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1 Summary 

The Institute for Reference Materials and Measurements (IRMM) of the Joint Research Centre (JRC) a 

Directorate General of the European Commission operates the European Union Reference Laboratory 

for Heavy Metals in Feed and Food (EU-RL-HM). One of its core tasks is to organise interlaboratory 

comparisons (ILCs) among appointed National Reference Laboratories (NRLs). This report presents 

the results of the tenth ILC of the EU-RL-HM which focused on the determination of total arsenic, 

cadmium, mercury and lead in vegetable food. 

The test material used in this exercise was the Standard Reference Material SRM 1570a, spinach 

leaves from the National Institute of Standards and Technology (NIST). The material was rebottled 

and relabelled to prevent recognition by the participants and was dispatched at the beginning of June 

2010. Each participant received one bottle containing approximately 15 g of test material. Thirty-five 

laboratories from 24 member states registered to the exercise of which 35 reported results for total Cd 

and total Pb, 32 for total As and 31 for total Hg. The assigned values for total As, Cd and Hg are the 

certified values taken from the SRM 1570a certificate. For total Pb, the "information value" provided by 

NIST in the SRM certificate was used as assigned value. 

The uncertainties of the assigned values (uref) for total As, Cd and Hg, were taken directly from the 

CRM certificate as provided by the producer. No uref is provided by NIST for the total Pb concentration 

because the total Pb content is only provided as "information value". Participants were invited to report 

the uncertainty of their measurements. This was done by the majority of the laboratories taking part in 

this exercise. 

The laboratories' results were rated with z- and ζ-scores (zeta-scores) for total As, Cd, and Hg in 

accordance to ISO 13528 [1]. No ζ-scores were given for total Pb because uref was not known for that 

measurand. The standard deviation for proficiency assessment (also called target standard deviation) 

was fixed to 15 % for all the measurands by the advisory board of this ILC, on the basis of the 

outcome of previous ILCs organised by the EU-RL-HM and on the state-of-the-art in this field of 

analysis. 

More than 80 % of the participants performed satisfactorily for total Cd and Hg. Around 70 % of the 

participants obtained a satisfactory z-score for total arsenic with a relatively high number (8 

laboratories) of participants having overestimated the total content of arsenic in the test material. 

When looking at the ζ-scores, 60 to 65 % of the reported results were satisfactory when the associated 

uncertainties are taken into account. 
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2 Introduction 

Recently, the European Food Safety Authority (EFSA) made public the Scientific Opinion on Lead [2], 

on Cadmium [3] and on Arsenic [4] in Food, according to which: 

 "Human exposure to lead can occur via food, water, air soil and dust. Food is the major 

source of exposure to lead". "Overall, cereals, vegetables and tap water were the most 

important contributors to lead exposure in the general European population". 

 "Foodstuffs are the main source of cadmium exposure for the non-smoking general 

population". "The food groups that contributed to the major part of the dietary cadmium 

exposure, primarily because of the high consumption, were cereals and cereal products, 

vegetables, nuts and pulses, starch roots or potatoes, and meat and meat products" 

 "Cereal grains and cereal based products, followed by food for special dietary uses, bottled 

water, coffee and bear, rice grains and rice based products, fish and vegetables were 

identified as largely contributing to the inorganic arsenic daily exposure in the general 

European population". 

According to P. Weigert [5], both lead uptake from the soil through the roots and lead deposition on 

parts of the plant above the ground are important. Lead from emission and stirred up dust is retained 

by rough, rugged or sticky surfaces and despite intensive cleaning it can only be partly removed. The 

mean lead content in vegetables such as lettuce and cabbage is 0.2 mg kg-1.  

The same source indicates that cadmium in vegetables is preferably absorbed through the roots. The 

average cadmium values in vegetables range between 0.015 and 0.670 mg kg-1 of the fresh material, 

with the higher concentrations being found in spinach, celery and carrots. 

Food plants contain very low concentrations of total arsenic, with mean values of approximately 0.04 

mg kg-1 [6]. The levels of inorganic arsenic (of relevance from a toxicological point of view) are even 

lower because normally it coexists with other species in food matrices. However, there is little 

information available about the concentration of inorganic arsenic in food of plant origin other than rice 

and algae. 

The International Agency for Research on Cancer has classified cadmium as a human carcinogen 

(Group 1) and lead as probably carcinogenic to humans (Group 2A). Lead has also neurotoxic effects 

which affect the development of the brain, so that children with high lead levels in blood have a 

reduced Intelligence Quotient (IQ) score. In adults, high levels of lead in blood can induce an increase 

in the systolic blood pressure. 

To overcome problems associated with a high metal content in food, maximum allowed limits in 

several food commodities for cadmium, lead and mercury have been laid down in the European 

legislation [7].  
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Since cereals and vegetables are, according to the EFSA Scientific Opinions, the main contributors to 

the dietary intake of cadmium and lead, the Directorate General for Health and Consumers (DG 

SANCO) of the European Commission requested the EU-RL-HM to evaluate the performance of 

European laboratories in the determination of heavy metals in vegetables. A proficiency test (PT) for 

the determination of heavy metals in cereal products had been organised previously (IMEP-101). 

With that scope the European Union Reference Laboratory for Heavy Metals in Feed and Food (EU-

RL-HM), formerly the Community Reference Laboratory (CRL) organised a PT (IMEP-110) for the 

network of appointed NRLs to determine total arsenic, cadmium, mercury and lead in vegetable food. 

 

3 Scope 

As stated in Regulation (EC) No 882/2004 of the European Parliament and the Council [8], one of the 

core duties of the EU-RL-HM is to organise interlaboratory comparisons for the benefit of staff from 

National Reference Laboratories. The scope of this ILC is to test the competence of the appointed 

NRLs to determine the total concentration of As, Cd, Hg and Pb in vegetable food. 

The assessment of the measurement results is undertaken on the basis of requirements laid down in 

legislation [7,9] and follows the administrative and logistics procedures of IMEP, the International 

Measurement Evaluation Programme. This programme is accredited according to ISO Guide 43-1. 

The designation of this PT is IMEP-110. 

 

4 Time frame 

This proficiency test was agreed upon by the National Reference Laboratories (NRLs) network at the 

fourth EU-RL-HM workshop held on 1-2 October 2009. Invitation letters were sent to the participants 

on the second half of May 2010 (cf Annex 1). The samples were dispatched to the participants on 2nd 

June 2010. Reporting deadline was 2nd July 2010. 
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5 Material 

5.1 Preparation 

The commercially available NIST SRM 1570a (spinach leaves) was used for this PT. NIST dispatched 

15 bottles of test materials at room temperature by courier to IRMM.The material was rebottled and 

relabelled to avoid identification by the participants. Comprehensive information on the preparation 

of this material can be found in the certification report on the NIST website [10]. 

5.2 Homogeneity and stability 

Information on the homogeneity and stability of the test material was gathered from the certificate of 

the Standard Reference Material. According to it "No evidence of statistically significant inhomogeneity 

was observed. The stability of the material has not been rigorously assessed. However, NIST will 

monitor this material and will report any substantive changes in certified values to the purchaser". 

Since no information was received indicating the contrary when the material was purchased, it was 

assumed that the certification values are still valid for the measurands covered in IMEP-110. 

5.3 Distribution 

The samples were dispatched to the participants by IRMM on the first half of June 2010. Each 

participant received:  

a) one glass bottle containing approximately 15 g of test material,  

b) an accompanying letter with instructions for sample handling and reporting (cf. Annex 3) and  

c) a form that had to be sent back after receipt of the test material to confirm its arrival (cf. Annex 4). 

6 Instructions to participants 

Details on this proficiency test were discussed with the NRLs at the fourth workshop organised by the 

EU-RL-HM, held in Geel on 1-2 October 2009. Concrete instructions were given to all participants in a 

letter accompanying the test material. The measurands and matrix were defined as "Total As, Cd, Hg 

and Pb in vegetable food", see Annex 3. 

Laboratories were asked to perform two or three independent measurements and to report the mean 

value, the associated uncertainty, the coverage factor of the associated uncertainty and the technique 

used to perform the analysis. The measurement results were to be corrected (i) for recovery and (ii) for 

humidity (following a procedure described in the accompanying letter which has been optimised at 

IRMM by the Reference Materials Unit). Participants were asked to follow their routine procedures. 
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The results were to be reported in the same manner (eg. number of significant figures) as those 

normally reported to the customer. 

The results were to be reported in a special on-line form for which each participant received an 

individual access code. A questionnaire was attached to this on-line form. The questionnaire was 

intended to provide further information on the measurements and the laboratories. A copy of the 

questionnaire is presented in Annex 5. 

 

7 Reference values and their uncertainties 

The SRM certificate provided certified values and their associated expanded uncertainties for all the 

measurands included in this study, except for total Pb for which only an "information value" was 

provided. The certified values for total As, Cd and Hg and the "information value" for total Pb were 

used as assigned values (Xref) for this PT. The certificate was valid during the time frame of the PT. 

The uncertainties given in the certificate (Uref) are expanded uncertainties which correspond to the 

sum of a 95 % confidence limit and an allowance for systematic error between the methods used (in 

case the reference value is a weighted mean of results from two or more different analytical methods), 

or the sum of a 95 % confidence limit and the known systematic error of the method in case only one 

method of known accuracy was used to determine the reference value. To calculate the standard 

uncertainty of the reference value (uref) the relation Uref = kuref was used. k is the coverage factor which 

according to the certificate, was determined from the Student's t-distribution corresponding to the 

appropriate associated degrees of freedom and 95 % confidence interval for each analyte. Since the 

degrees of freedom are not indicated in the certificate, it was assumed k=2 for further calculations. 

The assigned reference values (Xref) for all the measurands, and their respective uncertainties (uref, 

Uref) are summarised in Table 1. 

Table 1: Assigned values and their associated standard uncertainties for the measurands of this ILC. 

Measurand Xref (mg kg-1) Uref (mg kg-1) uref (mg kg-1) 

Total arsenic 0.068 0.012 0.006 

Total cadmium 2.89 0.07 0.04 

Total mercury 0.030 0.003 0.002 

Total lead 0.20 unknown unknown 

Xref = certified value, Uref = expanded standard uncertainty; uref = standard uncertainty calculated from 

Uref using a coverage factor k=2. 
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8 Evaluation of results 

8.1 General observations 

Thirty-five laboratories from 24 member states registered for participation in this exercise of which 35 

reported results for total Cd and total Pb (3 reported "less than" for total Pb), 32 for total As (3 reported 

"less than") and 31 for total Hg (5 out of the 31 reported "less than"). All laboratories responded to the 

questionnaire included in the on-line reporting form. 

8.2 Scores and evaluation criteria 

Individual laboratory performance is expressed in terms of z- and ζ-scores in accordance with ISO 

13528 [1]. 

22
labref

reflab

uu

Xx






         Eq. 1 

̂
reflab Xx

z


           Eq. 2 

Where: 

xlab is the measurement result reported by a participant 

Xref is the certified reference value (assigned value) 

uref is the standard uncertainty of the reference value 

ulab is the standard uncertainty reported by a participant 

̂  is the standard deviation for proficiency assessment 

The assigned reference values (Xref), and their respective uncertainties are summarised in Table 1. 

The interpretation of the z- and ζ-score is done as follows: 

|score| ≤ 2  satisfactory result 

2 < |score| ≤ 3  questionable result 

|score| > 3  unsatisfactory result 

The ζ-score states if the laboratory result agrees with the assigned value within the respective 

uncertainty indicates. The denominator of Eq. 1 is the combined uncertainty of the assigned value and 

the measurement uncertainty as stated by the laboratory. The ζ-score is therefore the most relevant 

evaluation parameter, as it includes all parts of a measurement result, namely the expected value 
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(assigned value), its uncertainty and 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 estimation of the 

concentration or of its uncertainty. 

The standard uncertainty of the laboratory (ulab) was estimated by dividing the reported expanded 

uncertainty by the reported coverage factor, k. When no uncertainty was reported, it was set to zero 

(ulab = 0). When k was not specified, the reported expanded uncertainty was considered as the half-

width of a rectangular distribution; ulab was then calculated by dividing this half-width by √3, as 

recommended by Eurachem and CITAC [11]. 

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 (ulab) is most likely to fall in a range between a minimum uncertainty 

(umin), and a maximum allowed (umax). umin is set to the standard uncertainty of the reference value. It is 

unlikely that a laboratory carrying out the analysis on a routine basis would measure the measurand 

with a smaller uncertainty than the expert laboratories chosen to establish the assigned value. umax is 

set to the target standard deviation (̂ ) accepted for the PT. If ulab is smaller than umin, 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 umin are possible and plausible. If ulab > umax, the laboratory may have overestimated the 

uncertainty. An evaluation of this statement can 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 is properly assessed even if large. It should be pointed out that umax 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 (̂ ) used as common quality criterion. ̂ , is defined by the PT 

organiser as the maximum acceptable standard uncertainty. Based on feedback from experts, on the 

state-of-the-art and on discussions among the members of the advisory board of this PT, values for ̂  

were set as 15 % of the assigned value for total and inorganic arsenic.  

 

8.3 Laboratory results and scorings 

The results as reported by the participants for total Cd, Pb As and Hg are summarised in Annexes 6 to 

9, respectively, together with the z- and ζ-scores (no scores were provided for total Pb). These 

annexes also include figures showing the individual mean values and associated expanded 
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uncertainties. The Kernel distribution plots, obtained using a software tool developed by AMC [12] are 

presented in Annex 10. 

Regarding the z- and ζ-scores, the results for total Cd, As and Hg are summarised in Table 2. Eighty-

six and 81 % of the participants scored satisfactorily for total Cd and Hg, respectively and about 70 % 

did for total As. All the laboratories that obtained an unsatisfactory z-score have overestimated the 

concentration of total As in the test material. This could be due to (a) contamination problems affecting 

the quality of the results especially at the low concentration levels as the one in this test material or (b) 

the potential 40Ar35Cl+ interference with 75As mass when performing ICP-MS measurements. However, 

comparing results reported by the laboratories using ICP-MS with those obtained by hydride 

generation-atomic absorption spectrometry (HG-AAS) no significant difference was observed. 

Overestimation of total As was previously observed in other PT (IMEP-108) [13] organised by the EU-

RL-HM in which a test material with low concentration of total arsenic was used. When the 

concentration of total arsenic in the test material was high (several mg kg-1) such a tendency to 

overestimation was not observed [14,15].  

According to the ζ-score between 61 and 66 % of the laboratories provided satisfactory results 

depending on the measurand. 

Table 2: Number and percentages of laboratories reporting results not "less than" with satisfactory, 

questionable and unsatisfactory scores. 

 Total Cd Total As Total Hg 

 N˚ % N˚ % N˚ %

z 

S 30 85.7 20 69 21 80.8

Q 3 8.6 1 3.5 2 7.7

U 2 5.7 8 27.5 3 11.5

ζ 

S 22 62.9 19 65.5 16 61.5

Q 6 17.1 3 10.4 4 15.4

U 7 20 7 24.1 6 23.1

 

8.4 Additional information extracted from the questionnaire  

Additional information was gathered from the questionnaire that participants were asked to fill in 

(Annex 5). 
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8.4.1 Sample treatment related questions 

One laboratory did not reply to this question. Nineteen laboratories performed the analysis following an 

official method. The information provided by the laboratories for their methods of analysis is 

summarised in Annex 11. No influence of the techniques used was detected for any of the 

measurands covered in this PT.  

Eighteen laboratories corrected their results for recovery. Most laboratories reported recoveries in the 

range 80 to 110 %, but recoveries < 80 % have also been reported. Laboratories must be aware that 

such low recoveries indicate that the method is biased and actions should be taken to eliminate the 

problem. Figure 1 shows the distribution of recoveries reported by the participants.  
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Figure 1: Distribution of recoveries as reported by the participants 

 

Seven laboratories calculated the recovery factor adding a known amount of the same analyte to be 

measured (spiking) and eighteen using a certified reference material (some laboratories have used 

both approaches). One laboratory added a known amount of analyte to a reagent blank. Thirteen 

laboratories did not indicate how have they calculated the recovery factors. Different reasons were 

given by some of the laboratories that did not correct for recovery:  

 "The recovery of the determination for all elements is in the range covered by the uncertainty",  

 "no significant deviation from 100% of CRMs and spike",  
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 "the recovery factor is near 100 %", "we never apply the recovery factor to the results, we 

included it in the uncertainty", 

 "certified reference material as control",  

 "in routine work we do not use the recovery factor" and  

 "good results of CRMs measured". 

All participants but one corrected the results for the water content. The way how the water content of 

the material was to be determined was described in detail in the accompanying letter (Annex 3) and 

was optimised at IRMM to obtain the same results as with Karl-Fisher titration.  

 

8.4.2 Uncertainty related questions 

Various approaches were used to scrutinise the measurement uncertainty, (Figure 2). 

Twenty-five laboratories usually report uncertainty to their customers while 10 never do. 

When asked about the level of confidence covered by the reported coverage factor (k), most of the 

participants reported 95 % and one reported 95,5 %. Three did not understand the question. 

 

estimation based on 
judgement, 2

use of intercomparison 
data, 7

known uncertainty of 
the standard method, 4

uncertainty budget 
calculated according to 

ISO-GUM, 9

uncertainty of the 
method as determined 

during in-house 
validation, 22

measurement of 
replicates (i.e. 
precision), 16

 

Figure 2: Different approaches used by the participants in IMEP-110 to estimate the uncertainty of their measurements. 



IMEP-110: Total As, Cd, Hg and Pb in vegetable food 

 14

 

8.4.3 Quality assurance related questions 

Thirty of the 35 participating laboratories regularly take part in PTs, 3 do not and two did not reply to 

this question. 

 Participants were asked whether they make use of CRMs in their laboratories and for which purpose 

(validation and/or calibration). Thirty-three use CRMs, one does not and one did not answer. Twenty-

nine use the CRM during the validation procedure and seven use it for calibration purposes. 

 

8.4.4 Questions related to the experience of the laboratories in this field 

of analysis 

Thirty-one participants carry out this type of analysis on a regular basis, three do not and one did not 

answer to this question.  

The distribution in terms of number of analyses per year is shown in Figure 3. 
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Figure 3: Participants' experience in this type of analysis expressed as number of analyses per year. 

 

8.4.5 Quality system related questions 

Thirty-four laboratories have a quality system in place and one does not. Thirty have a quality system 

based on ISO 17025, 3 on ISO 17025 and ISO 9000 and 1 on ISO 17025 and ISO Guide 43. 
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Figure 4 shows the amount of laboratories that are accredited for the different elements covered in 

IMEP-110. 
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Figure 4: Number of accredited laboratories for the different measurands covered in IMEP-110. 

 

9 Conclusions 

From IMEP-110 it can be concluded that most of the National Reference Laboratories do not have 

problems in carrying out analyses of total Cd and Hg in a matrix of vegetable food, as reflected by the 

percentage of satisfactory z scores. Although no scorings were provided for total Pb results due to the 

lack of a traceable assigned value, the population is normally distributed and the consensus value 

(robust statistics), 0.185 ± 0.044 mg kg-1, is in quite good agreement with the indicative value reported 

by the producer of the CRM used as test material, 0.20 mg kg-1. 

Some participants overestimated the concentration of total As in the test material, probably due to a 

contamination problem. This was previously observed in the proficiency tests organised by the EU-RL-

HM in which the total concentration of arsenic was low (IMEP-107, -108) but not when the arsenic 

concentration was high (IMEP-104, -105, -109). 

Around 40 % of the participants have difficulties in making a proper uncertainty estimation, as reflected 

by the ζ-scores. 
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Annex 6: Total Cd in vegetable food 

Xref = 2,89 ± 0,07 mg kg-1 (k=2) 

 

Lab ID xlab (mg kg-1) Ulab (mg kg-1) k ulab (mg kg-1) Technique z ζ Qualu 

1 2,35 0,67 2 0,34 ICP-MS -1,2 -1,6 a 

2 2,65 0,26 2 0,13 ICP-MS -0,6 -1,8 a 

3 2,58 0 √3 0 ETAAS -0,7 -8,9 b 

4 1,07 0,11 2 0,06 ICP-MS -4,2 -27,9 a 

5 2,83 0,29 2 0,15 ICP-MS -0,1 -0,4 a 

6 2,77 0,396 2 0,198 ICP-MS -0,3 -0,6 a 

7 2,84 0,14 2 0,07 ICP-MS -0,1 -0,6 a 

8 2,9 0,60 2 0,30 ICP-MS 0,0 0,0 a 

9 2,95 0,14 2 0,07 ETAAS 0,1 0,8 a 

10 2,852 0,351 2 0,176 ETAAS -0,1 -0,2 a 

11 2,55 0,26 2 0,13 ETAAS -0,8 -2,5 a 

12 3,2711 0,900 2 0,450 ICP-MS 0,9 0,8 c 

13 2,955 0,364 2 0,182 ETAAS 0,1 0,4 a 

14 3,02 0,45 2 0,23 ICP-MS 0,3 0,6 a 

15 2,679 0,271 3,182 0,085 FAAS -0,5 -2,3 a 

16 3,23 1,33 2 0,67 ICP-MS 0,8 0,5 c 

17 2,69 0,48 2 0,24 ETAAS -0,5 -0,8 a 

18 2,562 0,206 √3 0,119 ICP-MS -0,8 -2,6 a 

19 2,180 0,501 2 0,251 CV-AAS -1,6 -2,8 a 

20 2,9 1,1 2 0,6 ICP-MS 0,0 0,0 c 

21 3,1 1,1 2 0,6 ETAAS 0,5 0,4 c 

22 2,8 0,19 2 0,10 ICP-MS -0,2 -0,9 a 

23 2,82 0,542 2 0,271 ICP-MS -0,2 -0,3 a 

24 1,83 0,23 2 0,12 ICP-AES -2,4 -8,8 a 

25 2,80 0,40 2 0,20 ETAAS -0,2 -0,4 a 

26 2,80 0,28 2 0,14 ICP-MS -0,2 -0,6 a 

27 1,90 0,05 2 0,03 ICP-MS -2,3 -23,0 b 

28 2,61 0,261 2 0,131 ETAAS -0,6 -2,1 a 

29 2,60 0,34 2 0,17 ETAAS -0,7 -1,7 a 

30 2,60 0,26 2 0,13 ETAAS -0,7 -2,2 a 

31 3,00 0,6 2 0,3 ICP-MS 0,3 0,4 a 

32 4,15 0,66 2 0,33 ZETAAS 2,9 3,8 a 

33 2,56 0,31 0,968 0,32 ETAAS -0,8 -1,0 a 

34 3,43 0,0007 2 0,0004 ETAAS 1,2 15,4 b 

35 0,118 0,112 2 0,056 ETAAS -6,4 -42,0 a 

Qualu: qualitative information about ulab: a: uref<ulab<̂ ; b: ulab<uref; c: ̂ <ulab. For further information on these 

codes, please read chapter 8.2. 
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IMEP-110: results for total Cd

Certified range: 2,89 ± 0.07 mg kg-1 (k=2)

This graph displays all measurements results and their associated uncertainties.
The uncertainties are shown as reported, with various expansion factors and levels of confidence.

The black line represents Xref, the green dotted lines delimit the reference interval (Xref ± 2uref: 2,89 ± 0.07 mg kg-1), the red dashed lines delimit the target interval 

(Xref ± 2σ: 2,89 ± 0,87 mg kg-1)
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Annex 7: Total Pb in vegetable food 

Indicative value in the SRM certificate = 0,20 mg kg-1  

Lab ID xlab (mg kg-1) Ulab (mg kg-1) k Technique 

1 0,174 0,082 2 ICP-MS 

2 0,183 0,018 2 ICP-MS 

3 0,144 0 √3 ETAAS 

4 0,08 0,01 2 ICP-MS 

5 0,177 0,053 2 ICP-MS 

6 0,188 0,052 2 ICP-MS 

7 0,182 0,018 2 ICP-MS 

8 0,19 0,07 2 ICP-MS 

9 0,128 0,003 2 ETAAS 

10 0,194 0,023 2 ETAAS 

11 0,320 0,038 2 ICP-MS 

12 0,2619 0,084 2 ICP-MS 

13 0,26 0,05 2 ETAAS 

14 0,169 0,042 2 ICP-MS 

15 <0,20   FAAS 

16 0,215 0,107 2 ICP-MS 

17 0,216 0,048 2 ETAAS 

18 0,219 0,0263 √3 ICP-MS 

19 0,140 0,032 2 CV-AAS 

20 0,176 0,058 2 ICP-MS 

21 0,260 0,09 2 ETAAS 

22 0,13 0,03 2 ICP-MS 

23 0,250 0,073 2 ICP-MS 

24 0,19 0,04 2 ICP-AES 

25 0,171 0,075 2 ETAAS 

26 <0,3   ICP-MS 

27 0,075 0,005 2 ICP-MS 

28 0,16 0,032 2 ETAAS 

29 0,073 0,015 2 ETAAS 

30 0,15 0,03 2 ETAAS 

31 0,194 0,025 2 ICP-MS 

32 <1,80   ZETAAS 

33 0,205 0,036 0,963 ETAAS 

34 0,209 0,005 2 ETAAS 

35 1,594 0,224 2 ETAAS 
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IMEP-110: results for total Pb

Informative value: 0.20 mg kg-1 

This graph displays all measurements results and their associated uncertainties.
The uncertainties are shown as reported, with various expansion factors and levels of confidence.
The dotted black line represents the informative concentration provided by the CRM producer in the certificate of this material

Laboratories 15, 26 and 32 reported "less than"
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Annex 8: Total As in vegetable food 

Xref = 0,068 ± 0,012 mg kg-1 (k=2) 

 

Lab ID xlab (mg kg-1) Ulab (mg kg-1) k ulab Technique z ζ Qualu 

1 0,071 0,020 2 0,010 ICP-MS 0,3 0,3 a 

2 0,081 0,012 2 0,006 ICP-MS 1,3 1,5 a 

3 <0,1    ETAAS    

4 0,08 0,01 2 0,01 ICP-MS 1,2 1,5 a 

5 0,070 0,0134 2 0,0067 ICP-MS 0,2 0,2 a 

6 0,079 0,014 2 0,007 ICP-MS 1,1 1,2 a 

7 0,057 0,006 2 0,003 HG-AAS -1,1 -1,6 b 

8 0,071 0,028 2 0,014 ICP-MS 0,3 0,2 c 

9 0,073 0,003 2 0,002 ETAAS 0,5 0,8 b 

10 0,064 0,008 2 0,004 ICP-MS -0,4 -0,6 b 

11 0,074 0,007 2 0,004 HG-AAS 0,6 0,9 b 

12 <0,20    ICP-MS    

13 0,129 0,040 2 0,020 HG-AAS 6,0 2,9 c 

14 0,0761 0,0190 2 0,0095 ICP-MS 0,8 0,7 a 

15 0,075 0,007 4,303 0,002 HG-AAS 0,7 1,1 b 

16 0,0568 0,0176 2 0,0088 ICP-MS -1,1 -1,1 a 

17 0,045 0,008 2 0,004 HG-AAS -2,3 -3,2 b 

18 0,167 0,0184 √3 0,0106 ICP-MS 9,7 8,1 c 

19 0,260 0,078 2 0,039 CV-AAS 18,8 4,9 c 

20 0,057 0,019 2 0,010 ICP-MS -1,1 -1,0 a 

21 0,152 0,05 2 0,03 ETAAS 8,2 3,3 c 

22 0,12 0,01 2 0,01 ICP-MS 5,1 6,7 a 

23 0,167 0,044 2 0,022 ICP-MS 9,7 4,3 c 

24 0,053 0,007 2 0,004 ICP-AES -1,5 -2,2 b 

26 0,10 0,01 2 0,01 ICP-MS 3,1 4,1 a 

27 0,070 0,010 2 0,005 ICP-MS 0,2 0,3 b 

28 0,06 0,009 2 0,005 HG-AAS -0,8 -1,1 b 

29 0,063 0,006 2 0,003 CV-AAS -0,5 -0,7 b 

30 0,13 0,04 2 0,02 ETAAS 6,1 3,0 c 

31 0,08 0,015 2 0,008 
High 
resolution-
ICP-MS 

1,2 1,2 a 

32 <0,85    ZETAAS    

33 0,079 0,011 0,946 0,012 HG-AAS 1,1 0,8 c 

Qualu: qualitative information about ulab: a: uref<ulab<̂ ; b: ulab<uref; c: ̂ <ulab. For further information on these 

codes, please read chapter 8.2.  
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IMEP-110: results for total As

Certified range: 0,068 ± 0.012 mg kg-1 (k=2)

This graph displays all measurements results and their associated uncertainties.
The uncertainties are shown as reported, with various expansion factors and levels of confidence.

The black line represents Xref, the green dotted lines delimit the reference interval (Xref ± 2uref: 0,068 ± 0.012 mg kg-1), the red dashed lines delimit the target interval 

(Xref ± 2σ: 0,068 ± 0,020 mg kg-1)

Laboratories 3, 12 and 32 reported "less 
than"
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Annex 9: Total Hg in vegetable food 

Xref = 0,030 ± 0,003 mg kg-1 (k=2) 

Lab ID xlab (mg kg-1) Ulab (mg kg-1) k ulab Technique z ζ Qualu 

1 0,027 0,015 2 0,008 AMA -0,7 -0,4 c 

2 0,018 0,002 2 0,001 ICP-MS -2,7 -6,7 b 

3 0,032 0 √3 0 CV-AFS 0,4 1,3 b 

4 0,03 0,01 2 0,01 ICP-MS 0,0 0,0 c 

5 0,023 0,0033 2 0,0017 CV-AAS -1,6 -3,1 b 

6 0,017 0,005 2 0,003 
aas/ama254 
mercury 
analyzer 

-2,9 -4,5 a 

7 0,023 0,004 2 0,002 ICP-MS -1,6 -2,8 a 

8 0,028 0,006 2 0,003 CV-AAS -0,4 -0,6 a 

9 0,022 0,001 2 0,001 CV-AAS -1,8 -5,1 b 

10 0,031 0,008 2 0,004 AMA 0,2 0,2 a 

11 0,028 0,003 2 0,002 CV-AAS -0,4 -0,9 a 

12 <0,05    ICP-MS    

13 0,027 0,434 2 0,217 HG-AAS -0,7 0,0 c 

14 0,0225 0,0045 2 0,0023 CV-AAS -1,7 -2,8 a 

15 0,024 0,007 3,182 0,002 CV-AAS -1,3 -2,3 a 

16 0,0300 0,0120 2 0,0060 ICP-MS 0,0 0,0 c 

18 0,0263 0,00341 √3 0,00197 AMA -0,8 -1,5 b 

19 0,036 0,008 2 0,004 CV-AFS 1,3 1,4 a 

21 0,033 0,011 2 0,006 ETAAS 0,7 0,5 c 

22 <0,1    HG-AAS    

23 0,0156 0,0047 2 0,0024 ICP-MS -3,2 -5,2 a 

24 <0,1    ICP-AES    

25 0,085 0,036 2 0,018 CV-AAS 12,2 3,0 c 

26 0,027 0,003 2 0,002 AMA-254 -0,7 -1,4 a 

27 0,015 0,005 2 0,003 ICP-MS -3,3 -5,1 a 

28 0,03 0,009 2 0,0045 CV-AAS 0,0 0,0 a 

29 0,0279 0,0039 2 0,0020 CV-AAS -0,5 -0,9 a 

30 <0,060    HG-AAS    

31 0,031 0,005 2 0,003 ICP-MS 0,2 0,3 a 

32 <0,034    TDA-AAS    

33 0,032 0,005 √3 0,003 CV-AAS 0,4 0,6 a 

Qualu: qualitative information about ulab: a: uref<ulab<̂ ; b: ulab<uref; c: ̂ <ulab. For further information on these 

codes, please read chapter 8.2.  
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Laboratories 12, 22, 24, 30 and 32 reported "less 
than"

IMEP-110: results for total Hg

Certified range: 0,030 ± 0,003 mg kg-1 (k=2)

This graph displays all measurements results and their associated uncertainties.
The uncertainties are shown as reported, with various expansion factors and levels of confidence.

The black line represents Xref, the green dotted lines delimit the reference interval (Xref ± 2uref: 0,030 ± 0.003 mg kg-1), the red dashed lines delimit the target interval 

(Xref ± 2σ: 0,030 ± 0,009 mg kg-1)
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Annex 10: Kernel distributions  
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Annex 11: Experimental details for total Cd, Pb, As and Hg determinations 

LCode SOP? If yes, which: Sample pre-treatment Digestion step 
Extraction / separation 

step 
Answer 

1 No  Shaking 
Microwave assisted, 

HNO3 50% at 180°C for 
45 min 

 External, 0 to 10 ppb. 

2 No      
3 Yes Institute SOP A1057     

4 No  Mixing 
µ-wave assisted acid 

digestion with conc HNO3 
 Addition calibration 

5 No      

6 No  

Microwave digestion with 
nitric acid and hydrogen 
peroxide for As, Cd, Pb. 

For mercury no pre-
treatment 

   

7 No  None 
High pressure microwave 
digestion with HNO3 and 

H2O2 
 

External calibration, 
internal standard Indium 

8 No   Microwave with Ac. Nitric  ICP-MS 

9 Yes 
LST EN 14084:2003, 

ASU L 00.00-19/3, ASU L 
00.00-19/4, 

    

10 No  No pre-treatment HNO3 and H2O2 No External calibration 
11 Yes AOAC     

12 No  Microwave Digestion 
Acid digestion : Nitric 

acid, Hydrogen Peroxide 
and water 

N/A 
ICP-MS calibration using 

calibration standards 

13 No  None 
Ashing for lead and open 
tube digestion for Cd, As 

and Hg. 
  

14 Yes 
EN 13805 for digestion, 
EN 15763 for As, Cd, Pb 

and EN 13806 for Hg 
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LCode SOP? If yes, which: Sample pre-treatment Digestion step 
Extraction / separation 

step 
Answer 

15 Yes 
Cd, Pb: EN 14082:2003; 

As: EN14546; Hg-no 
 For Hg: HNO3+H2SO4  0.050 µg 

16 Yes 
NMKL Trace Elements-

As, Cd, Hg, Pb and other 
elements. No. 186, 2007. 

    

17 Yes 
As - EN 14546:2004; Pb, 

Cd - LMBG  35:1993 
    

18 Yes 
Official Methods of 

Analysis AOAC 
    

19 Yes 

EN 14332:2004; EN 
13804:2002; EN 

13805:2002; EN ISO 
15586:2004 

    

20 Yes SS-EN 15763:2009     

22 Yes 
UNI EN  13804 2002, 

UNI EN 13805:2002, UNI 
EN 13806:2003 

    

23 No  Homogenise Microwave digestion n.a. 
Calibration using certified 

standard solutions 

24 No  
Addition of acid and 

hydrogen peroxide, let it 
stand for one hour 

Microwave Dilution External calibration 

25 Yes 
AOAC 974.14 Final 

Action, AOAC 999.10 
Final Action 

    

26 No     ICP-MS 

27 Yes 
EN ISO 13805 and EN 

15763 
    

28 Yes 
As EN 14332:2004; Pb, 
Cd EN 14084:2003; Hg 
National Feed Codex 

    

29 Yes 
EN 14083:2004; EN 

14546:2005 
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LCode SOP? If yes, which: Sample pre-treatment Digestion step 
Extraction / separation 

step 
Answer 

30 Yes 

AOAC Official Method 
999.10, AOAC Methods 

of Analysis, 2000, 
chapter 9, p.16-19. 

    

31 No  None 

Aliquots (0.5 g) of test 
sample were digested in 
nitric acid using a high 
pressure, closed vessel 

microwave digestion 
system. 

Digest solutions were 
made up to volume (10 
ml) with deionised water 
and then diluted 5-fold 
with internal standard 
solution (Rh and Ga). 

Calibration standards 
were prepared by serial 
dilution and run with the 

test solutions. 

32 No   

Pb,Cd,As: microwave 
high pressure digestion 

with H202 (30%) and  
HNO3 conc and HF conc. 

 

ADD. METHOD: STD 
SOLUTION: Cd 2 PPB; 
Pb 50 PPB; As 20 PPB. 

Hg non linearity 
calibration from 25 ppb to 

5 ppm 

33 Yes 
Hg-AOAC 971.21; Cd, Pb 
- AOAC 999.11;in-house-

As 

reduce As(v) to As(III) 
with KJ 

Dry No  

34 Yes 
SR EN 13805, SR EN 

14084 
    

35 Yes AOAC 999.10     
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Abstract 

The Institute for Reference Materials and Measurements (IRMM) of the Joint Research Centre (JRC) a 

Directorate General of the European Commission operates the European Union Reference Laboratory for 

Heavy Metals in Feed and Food (EU-RL-HM). One of its core tasks is to organise interlaboratory comparisons 

(ILCs) among appointed National Reference Laboratories (NRLs). This report presents the results of the tenth 

ILC of the EU-RL-HM which focused on the determination of total arsenic, cadmium, mercury and lead in 

vegetable food. 

The test material used in this exercise was the Standard Reference Material SRM 1570a, spinach leaves of the 

National Institute of Standards and Technology (NIST). The material was rebottled and relabelled to prevent 

recognition by the participants and was dispatched at the beginning of June. Each participant received one 

bottle containing approximately 15 g of test material. Thirty-five laboratories from 24 countries registered to the 

exercise of which 35 reported results for total Cd and total Pb, 32 for total As and 31 for total Hg. The assigned 

values for total As, Cd and Hg are the certified values taken from the SRM 1570a certificate. For total Pb, the 

"information value" provided by NIST in the SRM certificate was used as assigned value. 

The uncertainties of the assigned values (uref) for total As, Cd and Hg, were taken directly from the CRM 

certificate as provided by the producer. No uref is provided by NIST for the total Pb concentration because the 

total Pb content is only provided as "information value". Participants were invited to report the uncertainty of 

their measurements. This was done by the majority of the laboratories taking part in this exercise. 

Laboratories' results were rated with z- and ζ-scores (zeta-scores) for total As, Cd, and Hg in accordance to ISO 

13528. No ζ-scores were given for total Pb because uref was not known for that measurand. The standard 

deviation for proficiency assessment (also called target standard deviation) was fixed to 15 % for all the 

measurands by the advisory board of this ILC, on the basis of the outcome of previous ILCs organised by the 

EU-RL-HM and on the state-of-the-art in this field of analysis. 

More than 80 % of the participants performed satisfactory for total Cd and Hg. Around 70 % of the participants 

obtained a satisfactory z-score for total arsenic with a relatively high number (8 laboratories) of participants 

having overestimated the total content of arsenic in the test material. When looking at the ζ-scores, 60 to 65 % 

of the reported results were satisfactory when the associated uncertainties are taken into account. 
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