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Executive summary  

The European Union Reference Laboratory for Food Contact Materials (EURL-FCM) organised a 
proficiency test (FCM-18-02) for the determination of the mass fractions of total aluminium, nickel, 
antimony and zinc in food simulant B (acetic acid, 3 % w/v). This proficiency test was open to 
National Reference Laboratories (NRLs) and official control laboratories (OCLs).  

The test item was a food simulant B solution spiked with Al, Ni, Sb and Zn at concentration levels 
close to their respective legislative specific migration limits (SML). The homogeneity and stability of 
the test item were evaluated and the assigned values were derived from formulation.  

Twenty six NRLs and twenty six OCLs from 26 countries - representing the EU Member States 
except Latvia, Malta and Romania, and Switzerland - registered to the exercise; 51 of them 
reported results.  

Laboratory results were rated using z and ζ (zeta) performance scores in accordance with 
ISO 13528:2015. Based on expert opinion, a relative standard deviation for proficiency assessment 
(σpt) was set to 15 % of the assigned value for Al, Ni and Sb and 12 % for Zn. 

More than 85 % of the participants performed satisfactorily (according to the z performance score) 
for the four elements. These results confirm that most NRLs are able to monitor mass fractions of 
the investigated metals at specific migration levels set by Commission Regulations related to 
plastic materials and articles intended to come into contact with food.  
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List of abbreviations  

 

DG SANTE Directorate General for Health and Food Safety 

EURL-FCM European Union Reference Laboratory for Food Contact Materials  

F-AAS Flame - Atomic Absorption Spectrometry 
 FS-B Food simulant B solution (acetic acid, 3 % w/v) 

GF-AAS Graphite furnace - Atomic Absorption Spectrometry   

ICP-OES Inductively Coupled Plasma - Optical Emission Spectrometry 

ICP-MS Inductively Coupled Plasma - Mass Spectrometry 

ISO International Organization for Standardization 

JRC Joint Research Centre 

NRL National Reference Laboratory 

OCL Official Control Laboratory 

PT Proficiency Test 

SML Specific migration limit 

 

 

List of symbols and definitions 

 

k coverage factor 

pt standard deviation for proficiency assessment 

u(xi) calculated standard measurement uncertainty (of participant "i") 

u(xpt) standard uncertainty of the assigned value 

uchar (standard) uncertainty contribution due to characterisation 

uhom (standard) uncertainty contribution due to inhomogeneity 

ust (standard) uncertainty contribution due to instability 

U(xi) reported expanded uncertainty by participant "i" 

U(xpt) expanded uncertainty of the assigned value 

xi reported mean value by participant "i" 

xpt assigned value 

z (or z') z (or z') score 

 zeta score 
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1. Introduction 

The European Union Reference Laboratory for Food Contact Materials (EURL-FCM), hosted by the 
European Commission, DG Joint Research Centre, organised a proficiency test (PT) for the 
determination of the mass fraction of total Al, Ni, Sb and Zn in food simulant B solution (acetic 
acid, 3 % w/v). The background of this PT is the change of the specific migration limit of Zn and the 
introduction of a specific migration limit of Al as per 14 September 2018, and the introduction of a 
specific migration limit of Ni as per 19 May 2019. Sb was added because some laboratories 
performed less in a previous PT. 

This PT was agreed with the Directorate General for Health and Food Safety (DG SANTE) as part of 
the EURL-FCM annual work programme 2018. The PT was open to National Reference Laboratories 
(NRLs) and to Official Control Laboratories (OCLs) willing to participate.  

This report summarises the outcome of the PT. 

2. Scope  

As stated in Regulations (EC) No 882/2004 [1] and (EU) 2017/625 [2] one of the core duties of 
EURLs is to organise interlaboratory comparisons for the benefit of NRLs.  

The present PT aims to assess the performance of NRLs and OCLs in the determination of the 
mass fractions of total Al, Ni, Sb and Zn in a food simulant B (FS-B) solution. In addition, 
participants were asked to evaluate the conformity of the investigated food simulant solution 
according to the specific migration limit (SMLs) set in Commission Regulations 10/2011, 
2016/1416 and 2017/752 [3-5] concerning plastic materials and articles intended to come into 
contact with food.  

The reported results were assessed following the administrative and logistic procedures of the JRC 
Unit in charge of the EURL-FCM, which is accredited for the organisation of PTs according to ISO 
17043:2010 [6].  

This PT is identified as FCM-18-02. 

3. Set up of the exercise 

3.1 Time frame 

The organisation of this PT was agreed at the EURL-NRL-FCM Plenary Meeting held in Ispra on 
October 24-26, 2017. An invitation letter was sent (via e-mail) to the NRLs of the EURL-FCM 
network on March 26, 2018 (Annex 1). The registration deadline was set to May 18, 2018. Test 
items were sent to participants on June 12-13, 2018. The dispatch was monitored by the PT 
coordinator using the messenger's parcel tracking system on the internet. The deadline for 
reporting of results was set to July 27, 2018. 

3.2 Confidentiality 

The procedures used for the organisation of PTs are accredited according to ISO 17043:2010 [6] 
and guarantee that the identity of the participants and the information provided by them is treated 
as confidential. However, the laboratory codes of NRLs appointed in line with Regulation (EC) 
2017/625 [2] may be disclosed to DG SANTE upon request for the purpose of an assessment of 
their (long-term) performance. Similarly, laboratory codes of appointed OCLs may be disclosed to 
their respective NRL upon request. 

  



 

8 

 

3.3 Distribution 

Each participant received: 

 One bottle of the test item (containing approx. 50 mL of test item); 

 The "Test item accompanying letter" (Annex 2); and  

 A "Confirmation of receipt form" to be sent back to the JRC after receipt of the test item 
(Annex 3). 

All test items were dispatched at room temperature. 

3.4 Instructions to participants 

Detailed instructions were given to participants in the "Test item accompanying letter" mentioned 
above.  

The measurand was defined as "mass fraction of total Al, Ni, Sb and Zn in a food simulant B 
solution". 

Participants were asked to perform two or three independent measurements applying the method 
used for official control, to report their calculated mean (xi) and the associated expanded 
measurement uncertainty (U(xi)) together with the coverage factor (k) and the analytical technique 
used for analysis. 

A density of 1.0 g mL-1 was used as conversion factor for the test solution. Results had to be 
reported in the same format (e.g. number of significant figures) as normally reported to customers.  

Since the homogeneity study was performed with 50 L sample intakes, the recommended 
minimum sample intake was set to 50 µL. 

Participants were informed that the procedure used for the analysis should resemble as closely as 
possible their routine procedures for this type of matrix/analytes and mass fraction levels.  

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 4). 

The laboratory codes were given randomly and communicated to the participants by e-mail. NRLs 
were identified as N-xx and OCL as O-xx. 

4. Test item 

4.1 Preparation 

Five litres of food simulant B solution (FS-B, 3 % acetic acid w/v [3]) were prepared and spiked with 
Al, Ni, Sb and Zn by the EURL-FCM. For each element, the spiked concentration was close to the 
respective legislated SML listed in mg kg-1 of food. A density of 1 g cm-3 was assumed for the FS-B 
solution. Portions of approximately 50 mL were manually filled into 50 mL screw capped Schott 
vials, and then stored at 4 °C until shipment.  

4.2 Homogeneity and stability 

Measurements for the homogeneity and stability studies were performed at the JRC-Geel. 
Inductively coupled plasma mass spectrometry (ICP-MS) was used to determine the mass fractions 
of total Al, Ni, Sb and Zn.  

The statistical treatment of data was performed by the EURL-FCM.  

The assessment of homogeneity was performed after the test item was packed in its final form 
and before distribution to participants. Ten bottles were randomly selected and analysed in 
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duplicates. Results were evaluated according to ISO 13528:2015 [7]; the contribution from 
homogeneity (uhom) to the standard uncertainty of the assigned value (u(xpt)) was calculated using 
the SoftCRM software [8]. The test item proved to be adequately homogeneous for all investigated 
analytes (Annex 5 and Table 1). 

The stability study confirmed that the test item is adequately stable (i) at room temperature (ca. 
20 °C) over the whole period of the PT (8 weeks, from value assignment till the deadline for 
reporting of results); and (ii) for 1 week at 60 °C (thus simulating extreme conditions which may 
occur during transport). Hence, the uncertainty contribution due to stability was set to zero (ust = 0, 
Annex 5 and Table 1). 

5. Assigned values and corresponding uncertainties 

5.1 Assigned values 

The assigned values (xpt) of the mass fraction of total Al, Ni, Sb and Zn in the spiked food simulant 
B solution were derived from formulation by the EURL-FCM (Table 1). These values were obtained 
by gravimetric measurements of dilutions, using substitution weighing with buoyancy correction, 
and from the certificates of the reference materials (element solutions) used to spike the FS-B 
solution. These values were further confirmed experimentally in the frame of the homogeneity 
study (Annex 5). 

5.2 Associated uncertainties 

The associated standard uncertainties of the assigned values (u(xpt)) were calculated following the 
law of uncertainty propagation, combining the standard measurement uncertainty of the value 
assignment (test item characterization, uchar) with the standard uncertainty contributions from 
homogeneity (uhom) and stability (ust), in compliance with ISO 13528:2015 [7]: 

𝑢(𝑥𝑝𝑡) =  √𝑢𝑐ℎ𝑎𝑟
2 + 𝑢ℎ𝑜𝑚

2 + 𝑢𝑠𝑡
2    Eq. 1 

where uchar was estimated from formulation, according to ISO/IEC Guide 98-3  [9].  

5.3 Standard deviation for proficiency assessment, σpt 

The following relative standard deviations for proficiency assessment (σpt) were set based on 
expert opinion (Table 1):  

(i) 15 % of the assigned value for Al, Ni and Sb; and  

(ii) 12 % of the assigned value for Zn.  
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Table 1:  Assigned values (xpt, derived from formulation), standard measurement uncertainty, uchar , uhom 

, ust, and u(xpt) and standard deviation for PT assessment, pt. All values (except the last two 
rows) expressed in mg kg-1. 

 

Al Ni Sb Zn 

xpt 0.801 0.0202 0.102 5.024 

uchar 0.0025 0.00005 0.0004 0.0125 

uhom 0.0106 0.00010 0.0010 0.0305 

ust 0 0 0 0 

u(xpt) 0.011 0.00011 0.0010 0.0330 

pt 0.120 0.0030 0.015 0.603 

pt (%) 15% 15% 15% 12% 

u(xpt)/pt 0.09 0.04 0.07 0.05 

 

6. Evaluation of results 

6.1 Performance scores and evaluation criteria 

The individual laboratory performance was expressed in terms of z and ζ performance scores 
according to ISO 13528:2015 [7]: 

                             
pt

pti xx
z

σ


              Eq. 2 

)()( 22

pti

pti

xuxu

xx




    Eq. 3 

 

Where:  xi is the measurement result reported by a participant; 

 u(xi) is the standard measurement uncertainty reported by a participant;  

 xpt is the assigned value; 

 u(xpt) is the standard measurement uncertainty of the assigned value;  

 pt is the standard deviation for proficiency assessment. 
 

The interpretation of the z and ζ performance scores was done as follows [7]:  
 

      |score| ≤ 2    satisfactory performance                  (green in Annexes 6 to 10) 

2 < |score| < 3   questionable performance                (yellow in Annexes 6 to 10) 

      |score| ≥ 3   unsatisfactory performance              (red in Annexes 6 to 10) 

 

The z scores compare the participant's deviation from the assigned value with the standard 

deviation for proficiency test assessment (pt) used as common quality criterion.  
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The ζ scores state whether the laboratory's result agrees with the assigned value within the 
respective uncertainty. The denominator is the combined uncertainty of the assigned value u(xpt) 
and the measurement uncertainty as stated by the laboratory u(xi). The ζ score includes all parts of 
a measurement result, namely the expected value (assigned value), its measurement uncertainty in 
the unit of the result as well as the uncertainty of the reported values. An unsatisfactory ζ score 
can either be caused by an inappropriate measurement, or of its measurement uncertainty, or both. 

The standard measurement uncertainty of the laboratory u(xi) 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(xi) = 0) by the PT coordinator. 

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

The standard measurement uncertainty from the laboratory u(xi) is most likely to fall in a range 
between a minimum and a maximum allowed uncertainty (case a": umin ≤ ui ≤ umax). umin is set to the 
standard uncertainty of the assigned value u(xpt). It is unlikely that a laboratory carrying out the 
analysis on a routine basis would determine 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 (pt). Consequently, case "a" becomes: 

u(xpt) ≤ u(xi) ≤ pt.  

If u(xi) is smaller than u(xpt) (case "b") the laboratory may have underestimated its measurement 
uncertainty. Such a statement has to be taken with care as each laboratory reported only 
measurement uncertainty, whereas the measurement uncertainty associated with the assigned 
value also includes contributions for homogeneity and stability of the test item. If those are large, 
measurement uncertainties smaller than u(xpt) are possible and plausible.  

If u(xi) is larger than pt (case "c") the laboratory may have overestimated 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 the expanded 
uncertainty U(xpt) then overestimation is likely. If the difference is larger but xi agrees with xpt 
within their respective expanded measurement uncertainties, then the measurement uncertainty is 
properly assessed resulting in a satisfactory performance expressed as a ζ score, though the 
corresponding performance, expressed as a z score, may be questionable or unsatisfactory.  

It should be pointed out that "umax" is a normative criterion when set by legislation. 

6.2 General observations 

Twenty six NRLs representing the EU Member States except Latvia, Malta and Romania, and 
Switzerland, and twenty six OCLs registered to the exercise. All of them except one reported at 
least a result for one of the measurands. Only 20 NRLs and 17 OCLs reported results for all the 
four elements investigated.  

The following data sets were evaluated: 47, 48, 39 and 45 for Al, Ni, Sb and Zn, respectively. 
Laboratory O-45 only reported two truncated values ("less than") for Ni and Zn. After the reception 
of the preliminary report, N-29 acknowledged having erroneously inverted the results for Ni and Sb.  

The experimental details are provided in Annex 10. 
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6.3 Laboratory results and scorings 

6.3.1 Performances 

Annexes 6 to 9 present the tables of results, the graphical representation, and the corresponding 
Kernel density plot obtained using the software available from the Statistical Subcommittee of the 
Analytical Methods Committee of the UK Royal Society of Chemistry [10].  

The laboratory performance for the determination of Al, Ni, Sb and Zn in the FS-B solution was 

assessed using z and  scores (Figure 1). Most of the laboratories having reported results 
performed satisfactorily for the four elements: 85 % and above according to the z score and 70 % 

and above for Al, Ni and Zn according to the  score (60 % for Sb). Table 2 presents the 
laboratories having reported questionable and unsatisfactory results according to the z scores. 

The following instrumental techniques were applied: ICP-MS (64 %), GF-AAS (16 %) and ICP-OES 
(12 %). No correlation could be identified between the technique used and the participant 
performance. The experimental details are provided in Annex 10. 

 

Table 2:  Questionable and unsatisfactory performance expressed as a z score  

 Reporting z scores 

 NRLs OCLs Questionable Unsatisfactory 

Al 24 23 N12, N31  

Ni 25 25 N31 N-29*, N-36, O-09, O-22 

Sb 21 18 N-10, O-23 N-24, N-29*, O-09, O-22 

Zn 24 23 O-06, O-23, O-26 O-43 

       *inverted results (see main text) 

 

6.3.2 Measurement uncertainties 

Figure 1c shows that 70 % and above of the participants reported realistic measurement 
uncertainty (MU) evaluations (case "a": u(xpt) ≤ u(xi) ≤ σpt) for Al, Ni, Sb and Zn. Three to seven 
laboratories reported unrealistically small MU (smaller than u(xpt) derived from formulation) 
probably based on replicate measurements. As for the seemingly over-estimated relative MU, 
laboratories may have applied the Thomson modified Horwitz equation and reported relative MU of 

the order of 20 %, which was higher than the selected pt. Only two laboratories (N-07 and O-42) 
may have erroneously reported MU in the wrong unit (in % instead of mg kg-1).  
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Fig. 1a 

 

Fig. 1b 

 

Fig. 1c 

 

Figure 1:   Overview of laboratory performance according to z and ζ scores, and measurement 
uncertainty evaluation for Al, Ni, Sb and Zn. Corresponding number of laboratories included in 
the graphs. Satisfactory (S), questionable (Q) and unsatisfactory (U) performances are 
indicated in green, yellow and red. Similarly cases "a"; "b"; "c" for MU are indicated in green, 
white and blue, respectively. 
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6.3.3 Compliance assessment 

Commission Regulation 10/2011 [3] and Regulations (EU) 2016/1416 [4] and 2017/752 [5] 
concerning plastic materials and articles intended to come into contact with food set specific 
migration limits (SML) of 1.0 mg kg-1, 0.02 mg kg-1, 0.04 mg kg-1 and 5.0 mg kg-1 for Al, Ni, Sb and 
Zn, respectively (expressed as the mass fractions of the respective trace element per kg food or 
food simulant solution, assuming a density of 1 g cm-3 for this solution).  

Participants were requested to assess the compliance of the test item, and to provide proper 
justification supporting their statement.  

The assigned value for Sb (0.102  0.002 mg kg-1 (k = 2)) clearly exceeds the set SML. The test 
item is therefore considered to be not compliant due to the Sb content only. Hence, participants 
that did not analyse Sb in the test item could not properly assess compliance.  

In order to assess the consistency of the laboratory compliance statement, the following three 
components have to be considered:  

i. The laboratory compliance statement (compliant or not compliant); 
ii. The laboratory measurement results:  

- reported (or not) for the analyte of interest (particularly relevant for Sb); 
- to be compared to the relevant SML (xi  - U(xi)  > SML ?)  

selecting the correct SML for the intended element; 
iii. The laboratory justification for its compliance assessment (correct or incorrect). 

The following conclusions were drawn from the information provided by the 51 participants:  

• 12 laboratories (of which 2 NRLs) did not provide any compliance statement;  

• 9 laboratories (5 NRLs) erroneously assessed the test item to be compliant without determining 
the Sb content, based on the satisfactory results for the other three elements;  

• 5 laboratories incorrectly assessed the test item as compliant based either on their low 
(unsatisfactory) Sb results or on the grossly over-estimated measurement uncertainties; 

• 18 laboratories (11 NRLs) analysed properly all the elements but drew the wrong conclusion;  

• Only 7 laboratories (5 NRLs) correctly assessed the test item to be non-compliant. 

6.3.4 Additional information extracted from the questionnaire 

The questionnaire was answered by a majority of the participants giving valuable information on 
the laboratories, their way of working and their analytical methods. Annex 10 summarises the 
experimental details extracted from the questionnaire.  

The majority of the participants stated to be accredited for the determination of trace elements in 
food simulant B solution and that they followed a standard method of analysis. They acknowledged 
having participated to similar PTs in the past.  

The majority of the participant laboratories analyse ca. 50 "similar" samples per year, while 7 
laboratories stated to have no experience with this type of analysis.  
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7. Conclusions  

The proficiency test FCM-18-02 was organised to assess the analytical capabilities of the EU NRLs 
and OCLs on the determination of the mass fractions of total Al, Ni, Sb and Zn in a food simulant B 
solution. The test item was designed to be non-compliant based on the high antimony content 
spiked - well above the specific migration limit specified in the legislation. 

The overall performance of the participants, ranging from 85 to 96 % (expressed as a z score), was 
satisfactory. The majority of the participants reported realistic measurement uncertainty 
evaluations. This confirms the analytical capabilities of EU NRLs and OCLs to enforce the 
Commission Regulations 10/2011, 2016/1416 and 2017/752 concerning plastic materials and 
articles intended to come into contact with food. 

However, only seven laboratories (out of 51) correctly assessed the test item to be not compliant 
according to the relevant EU legislation.  
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Annex 1: Invitation letter  

 

 

 



 

19 

 

Annex 2: Test item accompanying letter 
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Annex 3: Confirmation of receipt form 
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Annex 4: Questionnaire 
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Annex 5: Homogeneity and stability studies                           
(all values in mg kg-1 or %) 

A5.1 Homogeneity study  

  Al Ni Sb Zn 

Bottle R1  R2 R1  R2 R1  R2 R1  R2 

1 0.794 0.815 0.0199 0.0203 0.096 0.102 5.056 5.100 

2 0.789 0.784 0.0201 0.0204 0.099 0.102 5.056 5.086 

3 0.797 0.791 0.0205 0.0203 0.100 0.101 5.083 5.086 

4 0.798 0.784 0.0202 0.0202 0.100 0.102 5.09 5.041 

5 0.781 0.778 0.0204 0.0204 0.100 0.102 5.095 5.022 

6 0.833 0.811 0.0208 0.0205 0.104 0.102 5.239 5.126 

7 0.813 0.807 0.0203 0.0204 0.099 0.102 5.184 5.148 

8 0.81 0.806 0.0209 0.0202 0.103 0.101 5.113 5.086 

9 0.797 0.804 0.0201 0.0203 0.098 0.101 5.102 5.129 

10 0.788 0.808 0.0204 0.0205 0.101 0.101 4.993 5.116 

Mean 0.7994 0.0204 0.101 5.098 

Sw 0.0090 0.0001 0.002 0.045 

Sbb 0.0106 0.0001 0.001 0.031 

uhom 1.3% 0.5% 0.9% 0.6% 

σpt 15% 15% 15% 12% 

Sbb < 0.3σpt 
Pass Pass Pass Pass 

Test item adequately homogeneous 

Sw: within-bottle standard deviation, Sbb: between-bottle standard deviation,   

uhom: standard uncertainty contribution due to inhomogeneity 

 

 
A5.2 Stability study (at 20 °C for 8 weeks) 

 

Y1 and Y2: mean of results at zero and 8 weeks, respectively. 

Test item adequately stable, ustb set to zero. 

 

  

Al Ni Sb Zn

Y1 0.799 0.0200 0.098 5.098

Y2 0.822 0.0201 0.101 5.135

│Y1-Y2│ 0.023 0.0001 0.003 0.037

xpt 0.801 0.0202 0.102 5.02

σpt 0.12 0.0030 0.015 0.60

0.3σpt 0.036 0.001 0.005 0.181

│Y1-Y2│< 0.3σpt Pass Pass Pass Pass
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Annex 6: Results for mass fraction of total Al in FS-B 

Assigned range (xpt ± U(xpt), k = 2): 0.801 ± 0.022; and σpt = 0.120 (xi, U(xi), u(xi) in mg kg-1). 

Lab Code xi U(xi) k Technique u(xi) z score  score unc. 

N-01 0.72 0.11 2 ICP-MS 0.055 -0.7 -1.4 a 

N-02 0.81 0.13 2 ICP-MS 0.065 0.1 0.1 a 

N-03 0.82 0.2 2 ICP-MS 0.100 0.2 0.2 a 

N-04                 

N-07 0.745 2.5 2 ICP-MS 1.250 -0.5 0.0 c 

N-10 0.51 0.06 2 ICP-MS 0.030 -2.4 -9.1 a 

N-14 0.85 0.027 2 ICP-MS 0.014 0.4 2.8 a 

N-15 0.86 0.089 2 GF-AAS 0.045 0.5 1.3 a 

N-16 0.793 0.079 2 ICP-MS 0.040 -0.1 -0.2 a 

N-17 0.98 0.16 2 GF-AAS 0.080 1.5 2.2 a 

N-18 0.76 0.075 2 ICP-MS 0.038 -0.3 -1.0 a 

N-19 0.80 0.068 2 ICP-MS 0.034 0.0 0.0 a 

N-24 0.74 0.11 2 ICP-OES 0.055 -0.5 -1.1 a 

N-25 0.773 0.034 2 ICP-MS 0.017 -0.2 -1.4 a 

N-27 0.78 0.03 2 GF-AAS 0.015 -0.2 -1.1 a 

N-28 1.0 0.15 2 GF-AAS 0.075 1.7 2.6 a 

N-29 0.80     ICP-MS 0.000 0.0 -0.1 b 

N-30 0.91 0.18 2 ICP-MS 0.090 0.9 1.2 a 

N-31 0.53 0.027 2 ICP-MS 0.014 -2.3 -15.6 a 

N-32 0.89 0.02 2 ICP-OES 0.010 0.7 6.0 b 

N-33 0.77 0.024 2 GF-AAS 0.012 -0.3 -1.9 a 

N-34 0.79 0.24 2 ICP-MS 0.120 -0.1 -0.1 a 

N-36 0.83 0.12 4.303 ICP-OES 0.028 0.2 1.0 a 

N-47 0.77 0.08 2 ICP-OES 0.040 -0.3 -0.7 a 

N-51 0.76     GF-AAS 0.000 -0.3 -3.8 b 

O-05 0.85 0.073 2 ICP-MS 0.037 0.4 1.3 a 

O-06 0.93 0.022 2 ICP-MS 0.011 1.1 8.3 a 

O-08 0.79 0.08 2 ICP-MS 0.040 -0.1 -0.3 a 

O-09 0.83 0.083 2 ICP-OES 0.042 0.2 0.7 a 

O-11 0.88 0.18 2 ICP-MS 0.090 0.7 0.9 a 

O-12 0.945 0.248 2 ICP-MS 0.124 1.2 1.2 c 

O-13 0.84 0.036 2.3534 ICP-MS 0.015 0.3 2.1 a 

O-21 0.74 0.03 2 ICP-OES 0.015 -0.5 -3.3 a 

O-22 0.78     FAAS-HG  0.000 -0.2 -1.9 b 

O-23 0.62 0.12 2 ICP-MS 0.060 -1.5 -3.0 a 

O-26 0.78 0.08 2.13 ICP-MS 0.038 -0.2 -0.5 a 

O-35 0.76 0.19 2 ICP-OES 0.095 -0.3 -0.4 a 

O-37                 

O-38                 

O-39 0.70 0.31 2 ICP-MS 0.155 -0.8 -0.7 c 

O-40 0.831 0.273 2 ICP-MS 0.137 0.2 0.2 c 

O-41 0.79 0.26 2 ICP-OES 0.130 -0.1 -0.1 c 

O-42 0.77 0.13 2 ICP-MS 0.065 -0.3 -0.5 a 

O-43 0.88 0.14 2 ICP-MS 0.070 0.7 1.1 a 

O-44 0.73 0.11 2 ICP-OES 0.055 -0.6 -1.3 a 

O-45 0.82     ICP-MS 0.000 0.2 1.7 b 

O-46 0.66 0.23 2 ICP-MS 0.115 -1.2 -1.2 a 

O-48 0.78 0.1 2 ICP-MS 0.050 -0.2 -0.4 a 

O-49 0.67 0.026 2 ICP-MS 0.013 -1.1 -7.7 a 

O-50                 

O-52 0.734 0.152 2 ICP-MS 0.076 -0.6 -0.9 a 

Performance scores: satisfactory (green); questionable (yellow); unsatisfactory (red) 

Measurement uncertainty assessment: a: u(xpt) ≤ ui ≤ σpt;   b: ui < u(xpt);   and c: ui > σpt 
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Annex 7: Results for mass fraction of total Ni in FS-B  

Assigned range (xpt ± U(xpt), k = 2): 0.0202 ± 0.0002; and σpt = 0.0030 (xi, U(xi), u(xi) in mg kg-1). 

Lab Code xi U(xi) k Technique u(xi) z score  score unc. 

N-01 0.019 0.003 2 ICP-MS 0.002 -0.4 -0.8 a 

N-02 0.021 0.003 2 ICP-MS 0.002 0.3 0.5 a 

N-03 0.021 0.004 2 ICP-MS 0.002 0.3 0.4 a 

N-04 0.019 0.0046 2 GF-AAS 0.002 -0.4 -0.5 a 

N-07 0.0188 3 2 ICP-MS 1.500 -0.5 0.0 c 

N-10 0.022 0.002 2 ICP-MS 0.001 0.6 1.8 a 

N-14 0.020 0.00046 2 ICP-MS 0.000 -0.1 -0.9 a 

N-15 0.015 0.0017 2 GF-AAS 0.001 -1.7 -6.1 a 

N-16 0.020 0.003 2 ICP-MS 0.002 -0.1 -0.2 a 

N-17 0.021 0.004 2 GF-AAS 0.002 0.3 0.4 a 

N-18 0.020 0.002 2 ICP-MS 0.001 -0.1 -0.2 a 

N-19 0.020 0.0013 2 ICP-MS 0.001 -0.1 -0.3 a 

N-24 0.020 0.003 2 ICP-OES 0.002 -0.1 -0.2 a 

N-25 0.024 0.002 2 ICP-MS 0.001 1.2 3.7 a 

N-27 0.024 0.005 2 GF-AAS 0.003 1.2 1.5 a 

N-28 0.020 0.003 2 GF-AAS 0.002 -0.1 -0.2 a 

N-29 0.085     ICP-MS 0.000 21.3 573.2 b 

N-30 0.022 0.0044 2 ICP-MS 0.002 0.6 0.8 a 

N-31 0.012 0.0006 2 ICP-MS 0.000 -2.7 -25.7 a 

N-32 0.02 0.0006 2 ICP-OES 0.000 -0.1 -0.7 a 

N-33 0.020 0.0013 2 GF-AAS 0.001 -0.1 -0.3 a 

N-34 0.022 0.007 2 ICP-MS 0.004 0.6 0.5 c 

N-36 0.062 0.0082 4.303 GF-AAS 0.002 13.8 21.9 a 

N-47 0.018 0.002 2 ICP-MS 0.001 -0.7 -2.2 a 

N-51 0.021     GF-AAS 0.000 0.3 6.8 b 

O-05 0.021 0.001 2 ICP-MS 0.001 0.3 1.5 a 

O-06 0.021 0.001 2 ICP-MS 0.001 0.3 1.5 a 

O-08 0.019 0.002 2 ICP-MS 0.001 -0.4 -1.2 a 

O-09 0.103 0.0041 2 ICP-OES 0.002 27.3 40.3 a 

O-11 0.020 0.004 2 ICP-MS 0.002 -0.1 -0.1 a 

O-12 0.020 0.004 2 ICP-MS 0.002 -0.1 -0.1 a 

O-13 0.019 0.00042 2.3534 ICP-MS 0.000 -0.4 -5.8 a 

O-21 0.02 0.001 2 ICP-MS 0.001 -0.1 -0.4 a 

O-22 0.007     FAAS-HG 0.000 -4.4 -117.1 b 

O-23 0.016 0.0029 2 ICP-MS 0.001 -1.4 -2.9 a 

O-26                 

O-35 0.020 0.002 2 ICP-MS 0.001 -0.1 -0.2 a 

O-37 0.018 0.008 2 GF-AAS 0.004 -0.7 -0.6 c 

O-38 0.018 0.008 2 GF-AAS 0.004 -0.7 -0.6 c 

O-39 0.019 0.0084 2 ICP-MS 0.004 -0.4 -0.3 c 

O-40 0.023 0.01 2 ICP-MS 0.005 0.9 0.6 c 

O-41 0.020 0.0086 2 ICP-OES 0.004 -0.1 -0.1 c 

O-42 0.023 0.004 2 ICP-MS 0.002 0.9 1.4 a 

O-43 0.020 0.003 2 ICP-MS 0.002 -0.1 -0.2 a 

O-44 0.020 0.003 2 ICP-OES 0.002 -0.1 -0.2 a 

O-45 < 0.20     GF-AAS         

O-46 0.019 0.0066 2 ICP-MS 0.003 -0.4 -0.4 c 

O-48 0.021 0.0033 2 ICP-MS 0.002 0.3 0.5 a 

O-49 0.017 0.00056 2 ICP-MS 0.000 -1.1 -10.7 a 

O-50 0.0238 0.0105 2 GF-AAS 0.005 1.2 0.7 c 

O-52 0.018 0.003 2 ICP-MS 0.002 -0.7 -1.5 a 

Performance scores: satisfactory (green); questionable (yellow); unsatisfactory (red) 
Measurement uncertainty assessment: a: u(xpt) ≤ ui ≤ σpt;   b: ui < u(xpt);   and c: ui > σpt 
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Annex 8: Results for mass fraction of total Sb in FS-B 

Assigned range (xpt ± U(xpt), k = 2): 0.102 ± 0.002; and σpt = 0.015 (xi, U(xi), u(xi) in mg kg-1). 

Lab Code xi U(xi) k Technique u(xi) z score  score unc. 

N-01 0.091 0.0073 2 ICP-MS 0.004 -0.7 -2.8 a 

N-02 0.081 0.035 2 ICP-MS 0.018 -1.4 -1.2 c 

N-03 0.101 0.01 2 ICP-MS 0.005 -0.1 -0.2 a 

N-04                 

N-07 0.101 2 2 ICP-MS 1.000 -0.1 0.0 c 

N-10 0.063 0.006 2 ICP-MS 0.003 -2.5 -12.2 a 

N-14 0.10 0.0014 2 ICP-MS 0.001 -0.1 -1.4 b 

N-15                 

N-16 0.101 0.015 2 ICP-MS 0.008 -0.1 -0.1 a 

N-17 0.099 0.023 2 GF-AAS 0.012 -0.2 -0.2 a 

N-18 0.084 0.013 2 ICP-MS 0.007 -1.2 -2.7 a 

N-19 0.094 0.0039 2 ICP-MS 0.002 -0.5 -3.5 a 

N-24 0.012     ICP-MS 0.000 -5.9 -86.7 b 

N-25 0.106 0.007 2 ICP-MS 0.004 0.3 1.2 a 

N-27 0.073 0.002 2 GF-AAS 0.001 -1.9 -20.0 b 

N-28 0.10 0.015 2 GF-AAS 0.008 -0.1 -0.2 a 

N-29 0.021     ICP-MS 0.000 -5.3 -78.0 b 

N-30 0.10 0.02 2 ICP-MS 0.010 -0.1 -0.2 a 

N-31 0.084 0.013 2 ICP-MS 0.007 -1.2 -2.7 a 

N-32 0.1 0.002 2 ICP-OES 0.001 -0.1 -1.3 b 

N-33 0.11 0.0096 2 FAAS-HG 0.005 0.5 1.7 a 

N-34                 

N-36 0.11 0.032 4.303 GF-AAS 0.007 0.5 1.1 a 

N-47 0.10 0.01 2 ICP-MS 0.005 -0.1 -0.4 a 

N-51                 

O-05 0.12 0.003 2 ICP-MS 0.002 1.2 10.0 a 

O-06 0.073 0.0087 2 ICP-MS 0.004 -1.9 -6.4 a 

O-08 0.097 0.01 2 ICP-MS 0.005 -0.3 -0.9 a 

O-09 0.021 0.0021 2 ICP-OES 0.001 -5.3 -54.8 a 

O-11 0.10 0.021 2 ICP-MS 0.011 -0.1 -0.2 a 

O-12 0.096 0.007 2 ICP-MS 0.004 -0.4 -1.6 a 

O-13 0.096 0.003 2.3534 ICP-MS 0.001 -0.4 -3.5 a 

O-21 0.1 0.004 2 ICP-MS 0.002 -0.1 -0.8 a 

O-22 0.28     FAAS-HG 0.000 11.7 172.1 b 

O-23 0.066 0.011 2 ICP-MS 0.006 -2.3 -6.4 a 

O-26                 

O-35 0.10 0.01 2 ICP-MS 0.005 -0.1 -0.4 a 

O-37                 

O-38                 

O-39                 

O-40 0.101 0.044 2 ICP-MS 0.022 -0.1 0.0 c 

O-41                 

O-42 0.088 0.15 2 ICP-MS 0.075 -0.9 -0.2 c 

O-43 0.099 0.021 2 ICP-MS 0.011 -0.2 -0.3 a 

O-44 0.11 0.022 2 ICP-OES 0.011 0.5 0.7 a 

O-45 0.11     ICP-MS 0.000 0.5 7.9 b 

O-46                 

O-48 0.097 0.02 2 ICP-MS 0.010 -0.3 -0.5 a 

O-49                 

O-50                 

O-52 0.094 0.019 2 ICP-MS 0.010 -0.5 -0.8 a 

Performance scores: satisfactory (green); questionable (yellow); unsatisfactory (red) 
Measurement uncertainty assessment: a: u(xpt) ≤ ui ≤ σpt;   b: ui < u(xpt);   and c: ui > σpt 
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Annex 9: Results for mass fraction of total Zn  

Assigned range (xpt ± U(xpt), k = 2): 5.02 ± 0.07; and σpt = 0.60 (xi, U(xi), u(xi) in mg kg-1). 

Lab Code xi U(xi) k Technique u(xi) z score  score unc. 

N-01 5.0 0.45 2 ICP-MS 0.225 0.0 -0.1 a 

N-02 5.07 1.68 2 ICP-MS 0.840 0.1 0.1 c 

N-03 5.47 0.55 2 ICP-MS 0.275 0.7 1.6 a 

N-04 4.4 0.88 2 FAAS-HG  0.440 -1.0 -1.4 a 

N-07 5.054 3.5 2 ICP-MS 1.750 0.0 0.0 c 

N-10 5.2 0.5 2 ICP-MS 0.250 0.3 0.7 a 

N-14 5.4 0.33 2 ICP-MS 0.165 0.6 2.2 a 

N-15 4.2 0.2 2 FAAS-HG  0.100 -1.4 -7.8 a 

N-16 4.869 0.487 2 ICP-MS 0.244 -0.3 -0.6 a 

N-17                 

N-18 5.0 0.5 2 ICP-MS 0.250 0.0 -0.1 a 

N-19 5.10 0.15 2 ICP-MS 0.075 0.1 0.9 a 

N-24 5.3 0.8 2 ICP-OES 0.400 0.5 0.7 a 

N-25 5.577 0.155 2 ICP-MS 0.078 0.9 6.6 a 

N-27 5.2 0.4 2 FAAS-HG  0.200 0.3 0.9 a 

N-28 5.0 0.75 2 FAAS-HG  0.375 0.0 -0.1 a 

N-29 5.45     ICP-MS 0.000 0.7 12.9 b 

N-30 5.6 1.1 2 ICP-MS 0.550 1.0 1.0 a 

N-31 4.97 0.25 2 ICP-MS 0.125 -0.1 -0.4 a 

N-32 4.73 0.097 2 ICP-OES 0.049 -0.5 -5.0 a 

N-33 5.0 0.062 2 FAAS-HG  0.031 0.0 -0.5 b 

N-34 4.6 1.4 2 ICP-MS 0.700 -0.7 -0.6 c 

N-36 4.75 0.37 4.303 ICP-OES 0.086 -0.5 -3.0 a 

N-47 5.2 0.8 2 ICP-MS 0.400 0.3 0.4 a 

N-51 5.2     ICP-OES 0.000 0.3 5.3 b 

O-05 5.97 0.25 2 ICP-MS 0.125 1.6 7.3 a 

O-06 6.46 0.2 2 ICP-MS 0.100 2.4 13.6 a 

O-08 5.1 0.5 2 ICP-MS 0.250 0.1 0.3 a 

O-09 5.05 0.04 2 ICP-OES 0.020 0.0 0.7 b 

O-11 5.4 1.1 2 ICP-MS 0.550 0.6 0.7 a 

O-12 5.488 0.503 2 ICP-MS 0.252 0.8 1.8 a 

O-13 4.9 0.19 2.3534 ICP-MS 0.081 -0.2 -1.4 a 

O-21 5.13 0.12 2 ICP-OES 0.060 0.2 1.5 a 

O-22 4.5     FAAS-HG  0.000 -0.9 -15.9 b 

O-23 3.5 0.64 2 ICP-MS 0.320 -2.5 -4.7 a 

O-26 6.4 0.64 2.13 ICP-MS 0.300 2.3 4.6 a 

O-35 4.5 1.4 2 ICP-MS 0.700 -0.9 -0.7 c 

O-37                 

O-38                 

O-39                 

O-40 6.04 1.474 2 ICP-MS 0.737 1.7 1.4 c 

O-41 5.04 1.26 2 ICP-OES 0.630 0.0 0.0 c 

O-42 8.0 1.4 2 ICP-MS 0.700 4.9 4.2 c 

O-43 5.5 1.1 2 ICP-MS 0.550 0.8 0.9 a 

O-44 5.0 0.75 2 ICP-OES 0.375 0.0 -0.1 a 

O-45 < 20     FAAS        

O-46 5.8 2 2 ICP-MS 1.000 1.3 0.8 c 

O-48 5.1 1 2 ICP-MS 0.500 0.1 0.2 a 

O-49 4.1 0.13 2 ICP-MS 0.065 -1.5 -12.7 a 

O-50 4.271 1.879 2 FAAS-HG  0.940 -1.2 -0.8 c 

O-52 4.939 0.152 2 ICP-MS 0.076 -0.1 -1.0 a 

Performance scores: satisfactory (green); questionable (yellow); unsatisfactory (red) 
Measurement uncertainty assessment: a: u(xpt) ≤ ui ≤ σpt;   b: ui < u(xpt);   and c: ui > σpt 
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Annex 10: Experimental details and performance (expressed as z scores) 

 

 

 

Lab

Standard 

method?

Validated 

method?

Accredited 

method?

LOD 

(mg/kg)

Dilution 

factor 

Isotope 

used (ICP-

MS) or 

wavelength 

Samples

/Year

Measurement uncertainty 

evaluation

Quality 

management 

system

Al Yes 0.01 0-50

Ni Yes 0.005 0-50

Sb Yes 0.001

Zn Yes 0.01

Al Yes 0.02 10 27 0-50

Ni Yes 0.0008 10 60 0-50

Sb Yes 0.0002 10 121

Zn Yes 0.003 10 66

Al Yes 0.006 10 27 Never

Ni Yes 0.001 10 60 Never

Sb Yes 0.0003 10 121

Zn Yes 0.006 10 66

Ni Yes Yes Yes 0,000958 0-50

Zn Yes Yes Yes 0,023 1:20

Al Yes 0,0002 100, 50,10 27 Never

Ni Yes 0,003 1, 2 60 Never

Sb Yes 0,0001 2,10 121

Zn Yes 0,0002 50, 100 66

Al Yes Yes 0.003 5 27 0-50

Ni Yes Yes 0.00003 5 60 51-250

Sb Yes Yes 0.00001 100 121

Zn Yes Yes 0.0002 100 66

Al No No No 0.0029 20 Never

Ni No No No 0.0023 0-50

Zn No No No 0.01 10

N-15

N-01

N-02

N-03

N-04

N-07

N-10

From interlaboratory comparison

NORDTEST like

Measurement of replicates 

(precision)

Measurement of replicates 

(precision)

From in-house method validation, 

evaluation based on judgment

From in-house method validation

From in-house method validation

Yes

Yes

Yes

Yes

Yes

Yes
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Lab

Standard 

method?

Validated 

method?

Accredited 

method?

LOD 

(mg/kg)

Dilution 

factor 

Isotope 

used (ICP-

MS) or 

wavelength 

Samples/

Year

Measurement uncertainty 

evaluation

Quality 

management 

system

Al Yes 0.025 1 27 0-50

Ni Yes 0.001 1 60

Sb Yes 0.001 1 101

Zn Yes 0.01 1 66

Al Yes 0.002 10 0-50

Ni Yes Yes Yes 0.0003 - 51-250

Sb Yes 0.0005 10

Al Yes Yes Yes 0.008 10 27 51-250

Ni Yes Yes Yes 0.00024 10 60 51-250

Sb Yes Yes Yes 0.00012 10 121 51-250

Zn Yes Yes Yes 0.002 10 66 51-250

Al Yes 0,01 10 27 51-250

Ni Yes 0,005 5 60 51-250

Sb Yes 0,005 5 121

Zn Yes 0,01 50 66

Al No No No 0.19 1 308.2 nm Never

Ni No Yes No 0.004 1 231.6 nm 0-50

Sb No No No 5 and 10 121

Zn No Yes No 0.013 1 and 10 206.2 nm

Al Yes 0.004 10 27 51-250

Ni Yes 0.001 neat 60 51-250

Sb Yes 0.0001 10 121

Zn Yes 0.002 100 64,66

Al Yes 0-50

Ni Yes 0-50

Sb Yes

Zn Yes

N-16

N-17

N-18

N-19

N-24

N-25

N-27

Evaluation based on judgment

Measurement of replicates 

(precision), evaluation based on 

judgment

Uncertainty budget (ISO GUM)

From in-house method validation, 

measurement of replicates 

(precision)

From in-house method validation

From in-house method validation

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Lab

Standard 

method?

Validated 

method?

Accredited 

method?

LOD 

(mg/kg)

Dilution 

factor 

Isotope 

used (ICP-

MS) or 

wavelength 

Samples/

Year

Measurement uncertainty 

evaluation

Quality 

management 

system

Al Yes 0.003 50 0-50

Ni Yes 0.003 20 0-50

Sb Yes 0.006 100

Zn Yes 0.015 10

Al Yes 0.003 10 27 0-50

Ni Yes 0.001 10 60 0-50

Sb Yes 0.003 10 121

Zn Yes 0.003 10 66

Al Yes Yes 0.2 1 27 51-250

Ni Yes Yes 0.009 1 58 51-250

Sb Yes Yes 0.02 1 121

Zn Yes Yes 0.2 1 64

Al Yes 167 nm 0-50

Ni Yes 221 nm 0-50

Sb Yes 217 nm

Zn Yes 202 nm

Al Yes 0.11 50 309.3 nm 0-50

Ni Yes 0.002 No 232 nm 0-50

Sb Yes 0.0021 7 217.6 nm

Zn Yes 0.1 10 213.9 nm

Al 0.01 10 27 51-250

Ni 0.002 10 60 51-250

Zn 0.01 10 64

Al Yes 0.050 No 396.1 nm Never

Ni Yes 0.010 0.2% HNO3 Never

Sb Yes 0.005 0.2% HNO3 Never

Zn Yes 0.030 2% HNO3 206,2 nm 0-50

N-33

N-36

N-28

N-30

N-31

N-32

N-34

Evaluation based on judgment

Evaluation based on judgment

Measurement of replicates 

(precision)

Measurement of replicates 

(precision)

Uncertainty budget (ISO GUM)

From in-house method validation

From in-house method validation

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Lab

Standard 

method?

Validated 

method?

Accredited 

method?

LOD 

(mg/kg)

Dilution 

factor 

Isotope 

used (ICP-

MS) or 

wavelength 

Samples/

Year

Measurement uncertainty 

evaluation

Quality 

management 

system

Al Yes 0.028 1.5 394.4 nm Never

Ni Yes 0.000013 1.5 60 0-50

Sb Yes 0.000037 1.5 66

Zn Yes 0.21 150 121

Al Yes 0.001 50 309.3 nm 0-50

Ni Yes 0.001 4 232 nm 0-50

Zn Yes 0.05 2 213.9 nm

Al Yes Yes Yes 0.0002 27 251-1000

Ni Yes Yes Yes 0.00003 60 251-1000

Sb Yes Yes Yes 0.000002 121 251-1000

Zn Yes Yes Yes 0.0002 66 251-1000

Al Yes Yes Yes 0.01 10 27 0-50

Ni Yes Yes Yes 0.001 10 60 0-50

Sb Yes Yes Yes 0.001 10 121 Never

Zn Yes Yes Yes 0.01 40 66 Never

Al Yes Yes 0.01 1-4 27 Never

Ni Yes Yes 0.0005 No 62 Never

Sb Yes Yes 0.0005 1-4 121

Zn Yes Yes 0.01 1-20 66

Al Yes Yes Yes 0.025 2 167 nm 51-250

Ni Yes Yes Yes 0.002 2 221.647 nm 51-250

Sb Yes Yes Yes 0.01 2 217.581 nm

Zn Yes Yes Yes

Al Yes Yes Yes 0.001 6 27 0-50

Ni Yes Yes Yes 0.0001 60 60 0-50

Sb Yes Yes Yes 0.0001 60 121

Zn Yes Yes Yes 0.01 6 66

N-47

N-51

O-06

O-08

O-05

O-09

O-11 Evaluation based on judgment

From in-house method validation

From in-house method validation

From in-house method validation

Measurement of replicates 

(precision)

NORDTEST 

From in-house method validation

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Lab

Standard 

method?

Validated 

method?

Accredited 

method?

LOD 

(mg/kg)

Dilution 

factor 

Isotope 

used (ICP-

MS) or 

wavelength 

Samples/

Year

Measurement uncertainty 

evaluation

Quality 

management 

system

Al Yes Yes Yes 0.050 25 27 51-250

Ni Yes Yes Yes 0.0001 60 51-250

Sb Yes Yes Yes 0.0001 121 51-250

Zn Yes Yes Yes 0.001 100 66 51-250

Al Yes 27 Never

Ni Yes 60 Never

Sb Yes 121

Zn Yes 66

Al Yes Yes Yes 0.0005 51-250

Ni Yes Yes Yes 0,0004 51-250

Sb Yes Yes Yes 0,0002

Zn Yes Yes Yes 0.0002

Al Yes 1 1 309.3 nm Never

Ni Yes 1 1 232 nm Never

Sb Yes 2 1 217.6 nm Never

Zn Yes 0.1 1 213.9 nm Never

Al Yes 1.60E-03 1/10 and 1/5 27 0-50

Ni Yes 9.10E-05 1/5 60 0-50

Sb Yes 7.00E-06 1/20 121

Zn Yes 1.30E-03 1/20 66

Al 0.005 1 27 0-50

Zn 0.005 1 64

Al Yes 0-50

Ni Yes 0-50

Sb Yes 0-50

Zn Yes 0-50

O-37 Ni Yes 0.0073 1 51-250 Horwitz / Thompson Yes

O-38 Ni 0.0050 0-50 Horwitz Yes

Al 0,02 1:5 27

Ni 0,002 1:5 60

O-12

O-26

O-35

O-39

O-13

O-21

O-22

O-23

From in-house method validation

From in-house method validation

Measurement of replicates 

(precision)

Horwitz

From in-house method validation

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Lab

Standard 

method?

Validated 

method?

Accredited 

method?

LOD 

(mg/kg)

Dilution 

factor 

Isotope 

used (ICP-

MS) or 

wavelength 

Samples/

Year

Measurement uncertainty 

evaluation

Quality 

management 

system

Al Yes Never

Ni Yes Never

Sb Yes Never

Zn Yes Never

Al Yes 0.01 5 396.2 nm 0-50

Ni Yes Yes 0.01 1 231.6 nm 51-250

Zn Yes 0.01 50 206.2 nm Never

Al Yes 0.0008 5 27 Never

Ni Yes 0.0003 5 60 Never

Sb Yes 0.00001 30 121 Never

Zn Yes 0.001 30 66 Never

Al Yes 0.01 1 and 4 237.3 nm 0-50

Ni Yes 0.003 1 and 2 221.6 nm 0-50

Sb Yes 0.01 1 and 10 206.8 nm 0-50

Zn Yes 0.01 8 and 20 202.5 nm 0-50

Al 0.003 27 51-250

Ni Yes Yes 0.054 232 nm 51-250 From in-house method validation

Sb 0.003 121 51-250

Zn 213.9 nm 51-250

Al Yes 0.01 1 27 Never

Ni Yes 0.003 1 60 0-50

Zn Yes 0.02 1 66 Never

Al Yes 0.0007 10 27 0-50

Ni Yes 0.00004 10 60 0-50

Sb Yes 0.000002 50 121 0-50

Zn Yes 0.0006 50 66 0-50

Al Yes 0,001 1 27 0-50

Ni Yes 0,0001 1 60 0-50

Zn Yes 0,003 3 66 0-50

Al Yes Yes nd 0.1 Ge 51-250

Ni Yes Yes nd 0.002 Ge 51-250

Sb Yes nd 0.005 In 0-50 Evaluation based on judgment

Zn Yes Yes nd 0.5 Ge 51-250 From in-house method validation

O-49

O-52

O-44

O-45

O-40

O-41

O-43

O-46

O-48

Measurement of replicates 

(precision), from interlaboratory 

comparison

From in-house method validation

From in-house method validation

From in-house method validation

From in-house method validation

Measurement of replicates 

(precision)

Horwitz

Horwitz / Thompson

Yes

Yes

Yes

Yes

Yes

Yes 

Yes

Yes



 

 

 

 

 

         

  

GETTING IN TOUCH WITH THE EU 

In person 

All over the European Union there are hundreds of Europe Direct information centres. You can find the 
address of the centre nearest you at: http://europea.eu/contact 

On the phone or by email 

Europe Direct is a service that answers your questions about the European Union. You can contact this 
service: 

- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

- at the following standard number: +32 22999696, or 

- by electronic mail via: http://europa.eu/contact 

FINDING INFORMATION ABOUT THE EU 

Online 

Information about the European Union in all the official languages of the EU is available on the Europa 
website at: http://europa.eu 

EU publications 
You can download or order free and priced EU publications from EU Bookshop at: 

http://bookshop.europa.eu. Multiple copies of free publications may be obtained by contacting Europe 

Direct or your local information centre (see http://europa.eu/contact). 

http://europea.eu/contact
http://europa.eu/contact
http://europa.eu/
http://bookshop.europa.eu/
http://europa.eu/contact
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