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were total Cd, Pb and As and extractable Cd and Pb as defined in Directive 2002/32/EC of the European Parliament and the Council on undesirable substances in animal feed. Forty-nine laboratories from 25 countries reported results to the two exercises, 29 to IMEP-105 and 20 to IMEP-27. In both PTs, external reference values were used instead of consensus values derived from the participants' results. It was shown that the concentration of total and extractable Cd according to Directive 2002/32/EC were identical, while the concentration of extractable Pb is about 80 % that of total Pb. The main outcome of these comparisons was that an underestimation of the concentrations of the addressed measurands, in particular of total Pb, took place due to an erroneous estimation of the bias of the analytical methods used by most of the participants. It appeared that the nature of the certified reference materials chosen for method validation and recovery estimation was the cause of the problem (insufficient matching of the matrix characteristics between these materials and the test sample). No significant difference between the results reported to IMEP-105 and to IMEP-27 was observed. The International Measurement Evaluation Programme, IMEP®, organised in 2008 two proficiency tests (PTs) for the determination of heavy metals in mineral feed, named IMEP-105 and IMEP-27, respectively. IMEP-105 was organised in support to the activities of the European Union Reference Laboratory for Heavy Metals in Feed and Food, and participation was restricted to the officially nominated National Reference Laboratories (NRLs). was open to all interested control laboratories in the field. The test material used in the two PTs was the same and the time frame of the two exercises overlapped. The measurands in both exercises were total Cd, Pb and As and extractable Cd and Pb as defined in Directive 2002/32/EC of the European Parliament and the Council on undesirable substances in animal feed. Forty-nine laboratories from 25 countries reported results to the two exercises, 29 to IMEP-105 and 20 to IMEP-27. In both PTs, external reference values were used instead of consensus values derived from the participants' results. It was shown that the concentration of total and extractable Cd according to Directive 2002/32/EC were identical, while the concentration of extractable Pb is about 80 % that of total Pb. The main outcome of these comparisons was that an underestimation of the concentrations of the addressed measurands, in particular of total Pb, took place due to an erroneous estimation of the bias of the analytical methods used by most of the participants. It appeared that the nature of the certified reference materials chosen for method validation and recovery estimation was the cause of the problem (insufficient matching of the matrix characteristics between these materials and the test sample). No significant difference between the results reported to IMEP-105 and to IMEP-27 was observed. on official controls performed to ensure the verification of compliance with feed and food law, animal health and animal welfare rules (European Commission, 2004), a full system has been put in place in Europe to safeguard feed and food quality. A network of National Reference Laboratories (NRLs), coordinated by a European Union Reference Laboratory for Heavy Metals in Feed and Food (EU-RL-HM), was built up to ensure quality and comparability in official control throughout the European Union. To overcome problems associated with a high metal content in feed, maximum levels for trace elements in several commodities have been laid down in Directive 2002/32/EC (European Commission, 2002).

This directive was recently amended to establish that "maximum levels refer to an analytical determination of cadmium and lead, whereby extraction is performed in nitric acid (5 % w/w) for 30 min at boiling temperature. Equivalent extraction procedures can be applied for which it can be demonstrated that the used extraction procedure has equal extraction efficiency".

Official control laboratories should develop and validate analytical methods that fulfil the new requirements of the legislation or otherwise demonstrate that the methods already in use provide extraction efficiency equal to that obtained when applying the requirements of the legislation.

The EU-RL-HM is coordinating several proficiency tests (PTs) for the determination of heavy metals in different feed commodities with the aim of comparing the concentration of Cd and Pb when applying total digestion of the matrix and partial digestion with 5 % (m/m) HNO 3 . In the second half of 2007 the EU-RL-HM organised a PT, IMEP-103, for the network of appointed NRLs to determine total and extractable Cd and Pb in compound feed for fish (de la Calle Guntiñas, [START_REF] De La | Proficiency test for heavy metals in feed and food in Europe[END_REF]. The outcome of that exercise was that total and The test material, a commercially available mineral feed for piglets, was provided by AGES, Zentrum Analytik und Mikrobiologie (Linz, Austria). Upon arrival at IRMM the material was processed as follows: The material was milled to obtain particles around 500 µm with a Retsch Heavy Duty mill (Haan, DE). The particle size distribution was assessed by laser diffraction and the water content (1.3 ± 0.2 % (m/m)) determined by Karl-Fischer titration.

Coarse particles were removed sieving through a 500 µm sieve (Russel Finex Industrial sieves, London, UK). The material was then homogenised in a three dimensional mixer (Dyanmix CM-200 Basel, CH) and distributed using a vibrating feeder into amber glass bottles (60 mL) with polyethylene (PE) insert and screw cap lid with crimp film, containing approximately 30 g of test material each. Before processing, the material was stored at room temperature. After processing the storing temperature was 4 °C. Processing took place at room temperature.

Homogeneity and stability

Measurements for homogeneity and stability studies were performed by the Central Laboratory Bayer Antwerpen. Homogeneity was evaluated by the EU-RL-HM according to ISO 13528 and to the method proposed by [START_REF] Fearn | A new test for sufficient homogeneity[END_REF] (one of the approaches recommended by the IUPAC International Harmonised Protocol [START_REF] Thompson | The international harmonized protocol for the proficiency testing of analytical chemistry laboratories[END_REF]). Homogeneity and stability studies were performed for total As and for extractable Cd and Pb. Our past experience showed that total and extractable Cd and Pb behave the same in terms of homogeneity and stability. The material proved to be sufficiently homogeneous according to the IUPAC International Harmonised Protocol and to ISO 13528 (ISO, 2005) for total As and for extractable Cd. It was hence assumed that the material was also homogeneous for total Cd. For extractable Pb, the Harmonised Protocol neither to ISO 13528, and it was therefore concluded that neither total Pb was homogeneously distributed in the material. Figure 1 shows that the material consisted of a mixture of materials characterised by different colours. It was decided not to mill the material down to a finer powder in order to keep the test material similar to real routine samples. For this reason, an uncertainty contribution for the between bottle heterogeneity (u bb ), was estimated using SoftCRM (www.softCRM.com ) as 10 %, and propagated according to Guide to the Expression of Uncertainties in Measurement (GUM) (ISO, 1993). The stability test of the material was evaluated following the approach proposed by Lamberty et al [START_REF] Lamberty | The study of the stability of reference materials by isochronous measurements[END_REF]. The evaluation of the stability of the test material was also made using the software SoftCRM [START_REF] Linsinger | Estimating the uncertainty of stability for matrix CRMs[END_REF]. The material proved to be stable at room temperature for the six weeks that elapsed between the dispatch of the samples and the deadline for submission of results for all tested measurands.

The results for Pb in the stability study were highly scattered, confirming the lack of homogeneity earlier described. It was therefore concluded that the observed variation reflected only the heterogeneity and that potential degradation was negligible.

The analytical results and statistical evaluation of the studies of homogeneity and short-term stability were provided in detail in the report sent to the participants in this PT, which can be found in the EU-RL-HM web page (de la Calle, van de Kreeke et al, 2009).

Reference values

Experiments for establishing reference values for this ILC for total Cd and Pb contents, as well as for the corresponding extractable fractions, were determined at IRMM by Isotope Dilution (ID) associated to Inductively Coupled Plasma Mass Spectrometry measurements The reference value for total As was provided by the Studiecentrum voor Kernenergie (SCK-CEN) using neutron activation analysis, k 0 -NAA.

Total Cd, Pb and As content

Determination of reference values for total Cd and Pb contents

A separate sample was used each time, and the method employed was one-way ID-ICP-MS, as described elsewhere [START_REF] Quétel | Certification of the lead mass fraction in wine for comparison 16 of the International Measurement Evaluation Programme[END_REF]. Typically, samples of about 0.2 g were gravimetrically prepared (by substitution weighing) directly in digestion vessels and blended with about 0.3 g aliquots of the respective isotopically-enriched materials: IRMM-622 enriched in 111 Cd, and SRM-991 (NIST, Gaithersburg, USA) enriched in 206 Pb. The spike isotope ratios used for IDMS calculations were taken from the IRMM-622 and the NIST SRM-991 certificates, respectively. Isotopic abundances in the test material were assumed to be natural for Cd and taken from IUPAC (column 9) [START_REF] Rosman | Isotopic compositions of the elements 1997[END_REF], whereas they had to be experimentally determined for Pb. Correction for mass discrimination on isotoperatio values was evaluated from measurements of a commercial mono-elemental solution (assuming the IUPAC isotopic composition) for Cd experiments and of a diluted SRM-982 (NIST) solution for Pb experiments.

The sample decomposition method applied was as follows: 4 mL of 65 % (m/m) HNO 3 + 2 mL of 36 % (m/m) HCl + 1mL 49 % (m/m) HF; 2 h pre-digestion; microwave-assisted digestion using the program shown in Table 1. Digested samples were evaporated until near dryness, and re-diluted into 2 % (m/m) HNO 3 . Matrix separation was then applied for Cd and Pb experiments, prior to ICP-MS measurements, using anion exchanger AG1-X8 resins (Bio-Rad, Hercules, USA) in the nitrate form in both cases and element specific conditions for sample loading and elution. Procedural blank samples (6 replicates each time) were obtained from application to 2 % (m/m) HNO 3 solutions of all the steps of the sample preparation procedures (apart from the addition of isotopic spikes). These procedural blanks contributed in average to less than 0.05 % and 0.6 % of the total amounts of Cd and Pb estimated for this test material, respectively.

Validation schemes included the estimation and the propagation of uncertainty contributions arising from the various corrections implemented (i.e. moisture content, procedural blank, mass discrimination, dead time, remaining spectral interference, and instrumental background). Combined uncertainty calculations were carried out according to guidelines of the ISO/GUM guide (International Standard Organisation, 1993).

Determination of a reference value for the total As content

No specific sample pre-treatment (digestion, extraction, ...) was performed before irradiation. Samples were irradiated in channel Y4 of the BR1 reactor at SCK-CEN at a nominal fluence rate of 4E 11 n.cm -2 .s -1 . After a decay time of 1 day samples were counted on k 0 calibrated HP Ge detectors. Total As was determined using the 559 keV peak of As-76.

Cd and Pb content in the extractable fraction

Participants were asked to report the amount of Cd and Pb associated with the fraction of the material solubilised after application of a specific partial digestion protocol described in ratios of spike to sample would be similar (to 1-2%) to those of the IDMS blend samples prepared for the determination of the total concentrations. It was found that this protocol allowed the digestion of about 94 % of the initial amount of material. When comparing isotopic results in the blend solutions after partial and total digestions there was no measurable difference for the 110 Cd/ 111 Cd ratio values, and a significant difference (~20%) for the 208 Pb/ 206 Pb isotopic ratio values. It was thus concluded that under these conditions of partial digestion all the Cd present and only 78 % of the Pb present had been extracted.

Results from the PT exercise

Forty-nine laboratories from 25 countries reported results to the two ILCs (29 to IMEP-105 and 20 to IMEP-27). Forty-eight laboratories reported results for total Cd and total Pb (of which 1 reported "less than" for total Pb), 42 submitted results for total As, and 46 reported results for extractable Cd and Pb (1 out of the 46 reported "less than" for extractable Pb).

Forty-three laboratories reported the uncertainty associated to their results for total Cd and total Pb, 36 for total As, and 39 for extractable Cd and Pb.

Laboratories whose code is marked with an * in tables and figures participated in IMEP-27, the remaining participated in IMEP-105.

Scores

Individual laboratory performance is expressed in terms of z-scores and zeta-scores in accordance with ISO 13528 and the IUPAC International Harmonised Protocol. Eq. 1

σˆr ef lab X x z - =
Eq. 2

Where:

x lab is the measurement result reported by a participant The standard uncertainty of the laboratory, u lab , was estimated by dividing the reported expanded uncertainty by the reported coverage factor, k. When no uncertainty was reported, it was set to zero (u lab = 0). When k was not specified, the reported expanded uncertainty was considered as the half-width of a rectangular distribution; u lab was then calculated by dividing this half-width by √3, as recommended by Eurachem and CITAC [START_REF] Eurachem | Quantifying Uncertainty in Analytical Measurements[END_REF].

Uncertainty estimation is not trivial; therefore an additional assessment was provided to each laboratory reporting uncertainty, indicating how reasonable their uncertainty estimate is. The standard uncertainty from the laboratory (u lab ) is most likely to fall in a range between a minimum uncertainty (u min ), and a maximum allowed (u max ). u min is set to the standard uncertainty of the reference value. It is unlikely (but it can happen) that a laboratory carrying out the analysis on a routine basis could measure the measurand with a smaller uncertainty than the expert laboratories chosen to establish the assigned value. u max is set to the target standard deviation (σˆ) accepted for the PT. If u lab is smaller than u min , the laboratory may have underestimated its uncertainty. Such a statement has to be taken with care as each laboratory reported only measurement uncertainty, whereas the uncertainty of the reference value also includes contributions of homogeneity and stability. If those are large, measurement uncertainties smaller than u min are possible and plausible. If u lab > u max , the laboratory may have overestimated the uncertainty. An evaluation of this statement can 12 be made when looking at the difference of the reported value and the assigned value: if the difference is small and the uncertainty is large, then overestimation is likely. If, however, the deviation is large but is covered by the uncertainty, then the uncertainty was assessed correctly but is large. Naturally, this assessment will gain from pooling data from various intercomparisons. It should be pointed out that u max is not a normative criterion: It is up to the customer of the respective result to decide which uncertainty is acceptable for a certain measurement.

The z-score compares the participant's deviation from the reference value with the target standard deviation for proficiency assessment (σˆ) used as common quality criterion. σˆ, is defined by the organiser as the maximum acceptable standard uncertainty. Based on feedback from experts, on the state-of-the-art and on discussion among the members of the advisory board of this PT, values for σˆ were set as 15 % of the assigned value for total and extractable Cd and for total Pb, 15.5 % for extractable Pb and for total As. In the case of Pb, the reference value obtained by IRMM for extractable Pb is about 80 % of the total Pb mass fraction. In the Youden Plot, Figure 2.b it can be seen that most results

were negatively biased, and that most laboratories reported concentrations lower than the reference values both for the total and the extractable Pb. Nevertheless, this bias seems to be higher for the total Pb results than for extractable Pb ones, so that the data points are spread along a line which is parallel to the Youden Plot diagonal.

Evaluation of results

Scores

The results, as reported by the participants, are summarised in Figure 3 When evaluating the information provided in the questionnaire by the participants, it appeared that most of the laboratories have optimised their method for the determination of total Cd, Pb and As using certified reference materials of mainly organic composition.

Table 4 summarises the CRM's used for the validation of the methods as reported by the participants. Only L23* used a CRM with a mineral matrix. Organic matrices are easier to mineralise than mineral matrices, which may easily result in an overestimation of the recovery and thus in an underestimation of the analyte concentration when the same method is applied to a mineral matrix, although not necessarily for all the analytes. This could explain why the values reported for total Pb were more biased than those reported for extractable Pb (Youden plot), Figure 2.b. The concentration of extractable Pb is methoddependent and has been obtained by all the laboratories using the same method. When developing and validating a method to determine heavy metals in mineral feed, it would be more appropriate to use a sediment CRM if no mineral feed CRM is available on the market.

Table 1 describes in detail the method used to establish the assigned values for total Cd and Pb in mineral feed. Table 1 also contains the method applied by Bayer Antwerpen for the determination of total As in the test material to perform the homogeneity and stability studies. The results obtained by Bayer Antwerpen are in agreement with the reference value provided for total As by SCK-CEN, but with a method based on hydride generation atomic absorption spectrometry (HG-AAS) which is more widely available in routine laboratories.

The methods summarised in Table 1 could be used as starting point for laboratories having problems with the determination of total Cd, Pb and As in mineral feed and that want to improve their performance. The situation does not improve when computing the zeta-scores. Only half of the participants obtained a satisfactory zeta-score, and not only for Pb but for all the measurands covered in this exercise. Between 31 and 38 % of the participants obtained an unsatisfactory zeta score for all the measurands with the exception of total As, for which 26 % of the laboratories had a |zeta| > 3. This means that some laboratories had problems not only with the accuracy of their measurement but also in making a realistic estimation of the uncertainty associated to the expected value of their measurement.

For uncertainty estimates two or more of the several options offered were given: 26 laboratories use the uncertainty as calculated during in-house validation of the method, 21 laboratories use the uncertainty obtained by measuring replicates (i.e. precision). Eleven laboratories followed the ISO-GUM approach. Four participants used the known uncertainty associated with typical results of the standard method used for the analysis. Seven laboratories made use of ILC data. Two used the "estimation based on judgement". The majority of the laboratories that reported unacceptably low values for total Pb have estimated the uncertainty of their measurements during method validation.

Thirty laboratories provide an uncertainty estimate to their customers.

When asked about the level of confidence reflected by the reported coverage factor (k), 34 reported a level of 95 %, one of 90 %, 10 did not report any figure. The remaining laboratories misunderstood the question and some of them gave an answer even if they did not provide any measurement uncertainty or coverage factor.

As an attempt to understand the reasons for the differences between the measurement results provided by the participants, a multivariate data analysis was performed using the Unscrambler ® 9.8 (CAMO Software AS, Norway). It was observed that the majority of the laboratories which declared to use reference materials for calibration purposes have in general submitted unacceptably low concentrations for total Pb, which would support our hypothesis that the low reported values for total Pb are due to the incorrect selection of CRM. Other variables that seem to characterise the laboratories with unsatisfactory scores for total Pb are: calculation of the uncertainty associated to their measurements via method validation (as previously mentioned) and being experienced in this type of analysis (more than 1000 analyses per year). An explanation for those unexpected findings might be that an inappropriate method has been used (validated for other types of feed but not for mineral feed) and that the claimed experience is not with mineral matrices but with other types of feed commodities easier to mineralise.

As reported elsewhere [START_REF] Linsinger | Estimating the uncertainty of stability for matrix CRMs[END_REF] no clustering was identified as a function of the different techniques used by the participants. Furthermore, no clustering was identified for the NRLs and other laboratories (IMEP-105 and IMEP-27 participants).

Further information gathered in this exercise

Some additional information was gathered from the participants feedback.

There seems to be some confusion among the participants on whether results are to be corrected for recovery or not. According to Commission Regulation (EC) No 333/2007: "If an extraction step is applied in the analytical method, the analytical result shall be corrected for recovery. In this case the level of recovery must be reported. In case no extraction step is applied in the analytical method (e.g. in case of metals), the result may be reported uncorrected for recovery if evidence is provided by ideally making use of suitable certified reference material that the certified concentration allowing for the measurement uncertainty is achieved (i.e. high accuracy of the measurement). In case the result is reported uncorrected for recovery this shall be mentioned". This means that during the validation of a method the laboratory must perform studies to evaluate the accuracy of the measurement, ideally using appropriate CRMs when available. When the result is not biased and it falls in the concentration range provided by the CRM, or when there is an overlap of the concentration range obtained by the laboratory, there is no need to correct for recovery and the result must be reported to the customer as such, to comply with the legislation. Otherwise, the results are to be corrected for recovery. Analysts must keep in mind that extractions with organic solvents are not the only steps in an analytical procedure that could introduce a bias.

Precipitation, volatilisation, incomplete digestion and adsorption are, among others, possible sources of biased results. Commission Regulation (EC) No 333/2007 refers to determination of contaminants in foodstuffs and not in feed, however, we considered that it is a sound approach and we advise the laboratories performing heavy metal determinations in feed to follow it.

Seventeen laboratories corrected their results for recovery: 10 calculated the recovery using a reference material, 6 adding a known amount of the same analyte to be measured and 1 used the two previously mentioned approaches. Thirty-three laboratories did not correct the results for recovery and when asked why 1 said that no correction was applied because they do not have an appropriate reference material, 1 indicated that the recovery for the determination of all elements was in the range covered by the uncertainty. Several participants mentioned that no correction was made because the recovery was carefully evaluated during the method validation and it turned to be close to 100 %. Several laboratories answered that they do not correct for recovery in this type of analysis, and 3 that they do not do it on a routine basis. Two answered that in this type of analysis it is not for recovery that the recovery is 80-120 %. One laboratory indicated that the results where checked from different solutions, with different techniques and with the use of a reference material. Some laboratories did not answer to this question.

Forty-four participants corrected their results for the water content; of which two did not indicated that they pre-dried the sample before the analysis.

Four laboratories introduced some modification to the prescribed protocol for the partial extraction of Cd and Pb: L03 pre-dried the sample, L07 took 1 g of sample instead of 2 g, L09

weighed 2 g of sample in a 250 mL flask, then added 143 mL extraction solution (5 % HNO 3 ), and after the heating filled up the 250 mL volumetric flask with water, L29 used 4 g of sample and 30 mL of HNO 3 .

Forty-five laboratories used total digestion in their routine analysis, 2 used partial digestion (according to legislation) and 2 participants used both methods.

Twenty-seven laboratories analysed the test material using an official method. The information reported by the remaining laboratories about their method of analysis is summarised in Table 7.

Forty-four laboratories carry out this type of analysis on a routine basis.

Forty-seven participants have a quality system in place, 1 does not and 1 did not answer the question. Forty-three out of the 47 have their quality system based on ISO 17025. Two have the quality system based on ISO 17025 and ISO 9000. Five laboratories are not accredited for the type of analysis that they apply on a routine basis. The first conclusion that can be drawn from IMEP-105 and IMEP-27 is that the selection of the reference material used to evaluate the recovery and/or to validate the method of analysis is of paramount importance. As shown as outcome of this exercise, using reference materials that do not match the type of matrix of the test material may introduce a significant bias (underestimation or overestimation) of some of the measurands.

Conclusions

The second conclusion that can be derived from these exercises is that the concentration of total and extractable Cd (according to Directive 2002/32/EC) can be considered identical when analysing this mineral feed. The same conclusion was extracted from IMEP-103 when analysing a feed with a high content of organic matter (de la Calle, van de Kreeke et al,2008).

Nevertheless, a wider variety of feed matrices should be checked before deducing general conclusions. This conclusion does not apply when comparing total and extractable Pb content in mineral feed, in which the concentration of total Pb is higher that the concentration of extractable Pb, as deduced from the reference values and as confirmed by the results of some participants in the exercise.

In addition, it is clear that increased efforts must be made to have an approach for correction of recoveries that is in line with EU legislation.

The use of a multivariate data analysis approach for data interpretation for interlaboratory comparisons provides an easy tool to identify laboratories which reported measurement results significantly different from the others. The combined information gathered from the multivariant data analysis makes it possible to identify which responses influence more those differences. We kindly acknowledge all the laboratories that took part in IMEP-105 and IMEP-27. About 0.2 g of feed sample were weighed into a microwave Teflon vessel. 4 mL of HNO 3 (65%), 2 mL of HCl (36%) and 1 mL HF (49%) were added and the mixture was left for 2 h of cold pre-digestion. The microwave-assisted digestion was carried out applying the following programme: 1) 2 min at 250 W, 2) 2 min at 0 W, 3) 6 min at 250 W, 4) 2 min at 0 W, 5) 5 min at 650 W, 6) 2 min at 0 W, 7) 5 min at 650 W, 8) 20 min at 0 W. Digested samples were evaporated until near dryness, and re-diluted into 2% (m/m) HNO 3 . Method used by Bayer Antwerpen to determine total As Sample preparation: Extraction with reflux boiling with concentrated HCl Weighing about 2 g of the IMEP-105 sample to the nearest 1 mg into a 250 mL beaker.
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Adding 85 mL of a 5 % (w/w) HNO 3 solution.

3

Covering the beaker with a watch-glass and boiling for 30 min on a hot plate (make sure that the plate warms up homogeneously all over the surface).

4*

Cooling the extract. Decanting the liquid into a 100 mL volumetric flask, rinsing the beaker and the watch-glass several times with 5 % (w/w) HNO 3 .

5

Diluting the liquid to the mark (up to 100 mL) with 5 % (w/w) HNO 3 .

6*

Homogenizing and filtering the extract through a fry folded filter paper into a dry container. Using the first portion of the filtrate to rinse the glassware and then discard that part. If the determination is not carried out immediately, the container with filtrate shall be stoppered.

* Indicates that the procedure applied at IRMM was slightly modified as follows:

-Step 4. Decantation was performed in FEP-Teflon bottles (125 mL) instead of volumetric flasks and the mass of extract was determined by weighing.

-Step 6. Separation of the liquid phase from the residual solid phase was performed by centrifugation (50 mL tube, 10000 rpm, 10 min) rather than by filtration. Liquid samples were kept in the refrigerator (4°C) until the separation on the anion exchange resin was carried out. 

  Regulation (EC) No 882/2004 of the European Parliament and of the Council

  in that test material were identical. The Youden plot constructed with participant results for total and extractable Pb, indicated no method dependence although more studies would be needed before extracting any definitive conclusion on the Pb matter due to a lack of Pb homogeneity in the test material. With the aim of expanding the previously mentioned study to a wider variety of feed matrices, the EU-RL-HM organised during the second half of 2008 two PTs, IMEP-105 and IMEP-27, for the determination of total Cd, Pb and As and extractable Cd and Pb in mineral feed. The two latter measurands were to be determined using the same extraction procedure as in IMEP-103 which has been agreed upon by the EU-RL-HM and the network of NRLs, and which is in agreement with the requirements laid down in Directive 2002/32/EC. Only NRLs participated in IMEP-105, while IMEP-27 was open for all control laboratories whishing to participate. The same material was used for both interlaboratory comparisons, with the only difference being the name of the material on the label. The assigned values for the measurands were not derived from the results provided by the participants in the exercise but were certified independently by the Institute of Reference Materials and Measurands (IRMM), signatory of the Mutual Recognition Arrangement of the Comité International des Poids et Mesures (CIPM)( http://www.bipm.org ), for total and extractable Cd and Pb and by the Studiecentrum voor Kernenergie (SCK-CEN) using neutron activation analysis, k 0 -NAA for total As. This report summarises the main outcome of the IMEP-105 and IMEP-27 exercises.

  sufficiently homogeneous according to the IUPAC International

7 (

 7 ICP-MS; quadrupole Elan 6000, Perkin Elmer, Sciex, using liquid sample introduction).Sample preparation was carried out under low and controlled conditions of contamination in the ultra-clean chemical laboratory of IRMM.

  X ref is the reference value (assigned value) u ref is the standard uncertainty of the reference value u lab is the standard uncertainty reported by a participant σˆ is the standard deviation for proficiency assessment The standard uncertainty associated with the assigned value (u ref ) was calculated according to ISO Guide 35 (International Standards Organisation, 2006) : is the standard uncertainty associated to the assigned value u char : is the standard uncertainty of the characterisation u bb : is the standard uncertainty contribution for the between-bottle homogeneity u sts : is the standard uncertainty contribution derived from the short-term stability studyThe zeta-score states whether the laboratory result agrees with the assigned value within the respective uncertainties. The denominator of Eq. 1 is the combined uncertainty of the the measurement uncertainty as stated by the laboratory. The zeta-score is therefore the most relevant evaluation parameter, as it includes all parts of a measurement result, namely the expected value, its uncertainty and the unit of the result as well as the uncertainty of the assigned values. An unsatisfactory zeta-score can either be caused by a wrong estimation of the concentration or of its uncertainty.

  finding is also supported by the Youden plot, Figure2.a. One single cloud of points is observed on both axes around the reference value and within the square formed by the reference values ± σˆwhen total vs. extractable Cd is plotted, showing that the results are not dependent of the method applied. With the exception of one participant, the laboratories having deviated in their reported values from the reference values, show the same bias in both the total and the extractable Cd, and are spread along the diagonal of the Youden plot.

  .a and b for total and extractable Cd, Figure 4.a and b for total and extractable Pb and Figure 5 for total As. The solid line represents the assigned value, the dashed lines delimit the reference interval (X ref ± 2u ref ) and the dotted lines delimit the target interval (X ref ± 2σˆ).The percentages of laboratories scoring satisfactory, questionable and unsatisfactory are summarised in Figure6. Improvement is certainly needed in the determination of total and which hardly half of the participants has a satisfactory z-score. Those poor results could be due to an inherent difficulty of the matrix.

  digest the samples. One laboratory gave as reason for not correcting

  and A. Lamberty from the Reference Materials Unit are acknowledged for their support in the short term stability studies and Marie-France Tumba-Tshilumba for processing of the test material. The Central Laboratory of Bayer Antwerpen is acknowledged for performing the measurements for the homogeneity and stability studies. The authors thank the Studiecentrum voor Kernenergie (SCK-CEN) and in particular P. Vermarke, for providing the reference value for total As. P. Robouch is acknowledged for the valuable discussions on the multivariate analysis. I. Verbist and D. Vendelbo are acknowledged for their support in the logistic organisation of the ILCs.
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  The interpretation of both the z and zeta scores is done as follows:As summarised in Table3, total digestion and partial extraction of the test material, following the procedure described in Table2, provide identical Cd concentrations. This
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	2 < |score| ≤ 3 |score| > 3	questionable result unsatisfactory result	O n l
			y
	The assigned reference value (X ref ), its corresponding expanded uncertainty (U ref , k=2, which
	gives a level of confidence of 95 %) and the various uncertainty contributions (u char , u bb , u sts ),
	are summarised in Table 3.	
	4.2 Total and extractable Cd and Pb	

Table 1 :

 1 Description of methods that have been applied for the determination of total Cd and Pb at IRMM, and for the determination of total As at Bayer Antwerpen, on the test material used in this exercise.
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	w
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Table 2 :

 2 Partial extraction protocol applied by IRMM, and the participants in the ILC IMEP-105 for the determination of extractable Cd and Pb fractions

	Step	Description of the operation
	1	

Table 3 :

 3 assigned values and their standard uncertainties for the measurands of this ILC.

		X ref [mg kg -1 ]	u char [%]	u bb [%]	u sts * [%]	u ref [%]	U ref [%]
	Total Pb	1.65	5.8	10	0	#	12	23
	Extract. Pb	1.29	5.4	10	0	#	11	23
	Total Cd	1.71	1.6	2	2.1	3.3	6.7
	Extract. Cd	1.71	1.6	2	2.1	3.3	6.7
	Total As	1.18	3.8	2	3.8	5.7	12
	* For six weeks							
	# See chapter 2.2							
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