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Executive summary

The Joint Research Centre (JRC), a Directorate General of the European Commission
(EC), organised a proficiency test (IRMM-PT-43) for the determination of the mass
fractions of total arsenic (As) and inorganic arsenic (iAs) in rice in support to the
implementation of provisions of Commission Regulation (EU) 2015/1006 which amends
Regulation (EC) 1881/2006 as regards maximum levels of inorganic arsenic in
foodstuffs.

The present proficiency test (PT) was open to National Reference Laboratories (NRLS)
and official control laboratories (OCLs). Fifty three participants from twenty countries
registered to the exercise. Seven participants did not report results.

The material used as test item was a certified rice flour reference material (SRM 1568b),
which, after appropriate processing, was bottled, labelled and dispatched to the
participants during the first half of March 2016.

Laboratory results were rated using z and C scores in accordance with the international
standard ISO 13528:2015. The relative standard deviation for proficiency assessment
was set to 15 % of the assigned value for both measurands.

Most of the laboratories (91 %) reported realistic measurement uncertainties and
performed satisfactorily (with |z| < 2) for the determination of the total As mass fraction.
For the determination of iAs mass fraction 55 % of the participating laboratories
performed satisfactorily.
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1. Introduction

The present proficiency test (PT) named IRMM-PT-43, was organised by the European
Commission's Joint Research Centre - Institute for Reference Materials and
Measurements (JRC - IRMM) to assess the performance of National Reference
Laboratories (NRLs) and official food control laboratories (OCLs) in the determination of
total arsenic (As) and inorganic arsenic (iAs) mass fractions in rice.

The Scientific Panel on Contaminants in the Food Chain (CONTAM Panel) of the European
Food Safety Authority (EFSA) identified that inorganic arsenic causes cancer of the lung
and urinary bladder, in addition to skin and that the dietary exposure to inorganic
arsenic for average and high level consumers of rice, such as some ethnic groups and
particularly children under three years of age, results in a high exposure and high risk
for the above mentioned disease [1].

The reliability of the analysis of total and iAs in rice was demonstrated by the
performance of participating laboratories in an interlaboratory comparison (ILC) round
organised by the European Union Laboratory for Heavy Metals in Feed and Food (EURL-
HM) [2]. As a result an amendment was considered appropriate for Commission
Regulation (EC) 1881/2006 [3] as regards the introduction of maximum levels (MLs) for
inorganic arsenic in rice and rice-derived products, which entered into force in January
2016 [4].

Several validated methods are available for the determination of iAs in foodstuffs. In
2012 the European Committee for Standardization (CEN) standardised a method for the
determination of iAs in animal feeding stuffs by hydride generation atomic absorption
spectroscopy (HG-AAS) after microwave extraction and off-line separation of iAs by solid
phase extraction (SPE, EN 16278:2012 [5]). This method was validated in a
collaborative trial in the frame of the IMEP-32 project [6] and has furthermore been
used in studies on iAs content in seafood and rice. Currently, CEN is validating a method
for the selective determination of iAs in food based on high performance liquid
chromatography hyphenated with inductively coupled plasma mass spectrometry (HPLC-
ICP-MS). Two other standard methods have been published, GB/T 5009.11-2003 (China)
[7] and EN 15517:2008 [8] for the determination of abio-arsenic in food and of iAs in
seaweed, respectively. Both methods are based on the selective determination of arsine
from iAs under specific conditions without any previous separation of species and with
final determination by atomic fluorescence [7] or by HG-AAS [8], respectively. Recently,
the JRC organised a collaborative trial (IMEP-41 [6]) for the validation of a method to
determine iAs in several foodstuffs. This method, which is based on the selective
extraction of iAs into chloroform and further determination by HG-AAS, should serve as
an inexpensive complement to the method being validated by CEN based on HPLC-ICP-
MS.

This report evaluates and summarises the performance of NRLs and OCLs in the
determination of total and inorganic arsenic mass fractions in rice, in the frame of the
IRMM-PT-43 round. Additionally, it evaluates the ability of laboratories in assessing the
compliance of the test item against the maximum levels set in the European legislation
for contaminants in food.

2. Scope and aim

The present PT aims to assess the performance of NRLs and OCLs in the determination
of total As and iAs mass fractions in rice. In addition, participants were requested to
evaluate the conformity of the analysed test item according to the maximum levels
(MLs) set in the European legislation for contaminants in food.

The assessment of measurement results follows the administrative and logistic
procedures of the EC-JRC-IRMM for the organisation of PTs, which is accredited
according to ISO/IEC 17043:2010 [9].



The name of this proficiency testing round is IRMM-PT-43.

3. Set up of the exercise
3.1 Time frame

The web announcement (Annex 1) for the exercise was made on January 19, 2016 on
the JRC webpage [6]. Invitation letters were sent to the NRLs on the same day (Annex
2). The registration deadline was set to February 28, 2016. The test item was dispatched
to participants the first half of March 2016. The reporting deadline was set to April 15,
2016. Dispatch was followed by the PT coordinator using the messenger's parcel tracking
system on the internet.

3.2 Confidentiality

According to the IRMM quality system for the organisation of PTs the confidentiality of
participants is guaranteed.

3.3 Distribution

The test item was dispatched to participants on March 7 and 8, 2016. Each participant
received:

e One glass bottle containing approximately 6 g of test item;
e A "Sample accompanying letter" (Annex 3); and

e A "Confirmation of receipt form" to be sent back to IRMM after receipt of the test
item (Annex 4).

3.4 Instructions to participants

Detailed instructions were given to participants in the "Sample accompanying letter"
mentioned above. Measurands were defined as "Total and inorganic As mass fractions in
rice".

Participants were asked to perform two or three independent measurements, to correct
their measurements for recovery and for moisture content and to report their calculated
mean (X3p), the associated expanded measurement uncertainty (U,,,) together with the
corresponding coverage factor and the technique used.

Participants received an individual code to access the on-line reporting interface, to
report their measurement results and to complete the related questionnaire. A dedicated
questionnaire was used to gather additional information related to measurements and
laboratories (Annex 5).

Participants were informed that the procedure used for the analysis should resemble as
closely as possible the one they use for routine analysis.

The laboratory codes were given randomly and communicated to the participants by
e-mail.

4. Test item
4.1 Preparation

The test item used was a certified reference material (SRM 1568b) purchased from the
National Institute of Standards & Technology (NIST, USA). The material was rebottled



(portions of 6 g were filled into 30 ml acid-washed amber glass bottles) and relabelled.
The bottles were manually filled using acid washed plastic spoons under an air extraction
point. The bottles were closed with acid washed inserts and screw caps.

Each vial was identified / labelled with a unique number and with the name of the PT
round, following the EC-JRC-IRMM procedures.

4.2 Homogeneity and stability

The certified reference material (CRM) used in the present PT exercise was considered to
be adequately homogeneous and stable for the purpose of the exercise on the basis of
the information provided by the CRM producer. Therefore, no additional homogeneity
and stability studies were carried out for the material used.

5. Assigned values and their uncertainties

5.1 Assigned value, Xt

The certified values and their corresponding expanded uncertainties, used as assighed
values for the present PT exercise, were derived from the SRM 1568b certificate [10],
and are presented in Table 1.

5.2 Associated uncertainty, up;

The standard uncertainties (u,) associated to the assigned values were calculated as the
ratio between the expanded uncertainties listed in the CRM certificate and the respective
coverage factor.

Table 1 presents the assigned values (X,t), their associated expanded uncertainties (U,
k = 2 which corresponds to a confidence interval of 95 % around the assigned value)
and the standard deviation for PT assessment (0pt).

Table 1 - Assigned values (X,, and Uy (k=2)) and the standard deviation for PT assessment
(0pt). All values in mg kg™ [10].

Xpt Upt (k= 2) Opt Opt (0/0)

As 0.285 0.014 0.043 15

iAs 0.092 0.010 0.014 15

5.3 Standard deviation for proficiency assessment, ot

The relative standard deviation for proficiency assessment (0., in % of the respective
Xpt) was set to 15 % of the assigned value for both measurands considering the
performance of participants in a previous PT round with similar measurands [2], Table 1.



6. Evaluation of results

6.1 Scores and evaluation criteria

Individual laboratory performance was expressed in terms of z and { scores in
accordance with ISO 13528:2015 [11]:

X, — X
zZ= b et Eq. 1
G pnt

7= XIab_Xpt Eq. 2

[,,2 2
upt + uIab

Where: x5, is the measurement result reported by a participant;
Xpt is the assigned value;
Opt is the standard deviation for proficiency assessment;
Upt is the standard measurement uncertainty of the assigned value;
Us IS the standard measurement uncertainty reported by a participant.

The interpretation of the z and { scores is done according to ISO 17043:2010 [9]:

|score| £ 2 satisfactory performance (green in Annexes 6 - 9)
2 < |score| < 3 questionable performance (yellow in Annexes 6 - 9)
|score| = 3 unsatisfactory performance (red in Annexes 6 - 9)

The z score compares the participant's deviation from the assigned value with the
standard deviation for proficiency assessment (o) used as common quality criterion.

The C score states whether the laboratory's result agrees with the assigned value within
the respective uncertainty. The denominator is the combined uncertainty of the assigned
value (up) and the standard measurement uncertainty as stated by the laboratory (ujap).
The ¢ score includes all parts of a measurement result, namely the expected value
(assigned value), its associated standard measurement uncertainty and the standard
measurement uncertainty of the reported values. An unsatisfactory ¢ score can either be
caused by the presence of a significant bias (inaccurate measurement) or by a not
realistic evaluation of the measurement uncertainty (under evaluation), or both.

The standard measurement uncertainty of the laboratory (u,,) was obtained by dividing
the reported expanded measurement uncertainty by the reported coverage factor, k.
When no uncertainty was reported, it was set to zero (u, = 0). When k was not
specified, the reported expanded measurement uncertainty was considered as the half-
width of a rectangular distribution; u;;, was then calculated by dividing this half-width by
V3, as recommended by Eurachem and CITAC [12].

Uncertainty estimation is not trivial, therefore an additional assessment was provided to
each laboratory reporting measurement uncertainty, indicating how reasonable their
measurement uncertainty evaluation was.

The standard measurement uncertainty from the laboratory (u,,,) is most likely to fall in
a range between a minimum uncertainty (Umin), and a maximum allowed (Umax) -
case "a": Umin < Uab < Umax- Umin IS set to the standard measurement uncertainty of the
assigned value (umin = up). It is unlikely that a laboratory carrying out the analysis on a
routine basis would measure the measurand with a smaller measurement uncertainty

than the expert laboratories chosen to establish the assigned value.



Umax iS set to the standard deviation accepted for the PT assessment (Umax = Opt).
Consequently, case "a" becomes: Up: < Ujap < Opt.

If upp is smaller than umi, (case "b": ujp < ug) the laboratory may have under evaluated
its measurement uncertainty. Such a statement has to be taken with care as each
laboratory reported only its measurement uncertainty, whereas the uncertainty
associated with the assigned value also includes the contribution for homogeneity and
stability of the test item. If that is large, measurement uncertainties smaller than upn,
are possible and plausible.

If uiep is larger than umax (case "c": up > Ope) the laboratory may have over evaluated its
measurement uncertainty. An evaluation of this statement can be made when looking at
the difference between the reported value and the assigned value: if the difference is
smaller than Uy then over evaluation is likely. If the difference is larger but x,, agrees
with X, within their respective expanded uncertainties, then the measurement
uncertainty is properly assessed resulting in a satisfactory performance expressed as a (
score, though the corresponding performance, expressed as a z score, may be
questionable or unsatisfactory.

It should be pointed out that uq.x is @ normative criterion when set by legislation.

More detailed information about measurement uncertainty evaluation can be found in
some international standards and other guidance documents [12-16].

6.2 General observations

Fifty-three participants from 20 countries, of which 21 NRLs, registered to this exercise
(Figure 1). Seven participants (of which 1 NRL) did not report results. For total As 45
results were reported (20 from NRLs and 25 from OCLs). For iAs 39 results were
reported (20 from NRLs and 19 from OCLs). Among them, one participant (NRL)
reported a "less than X" value.

Peru,1 Austria, 2
United Kingdom, 3
~ |

Sweden, 1

Belgium, 1 croatia, 2

Czech Republic, 2
‘ o

Spain, 5

Slovenia, 1
Slovakia, 1

Poland, 6 /
MNetherlands, 1
Malta, 1

Lithuania, 1

Italy, 2
Hungary, 1 Greece, 2

Germany, 10

Figure 1: Countries having registered in IRMM-PT-43. Fifty-three laboratories registered of
which 46 reported results.

10



6.3 Laboratory results and scorings

Annexes 6 and 7 present the reported results as tables and graphs for each measurand.
NRLs and OCLs are denoted as Nxx and Lxx, respectively. The corresponding Kernel
density plots, obtained using the software available from the Statistical Subcommittee of
the Analytical Methods Committee of the UK Royal Society of Chemistry [17], are also
included. Both for total and iAs mass fractions the Kernel density plots indicate that the
distribution of the reported results follows a normal distribution (Annexes 6 and 7,
respectively).

Figure 2 presents an overview of the performance of the participants, expressed as z and
¢ scores, for the whole population, for OCLs and for NRLs. When taking into account the
Z scores, participants performed satisfactorily for the determination of the total As mass
fraction (91 % satisfactory results in the total population, 95 % among NRLs and 88 %
among OCLs) while a poorer performance was observed for the determination of the iAs
mass fraction (55 % satisfactory results in the total population, 47 % among NRLs and
63 % among OCLs). The questionable and unsatisfactory z scores for the total As mass
fraction were mostly due to a negative bias (3 out of 4); on the contrary for the iAs
mass fraction all the questionable and unsatisfactory z scores (except one) were due to a
positive bias.

For the total As mass fraction the performance expressed as { scores was slightly worse
than that expressed as z scores (80 % satisfactory results in the total population, 85 %
among NRLs and 76 % among OCLs), while for the iAs mass fraction the opposite was
observed (63 % satisfactory results in the total population, 58 % among NRLs and 68 %
among OCLs).

Most participants reported realistic measurement uncertainties, case "a" (upt < upy <
Opt), for both total and iAs mass fractions (91 % and 61 %, respectively), Table 2. No
laboratory reported a case "b" (ujap, < Up, possibly an under evaluation) measurement
uncertainty for the total As mass fraction. In the case of the iAs mass fraction only 10 %
of the reported measurement uncertainties were classified as case "b" and 29 % as case
"c" (U > Op, possibly an over evaluation). In the whole exercise only two of the
laboratories that reported a case "b" measurement uncertainty (which could penalise the
C score) received an unsatisfactory C score.

Annexes 8 and 9 summarises the experimental details used by the participating
laboratories in the determination of total As and iAs, respectively.
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Figure 2:

Total As

Total (z score) _ l l 41 l [2
OCL (z score) _ | | 22 | | [ 2
NRL (z score) _ | | 19 | |
Total (T score) _ | 3|6 | 5
OCL (T score) _ | 19| | | 4
NRL ({ score) _ ! !17 ! | [1
0% 2(;% 4(;% 6(;% 8(;% 10I0%
OSatisfactory O Questionable M Unsatisfactory
_ Inorganic As
Total (z score) l 21 l | l 8
OCL (z score) _ | 12 | | | 3
NRL (z score) _ | 9 | | |5
Total ({ score) _ | 24 | | | 5
OCL (T score) _ | 13 | | | 3
NRL (Z score) _ ! 11 ! |! 2
0% 2(;% 4(;% 6(;% 8(;% 10I0%

O Satisfactory O Questionable

B Unsatisfactory

Overview of scores (in % and in the number of laboratories) having

satisfactory (green), questionable (yellow) and unsatisfactory performance (red).
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Table 2 - Measurement uncertainty assessment per measurand

Upt < Ujap < Ot Ujap < Upt Ujap > Opt
41 (91 %) 0 4 (9 %)
Total As NRLs OCLs NRLs OCLs
18 (90 %) 23 (92 %) 2 (10 %) 2 (8 %)
23 (61 %) 4 (10 %) 11 (29 %)
Inorganic As NRLs OCLs NRLs OCLs NRLs OCLs
13 (68 %) 10 (53 %) 2 (11 %) 2 (11 %) 4 (21 %) 7 (36 %)

Only one participant reported a "less than" result (N47 for iAs mass fraction). Since the
reported value (< 0.08 mg kg™') was lower than X, - U, for the mentioned measurand,
this statement is considered incorrect (flagged in red in Annex 7) because the laboratory
should have been able to detect the iAs.

As mentioned above most of the questionable and unsatisfactory results reported for the
iAs mass fraction are affected by a positive bias, probably due to contamination or to
inter-conversion of arsenic species either during sample pre-treatment or during the
instrumental detection of iAs:

Inter-conversion of arsenic species during sample pre-treatment could happen if
too severe conditions (high temperatures, acid concentrations, etc.) are applied.
The test item wused contains, according to the CRM producer [10],
monomethylarsonic acid (MMA, 0.0116 + 0.035 mg kg™) and dimethylarsinic acid
(DMA, 0.180 + 0.012 mg kg™') which could be converted, at least partially, into
iAs. This could for instance explain why only four out of nine results obtained
after dry ashing (temperatures between 395 and 500 °C) got a satisfactory z
score, Annex 9,

Contamination originating from the reagents could also explain the positive bias.
To avoid it only reagents of the highest purity are recommended. However, if this
would be the explanation for the positive bias, also the results reported for total
arsenic would have been affected by it. The Youden plot (Figure 3), shows that
the results reported for the total arsenic mass fraction, are randomly distributed
around the assigned value and with the exception of three of them, within the
accepted standard deviation for proficiency assessment, op,. The total arsenic
mass fraction in the test item is about three times higher than that of iAs and so
the interference, if present, would introduce a lower bias, relatively speaking, in
the former measurand.

Interferences linked to the instrumental approach used (ArCl* is a known
interference in arsenic determinations by ICP-MS because both have an m/z of
75) may be a reason for a positive bias. However, this interference would have
affected both, total and iAs.

Not-resolved interferences due to organic species of arsenic, would mostly
interfere in the determination of iAs by HG-AAS if no separation of species is
carried out before the generation of the hydride. MMA and DMA can generate the
hydride although normally with a lower efficiency than iAs. As mentioned above,
MMA and DMA are present in the test item used in this PT. If this hypothesis
would be correct, the positively biased results for the iAs mass fraction would
have been mostly observed among results obtained using HG-AAS. However, as
shown in Figure 3, quite a humber of those results were obtained using ICP-MS.
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It needs to be mentioned that six out of the ten laboratories which used HG-AAS
for iAs determination which got a questionable or an unsatisfactory z score, used
dry ashing to digest the sample (Annex 9) and so the positive bias could be more
likely due to inter-conversion of species than to the interference of MMA and/or
DMA, or to a combination of both effects.

0.20
. @ HG-AAS
@ ICP-MS
. e xpt
. —_— Xpi£20p
0.20
-.%D ®le [
[=1s]
£
e °l o
<L
- [ ] ° “ [ ] [
* . o | * o N
0.10 ol *2 e
]
0.00 T T T 1

0.1 0.2 0.3 0.4 0.5
Total As (mg/kg)

Figure 3: Youden plot for the total and iAs mass fraction as obtained from the participants who
reported values for both measurands.

As summarised in Annexes 8 and 9 several digestion approaches (microwave (total As:
29, iAs: 15) - with open and closed vessel, wet digestion (total As: 4, iAs: 6) - in open
and in pressure bomb, and dry ashing (total As: 9, iAs: 9), have been used. No
significant correlation could be established between approach and performance, other
than the high percentage of questionable and unsatisfactory z scores for the iAs mass
fraction when dry ashing was used.

Several acids or acid mixtures were used for digestion purposes. For the total As mass
fraction three out of the four laboratories to which a questionable or unsatisfactory
performance was assigned used only HNOs; during the digestion. The remaining
laboratory used HNOs; and H,0, as digestion mixture. However, quite a number of
participants used only HNO; to digest the sample and reported satisfactory results for
this measurand, which indicates that this parameter alone is not responsible for the
observed bias. Regarding the iAs mass fraction a slightly better performance could be
identified for the use of HNO5; + H,0, as digestion mixture as the number of laboratories

14



using it who got satisfactory performance (seven out of ten, 70 %) was larger than for
other mixtures. Inversely, the use of HCI alone does not seem to be appropriate because
only one among the three laboratories that used this acid (33 %) got a satisfactory z
score.

Table 3 shows the distribution of satisfactory, questionable and unsatisfactory z and C
scores on the basis of the different instrumental approaches used for the final
determination; the figures between brackets indicate the respective percentages within
each particular instrumental population. Slightly better performance could be identified
for participants using ICP-MS-based techniques when compared with HG-AAS and ET-
AAS, for both total and iAs mass fractions.

Laboratories without experience in the analysis of iAs in food commodities could benefit
of the use of standardised methods [5], [7 - 8]. Sixty-eight per cent of the laboratories
that used a standardised method obtained a satisfactory z score vs 42 % among those
that did not.

A HG-AAS based method has been validated recently by the JRC EURL-HM [6]. The
method does not imply the use of sophisticated instrumentation, but it has the drawback
of using chloroform. In this PT that extraction procedure was used by NO06 which
obtained a z score of 0.07 for the iAs mass fraction. Chloroform is used in other areas of
analysis and if handled with proper care (in fume hood) it showed not to be of particular
risk.

Also EN 16278 [5] is based on the use of HG-AAS but the method is characterised by a
limit of detection (LOD) which is not low enough for the determination of iAs in rice and
rice derived products.

Table 3 - Laboratory performance by technique

Technique |z| =2 | 2<]|z|<3 |z]= 3 |g|< 2 2< (7| <3 [Z]= 3
Total As

ICP-MS +

SF-1cP.Ms | 23 (96 %) 1(14 %) | 21 (57 %) 2 (29 %) 1 (14 %)
HG-AAS 11 (84 %) 1 (8 %) 1(8%) | 10 (77 %) 1 (8 %) 2 (15 %)
ET-AAS +

HG-ET-AAS | © (86 %) 1 (14 %) 4 (57 %) 2 (29 %) 1 (14 %)

iAs

HPLC-ICP-

MS + 12 (66 %) | 3 (17 %) | 3(17 %) | 11 (61 %) 3 (16 %) 4 (23 %)
IC-ICP-MS

HG-AAS 8 (47 %) 5(29 %) | 4 (24 %) | 11 (64 %) 2 (12 %) 4 (24 %)
ET-AAS +

HG-ET-AAs | 1 (50 %) 1 (50 %) | 1 (50 %) 1 (50 %)

6.4 Analysis of the information extracted from the questionnaire
Thirty-four out of 45 (76 %) participants and 22 out of 39 (56 %) are accredited

according to ISO/IEC 17025 [18] for analysis of total and iAs, respectively. Most of the
laboratories (95 %) which filled in the questionnaire participate regularly in proficiency
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testing rounds for this type of analysis (mostly referring to total As rather than to the iAs
determination).

The experience in analysing iAs seems to make a difference: regarding performance 12
out of the 17 participants to which a no-satisfactory performance was attributed (|z | >
2) stated that they never carry out this speciation analysis or that they analyse only a
few similar samples per year (0-50).

Participants evaluated their measurement uncertainty using one or several of the
following approaches: applying the "Guide to the expression of uncertainty in
measurement" (GUM [13], 10 laboratories); from their in-house method validation
studies (26 laboratories); from interlaboratory comparison results (12 laboratories)
and/or from precision data (13 laboratories). No correlation could be established
between the different approaches and the performance in the analyses.

7. Compliance

The assigned value (X,;) for inorganic arsenic (iAs) was compared to the maximum level
(0.20 mg kg wet weight for non-parboiled milled white rice) set by Regulation (EU)
2015/1006 [4]. No ML exists in European legislation for the total As mass fraction in
food. Since the assigned value for iAs (0.092 mg kg™ dry mass, 0.086 mg kg wet mass
if taking account of the moisture content of 6.4 % as stated by the CRM certificate) is
below the respective ML the test item is considered as compliant by the PT organiser.

Summarising the answers provided by the 43 participants who reported their compliance
assessment, 20 % (8 out of 41, two participants made their compliance assessment
without giving a yes/no answer) stated, incorrectly, that the material was not compliant.
Among them, 3 participants concluded that the material was not compliant, even though
only the total As mass fraction was reported (L40, L43 and L44) while other three
participants did not provide any reason for considering the test item as not compliant
with the European legislation (LO7, L43 and N47).

Table 4 summarises the reasons provided by the participants who considered the test
item as no compliant. Highlighted participants (in green) have taken the correct
compliance decision based on their reported values for iAs.

The remaining participants (33 out of 41, thus 80 %) reported a correct compliance
decision.
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Table 4 - Compliance assessment: reasons for no compliance (as provided by each participant).

Lab Code| X,a, | Compliance assessment
L18 024 [MLis0.20mg kg™ and the reporting result is 0.24 mg kg™
' (no uncertainty is taken into account since the method is not accredited)

It does not exceed the ML set by this regulation for rice.
L21 0.124 S i i . o

I would reject it if it would be rice for production of infant food or similar.

I would only accept the item in case of parboilded rice
L31 028 | .

in view of the uncertainty of the measurement.
L40 Out of the ML : 0.20 mg kg™. [No result reported for iAs]*
LO7 0.121 [No reason provided]*
L43 [No reason provided. No result reported for iAs]*
L44 [No result reported for iAs]*
N47 <0.08 [No reason provided]*

* Observation from the PT provider.

8. Conclusion

The analytical capability of the participating laboratories for the determination of the
mass fraction of total arsenic in rice was successfully demonstrated at the investigated
mass fraction level, considering the overall satisfactory performance of the participating
laboratories in IRMM-PT-43.

Considering the lower percentage of participating Ilaboratories which delivered
satisfactory results for inorganic arsenic, it is recommended to take actions for improving
the analytical capability for its determination.

Analysis of iAs in rice can be carried out with non-sophisticated techniques but it
requires a careful validation of the sample treatment. Dry ashing can be successfully
used, as demonstrated by some participants, but inter-conversion of species can
happen, resulting in an over evaluation of iAs. MLs for iAs in rice have entered into force
since January 2016 and OCLs must be capable of a proper evaluation of this analyte in
rice and rice derived products.

As a whole, participants reported realistic measurement uncertainty evaluations.
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10. Abbreviations

AAS Atomic Absorption Spectroscopy

CRM Certified Reference Material

ET-AAS Electro Thermal Atomic Absorption Spectrometry

EC European Commission

EU European Union

GUM Guide to the expression of Uncertainty in Measurement
HG-AAS Hydride Generation Atomic Absorption Spectroscopy

HG-ET-AAS Hydride Generation Electro thermal Atomic Absorption Spectroscopy

HG-ICP-OES Hydride Generation Inductively Coupled Plasma Optical Emission
Spectroscopy

ICP-MS Inductively Coupled Plasma Mass Spectrometry

HPLC-ICP-MS High Performance Liquid Chromatography coupled with ICP-MS
IC-ICP-MS Ion chromatography coupled with ICP-MS

SF-ICP-MS  Sector Field Inductively Coupled Plasma Mass Spectrometry
ICP-MS (Q) Quadrupole Inductively Coupled Plasma Mass Spectrometry

ILC Interlaboratory Comparison

IRMM Institute for Reference Materials and Measurements

ISO International Organisation for Standardization

JRC Joint Research Centre

LC-ICP-MS Liquid Chromatography coupled with ICP-MS

LC-MS Liquid Chromatography coupled with Mass Spectrometry
NRL National Reference Laboratory

ML Maximum level

OCL Official Control Laboratory

PT Proficiency Testing

Z-ET-AAS Zeeman- Electro Thermal Atomic Absorption Spectrometry

19



Annex 1: JRC web announcement

https://ec.europa.eu/jrc/en/interlaboratory-comparison/irmm-pt-43?search&form-return

IRMM-PT-43: "Determination of the mass fractions of total (As) and
inorganic arsenic (iAs) in rice"

The IRMM-PT-42 proficiency testing round (PT) focuses on the determination of
the mass fractions of total and inorganic arsenic in rice. This PT supports the
implementation of Regulation (EU) 2015/1006 amending Regulation (EC)
1881/2006 as regards maximum levels of inorganic arsenic in foodstuffs.

The main objective of this exercise is to assess the analytical capabilities of
European official food control laboratories in the determination of total and jAs in
rice.

Participation in IRMM-PT-43 is free of charge.

Please register using the following link:

» Test materials and analytes

The test material to be analysed is rice. Each participant will receive one jar
containing 6 g of the proficiency test item.
The measurands are the mass fractions of total As and jAsin rice.

General outline of the exercise

Participants are requested to perform two or three independent analyses using
the method of their choice, and to report the mean of their measurement results,
in dry mass and corrected for recovery, its associated expanded measurement
uncertainty and the coverage factor k.

Detailed instructions will be sent together with the test item.

» Schedule

Registration Sample dispatch |Reporting of Report to
results participants

Deadline First half of March |15" April 2016 July 2016

28/02/2016 2016 )
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Annex 2: Invitation letter to participants

EUROPEAN COMMISSION

DIRECTORATE-GEMERAL
JOINT RESEARCH CENTRE
Dimschomte D - Instiute for Refemnce Matedals and Measonements

Standarde for Food Elocclsncs Uni

(22l 19 January 2016
JRC D 3/PROFCE acs/ARES
St by el
Subject: Proficiency testing round for the determination of the mass fractions of
total (As) and inorganic arsenic (idg) in rice — IRNA-PT-43

Diear Mational Rafarence Laboratory (WEL) reprasentative,

The JRC-IEMM is currently organising a proficiency testing round (FT) for the
"Determination of the mass fractions of total and inorganic arsenic in rice” {IENIN-
FT-43). This PT suppoists the implemeantation of Eagulation (EU) 2013/1006 amending
Ragulation 1881/2006 as regards maximum levels of inorganic arsenic in foodstuffs.

Many of vou exprassad an interest for such a PT during the recent EUEL-HM wrorkshop.
IEMIM is an accradited (150 1704 3:2010) PT provider. Confidantiality of participants is

guarantzad.

Participation in this PT iz not mandatory for NRLs,

You may wish to inform official food control laboratorizs belonging to wour national
network about IRMB-PT-43.

Participation to this PT is free of charge.
In case vou are interasted register elactronically for this PT using the following link:

httpsweb jre.sesuropa. snfileRearistrationWeb/rapistration'resistmtion do TselComparis
on=1501

Once vou submittad wour registration copy the confirmation page that will appear and
send it to JRC-IRMM-IMEP @ec svropa su. This 2-mail will be the confirmation of yous]
participation.

The deadline for registration is the 28% Febroary 2016. Samplss will be sent to

participants durine the first half of hlarch 2016. The deadline for submission of rasults is
the 15 April 2016.

Dz to a limited amount of samples only 90 registrations will be accepted.
Do not hasitats to contact us, in case of guastions/doubts,

Yours sinceraly,

o ook M

D¢, Fernando Cordsiro
IFMM-PT-43 Coprdinator
Ce: Franz Ulberth (Head of Unit SFE)
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Annex 3: Sample accompanying letter

EUROPEAN COMMISSION

DIRECTORATE-ZENERAL
JOINT RESEARCH CENTRE
Direciorale D - InsTivle for Refarance Malarials and Massurameants

Standarde for Food Bloeclanca LUnit

Geesl, 07 March 2016
JRC.DS5/FCR/acs/ares[2016)1148106

wTitlew wFirstname= «5Surname=
«drganisation=

«[epartment=

wAddress=

widdress2w

wWZjpw T owne

wCountrys

Participation in a proficiency testing round for the determination of the
mass fractions of total arsenic (As) and inorganic arsenic (iAs) in rice — IRMM-PT-
43.

Dear «Title» «Surname=

Thank you for participating in the proficiency testing round [PT)} IRMM-PT-43 for the
determination of the mass fractions of total A5 and j&s in rice. This PT supports the
implementation of Regulation (EU) 2015/1006 amending Regulation 1881,/2006 as regards
maximum levels of inarganic arsenic in foodstuffs.

Please keep this letter. You need it to repart your results.

This parcel contains:
a} One bottle containing approximately & g of the proficiency test item

b} & "Confirmation of Receipt” form
c} This accompanying letter,

Please check whether the bottle containing the test item remained undamaged during
transport. Then, send the "Confirmation of receipt” form back (fax: +32-14-571865, e-mail:
JRC-IRMM-IMEPEec.europa.eu}. ¥You should store the sample in a dark place at 4°C until
analysis.

The measurands are the mass fractions of total As and iAs in rice.

The procedure used farthe analyses should resemble as closely as possible the ane that you
use in routine analysas.

Reporting of results
Please perform two or three independent measurements, correct the measurements results

for recovery and maisture and report the following on the reporting website:

Fl
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i
i
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+» the mean of your two or three measurement results (mg kg™) and its associated
expanded uncertainty (mg kg™),

+ the coverage factor

+ the technigue used to carry out the analysis.

To calculate the moisture content in the test material, pleass apply the following procedure:

(1} Weigh approximately 300 mg of test material in a petri-dish of 3.5 cm diameter,
preferably with a lid. The thickness of the powder-layer should be about 3-4 mm
covering the bottom of the dish,

(2} Place it in a checked and calibrated drying oven at 90 = 2 °C for 120 = 2 minutes.
Allow the glass container [covered with the lid) to cool down for about 20 minutes in a
desiccator before weighing.

(3} cCalculate the average mass loss from the dried material in percentage of the initial
mass.

The results should be reportedinthe same form (e.g9. number of significant figures) as those
narmally reported to the customer.

The reparting website is https://irmm.jrc.ec.europa.eu/ilcfilcReparting.do

To access the webpage you need a personal password key, which is: =Part_key#. The
system will guide yvou through the reporting procedure. After entering yvour results, please
complete also the relating questionnaire.

Do not forget to submit and confirm always when required.

Directly after submitting your results and the questionnaire information online, you will be

prompted to print the completed report form. Please do so, sign the paper version and
return it to IRMM by fax (at +32-14-571-8365) or by e-mail. Check your results
carefully for any errors before submission, since this is your last definitive confirmatian,

The deadline for submission of results is 15/04/2016.

Keepin mind that collusion is contrary to professional scientific conduct and serves anly to
nullifythe benefits of proficiency tests to customers, accreditation bodies and analysts alike.

Your participation in this project is greatly appreciated. If you have any further questiaons,
please contact me by e-mail: JAC-IRMM-IMEPEec.europa.gu

With kind regards,

fonand o B

Fernando Cordeira (Ph.D.)
IRMM-PT-43 Coardinatar

Cc: F. Ulberth (Head of Unit)

FostEzaweg 111, B-LE
=l =
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Annex 4: Confirmation of receipt form

EURCPEAN COMMISSION

DIRECTORATE-SEMERAL
JTHNT RESEARCH CENTRE
Dirschombe D - Insibote for Rederence atedals and e omemenis

Standarde for Food Elocclsncs Uni

JRC.D5/FCR acs/Ares[?016)1148106

«Title= «Firstname= «5urnames=
«(irganisation=

whlepartments

whddresse

whddress2=

wZipw «Towne

wCountryse

IRMM-PT-43

Determination of the inorganic arsenic (iAs) mass fraction in
rice

Confirmation of receipt of the samples

Please return this form at your earliest convenience.
This confirms that the sample package arrived.

In case the package is damaged,
please state this on the form and contact us immediately.

ANY REMARES

Date of package arrival
Signature

Please return this form to:
Fernande Cardeiro (Ph.D.)
IRMM-PT-42 Coordinator,
EC-JRC-IRMM

Betieseweg 111

E-2440 GEEL, Belgium

Fa:x : +32-14-571B65
JRC-IRMM-IMEPEec.europa.eu

- 1
11
11
1
1
]
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Questionnaire

Annex 5
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17. Are vou accredited for the analvsis of total As and/or to iAs in rice?

See table Question 17 at bottom

18. Does vour laboratory participate in PTs for this tvpe of analysis?

-.’:} a) Yes
-.“:;- b) No

18.1. In which ones?

19. Do vou have any comments? Let us know!
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Question 11

QOuestions/Response table LoD
Total As
ids
Question 13
QOuestions/Response table 1- Never 2-0-30 3-30-250 4- 250-1000 3-=1000
Toial As
ids

Question 17

QOuestions/Response table

Yes

No

Total As in rice

ids in rice

Question 3

For the digestion technique use: 1 for Microwave (open), 2 for Micrewave (closed), 3 for Open wet, 4 for Dry ashing, 5 for Pressure bomb, 6 for Other (if
"Other” please specify). For the digestion mixture use: 1 for H202, 2 for HCI, 3 for HNO3, 4 for HC104, 5 for HE, § for other (if "other” indicate which
one). For digestion mixture multiple answers are possible. e.g. 1+3). Please give the concentration used for each component of the digestion mixture e g 3

65%.

Ouestions/Response table Digestion technique Digestion mixture Temperature {celcius) Time (minutes)
Total As
ids
Question &

Pleaze indicate which CEM was used.

Ouestions/Response table

1 - Recovery (%)

2 - Spiking

3 - Using a CRM

Total As

ids
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Annex 6: Results for total arsenic (As)
Assigned values: X, = 0.285; U,; = 0.014; o, = 0.043 (all values in mg kg™)

Lab Code Xiab k Technique Upab z-score ° {-score ®  Unc®
LO7 0293 0044 2  [SF-ICP-MS 0.022 | 0.9 0.35 a
L14 0308 0046] 2 [icP-Ms 0.023 | 053 0.96 a
L15 0176] 0.018] Vs |HG-AAS 0010 | -253 [ENOM a |
L17 0.26 004 2 [HG-AAS 0020 | -058 | -1.18 a
L18 026 0041 2 [ET-AAS 0021 | -058 | -1.15 a
L19 026] 0065 2 [HG-AAS 0033 | -058 | -0.75 a
L20 0.31 003 s [ICP-Ms 0.017 | 058 1.34 a
L21 0349 0052 2 [HG-AAS 0.026 | 1.49 2.38 a
122 028 0067 2 [HG-AAS 0034 | 012 | -0.15 a
L23 0.133 0.02] 1.01 [HG-AAS 0020 EEIEY 2 |
L25 0321] 0065 2 [ICP-MS (Q) 0.033 | 0.84 1.08 a
128 0.338 004 Vs [ET-AAS 0023 | 1.23 2.20 a
L29 0.279 002] 2 [icP-Ms 0010 | -014 | -0.49 a
L31 0.315 005 2 [icP-Ms 0025 | 0.70 1.16 a
L32 0.37 01 2 [HG-AAS 0.050 | 1.98 1.68 c
L35 0.25 005 2 [HG-AAS 0025 | 081 | -1.35 a
L38 0.174 009 2 [ET-AAS 0045 | -258 | -2.44 c
L40 0357 0064 2 [icP-Ms 0.032 | 1.67 2.20 a
L42 0294 0044 2 [icP-Ms 0022 | 021 0.39 a
L43 0325 0059 3 [LC-MS(Q) 0.020 | 0.93 1.92 a
L44 0288 0.066] 2 [HG-AAS 0.033 | 0.07 0.09 a
L45 0315 0049 2  [IcP-Ms 0.025 | 0.70 1.18 a
L48 0.28 007] 2 [HG-AAS 0035 | 012 | -0.14 a
L51 0.3 003 2 [icP-Ms 0015 | 035 0.91 a
L54 0312 0047 2 [HG-AAS 0.024 | 063 1.10 a
NO1 0.2 008 2 [icP-Ms 0040 | -1.98 | -2.09 a
NO2 0.28 004 2  [SF-ICP-Ms 0020 | 012 | -0.24 a
NO3 0.3 003 2 [HG-AAS 0.015 | 035 0.91 a
NO5 0451 0096 2 [IcP-MsS 0.048
NO6 0283 0015 2 [HGET-AAS 0008 | -0.05 | -0.19 a
NO8 0294 0067 2 [icP-Ms 0034 | 021 0.26 a
N10 0284 0026] 2 [icP-Ms 0013 | -0.02 | -0.07 a
N11 0.2622] 0.0498] 2  [SF-ICP-MS 0025 | -053 | -0.88 a
N12 0205 0.035] 2 |ET-AAS 0018 | -1.86 |EWZEN a |
N13 0.3 005 2 |ZET-AAS 0025 | 035 0.58 a
N24 0.299 006| 2 [icP-Ms 0.030 | 033 0.45 a
N26 0318 0064 2 [icP-Ms 0032 | 077 1.01 a
N27 0307 00172 2  [icP-Ms 0.009 | 051 1.98 a
N34 0282 0042 2 [icP-Ms 0021 | -007 | -0.14 a
N41 0306 0042 2 [ICP-MS (Q 0.021 | 0.49 0.95 a
N46 0274 0033 2 [icP-Ms 0017 | 026 | -061 a
N47 0.32 006] 2 [ET-AAS 0.030 | 081 1.14 a
N49 0279 0064 2 [icP-Ms 0032 | 014 | -018 a
N50 0277 0016 2 [iIcP-Ms 0008 | 019 | -075 a
N53 029] 0.146] 2 [HG-AAS 0073 | 012 0.07 c

@ /3 is set when no coverage factor is reported, ® performance: Satisfactory, questionable,

PIAEEISEISeIRY, “a: Upt < Upap < Opt; bt Ujap < Upe; @nd C: Upap > Ot
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Kernel Density Plot (Total As)

IRMM-PT-43: Total As in rice
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Annex 7: Results for inorganic arsenic (iAs)
Assigned values: X, = 0.092; U,, = 0.010; o, = 0.014 (all values in mg kg™)

Lab Code Xiab Technique T z-score {-score b

LO7 0121 0024 2 [HPLC-ICP-MS | 0.012 2.10 2.23 a
L14 0.101] 0009 2 [HPLC-ICP-MS | 0.005 0.65 1.34 b
L15 0.109] 0.033] V3 [HG-AAS 0.019 1.23 0.86 c
L17 0.11 0.02] 2 [HG-AAS 0.010 1.30 1.61 a
L18 0.24 V3 [ET-AAS 0 10.72  29.60 b
L19 011] 0.027] 2 |HG-AAS 0.014 a
L20 0.21 0.02] V3 [HG-AAS 0.012 8.55 9.38 a
121 0.124] 0019] 2 |HGAAS 0.010 2.32 2.98 a
L22 01] 00370 2 [HG-AAS 0.019 0.58 0.42 c
L23 0.113] 0.017] 0.95 |HG-AAS 0.018 1.52 1.13 c
L25 0.098 002 2 [ic-icP-Ms 0.010 0.43 0.54 a
L28 0.1] 0015] V3 [HG-AAS 0.009 0.58 0.80 a
L29 0.108 0.02] 2 |HG-ICP-OES 0.010 1.16 1.43 a
L31 0.28 003 2 [HPLC-IcP-MS | 0.015 [BEERZNEER:C) c
L32 0.16 01] 2 [HG-AAS 0.050 4.93 1.35 c
L42 0.118] 0.018] 2 |HPLC-ICP-MS | 0.009 1.88 2.53 a
L45 0.093] 0.017] 2 [HPLC-ICP-MS | 0.009 0.07 0.10 a
L48 0.12 003] 2 [HG-AAS 0.015 2.03 1.77 c
L54 0.109] 0033 2 |HGAAS 0.017 1.23 0.99 c
NO1 0047] 0021 2 [HPLCIcP-Ms | 0.011 [N a2 |
NO2 0.11 0.02] 2 [SF-IcP-MS 0.010 1.30 1.61 a
NO3 0121 0027] 2 |HGAAS 0.014 2.10 2.01 a
NO4 0.12 0.04f 2 [HG-AAS 0.020 2.03 1.36 c
NO5 0.109] 0023 2 |HPLC-ICP-MS | 0.012 1.23 1.36 a
NO6 0.093] 0013] 2 |HGET-AAS 0.007 0.07 0.12 a
NO8 0.125 003 2 [iciIcP-Ms 0.015 2.39 2.09 c
N10 0.095| 0013] 2 [|HPLC-ICP-MS | 0.007 0.22 0.37 a
N12 0.124] 0012] 2 [HG-AAS 0.006 2.32
N13 0.11 V3 |HPLC-ICP-MS 0 1.30 3.60 b
N24 0.101 002 2 |HPLC-IcP-Ms | 0.010 0.65 0.80 a
N26 0125 0033 2 |HPLC-ICP-MS | 0.017 2.39 1.91 c
N27 0.095| 0008] 2 |HPLC-ICP-MS | 0.004 0.22 0.47 b
N34 0.097] 0016] 2 [iciICP-MS 0.008 0.36 0.53 a
N41 0136 0025 2 [HPLCcP-Ms | 0.013 [ENCHEZAE a2 |
N46 0.102 0.01] 2 [HPLC-ICP-MS | 0.005 0.72 1.41 a
N47 < 0.08 HPLC-ICP-MS

N49 0.139] 0.059] 2 [HG-AAS 0.030 1.57

N50 0.163 0.02] 2 |HG-AAS 0.010

N53 016/ 0021] 2 [|HGAAS 0.011

@ V3 is set when no coverage factor is reported, ® performance: Satisfactory, questionable,
UAEESEISeI8Y, “a: Upt < Ujap < Op; b: Ujap < Up; @nd C: Ujap > Opy
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IRMM-PT-43: iAs in rice
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Laboratory

Measurement results and associated expanded measurement uncertainties.

Assigned value (Xy): black line; Assigned range (Xp: £ Up): dashed line; Acceptance range (Xpt £ 20p:): red lines.
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Annex 8: Experimental details and scoring for total As (expressed as z scores)

2501k 0027 o ERE By |2 Gl b Sl o lE e e Si=s) “- WIS |FieEe

ASUS864 L00.00-19/6 External calibration (no matrix matched) MW (C) HNO3

m“mn_ Fxternal calibration (no matrix matched) “- W) mﬂ
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Yes 0.0006 External calibration (no matrix matched) MW (C) HNO;

¥MW (C) microwave closed vessel, MW (O) microwave open vessel, OV open vessel, DA Dry ashing, OW open wet, PB pressure bomb,
HP high pressure, ® Temperature in °C, ¢ Time in minutes.




Annex 9: Experimental details and scoring for iAs (expressed as z scores)

50250 n_ Bxternal cafibraion (matrix matChed) ““ i nn HPLCICPMS
- Ne __ Ne Fe i,

External calibration (no matrix matched) HG-AAS

-“ 0008 “_ Fxeernal calioration (no matrix matChed) n---

External calibration (no matrix matched) H,0,+CH;COOH 100 HPLC-ICP-MS

External calibration (no matrix matched) DA - 500 HG-AAS
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§ E = g % “E % g E % :g ‘é Sample digesti

© =3 [ E Standard method Approached followed for calibration 3 2 =S58 Sz a Sampie CIOESHOn B . Technique

E % > g 8 -5— § 6 .2 % ‘E— E Tech Mixture Temp Time

< S o = EF o

NO1 b External calibration (matrix matched) HPLC-ICP-MS
NO2 0-50 No 0.050 Yes SIST EN ISO 16278 |External calibration (no matrix matched) No Yes Yes MW (C) |H,O,+HCI 20 25 SF-ICP-MS
NO3 0-50 Yes 0.040 No External calibration (no matrix matched) Yes Yes Yes DA HNO3 HG-AAS
NO4 0-50 No 0.002 Yes CEN/TS16731:2014 |External calibration (no matrix matched) Yes Yes Yes MW (C) [HNO; 95 90 HG-AAS
NO5 0-50 Yes 0.0012 No External calibration (no matrix matched) No No Yes MW (C) |HNO;+H,0, 90 20 [HPLC-ICP-Ms
NO6 50-250 Yes 0.01 Yes SOP (IMEP-41) External calibration (no matrix matched) Yes Yes DA HCI 425 HG-ET-AAS
NO8 0-50 Yes 0.01 No External calibration (no matrix matched) No No Yes MW (C) |HNO;+H,O, 95 50 |[IC-ICP-MS
N10 50-250 Yes 0.006 No External calibration (no matrix matched) No No Yes MW H,0,+HCI 90 25 [HPLC-ICP-MS
N12 0-50 No 0.008 Yes HG-AAS External calibration (no matrix matched) No Yes Yes DA HCI + HNO3 425 720 |HG-AAS
N13 No No Other Yes Yes Yes MW (C) |HNO3+H,O, 95 50 |HPLC-ICP-MS
N24 50-250 No 0.01 Yes EN 16802 External calibration (matrix matched) No No Yes ow HNO;+H,0, 90 90 |HPLC-ICP-MS
N26 50-250 Yes 0.002 Yes EN 16802: 2016 External calibration (no matrix matched) No No Yes ow HNO;+H,0, 90 60 [HPLC-ICP-MS
N27 50-250 Yes 0.03 Yes FprEN 16802 External calibration (no matrix matched) Yes No Yes Waterbath [HNO3;+H,0O, 90 60 HPLC-ICP-MS
N34 0-50 No 0.01 Yes External calibration (no matrix matched) Yes Yes Yes MW (C) |H,O,+HCI 90 25 [IC-ICP-MS
N41 External calibration (no matrix matched) HPLC-ICP-MS
N46 50-250 No 0.003 Yes EN16802: 2016 External calibration (matrix matched) No No Yes W aterbath 90 60 HPLC-ICP-MS
N49 _ External calibration (matrix matched) H,O,+HCI

N50 b EN 16278: 2012 External calibration (no matrix matched) H,O,+HCI

N53 _ External calibration (no matrix matched) HCI+CHCl;

@ MW (C) microwave closed vessel, MW (O) microwave open vessel, OV open vessel, DA Dry ashing, OW open wet, PB pressure bomb, HP high
pressure, ® Temperature in °C, ¢ Time in minutes.
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