) 98.02 97.72 99.01
468 Stab. (+40°C) 97.85 104.95 102.58
468 Stab. (+40°C) 95.79 99.30 99.00
MW 97.75 99.41 100.13
) 129 3.42 1.42
RSD (%) 132 3.44 1.41
370 Stab. (+60°C) 99.03 102.04
370 Stab. (+60°C) 97.29 99.78
370 Stab. (+60°C) 97.51 98.39
370 Stab. (+60°C) 97.78 98.63
874 Stab. (+60°C) 100.59 97.27
874 Stab. (+60°C) 98.78 98.44
874 Stab. (+60°C) 98.85 99.72
874 Stab. (+60°C) 98.27 103.66
MW 98.51 99.74
) 1.06 2.12
RSD (%) 1.08 2.13
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Lead (ICP-OES):

3 month 6 month 12 month
Pb Pb Pb
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 4733 472.9 476.1
158 Ref.(-20°C) 479.7 470.0 472.1
158 Ref.(-20°C) 482.9 462.6 486.6
158 Ref.(-20°C) 470.6 477.2 481.7
622 Ref.(-20°C) 467.6 459.8 478.9
622 Ref.(-20°C) 4721 477.7 481.4
622 Ref.(-20°C) 471.0 461.4 478.6
622 Ref.(-20°C) 476.0 473.5 479.4
MW 474.2 469.4 479.3
SD 5.1 7.2 4.2
RSD (%) 1.07 1.53 0.88
34 Stab. (RT) 475.7 466.6 482.9
34 Stab. (RT) 479.8 465.5 481.4
34 Stab. (RT) 4751 467.9 4711
34 Stab. (RT) 473.9 469.3 474.8
790 Stab. (RT) 489.3 469.3 475.7
790 Stab. (RT) 473.9 477.4 480.9
790 Stab. (RT) 469.5 469.3 475.3
790 Stab. (RT) 473.0 468.4 473.1
MW 476.3 469.2 476.9
SD 6.0 3.6 43
RSD (%) 126 0.76 0.90
202 Stab. (+40°C) 475.6 469.2 474.6
202 Stab. (+40°C) 473.7 465.1 484.2
202 Stab. (+40°C) 459.7 458.8 479.9
202 Stab. (+40°C) 474.0 470.7 4847
468 Stab. (+40°C) 465.9 455.8 481.7
468 Stab. (+40°C) 469.1 467.6 478.6
468 Stab. (+40°C) 467.4 478.2 495.3
468 Stab. (+40°C) 456.4 472.6 478.7
MW 467.7 467.2 482.2
SD 6.9 7.3 6.2
RSD (%) 1.48 1.56 129
370 Stab. (+60°C) 4781 480.8
370 Stab. (+60°C) 469.9 475.0
370 Stab. (+60°C) 465.8 468.4
370 Stab. (+60°C) 468.3 469.1
874 Stab. (+60°C) 478.0 466.3
874 Stab. (+60°C) 472.4 469.2
874 Stab. (+60°C) 471.5 468.8
874 Stab. (+60°C) 47.7 471.9
MW 472.0 471.2
SD 43 47
RSD (%) 0.91 0.99
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Thallium (ICP-MS):

3 month 6 month 12 month
Tl Tl Tl
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 0.252 0.272 0.221
158 Ref.(-20°C) 0.231 0.245 0.210
158 Ref.(-20°C) 0.229 0.235 0.213
158 Ref.(-20°C) 0.232 0.236 0.214
622 Ref.(-20°C) 0.254 0.259 0.219
622 Ref.(-20°C) 0.230 0.208 0.212
622 Ref.(-20°C) 0.231 0.226 0.219
622 Ref.(-20°C) 0.240 0.228 0.215
MW 0.237 0.239 0.215
SD 0.010 0.020 0.004
RSD (%) 4.33 8.40 1.81
34 Stab. (RT) 0.255 0.245 0.218
34 Stab. (RT) 0.231 0.228 0.215
34 Stab. (RT) 0.227 0.221 0.207
34 Stab. (RT) 0.244 0.233 0.223
790 Stab. (RT) 0.250 0.243 0.213
790 Stab. (RT) 0.229 0.226 0.21
790 Stab. (RT) 0.224 0.227 0.208
790 Stab. (RT) 0.244 0.229 0.217
MW 0.238 0.232 0.214
SD 0.012 0.008 0.005
RSD (%) 4.94 3.62 2.48
202 Stab. (+40°C) 0.243 0.234 0.213
202 Stab. (+40°C) 0.231 0.226 0.212
202 Stab. (+40°C) 0.224 0.215 0.212
202 Stab. (+40°C) 0.252 0.204 0.221
468 Stab. (+40°C) 0.243 0.237 0.214
468 Stab. (+40°C) 0.248 0.229 0.213
468 Stab. (+40°C) 0.233 0.221 0.217
468 Stab. (+40°C) 0.250 0.206 0.218
MW 0.240 0.221 0.215
SD 0.010 0.012 0.003
RSD (%) 4.25 5.57 157
370 Stab. (+60°C) 0.246 0.227
370 Stab. (+60°C) 0.235 0.224
370 Stab. (+60°C) 0.235 0.230
370 Stab. (+60°C) 0.259 0.208
874 Stab. (+60°C) 0.239 0.231
874 Stab. (+60°C) 0.233 0.219
874 Stab. (+60°C) 0.236 0.228
874 Stab. (+60°C) 0.267 0.206
Mw 0.244 0.221
SD 0.013 0.010
RSD (%) 5.20 4.43
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Vanadium (ICP-MS):

3 month 6 month 12 month
V V V
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 21.27 20.97 21.15
158 Ref.(-20°C) 2114 20.95 21.04
158 Ref.(-20°C) 21.01 22.43 21.22
158 Ref.(-20°C) 21.24 21.28 21.43
622 Ref .(-20°C) 21.20 21.42 21.09
622 Ref (-20°C) 20.72 20.64 21.08
622 Ref (-20°C) 21.16 21.39 21.55
622 Ref.(-20°C) 20.89 20.85 21.24
MW 21.08 21.24 2122
SD 0.19 0.55 0.18
RSD (%) 0.91 2.59 0.85
34 Stab. (RT) 21.34 2112 21.85
34 Stab. (RT) 21.41 20.23 2119
34 Stab. (RT) 20.71 20.87 20.97]
34 Stab. (RT) 21.16 20.62 21.84
790 Stab. (RT) 21.40 21.12 20.68
790 Stab. (RT) 20.41 20.38 20.79
790 Stab. (RT) 20.77 21.25 20.86
790 Stab. (RT) 20.49 20.47 21.03
MW 20.96 20.76 2115
5D 0.41 0.39 0.45
RSD (%) 1.98 1.86 2.15
202 Stab. (+40°C) 2113 20.92 21.25
202 Stab. (+40°C) 21.14 20.76 21.31
202 Stab. (+40°C) 20.59 20.53 21.07
202 Stab. (+40°C) 21.27 20.52 21.12
468 Stab. (+40°C) 21.30 21.53 21.35
468 Stab. (+40°C) 22.31 20.76 21.33
468 Stab. (+40°C) 20.99 20.87 21.58
468 Stab. (+40°C) 20.91 20.27 21.06
MW 21.20 20.77 21.26
) 0.50 037 0.17
RSD (%) 2.36 1.80 0.82
370 Stab. (+60°C) 20.90 20.75
370 Stab. (+60°C) 20.97 20.75
370 Stab. (+60°C) 20.89 20.73
370 Stab. (+60°C) 20.83 20.41
874 Stab. (+60°C) 2119 21.27
874 Stab. (+60°C) 20.42 20.65
874 Stab. (+60°C) 20.99 2118
874 Stab. (+60°C) 20.68 20.30
MW 20.86 20.76
) 0.23 033
RSD (%) 1.1 1.60

61



Zinc (ICP-0ES):

3 month 6 month 12 month
Zn Zn Zn
Bottle number Storage mg/kg mg/kg mg/kg
158 Ref.(-20°C) 1323.9 13371 1346.9
158 Ref.(-20°C) 1331.2 1325.2 1327.9
158 Ref.(-20°C) 1348.2 1303.8 1374.7
158 Ref.(-20°C) 1320.4 1349.5 13541
622 Ref.(-20°C) 1302.4 1295.6 1353.5
622 Ref.(-20°C) 1302.7 1345.1 1355.6
622 Ref.(-20°C) 1332.5 1291.8 1351.4
622 Ref.(-20°C) 1354.4 1335.2 1353.1
MW 1326.9 1322.9 1352.1
SD 18.9 22.8 12.8
RSD (%) 1.42 172 0.94
34 Stab. (RT) 1333.0 1316.1 1369.7
34 Stab. (RT) 1326.7 1314.7 1355.6
34 Stab. (RT) 1338.0 1317.5 1323.2
34 Stab. (RT) 1344.0 1331.4 13451
790 Stab. (RT) 1367.2 1325.8 1341.2
790 Stab. (RT) 1321.9 1356.6 1354.6
790 Stab. (RT) 1313.5 1328.7 1338.0
790 Stab. (RT) 1344.5 1325.9 1330.1
MW 1336.1 1327.0 1344.7
] 16.5 13.4 15.0
RSD (%) 124 1.01 1.12
202 Stab. (+40°C) 1318.1 1330.7 1343.6
202 Stab. (+40°C) 1319.5 1314.9 1356.0
202 Stab. (+40°C) 1303.6 1302.9 1358.0
202 Stab. (+40°C) 1341.0 1340.0 1365.7
468 Stab. (+40°C) 1297.8 1298.2 1360.3
468 Stab. (+40°C) 1304.9 1323.2 1349.3
468 Stab. (+40°C) 1318.5 1361.5 1388.4
468 Stab. (+40°C) 1307.7 1341.6 1339.8
MW 1313.8 1326.6 1357.6
SD 13.6 212 15.2
RSD (%) 1.03 1.60 112
370 Stab. (+60°C) 1323.8 1362.7
370 Stab. (+60°C) 1306.2 1348.3
370 Stab. (+60°C) 1320.2 1329.7
370 Stab. (+60°C) 1321.8 1324.0
874 Stab. (+60°C) 1333.3 1318.9
874 Stab. (+60°C) 13141 1330.7
874 Stab. (+60°C) 1331.3 1327.9
874 Stab. (+60°C) 1335.2 1339.4
MW 1323.2 1335.2
S0 10.0 14.3
RSD (%) 0.75 1.07
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