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INTRODUCTION 

Seafood is one of the major food resources for human consumption in the world. CODEX 

Alimentarius Commission [12.1] and many jurisdictions have set maximum levels of metallic 

contaminants in seafood. The use of reliable methods for measurement of metallic contaminants 

is important in safeguarding the quality of these products and the public health. 

The last CCQM or RMO key comparison / supplementary comparison in the area of metallic 

contaminants in seafood was organized by the Government Laboratory, Hong Kong, China 

(GLHK) in 2011 (APMP.QM-S5 Essential and Toxic Elements in Seafood). Hence, it is timely to 

organize another comparison that covers different measurands. This APMP supplementary 

comparison (APMP.QM-S19) offers different analytical challenges (e.g. in analysis of mercury 

and different range of measurands) as compared to the previous comparison. Moreover, this will 

be a good opportunity for the National Metrology Institutes / Designated Institutes (NMIs/DIs) 

which did not participate in the previous comparison to demonstrate their measurement 

competencies. 

The supplementary comparison aims to enable participating NMIs/DIs to demonstrate their 

competence in the determination of toxic elements at mg/kg levels in seafood matrix. It will also 

enable NMIs/DIs with the relevant services, upon successful completion, to submit Calibration 

and Measurement Capabilities (CMCs) claims under the Mutual Recognition Arrangement of the 

International Committee for Weights and Measures (CIPM MRA). 

 

TIMELINE 

Table 1 lists the timeline for the proposed study. 

 

Table 1. Programme Schedule. 

Action 
Date 

APMP.QM-S19 APMP.QM-P40 

Call for participation July 2021 16 November 2021 

Deadline for registration  30 September 2021 30 November 2021 

Distribution of samples October 2021 By end November 2021 

Deadline for submission of results 1 April 2022 

Presentation of first report in APMP 

TCQM meeting 
Nov/Dec 2022 

 

 

MEASURANDS 

The comparison will cover arsenic, cadmium, mercury and lead in a seafood matrix. The expected 

mass fractions of the measurands (on a dry mass basis) are given in Table 2. 
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Table 2. Measurands and expected mass fraction. 

Measurand Expected mass fraction (mg/kg) 

Arsenic 0.2 – 50 

Cadmium 0.04 – 10 

Mercury 0.02 – 5 

Lead 0.04 – 10 

 

 

STUDY MATERIALS 

Dried shrimps were purchased from the local market in Hong Kong. The shrimps were soaked in 

a spike solution containing the target analytes for several hours, freeze-dried, blended into powder, 

and subjected to a sieving process through two calibrated sieves (200 and 100 m respectively). 

The sieved powder (particle size: 100–200 µm) was thoroughly homogenized in a 3-dimensional 

mixer for 5 days. The material was irradiated using a gamma source at a dose of about 10 kGy for 

disinfection. The irradiated material was packed into high-density polyethylene bottles, each of 

about 30 g. The bottles were purged with nitrogen and stored at room temperature (20 ± 5 °C). 

Each participant will receive with TWO bottles of sample, each containing approximately 30 g of 

dried shrimp material. Measurement results are to be reported on a dry-mass basis. 

 

Homogeneity Assessment of Study Material 

Ten bottles of sample were randomly selected for homogeneity study. Two test portions of 0.5 g 

each were taken from each bottle for analysis. The test portions were digested using microwave-

assisted acid digestion and analyzed by inductively coupled plasma mass spectrometry (ICP-MS) 

with gravimetric standard additions. ANOVA at 95% level of confidence was applied to assess the 

between-bottle homogeneity in accordance with ISO Guide 35:2017 [12.2], the comparison 

material was found to be sufficiently homogeneous. The results are summarized in Table 3. 

 

 

Table 3. Results of the homogeneity assessment for the measurands.  

Measurand 
ANOVA test Relative standard uncertainty due to between-

bottle (in)homogeneity, ubb (%) F-statistics Critical value 

Arsenic 1.50 3.02 0.7 

Cadmium 0.93 3.02 0.6 

Mercury 1.95 3.02 1.6 

Lead 0.59 3.02 1.0 
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The graphical representation of the homogeneity data for individual measurand(s) are provided in 

Figures 1 to 4.  

 

 

Figure 1. Homogeneity evaluation for Arsenic. 

 

 

Figure 2. Homogeneity evaluation for Cadmium. 
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Figure 3. Homogeneity evaluation for Mercury. 

 

 

Figure 4. Homogeneity evaluation for Lead. 

 

 

Stability Assessment of Study Material 

The short-term stability of the measurands over a period of 4 weeks at 40 °C was accessed using 

isochronous approach, using the same analytical procedures as for the homogeneity study. Two 

randomly selected sample bottles were transferred from the storage condition (20 ± 5 °C) to 40 °C 

on three occasions (1, 2 and 4 weeks) over the study period. Two subsamples were then taken from 

each bottle. Using Student’s t-test on the slope of the linear regression at 95% level of confidence, 

no significant instability of the measurands was observed upon exposure to 40 °C up to 4 weeks. 

The results are summarized in Table 4 and graphically represented in Figure 5. 
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Table 4. Results of the stability assessment (at 40 °C for 4 weeks) for the measurands.  

Measurand 
Student’s t-test 

p-value 
Calculated test statistics Critical value 

Arsenic 0.047 4.303 0.859 

Cadmium 0.201 4.303 0.479 

Mercury 0.054 4.303 0.838 

Lead 0.165 4.303 0.552 

 

 

 

Figure 5. Short-term stabilities of the measurands at 40 °C for 4 weeks. 

 

The long-term stability of the measurands in the comparison material at 20 ± 5 °C will be assessed 

using the same analytical procedures as for the homogeneity study. The testing will be carried out 

before sample dispatch and continuously monitored until completion of the supplementary 

comparison using the classical approach. For each occasion of the stability testing, at least two 

bottles will be randomly selected, and two subsamples will be taken from each bottle. Student’s t-

test on the slope of the linear regression at 95% level of confidence will be used for the evaluation 

of instability of the measurands. 

 

 

Calibration Materials  

Participants may establish the metrological traceability of their results to the SI using a direct 
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available high purity materials for which they have determined the purity themselves. Commercial 

standards should not be employed if a supplementary comparison is to be used to support CMCs 

claims (See section 3 in CIPM MRA-G-13 for more information: 

https://www.bipm.org/utils/common/documents/CIPM-MRA/CIPM-MRA-G-13.pdf) [12.3]. 

 

 

INSTRUCTIONS AND SAMPLE DISTRIBUTION 

The samples will be transported at room temperature (monitored by a temperature strip). Upon 

receipt, the samples should be stored at 20 ± 5 °C.  A Sample Receipt Form will be provided to 

the participating NMIs/DIs for completion. The completed form should be sent to GLHK at your 

earliest convenience. 

Recommended Minimum Sample Amount 

The recommended minimum sample amount for analysis is at least 0.5 g. Participating NMIs/DIs 

should take at least 4 subsamples for the measurement of measurands. The bottle contents should 

be well mixed by rotation and shaking prior to use. 

Dry Mass Determination 

Dry mass determination shall be carried out, at the same time as the test portions are analyzed, by 

placing three separate portions (about 1 g each) of sample over anhydrous calcium sulphate (e.g. 

DRIERITE® ) in a desiccator for at least 10 days until constant mass is reached. Do not use the 

sample, which was used for the determination of moisture content, for analysis. 

 

 

RESULTS 

Reporting and submission of results 

A Report Form will be provided to the participating NMIs/DIs for completion. The participating 

NMIs/DIs are expected to report their results based on at least four subsamples for each measurand. 

Only one result, calculated from the average of the measurements, should be reported for each 

measurand. The results should be reported on a dry-mass basis in the unit of mg/kg, and should 

include standard and expanded uncertainties (95% level of confidence) for the mean of the 

replicate determinations. 

Information on the measurement procedure (including the sample dissolution method, the 

calibration method, the internal standard, the quality control, the analytical instrument(s) used, 

etc), the calculation of the results, and the estimation of measurement uncertainty should be 

included in the Report Form. The completed form should be sent to GLHK on or before the 

scheduled deadline (1 April 2022). The submitted results will be considered as final. 

https://www.bipm.org/utils/common/documents/CIPM-MRA/CIPM-MRA-G-13.pdf
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To facilitate in-depth performance evaluation, participating NMIs/DIs shall clearly identify and 

quantify those factors that are considered to contribute to the measurement uncertainty of the 

analysis [12.4]. 

 

Reporting and submission of results 

 

Results of all participating NMIs/DIs will be evaluated against the supplementary comparison 

reference value (SCRV). The SCRV and associated uncertainty will only be determined from 

results of NMIs/DIs that participate in the supplementary comparison using methods with 

demonstrated metrological traceability. The NIST Decision Tree approach 

(https://doi.org/10.6028/jres.126.007) [12.5] may be used for SCRV and Degree of Equivalence 

(DoE) calculations. 

 

 

USE OF APMP.QM-S19 IN SUPPORT OF CALIBRATION AND 

MEASUREMENT CAPABILITY (CMC) CLAIMS 

How Far the Light Shines 

The comparison enables NMIs/DIs to demonstrate their capabilities in analyzing inorganic 

elements between the mass fraction range of 0.02 mg/kg to 50 mg/kg in seafood. The comparison 

will support CMCs for transition elements and metalloids/semi-metals in high organics content 

matrix, including seafood of animal origin and high protein food in category 11 (food).  

 

Core Capability table 

 

https://doi.org/10.6028/jres.126.007
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REGISTRATION AND CONTACT DETAILS 

The supplementary comparison is co-ordinated by the Government Laboratory, Hong Kong, China 

(GLHK) (Address: 7/F., Ho Man Tin Government Offices, 88 Chung Hau Street, Homantin, 

Kowloon, Hong Kong). 

 

Participation is open to all NMIs/DIs under the APMP as listed in the CIPM MRA 

(https://www.bipm.org/en/cipm-mra/participation). NMIs/DIs from other RMOs are also welcome 

to join this supplementary comparison. Interested NMIs/DIs should complete the Registration 

Form and return it to Dr. Alvin W.H. Fung and Dr. Kelvin C.W. Tse before the deadline for 

registration on 30 September 2021. 

 

Participation in the pilot study is open to 1) all laboratories eligible to join the supplementary 

comparison and 2) guest laboratories upon invitation. Interested NMIs/DIs/laboratories should 

complete the Registration Form and return it to Dr. Alvin W.H. Fung and Dr. Kelvin C.W. Tse 

before 30 November 2021. 

 

For enquiries, you may wish to contact the co-ordinating laboratory as follows:   

 

Dr. Alvin Wai-hong FUNG 

E-mail: whfung@govtlab.gov.hk 

Tel.: +852 2762 3853 

Dr. Kelvin Chun-wai TSE 

E-mail: cwtse@govtlab.gov.hk 

Tel.: +852 2762 3854 
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