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SUMMARY 

Twenty National Metrology Institutes and Designated Institutes registered in the CCQM Key 
Comparison of CCQM-K155 “Elements and Tributyltin in Seawater” and nineteen institutes 
submitted their results. Participants were requested to evaluate the mass fractions, expressed in 
ng/g, of arsenic, cadmium, copper, lead, nickel, zinc and ng/kg level of tributyltin in seawater. 
Key Comparison Reference Values (KCRVs) are assigned to the various measurands by the 
NIST decision tree approach (NDT). Participants used analytical methods of their choice.  Most 
participants employed dilution or co-precipitation for sample treatment and analyzed the 
samples using Isotope Dilution Mass Spectrometry (IDMS) or standard addition method with 
ICP-MS, applying various interference removing techniques for different elements. For 
tributyltin, most participants utilized derivatization followed by liquid-liquid extraction, with 
analysis conducted using isotope dilution GC-ICP-MS. 

 

Measurand KCRV (𝑿𝑿�NDT) u(𝑿𝑿�NDT) Dark 
uncertainty (τ) NDT estimator 

Arsenic 3.832 ng/g 0.050 ng/g 0.102 ng/g Adaptive Weighted Average (AWA) 

Cadmium 0.2283 ng/g 0.0044 ng/g 0.0101 ng/g Hierarchical Laplace + Gauss (HLG) 

Copper 3.099 ng/g 0.035 ng/g 0.068 ng/g Hierarchical Gauss + Gauss (HGG) 

Lead 1.067 ng/g 0.012 ng/g 0.021 ng/g Hierarchical Gauss + Gauss (HGG) 

Nickel 4.549 ng/g 0.027 ng/g 0.052 ng/g Hierarchical Gauss + Gauss (HGG) 

Zinc 8.540 ng/g 0.042 ng/g 0.037 ng/g Adaptive Weighted Average (AWA) 

Tributyltin 7.020 ng/kg 0.557 ng/kg 1.318 ng/kg Hierarchical Laplace + Gauss (HLG) 

Successful participation in CCQM-K155 demonstrates measurement capabilities for 
determining mass fraction of transition elements (excluding mercury) and metalloids/semi-
metals, with mass fractions ranging from 0.1 ng/g to 50 ng/g. Additionally, it covers small 
organo-tin and organo-mercury compounds with mass fractions from 1 ng/kg to 50 ng/g in a 
high-salt content matrix (seawater). 
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1. INTRODUCTION 

Monitoring trace elements and tributyltin in seawater is crucial for determining environmental 
baselines, measuring environmental changes, and assessing the overall ecosystem. This 
information can greatly benefit the management and protection of marine resources, as well as 
safeguard human health. In line with this objective, the European Union (EU) has implemented 
Directive 2000/60/EC (Water Framework Directive or WFD), which aims to achieve long-term 
high-level protection from chemical pollution in the aquatic environment, covering lakes, 
groundwater, and coastal waters. The WFD establishes a list of priority substances while the 
daughter Directive 2013/39/EU sets environmental quality standards (EQS) for priority 
substances and other pollutants, with the goal of achieving good chemical status in surface 
waters. For instance, the WFD sets maximum allowable concentrations of cadmium in seawater 
ranging from 0.45 µg/L to 1.5 µg/L, depending on water hardness classes. In the United States, 
the Clean Water Act (CWA) provides the basic framework for regulating the discharge of 
pollutants into waters, including seawater, and establishing quality standards. The United 
States Environmental Protection Agency (USEPA) develops Water Quality Criteria that 
accurately reflect the latest scientific knowledge on the impacts of pollutants on human health 
and the environment, encompassing both freshwater and saltwater environments. Arsenic, 
cadmium, chromium (VI), copper, lead, nickel, selenium, silver, and zinc are recommended 
pollutants listed in the table for saltwater. The use of reliable methods to measure trace elements 
in seawater is essential to safeguard the ecosystem and public health. Achieving accurate 
measurements at the ng/g level for arsenic, cadmium, copper, lead, nickel, and zinc, as well as 
at the ng/kg level for tributyltin in seawater, pose important challenges for reference material 
producers and providers of measurement services, including proficiency testing schemes. To 
adequately support calibration and measurement capability (CMC) claims made by national 
metrology institutes (NMIs) and designated institutes (DIs), evidence of successful 
participation in relevant international comparisons is required. 

According to the IAWG’s five-year plan, it is recommended to have a key comparison under 
the measurement service category of high salt content for the year 2019. In this regard, the 
National Metrology Institute of Türkiye (TUBITAK UME or shortly UME) and the 
Government Laboratory of Hong Kong, China (GLHK) proposed to coordinate a new key 
comparison study for the determination of trace elements and tributyltin in seawater at the 
CCQM IAWG Meeting in September 2017. In March 2018, the Consultative Committee for 
Amount of Substance: Metrology in Chemistry and Biology (CCQM) approved the Key 
Comparison (KC) and parallel Pilot Study (PS) of CCQM-K155/-P196 “Elements and 
Tributyltin in Seawater”.  CCQM-K155/-P196 was designed to assess participants’ capabilities 
for measuring the mass fractions of the analytes at ng/g levels in a test sample of high salt 
content (seawater) by various analytical techniques. CCQM-K155/-P196 was further discussed 
at the CCQM IAWG Meeting in April 2018.  Lead, mercury, nickel, and zinc have been 
selected as the measurands in Sample A prepared by UME, whereas arsenic, cadmium, copper 
have been selected as the measurands in Sample B prepared by GLHK, and tributyltin in 
Sample C prepared by UME. It was the first KC for trace elements in seawater (high salt) 
matrix.  
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The following sections of this report document the timeline of CCQM-K155, the measurands, 
study material, participants, results, and the measurement capability claims that participation 
in CCQM-K155 can support.  The Appendices reproduce the official communication materials 
and summaries of information about the results provided by the participants.  

 
2. TIMELINE 

Table 1 lists the timeline for CCQM-K155. 

Table 1. Timeline for CCQM-K155. 
Date Action 

Sep 2017 Proposed to CCQM 
Apr 2018 Draft protocol presented to IAWG  
Oct 2018 IAWG authorized CCQM-K155/P196 
Feb 2019 Call for participation to IAWG members 

Oct 2019 Study samples shipped to participants.  The range in shipping times reflects 
delays from shipping and customs. 

Jan 2020 Results due to pilot institute (for tributyltin) 
Jun 2020 Results due to pilot institutes (for elements) 
Jan 2024 Draft A report distributed to participants 
Oct 2024 Draft A2 report distributed to participants 
Oct 2024 Draft B report distributed to IAWG 
Jan 2025 Final report approved by CCQM 

 
 

3. MEASURANDS 
Participating laboratories were given different volumes of seawater for samples A, B, and C. 
Sample A consisted of about 250 mL of seawater, while sample B had about 100 mL, and 
sample C contained about 1 L. The expected mass fractions of the measurands are provided in 
Table 2. 

Table 2. Measurands and mass fractions in the sample A, sample B and sample C. 
Sample identity Measurand Expected mass fraction (unit) 

Sample A 
(prepared by UME) 

lead 0.5 ng/g – 10 ng/g 
mercury* 0.1 ng/g – 2 ng/g 
nickel 1 ng/g – 20 ng/g 
zinc 1 ng/g – 20 ng/g 

Sample B 
(prepared by GLHK) 

arsenic 1 ng/g – 20 ng/g 
cadmium 0.1 ng/g – 2 ng/g 
copper 1 ng/g – 20 ng/g 

Sample C 
(prepared by UME) tributyltin 1 ng/kg – 20 ng/kg 

Note *: According to the decision made in Nov 2020 IAWG Meeting, mercury was removed 
as a measurand due to instability in the sample. 
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4. STUDY MATERIALS 
Sample A: lead, mercury, nickel and zinc 

The sampling of seawater (sample A) was performed from the Marmara Sea (40 31,423 N; 027 
11, 333 E), Türkiye by research vessel of TUBITAK Marmara Research Center. About 100 L 
of seawater was acidified by subboiled HNO3 to adjust the pH to 1.6. The salinity and total 
dissolved solid (TDS) of the water is 27 psu and 1.7 %, respectively. Whole processing of 
reference materials including cleaning of bottles and processing equipment, spiking, 
homogenization and filling had been taken in ISO 6 Clean Chemical Laboratory. 
Approximately 100 L raw material was transferred into pre-cleaned 114 L HDPE drum, and 
was homogenized for 4 hours after spiking. The whole batch was filtered from one drum to 
another via 0.8/0.2 μm (Pall Corp, Supor® Membrane, AcroPackTM 1000, PN 12992) which 
also used for removing bacterial retention. Materials were filled into 250 mL low density 
polyethylene bottles manually in ISO 6 clean laboratory. Bottles were irradiated using a gamma 
source at a dose of about 25 kGy. All the bottles were placed into aluminized PET sachets after 
gamma irradiation, and placed in 4 °C temperature room. 

Sample B: arsenic, cadmium and copper 

About 12 L of seawater was collected from the Victoria Harbour in Hong Kong, China. The 
material has a salinity of about 28. It was filtered through 0.45 µm PES filters (HPWP, 
Millipore) and 0.22 µm PES filters (GPWP, Millipore) into a pre-cleaned 15 L polypropylene 
carboy. The seawater was then acidified to a pH of around 1.5 using ultrapure nitric acid. The 
material was spiked and confirmed to contain varying amounts of arsenic, cadmium and copper. 
A mechanical stirrer was used to thoroughly mix the material for one week to ensure 
homogenization. Afterward, the material was irradiated with a gamma source at a dose of 
approximately 10 kGy for disinfection purposes. The irradiated material was packed into pre-
cleaned and nitrogen-flushed 125 mL high-density polyethylene bottles, with each bottle 
holding around 100 mL. A total of 110 bottles of samples were prepared. Finally, each bottle 
of sample was vacuum-sealed in a polypropylene bag and stored in a refrigerator at 4 °C until 
distribution or use. 

Sample C: tributyltin 

Due to the limited stability of tributyltin in sea water, inter-comparison samples were prepared 
shortly before the distribution. The sampling was performed from the coast of Marmara Sea. 
The samples were filtered through 0.2 µm filters (ISOLAB) into a pre-cleaned 20 L glass bottle. 
After homogenization, sea water was filled into 1 L amber glass bottles with PTFE septum 
caps. All the bottles were stored in 4 °C refrigerator prior to distribution.  
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Homogeneity Assessment of Study Material 

Sample A: lead, mercury, nickel and zinc 

The homogeneity study was performed using 10 bottles. Three independent subsamples were 
taken from each unit using 5.0 g of sample. As co-precipitation was applied with isotope 
dilution mass spectrometry technique (IDMS) for determination of lead, nickel and zinc, cold 
vapor IDMS was applied for the measurements of mercury determination.  

Trend analysis were performed for both filling sequence and analytical sequence order. 
Assessment of homogeneity data was performed by one-way ANOVA, and results were given 
in Table 3a.   

Sample B: arsenic, cadmium and copper 

The homogeneity study was conducted after the testing material had been bottled and irradiated. 
Ten bottles of the test material, stored in a 4 °C refrigerator, were randomly selected from the 
entire batch. Two 10 g samples were taken from each bottle for analysis. The samples were 
analyzed using validated procedures, including gravimetric standard additions with ICP-MS 
for arsenic and copper and co-precipitation with double isotope dilution ICP-MS for cadmium. 
The between-bottle (in)homogeneity was assessed using ANOVA technique in accordance 
with ISO Guide 35:2017. The results are summarized in Table 3a.  

Based on the results, it can be concluded that the bottles were sufficiently homogeneous, and 
no trend for filling sequence was observed at a 95 % confidence level. The results of the 
homogeneity study indicated that there was no significant inhomogeneity in the test material. 
Therefore, the test material was considered suitable for the purpose of the key comparison. 

Table 3a. Results of the homogeneity assessment for sample A and sample B. 

Sample 
identity Measurand 

ANOVA test Relative standard 
uncertainty due to 
between-bottle 
(in)homogeneity, ubb (%) 

F-statistics 
Critical value at 
95 % confidence 

level 

Sample 
A 

lead 0.96 2.39 0.08 
mercury 0.68 2.42 1.52 
nickel 1.67 2.39 0.11 
zinc 0.07 2.42 1.62 

Sample 
B 

arsenic 1.16 3.02 1.11 
cadmium 1.59 3.02 0.73 
copper 0.51 3.02 1.04 

 
Sample C: tributyltin 

Seawater collected from Marmara Sea was filtered through 0.22 µm filters (GPWP, Millipore) 
into a pre-cleaned 20 L glass bottle and was homogenized for five hours after spiking. Materials 
were filled into 1000 mL amber glass bottles with PTFE/silicone septum cap. The homogeneity 
assessment was performed through five bottles. Three independent subsamples were taken 
from each unit, and isotope dilution GC-ICPMS method was applied for the measurements. 
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Trend analysis were performed for both filling sequence and analytical sequence order. 
Assessment of homogeneity data was performed by one way ANOVA, and results are given in 
Table 3b. Based on the results, the bottles were sufficiently homogeneous and no trend for 
filling sequence was observed at a 95 % confidence level.  

Table 3b. Results of the homogeneity for sample C. 
Sample 

Measurand 

ANOVA test Relative standard 
uncertainty due to 
between-bottle 
(in)homogeneity, ubb (%) 

identity 
F-statistics 

Critical value at 
95 % confidence 

level 
Sample 

C tributyltin 1.42 3.48 0.98 

 

 
Stability Assessment of Study Material 

Sample A: lead, mercury, nickel and zinc 

Both short and long-term stability analysis were performed using an isochronous approach over 
the determined time periods. 
For the short-term stability (STS) measurements, according to the designed test temperatures 
and time points, 14 units were selected by RSS from the whole batch produced. The tests were 
performed for one, two and four weeks at pre-defined test temperatures, +18 °C and +60 °C. 
Two units for each time period were used. The bottles kept at test temperatures for defined time 
periods were transferred to reference temperature, +4 °C where “reference” units were already 
kept. For Zn, 30 °C and 40 °C temperatures were also studied as the slopes of regression line 
was significantly different from zero at 60 °C. Table 4a(i) summarizes the Student’s t-test 
results of the short-term stability assessment for sample A. 
 
Table 4a(i). Results of the short-term stability assessment for sample A. 

Measurand 

STS 18 °C STS  60 °C STS  30 °C STS  40 °C 
t-crit at 95 % 

confidence level 
Student’s 

t-test 
Student’s 

t-test 
Student’s 

t-test 
Student’s 

t-test 
t-calc t-calc t-calc t-calc 

lead 1.32 0.60 - - 2.07 
nickel 0.06 0.14 - - 2.07 
zinc 1.96 11.8 0.06 2.70 2.07 

 

For the long-term stability study (LTS), two units for each storage time period [(0, 2, 4, 6, 9, 
12 and 15) months] and three replicates from each unit were measured for LTS analysis. The 
reference temperature was set to 4 °C, and each unit were transferred to reference temperature 
at the end of the period spent at 18 °C.  Table 4a(ii) summarizes the Student’s t-test results of 
the long-term stability assessment for sample A. 
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Table 4a(ii). Results of the long-term stability assessment for sample A. 

Measurand 
Student’s t-test 

t-calc t-crit at 95 % confidence level 
lead 1.29 2.02 
nickel 1.62 2.02 
zinc 0.36 2.02 

Thus, the statistical evaluation of the data shows that the study material was stable during the 
course of comparison for all three measurands. 

 

Sample B: arsenic, cadmium and copper 

For the short-term stability test, the study was conducted using an isochronous approach over 
a 4-week period. The simulated transport temperature was set at 40 °C ± 5 °C, while the 
reference temperature remained at about 4 °C. The same analytical procedures as the 
homogeneity study were applied. At three different time points (1 week, 2 weeks, and 4 weeks), 
two bottles of sample were randomly transferred from the reference temperature to the 
simulated transport temperature. Duplicate analyses were performed on each bottle to monitor 
the stability of the samples. To assess the stability of the test material at 40 °C, the slope β1 of 
the regression line (mass fraction of analyte versus time) should not be significantly different 
from zero, as per the trend-analysis technique proposed by ISO Guide 35:2017. The 
summarized results can be found in Table 4b(i). 

Table 4b(i). Results of the short-term stability assessment for sample B. 

Measurand p-value for significance test for β1 
40 °C 

arsenic 0.320 
cadmium 0.979 
copper 0.859 

The p-value (> 0.05) indicates that the regression is insignificant. Therefore, the samples were 
considered to be adequately stable. 

For the long-term stability, the study was conducted using a classical approach, starting from 
the date of the homogeneity study and continuing until the deadline for submission of results. 
The test material was stored at a temperature of about 4 °C. The analytical procedures used 
were the same as those for the homogeneity study. A total of 4 monitoring points were included 
in the study, with the last monitoring point occurring on 12 October 2020. The stability of the 
test material was assessed using the trend-analysis technique proposed by ISO Guide 35:2017. 
Student's t-test was applied to the slope of the linear regression, and no significant instability 
of the comparison material was observed since |𝑏𝑏1| < 𝑡𝑡95,𝑛𝑛−2 × 𝑠𝑠(𝑏𝑏1), and the slope β1 of the 
regression line (mass fraction of analyte versus time) should not be significantly different from 
zero. The results are summarized in Table 4b(ii).  
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Table 4b(ii). Results of the long-term stability assessment for sample B. 
Measurand |𝒃𝒃𝟏𝟏| 𝒕𝒕𝟗𝟗𝟗𝟗,𝒏𝒏−𝟐𝟐 × 𝒔𝒔(𝒃𝒃𝟏𝟏) p-value for significance test for β1 
arsenic 0.60 × 10-4 3.47 × 10-4 0.537 
cadmium 1.11 × 10-4 1.88 × 10-4 0.127 
copper 1.19 × 10-5 2.59 × 10-5 0.188 

The p-value (> 0.05) indicates that the regression is insignificant. The test samples were 
considered to be adequately stable. 

 

Sample C: tributyltin 

A short-term stability study using isochronous design was carried out over a period of 4 weeks. 
Two randomly selected bottles were transferred from the reference temperature of 4 °C to 23 °C 
and 45 °C over the study period. Using Student’s t-test on the slope of the linear regression at 
95 % level of confidence, no significant instability of tributyltin in the comparison material 
was observed. Table 4c(i) summarizes the Student’s t-test results of the short-term stability 
assessment for sample C. 

Table 4c(i). Results of the short-term stability assessment for sample C. 

Measurand 

Short-term stability 23 °C Short-term stability 45 °C 
Student’s t-test Student’s t-test 

t-calc t-crit at 95 % 
confidence level t-calc t-crit at 95 % 

confidence level 
tributyltin 0.86 2.08 0.85 2.10 

Thus, the material is assumed to be adequately stable during the dispatch period. 

The long-term stability study for sample C was conducted using a classical approach, starting 
from the date of the homogeneity study until the deadline for submission of results. The test 
material was stored at a temperature of about 4 °C (reference temperature). The results are 
given in Table 4c(ii) below. 

Table 4c(ii). Results of the long-term stability assessment for sample C. 
Week Tributyltin (%) RSD (%) 
0 100 (spike amount) - 
3 99.9 1.5 
12 100.6 1.2 
16 81.0 2.1 
38 96.0 5.3 

The trend observed during the measurement period is not significant considering the known 
stability limitations of the material. Thus, the deviation from the starting mass fraction during 
the course of measurement period is low enough for possibly associating with the reported 
measurement results.    

 



CCQM-K155 Final Report 

8 of 57 
 

5. PARTICIPANTS, INSTRUCTIONS AND SAMPLE DISTRIBUTION 

The call for participation was sent out in February 2019, with the intention of distributing 
samples in October 2019. The deadline for submitting results for TBT was 31 January 2020, 
while the deadline for elements was extended to 30 June 2020. Discussions of the results were 
held during the IAWG meetings. Please refer to Table 1 for the study timeline. Appendix A 
includes the Call for Participation and the study Protocol. A total of twenty (20) institutes 
registered for CCQM-K155, and the registered institutes for the comparison study are listed in 
Table 5. 

 

Table 5.  Institutes registered for CCQM-K155 (in alphabetical order by the name of member 
state/ associate). 

Number 
Member 

State/ 
Associate 

NMI or DI Institute 
code 

Measurands 
registered Contact 

1 Australia National Measurement Institute, 
Australia NMIA Cu, Ni Jeffrey Merrick 

2 Brazil Instituto Nacional de Metrologia, 
Qualidade e Tecnologia INMETRO As, Cd, Cu, 

Hg, Ni, Pb, Zn 

Rodrigo 
Caciano de 

Sena 

3 Canada National Research Council Canada NRC As, Ni, Zn 

Kenny Nadeau, 
Juris Meija, Lu 

Yang and 
Zoltan Mester 

4 Chile Instituto de Salud Pública de Chile ISP As, Cd, Cu, Pb, 
Zn 

Soraya 
Sandoval 

Riquelme and 

Javier Vera 
Maldonado 

5 China National Institute of Metrology, China NIM 
As, Cd, Cu, 

Hg, Ni, Pb, Zn, 
TBT 

Jingbo Chao  

6 Finland Finnish Environment Institute SYKE Hg, Pb Teemu Näykki 

7 France Laboratoire National de Métrologie et 
d'Essais LNE As, Hg, TBT Paola Fisicaro 

8 Hong Kong, 
China Government Laboratory GLHK As, Cd, Cu, Pb 

Alvin Wai-
hong Fung, 

Yuk-tai Tsoi 
and Kelvin 

Chun-wai Tse 

9 Japan National Metrology Institute of Japan NMIJ As, Cd, Cu, 
Hg, Ni, Pb, Zn Yanbei Zhu 
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Number 
Member 

State/ 
Associate 

NMI or DI Institute 
code 

Measurands 
registered Contact 

10 
Korea 

(Republic of) 
Korea Research Institute of Standards 

and Science KRISS As, Cd, Cu, 
Hg, Ni, Pb, Zn 

Yong-Hyeon 
Yim and 

Kyoung-Seok 
Lee 

11 Lithuania Center for Physical Sciences And 
Technology FTMC As, Cd, Cu, 

Hg, Ni, Pb, Zn 
Evaldas 
Naujalis 

12 Poland Central Office of Measures GUM As, Cd, Cu Michał 
Strzelec 

13 Russian 
Federation 

Russian Metrological Institute of 
Technical Physics and Radio Engineering VNIIFTRI As, Cd, Cu, 

Hg, Ni, Pb, Zn 
Aleksey 
Stakheev 

14 Russian 
Federation 

D.I. Mendeleyev Institute for Metrology, 
Rosstandart VNIIM TBT Anatoliy 

Krylov 

15 Russian 
Federation 

Ural Scientific Research Institute for 
Metrology (UNIIM - Affiliated branch of 

the D.I. Mendeleyev Institute for 
Metrology since 2020) 

VNIIM-
UNIIM  

 
(in this report 
is indicated 
as UNIIM) 

As, Cd, Cu, 
Hg, Ni, Pb, Zn Egor Sobina 

16 Singapore Health Sciences Authority HSA As, Cd, Cu, 
Hg, Pb Richard Shin 

17 Slovenia Jožef Stefan Institute JSI Hg, Ni, Zn, 
TBT 

Radojko 
Jaćimović 

18 Sweden Research Institutes of Sweden AB RISE Hg, Ni, Pb, Zn Conny 
Haraldsson 

19 Thailand National Institute of Metrology 
(Thailand) NIMT 

As, Cd, Cu, 
Hg, Ni, Pb, Zn, 

TBT 

Sutthinun 
Taebunpakul 

20 Türkiye TUBITAK Ulusal Metroloji Enstitüsü UME 
As, Cd, Cu, 

Hg, Ni, Pb, Zn, 
TBT 

Süleyman Z. 
Can, Betül Arı 

Engin and 
Murat Tunç 

 
Each participant received one bottle of sample A, B and/or C, depending on their registration. 
Participants were free to use their preferred analytical methods for the analysis. Upon receiving 
the samples, they were recommended to be stored in a refrigerator at around 4 °C. Before 
opening, the samples were recommended to be mixed thoroughly by hand-shaking for 
approximately 30 seconds and allowed to settle for one minute. Participants were then asked 
to perform at least three independent measurements on three separate portions of the sample to 
determine the mass fractions of the analytes. 
 
To monitor the highest temperature that the test material was exposed to during transportation, 
temperature recording strips were included with the test material provided to the participating 
institutes. According to the information filled out by the participants on the sample receipt 
forms for sample B, the test material never experienced temperatures exceeding 40 ºC. For 
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sample A and C, the highest recorded temperature was reported as 29 ºC. Thus, temperatures 
were within the safe conditions as tested by the short-term stability tests, and no stability 
concerns were raised from the sample transportation.   
 
A reporting form was given to participants after distributing the test materials. Participants 
were required to provide a clear description of their analytical methods, including sample 
preparation methods, calibration methods, and the instruments used. They should also give 
details about the evaluation of uncertainty, providing complete specifications of the 
measurement equations and describing all sources of uncertainty and their typical values. For 
each analyte, participants must report the mean value from at least three independent 
measurements on three separate portions of the sample, along with the associated measurement 
uncertainty. All analytical calibrations should be performed using metrologically traceable 
standards. Additionally, participants need to provide information about the sources, purity, and 
traceability of the reference materials used for calibration purposes. 
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6. RESULTS 

A Report Form was provided to the participating NMIs/DIs for completion. The NMIs/DIs 
were expected to report their results based on a minimum of three subsamples for each 
measurand. Only one result, calculated from the average of the measurements, was requested 
for each measurand. The results were reported in ng/g for lead, nickel, zinc, arsenic, cadmium, 
copper and in ng/kg for tributyltin, and included standard and expanded uncertainties (95 % 
confidence level) for the mean of the replicate determinations. 

The NMIs/DIs were reminded to ensure the metrological traceability of their results to the 
International System of Units (SI) through direct realization using primary methods, certified 
reference materials (CRMs) from NMIs/DIs with appropriate CMC claims, or by preparing 
their own calibration standards using commercially available high purity materials whose 
purity they have determined. 

Furthermore, the NMIs/DIs were requested to provide information on the measurement 
procedure (including the sample treatment method, calibration method, internal standard, 
quality control, analytical instruments used, etc.), result calculation, and evaluation of 
measurement uncertainty in the Report Form. The completed form was to be submitted to the 
organizers on or before the assigned deadline. Appendix C includes a reproduction of the 
Report Form. 

Table 6a summarizes the number of participants registered and submitted results for each 
measurand. Table 6b summarizes the institutes did not submit results. 

Table 6a. Summary of registration and result submission. 

Sample I.D. Measurand 
Number of institutes 

registered for the 
measurand 

Number of institutes 
submitted result for the 

measurand 

A 
lead 14 13 

nickel 13 11 
zinc 13 8 

B 
arsenic 15 12 

cadmium 13 12 
copper 14 12 

C tributyltin 6 5 
 
Table 6b. Registered institutes did not submit any result. 
Sample I.D. Measurand NMI/DI 

A 
lead SYKE 

nickel INMETRO, ISP, JSI 
zinc FTMC, INMETRO, ISP, JSI, NIMT 

B 
arsenic KRISS, INMETRO, VNIIFTRI 

cadmium INMETRO 
copper INMETRO, NIMT 

C tributyltin NIMT 
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ISP reported that they were unable to analyze nickel and zinc due to analytical difficulties and 
quality assay control. INMETRO stated that they did not have enough time to develop a method 
for cleaning up and preconcentrating the elements in the sample, and only reported the 
measurement result for lead. KRISS mentioned that they were unable to measure arsenic due 
to limited resources. NIMT found the determination of copper and zinc challenging and did not 
report the measurement results. JSI mentioned that they were unable to analyze sample A and 
B in their lab due to lab renovations and the COVID-19 pandemic. FTMC did not report the 
measurement result for zinc. NIMT did not report the measurement result for tributyltin. SYKE 
did not report the measurement result for lead. VNIIFTRI did not report the measurement result 
for arsenic.  

 

Methods Used by Participants 

For arsenic measurement, most participants used dilution for sample preparation and 
determined it using the standard addition calibration method with inductively coupled plasma 
mass spectrometry (ICP-MS) combined with various interference removal techniques. For the 
measurements of cadmium, copper, lead, nickel, and zinc, most participants used either the 
dilution or co-precipitation technique for sample preparation and determined them using either 
ID-MS or the standard addition calibration method with ICP-MS, again employing various 
interference removal techniques. For tributyltin measurement, most participants employed the 
derivatization method for sample preparation and determined it using ID-MS with the GC-ICP-
MS technique. The measurement methods used by the participants for each analyte are 
summarized in Table 7. 
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Table 7. Summary of measurement methods. 
Institute 

code Sample treatment Calibration method Analytical 
instrument 

NMIA Cu: HMI dilution 
Ni: 1/10 dilution with UHP water. 

Cu: d-IDMS 
Ni: IDMS  
(reference isotopes: 63Cu, 60Ni; spiked isotopes: 
65Cu, 61Ni) 

Cu: ICP-MS-CRC-
MS (He Gas)  
Ni: HR-ICP-MS 
(med. res.) 

INMETRO Pb: No treatment was applied Standard addition with internal standard ICP-MS 

NRC As: 10-fold dilution 
Ni, Zn: Column separation 

As: Standard addition 
Ni, Zn: Double IDMS  
(reference isotopes: 60Ni, 66Zn; spiked isotopes: 
61Ni, 67Zn) 

As: O2 mode with 
QQQ ICP-MS  
Ni, Zn: HR-ICP-MS 

ISP As, Cd, Cu, Pb: Microwave digestion with HNO3 As, Cd, Cu, Pb:  
Internal standard / addition standard external ICP-MS 

NIM 

As, Cd, Cu, Pb, Ni, Zn: Dilution with Milli-Q water, 
HMI dilution when determination 
TBT: Liquid-liquid extraction after borohydride 
derivatization 

As: Standard addition 
Cd, Cu, Pb, Ni, Zn: IDMS and Standard 
addition 
(reference isotopes: 110Cd, 63Cu, 208Pb, 60Ni, 
66Zn; spiked isotopes: 111Cd, 65Cu, 207Pb, 61Ni, 
67Zn) 
TBT: Primary tributyltin as calibration standard 
and determined by species-specific IDMS 
method 

As, Cd: QQQ-ICP-
MS 
Cu, Pb, Ni, Zn: ICP-
MS 
TBT: GC-ICP-MS 

LNE 
As: Sample dilution in acidified Milli-Q water 
TBT: Acidic solid-liquid extraction followed by 
liquid–liquid extraction 

As: Standard addition 
TBT: Species-specific double isotope dilution 
mass spectrometry 
 

As: HR-ICP-MS 
TBT: GC-ICP-MS 
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Institute 
code Sample treatment Calibration method Analytical 

instrument 

GLHK 
As: 10-fold dilution 
Cd, Cu: Co-precipitation by NH4OH and TMAH 
Pb: 4-fold dilution with discrete sampling method 

As, Pb: Gravimetric standard addition 
Cd, Cu: IDMS 
(reference isotopes: 114Cd, 63Cu; spiked 
isotopes: 111Cd, 65Cu) 

As, Cd, Cu, Pb:  
ICP-CRC-MS (He) 

NMIJ 

As: 1/50 dilution with 2 % nitric acid and 5 % ethanol 
Cd, Cu, Pb, Ni: Solid phase extraction with chelating 
resin 
Zn: 1/50 dilution with 2 % nitric acid 

As, Zn: Standard addition 
Cd, Cu, Pb, Ni: ID-MS 
(reference isotopes: 110Cd, 63Cu, 208Pb, 60Ni; 
spiked isotopes: 111Cd, 65Cu, 206Pb, 61Ni) 

QQQ-ICP-MS 

KRISS Cd, Cu, Pb, Ni, Zn:  
Co-precipitation by NH4OH and TMAH 

Cd, Cu, Pb, Ni, Zn: IDMS 
(reference isotopes: 110Cd, 63Cu, 208Pb, 62Ni, 
66Zn; spiked isotopes: 111Cd, 65Cu, 206Pb, 60Ni, 
68Zn) 

Cd, Pb: HR-ICP-MS 
(low res.) 
Cu, Ni, Zn: HR-ICP-
MS (med. res.) 

FTMC As: 1/10 dilution, standard addition  
Cd, Cu, Pb, Ni: 1/10 dilution 

As: Standard addition, single-point calibration 
Cd, Cu, Pb, Ni: Single-point calibration  ICP-MS 

GUM As, Cd, Cu, Pb, Ni, Zn: 
Direct analysis after acidification and dilution 

As, Cd, Cu, Pb, Ni, Zn: 
External, calibration curve ICP-MS 

VNIIFTRI Cd, Cu, Pb, Ni, Zn: 1:30 dilution Cd, Cu, Pb, Ni, Zn: IS+SA ICP-MS 

VNIIM 
TBT: Derivatization  
(10 % Sodium Tetraethylborate in tetrahydrofuran) 
and extraction to organic phase. 

Internal Standard (IS) calibration  
(IS is Triphenyltin - TPhT). 
Single-point calibration  

GC-MS Agilent 
Technologies 
7890B/5977B MSD 
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Institute 
code Sample treatment Calibration method Analytical 

instrument 

UNIIM As, Cd, Cu, Pb, Ni, Zn: Dilution (HNO3 1 %) 1/5; 
1/10; 1/20 

As: (KED ICP-MS SAM) 
Cd, Pb: IDMS (STD ID-ICP-MS) 
Cu, Ni: IDMS (KED ID-ICP-MS) 
Zn: IDMS (DRC + KED ID-ICP-MS) 

ICP-MS 

HSA As, Cd, Cu, Pb: Samples were diluted 10-fold  

As: Gravimetric standard addition using 
gallium as internal standard 
Cd: IDMS using 111Cd (96.44%) isotopic spike 
Cu: IDMS using 65Cu (99.70%) isotopic spike 
Pb: IDMS using 206Pb (99.76 %) isotopic spike 

As: HR-ICP-MS 
Cd, Cu, Pb: ICP-MS 

JSI TBT: Liquid-liquid extraction Isotope dilution GC-ICP-MS 

RISE 
Pb, Ni, Zn:  
Preconcentration and matrix separation using Chelex 
column 

Pb, Ni, Zn: 
Single point external calibration ICP-MS 

NIMT 

As: Ten-time dilution of seawater with 2 % nitric acid  
Cd: The mixed solution is ten-fold diluted with 2 % 
HNO3 
Pb, Ni: Direct analysis after spiking and DI water 
dilution 

As: Gravimetric standard addition with 
addition of ISTD 
Cd, Pb, Ni: IDMS 
(reference isotopes: 114Cd, 208Pb, 60Ni; spiked 
isotopes: 106Cd, 206Pb, 61Ni) 

As, Cd: ICP-MS 
Pb, Ni: HR-ICPMS 

UME 

As: 10 fold dilution with 1.0 % HNO3 
Cd, Cu, Pb, Ni, Zn: Co-precipitation 
TBT: Liquid-liquid extraction after Sodium 
Tetraethylborate derivatization 

As: Standard addition 
Cd, Cu, Pb, Ni, Zn: ID-ICP-MS 
(reference isotopes: 114Cd, 63Cu, 208Pb, 60Ni, 
66Zn; spiked isotopes: 111Cd, 65Cu, 206Pb, 62Ni, 
68Zn) 
TBT: Species-specific triple isotope dilution 
mass spectrometry 

As, Cd, Cu, Pb, Ni, 
Zn: QQQ-ICP-MS 
TBT: GC-ICP-MS 
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Calibration Materials Used by Participants 

The sources of traceability used by the participants for each analyte are summarized in Table 
8a and 8b. Most of the participating NMIs/DIs used the following standard solutions from NIST: 
SRM 3103a Arsenic, SRM 3108 Cadmium, SRM 3114 Copper, SRM 3128 Lead, SRM 3136 
Nickel, SRM 3168a Zinc. The institutes of NRC, NIM, NMIJ and KRISS employed their own 
standards with CMCs underpinned. GUM employed SMU Standards of Arsenic, Cadmium, 
Copper, Lead, Nickel and Zinc with CMCs underpinned. UNIIM employed PRM Standards of 
Cadmium, Copper, Lead, Nickel and Zinc with CMCs underpinned, and an in-house validated 
reference material for arsenic. VNIIFTRI employed GSO Standards of Cadmium and Lead 
with CMCs underpinned, and in-house standards for copper, nickel and zinc. FTMC employed 
NIST SRM 3103a Arsenic, combined with a freshwater matrix CRM from NIST and a seawater 
matrix CRM from NMIA as a single point calibration standard. 

Table 8a. Sources of traceability for the measurements of arsenic, cadmium, copper, lead, 
nickel and zinc. 

Institute 
Code Reference materials used for calibration (traceability) 

NMIA Cu: NIST SRM 3114; Ni: NIST SRM 3136 

INMETRO Pb: NIST SRM 3128 

NRC* 
NRC standards of As (HIAS-1 https://doi.org/10.4224/crm.2020.hias-1), Ni (HINI-1 
https://doi.org/10.4224/crm.2020.hini-1) and Zn (HIZN-1 
https://doi.org/10.4224/crm.2020.hizn-1) 

ISP As: NIST SRM 3103a; Cd: NIST SRM 3108; Cu: NIST SRM 3114; Pb: NIST SRM 3128 

NIM 
As: GBW (E) 080117; Cd: GBW (E) 080119, Cu: GBW (E) 080122 
Pb: GBW (E) 080129; Ni: GBW (E) 080128; Zn: GBW 08620 
GBW 04441 111Cd, GBW 04463 65Cu, GBW 04442 207Pb, GBW 04464 67Zn spike solution 

LNE As: NIST SRM 3103a 

GLHK As: NIST SRM 3103a; Cd: NIST SRM 3108, Cu: NIST SRM 3114; Pb: NIST SRM 3128 

NMIJ* JCSS guaranteed solutions of As, Cd, Cu, Pb, Ni and Zn  

KRISS* KRISS standard solutions of Cd, Cu, Pb, Ni, and Zn  

FTMC NIST SRM 3103a; NIST SRM 1643f and CRM NMIA MX014# 

GUM As: SMU B03;  Cd: SMU B08;  Cu: SMU B12;  Pb: SMU B26;  Ni: SMU B24;          
Zn: SMU B37 

VNIIFTRI Cd: GSO 11406-2019; Cu: in-house standard; Pb: GSO 11409-2019: Ni: in-house standard; 
Zn: in-house standard 

UNIIM 
As: in-house reference material (validated in-house); PRM-1.4-176-038-2017-Cd; PRM-1.4-176-039-
2017-Cu; PRM-1.4-176-035-2017-PbO; PRM-1.4-176-036-2017-Ni; PRM-1.4-176-043-
2017-Zn 

HSA As: NIST SRM 3103a; Cd: NIST SRM 3108; Cu: NIST SRM 3114; Pb: NIST SRM 3128 

RISE Pb: NIST SRM 3128, Ni: NIST SRM 3136; Zn: NIST SRM 3168a 

NIMT As: NIST SRM 3103a; Cd: NIST SRM 3108; Pb: NIST SRM 3128;  Ni: NIST SRM 3136 

UME As: NIST SRM 3103a; Cd: NIST SRM 3108; Cu: NIST SRM 3114; Pb: NIST SRM 3128;    
Ni: NIST SRM 3136; Zn: NIST SRM 3168a 

Notes:  
1. The symbol * indicates the institutes have the relevant CMCs recorded in KCDB. 
2. The symbol # indicates the reference material is a matrix material and with no CMC support. 
 

https://doi.org/10.4224/crm.2020.hias-1
https://doi.org/10.4224/crm.2020.hini-1
https://doi.org/10.4224/crm.2020.hizn-1
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Table 8b. Sources of traceability for the measurements of tributyltin. 

Institute code Reference material of tributyltin 

NIM GBW 08710 tributyltin (as C12H27Sn+) in methanol 

LNE 
1. Tributyltin chloride standard checked for purity 

2. Tributyltin internal standard solution enriched in the tin isotope 119 
checked for isotopic composition at LNE 

VNIIM Pure tributyltin chloride (98.6 % ± 0.24 %), certified in-house 

JSI TBT-chloride solution (purity checked in-house) 

UME GBW 08710 tributyltin (as C12H27Sn+) in methanol 

Two participants used a calibrant produced by NIM China, GBW 08710 as their source of 
traceability. The remaining three participants claimed the in-house certified materials.  
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Participant Results for Arsenic, Cadmium, Copper, Lead, Nickel, Zinc and Tributyltin 
 

The results for CCQM-K155 for the determination of arsenic, cadmium, copper, lead, nickel, 
zinc and tributyltin are detailed in Tables 9 to 15 and presented graphically in Figures 1 to 7. 
Participants' results are displayed with error bars representing reported standard uncertainties. 
Blue data point represents the reported value (xi) of each participant, and blue bar represents 
its standard uncertainty, u(xi). The degrees of freedom (DoF) were estimated from the reported 
coverage factor at 95 % confidence level. 

 
Table 9. Reported results for arsenic. 

Institute 
Reported mass 

fraction (xi),  
ng/g 

Reported 
standard 

uncertainty  
u(xi), ng/g 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/g 
DoF 

FTMC 2.65 0.49 2.262 1.12 9 

UME 3.59 0.09 2 0.18 60 

HSA 3.77 0.10 2.57 0.26 5 

NIMT 3.79 0.10 2 0.20 60 

NIM 3.798 0.071 2 0.142 60 

NRC 3.82 0.08 2 0.16 60 

LNE 3.82 0.24 2 0.47 60 

ISP 3.88 0.2469 2.78 0.69 4 

GUM 3.88 0.19 2 0.38 60 

GLHK 3.90 0.14 2 0.28 60 

UNIIM 4.1 0.25 2 0.5 60 

NMIJ 4.21 0.13 2 0.27 60 

Figure 1. Dot-and-bar display of reported results for arsenic in units of ng/g. 
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Table 10. Reported results for cadmium. 

Institute 
Reported mass 

fraction (xi),  
ng/g 

Reported 
standard 

uncertainty  
u(xi), ng/g 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/g 
DoF 

ISP 0.194 0.0069 4.3 0.030 2 

NMIJ 0.219 0.005 2 0.010 60 

UME 0.2232 0.0028 2 0.0055 60 

NIM 0.225 0.006 2 0.011 60 

GLHK 0.2254 0.0042 2 0.0083 60 

HSA 0.2301 0.0042 2 0.0084 60 

GUM 0.232 0.014 2 0.029 60 

NIMT 0.258 0.006 2 0.012 60 

UNIIM 0.26 0.015 2 0.03 60 

KRISS 0.28 0.007 2.78 0.019 4 

FTMC 0.329 0.037 2.262 0.083 9 

VNIIFTRI 0.535 0.038 2 0.076 60 

Figure 2a. Dot-and-bar display of reported results for cadmium in units of ng/g. 

 

Figure 2b. Dot-and-bar display of reported results for cadmium in units of ng/g (enlarged). 
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Table 11. Reported results for copper. 

Institute 
Reported mass 

fraction (xi),  
ng/g 

Reported 
standard 

uncertainty  
u(xi), ng/g 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/g 
DoF 

ISP 2.95 0.11 2.36 0.26 7 

GUM 3.00 0.16 2 0.32 60 

UME 3.022 0.022 2 0.043 60 

NMIJ 3.05 0.04 2 0.08 60 

GLHK 3.09 0.05 2 0.10 60 

KRISS 3.093 0.008 2.01 0.016 50 

HSA 3.107 0.082 2 0.165 60 

NIM 3.269 0.061 2 0.122 60 

NMIA 3.28 0.14 2.04 0.29 30 

FTMC 3.31 0.31 2.262 0.69 9 

UNIIM 4.0 0.4 2 0.8 60 

VNIIFTRI 7.93 0.49 2 0.98 60 

Figure 3a. Dot-and-bar display of reported results for copper in units of ng/g. 

 

Figure 3b.  Dot-and-bar display of reported results for copper in units of ng/g (enlarged). 
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Table 12. Reported results of lead. 

Institute 
Reported mass 

fraction (xi),  
ng/g 

Reported 
standard 

uncertainty  
u(xi), ng/g 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/g 
DoF 

ISP 0.543 0.01787 2.78 0.050 4 

INMETRO 0.982 0.041 2 0.082 60 

RISE 1.006 0.039 2 0.078 60 

NIMT 1.02 0.023 2 0.05 60 

UME 1.068 0.008 2 0.016 60 

NMIJ 1.07 0.03 2 0.06 60 

HSA 1.073 0.023 2.31 0.053 8 

GLHK 1.084 0.035 2 0.069 60 

NIM 1.088 0.017 2 0.034 60 

KRISS 1.113 0.026 2.78 0.073 4 

UNIIM 1.3 0.1 2 0.2 60 

FTMC 1.36 0.13 2.262 0.30 9 

VNIIFTRI 1.68 0.11 2 0.22 60 

Figure 4a. Dot-and-bar display of reported results for lead in units of ng/g. 

 

Figure 4b. Dot-and-bar display of reported results for lead in units of ng/g (enlarged). 
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Table 13. Reported results for nickel. 

Institute 
Reported mass 

fraction (xi),  
ng/g 

Reported 
standard 

uncertainty  
u(xi), ng/g 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/g 
DoF 

FTMC 4.28 0.65 2.262 1.46 9 

NIMT 4.32 0.071 2 0.15 60 

RISE 4.48 0.15 2 0.31 60 

NRC 4.522 0.022 2 0.044 60 

KRISS 4.534 0.020 2.31 0.045 8 

UME 4.568 0.019 2 0.037 60 

NMIA 4.58 0.07 2.02 0.14 40 

NMIJ 4.62 0.06 2 0.13 60 

UNIIM 4.7 0.45 2 0.9 60 

NIM 4.744 0.090 2 0.181 60 

VNIIFTRI 6.67 0.38 2 0.76 60 

Figure 5a. Dot-and-bar display of reported results for nickel in units of ng/g. 

 

Figure 5b. Dot-and-bar display of reported results for nickel in units of ng/g (enlarged). 
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Table 14. Reported results for zinc. 

Institute 
Reported mass 

fraction (xi),  
ng/g 

Reported 
standard 

uncertainty  
u(xi), ng/g 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/g 
DoF 

RISE 8.10 0.35 2 0.69 60 

KRISS 8.30 0.45 1.97 0.89 200 

NMIJ 8.31 0.15 2 0.30 60 

UME 8.521 0.038 2 0.075 60 

NRC 8.572 0.034 2 0.068 60 

UNIIM 8.6 0.5 2 1.0 60 

NIM 8.764 0.162 2 0.324 60 

VNIIFTRI 13.54 0.96 2 1.92 60 

Figure 6a. Dot-and-bar display of reported results for zinc in units of ng/g. 

 

Figure 6b. Dot-and-bar display of reported results for zinc in units of ng/g (enlarged). 
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Table 15. Reported results for tributyltin. 

Institute 
Reported mass 

fraction (xi),  
ng/kg 

Reported 
standard 

uncertainty  
u(xi), ng/kg 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/kg 
DoF 

VNIIM 4.1 0.7 2 1.4 60 

JSI 6.285 0.250 2 0.500 60 

UME 7.81 0.33 2 0.67 60 

NIM 7.96 0.81 2 1.61 60 

LNE 8.02 0.61 2 1.23 60 

Figure 7. Dot-and-bar display of reported results for tributyltin in units of ng/kg. 

 

 
Discussion of Results 

Evaluation of results for KCRV calculation 

Mercury in sample A was abandoned due to its instability. The pilot institutes, UME and GLHK, 
circulated the Initial Result Summary to participants on 29 October 2020 for error checking. 
Participating institutes were instructed to review their own results and inform the coordinating 
laboratory of any measurement problems that may have led to errors in the reported results.  

VNIIFTRI reported instrumentation problems in their measurement results. UME and GLHK 
discussed the results and participant feedback at the CCQM IAWG Meeting (02 to 04 
November 2020). Based on the decision made during the meeting, VNIIFTRI's results were 
excluded from the KCRV calculation. 

At the CCQM IAWG Meeting in May 2021, there was a discussion about the use of a 
freshwater matrix CRM as a single point calibration standard for ICP-MS. The working group 
considered this calibration approach to be inappropriate and decided to exclude FTMC's 
measurement results from the KCRV calculation. 



CCQM-K155 Final Report 

25 of 57 
 

During the CCQM IAWG Meeting in November 2021, the results submitted by ISP raised 
concerns due to data transcription errors for cadmium and lead. ISP provided revised results 
on 02 June 2021.  

Measurand 
Reported mass 

fraction (xi),  
ng/g 

Reported 
standard 

uncertainty  
u(xi), ng/g 

Coverage 
factor, k  

Expanded 
uncertainty, 

ng/g 
DoF 

cadmium 0.223 0.041 2 0.081 60 

lead 1.02 0.13 2 0.25 60 

The working group decided at the meeting that the original reported data for cadmium and lead 
by ISP would not be used for the KCRV calculation, but it should be included in the DoE based 
on the original values. 

According to the minutes of the CCQM IAWG meeting held on 11 to 13 April 2022, there was 
a discussion about the results submitted by JSI about the traceability of tributyltin calibrants. 
JSI replied that they checked the purity internally and the purity was further shown to be stable 
for the period of the comparison.  

NIMT responded to the organizer’s inquiry about their cadmium measurement on 18 Nov 2022 
as follows: “As the reported result of cadmium (IDMS) was 0.258 ng/g +/- 0.012 ng/g (k=2). 
It seems to be 5% expanded uncertainty. You are right. Your suggestion is worthwhile for us 
to work more carefully in detail. After result scrutiny, there could be a method bias from the 
study on matrix CRM used (NMIA MX014) around 10%, that we missed the calculation of 
uncertainty type B arising from recovery into account.” Consequently, their measurement 
result of cadmium has been excluded for KCRV calculation.  

Table 16 summarizes the measurements of those institutes that have been excluded from the 
calculation of KCRVs for each measurand. 
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Table 16. Summary of the institute’s measurements excluded from calculation of KCRVs. 
Measurand Institute’s measurement excluded from calculation of the KCRV 
arsenic FTMC 
cadmium VNIIFTRI, ISP, FTMC, NIMT 
copper VNIIFTRI, FTMC 
lead VNIIFTRI, ISP, FTMC 
nickel VNIIFTRI, FTMC 
zinc VNIIFTRI 

 
A check of mutual consistency of the data sets was performed by applying the Cochran's Q 
Test, the outcome was summarized in Table 17. 

Table 17. Summary of the data set evaluation. 
Measurand n Q (χ2obs) χ20.05, m-1 Data set consistency  
arsenic 11 17.66 18.31 No evidence of significant inconsistency 
cadmium 8 66.82 14.07 Evidence of significant mutual inconsistency 
copper 10 28.06 16.92 Evidence of significant mutual inconsistency 
lead 10 21.31 16.92 Evidence of significant mutual inconsistency 
nickel 9 19.91 15.51 Evidence of significant mutual inconsistency 
zinc 7 7.237 12.59 No evidence of significant inconsistency 
tributyltin 5 34.53 9.49 Evidence of significant mutual inconsistency 
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7. KEY COMPARISON REFERENCE VALUE (KCRV) and  
DEGREE OF EQUIVALENCE (DoE) 

As per the agreement made by the IAWG, the NIST decision tree (NDT) (version 1.0.4, 
accessed on Nov 2023 and Apr 2024) was used to calculate the KCRV and the degrees of 
equivalence (DoEs) of participants. The NDT requires the identification of participants, 
reported results, uncertainties, and degrees of freedom (DoFs) as input. The DoF is estimated 
based on the reported coverage factor. Following a series of hypothesis tests related to 
homogeneity, symmetry, and normality (Gaussian shape), the NDT recommends the best 
statistical model for calculating the KCRV and DoE. The original reports generated by NDT 
are shown in Appendix E. 

 

7.1. NDT calculations 

Tables 18a, 19a, 20a, 21a, 22a, 23a and 24a show the decision tree hypothesis test results. 
Tables 18b, 19b, 20b, 21b, 22b, 23b and 24b list the numeric values of ui’, Di, U(Di), %Di, 
%U(Di) and Di/U(Di) for participating NMIs/DIs in CCQM-K155 for arsenic, cadmium, 
copper, lead, nickel, zinc and tributyltin, as calculated by NDT. In these tables, the symbol * 
denotes that the measured value reported by the participant (xi), was excluded from the KCRV 
calculation. In the ui’ column, all values are standard uncertainty reported by the participants 
u(xi), unless accompanied by a hash (#). Those values accompanied by a hash (#) are the 
reported standard uncertainty and dark uncertainty (tau) summed in quadrature, i.e. 
(�τ2 + 𝑢𝑢2(𝑥𝑥𝑖𝑖) ). For these participants, U(Di) values recognizing (tau) are used. 
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7.1.1. NDT calculations for arsenic  

Table 18a. NDT decision for arsenic. 
Decision Tree Hypothesis test results: As Decision Tree recommends 
Cochran’s test for Homogeneity: 

p-value: 0.061 

Q = 17.66 (Reference Distribution: Chi-Square 

with 10 Degrees of Freedom)  

tau est. = 0.1016  

tau/median(x) = 0.02659 

tau/median(u) = 0.7812 

Shapiro-Wilk test for Normality: p = 0.1554 

Miao-Gel-Gastwirth test of Symmetry: p = 0.1096 

Assume Homogeneity? Yes (p-value > 0.05) 

Assume Normality? Yes (p-value > 0.05)  

Assume Symmetry? Yes (p-value > 0.01) 

Selected Procedure: Adaptive 

Weighted Average (AWA) 

Consensus estimate: 3.832 

Standard uncertainty: 0.04927 

Standard uncertainty (using 

parametric bootstrap): 0.05 

95% coverage interval: (3.736, 3.929) 

95% coverage interval (using 

parametric bootstrap): (3.733, 3.932) 

Dark uncertainty (tau): 0.1016 

 

KCRV(As) = 3.832 ng/g  
u(KCRV) = 0.050 ng/g 

Table 18b. Degrees of equivalence for arsenic. 

Institute 
xi 

(ng/g) 

ui’ 

(ng/g) 

Di 

(ng/g) 

U(Di) 

(ng/g) 
%Di %U(Di) Di/U(Di) 

FTMC* 2.65 0.5004# -1.1820 0.9857 -30.85 25.72 -1.20 

UME 3.59 0.1357# -0.2424 0.2481 -6.33 6.47 -0.98 

HSA 3.77 0.10 -0.0624 0.1854 -1.63 4.84 -0.34 

NIMT 3.79 0.10 -0.0424 0.1827 -1.11 4.77 -0.23 

NIM 3.798 0.071 -0.0344 0.1320 -0.90 3.44 -0.26 

NRC 3.82 0.08 -0.0124 0.1417 -0.32 3.70 -0.09 

LNE 3.82 0.24 -0.0124 0.4606 -0.32 12.02 -0.03 

ISP 3.88 0.2469 0.0476 0.4781 1.24 12.48 0.10 

GUM 3.88 0.19 0.0476 0.3630 1.24 9.47 0.13 

GLHK 3.90 0.14 0.0676 0.2620 1.76 6.84 0.26 

UNIIM 4.1 0.25 0.2676 0.4868 6.98 12.70 0.55 

NMIJ 4.21 0.1650# 0.3776 0.3120 9.85 8.14 1.21 
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7.1.2. Cadmium  

Table 19a. NDT decision for cadmium. 
Decision Tree Hypothesis test results: Cd Decision Tree recommends 

Cochran’s test for Homogeneity: 

p-value: p < 0.001 

Q = 66.82 (Reference Distribution: Chi-Square 

with 7 Degrees of Freedom)  

tau est. = 0.01507 

tau/median(x) = 0.06619  

tau/median(u) = 2.741 

Shapiro-Wilk test for Normality: p = 0.02118 

Miao-Gel-Gastwirth test of Symmetry: p = 0.023 

Assume Homogeneity? No (p-value < 0.05) 

Assume Normality? No (p-value < 0.05)  

Assume Symmetry? Yes (p-value > 0.01) 

Selected Procedure: Hierarchical 

Laplace-Gauss (HLG) 

Consensus estimate: 0.2283 

Standard uncertainty: 0.004409 

95% coverage interval: (0.2196, 

0.2371)  

Dark uncertainty (tau): 0.01008 

Tau posterior 0.025 and 0.975 

quantiles: (0.0003426, 0.03277) 

KCRV(Cd) = 0.2283 ng/g 
u(KCRV) = 0.0044 ng/g 

Table 19b. Degrees of equivalence for cadmium. 

Institute 
xi 

(ng/g) 

ui’ 

(ng/g) 

Di 

(ng/g) 

U(Di) 

(ng/g) 
%Di %U(Di) Di/U(Di) 

ISP* 0.194 0.0122# -0.0344 0.0345 -15.05 15.11 -1.00 

NMIJ 0.219 0.005 -0.0093 0.0133 -4.09 5.84 -0.70 

UME 0.2232 0.0028 -0.0051 0.0104 -2.25 4.54 -0.50 

NIM 0.225 0.006 -0.0033 0.0148 -1.47 6.49 -0.23 

GLHK 0.2254 0.0042 -0.0029 0.0122 -1.29 5.33 -0.24 

HSA 0.2301 0.0042 0.0018 0.0121 0.77 5.32 0.14 

GUM 0.232 0.014 0.0037 0.0289 1.60 12.65 0.13 

NIMT* 0.258 0.0117# 0.0297 0.0344 12.99 15.05 0.86 

UNIIM 0.26 0.0181# 0.0317 0.0431 13.86 18.89 0.73 

KRISS 0.28 0.0123# 0.0517 0.0505 22.62 22.10 1.02 

FTMC* 0.329 0.0384# 0.1007 0.0787 44.11 34.48 1.28 

VNIIFTRI* 0.535 0.0393# 0.3067 0.0805 134.34 35.27 3.81 
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7.1.3. Copper  

Table 20a. NDT decision for copper. 
Decision Tree Hypothesis test results: Cu Decision Tree recommends 

Cochran’s test for Homogeneity: 

p-value: p < 0.001 

Q = 28.06 (Reference Distribution: Chi-Square 

with 9 Degrees of Freedom)  

tau est. = 0.05451 

tau/median(x) = 0.01763 

tau/median(u) = 0.7624 

Shapiro-Wilk test for Normality: p = 0.9204 

Miao-Gel-Gastwirth test of Symmetry: p = 0.2356 

Assume Homogeneity? No (p-value < 0.05) 

Assume Normality? Yes (p-value > 0.05)  

Assume Symmetry? Yes (p-value > 0.01) 

Selected Procedure: Hierarchical 

Gauss-Gauss (HGG) 

Consensus estimate: 3.099 

Standard uncertainty: 0.03544 

95% coverage interval: (3.028, 3.17)  

Dark uncertainty (tau): 0.06788 

Tau posterior 0.025 and 0.975 

quantiles: (0.01648, 0.1693) 

 

KCRV(Cu) = 3.099 ng/g 
u(KCRV) = 0.035 ng/g 

Table 20b. Degrees of equivalence for copper. 

Institute 
xi 

(ng/g) 

ui’ 

(ng/g) 

Di 

(ng/g) 

U(Di) 

(ng/g) 
%Di %U(Di) Di/U(Di) 

ISP 2.95 0.11 -0.1489 0.2555 -4.80 8.24 -0.58 

GUM 3.00 0.16 -0.0989 0.3225 -3.19 10.41 -0.31 

UME 3.022 0.022 -0.0769 0.0827 -2.48 2.67 -0.93 

NMIJ 3.05 0.04 -0.0489 0.1066 -1.58 3.44 -0.46 

GLHK 3.09 0.05 -0.0089 0.1223 -0.29 3.95 -0.07 

KRISS 3.093 0.008 -0.0059 0.0722 -0.19 2.33 -0.08 

HSA 3.107 0.082 0.0081 0.1779 0.26 5.74 0.05 

NIM 3.269 0.0913# 0.1701 0.2216 5.49 7.15 0.77 

NMIA 3.28 0.14 0.1811 0.2903 5.84 9.37 0.62 

FTMC* 3.31 0.31 0.2111 0.6087 6.81 19.64 0.35 

UNIIM 4.0 0.4057# 0.9011 0.8406 29.08 27.12 1.07 

VNIIFTRI* 7.93 0.4947# 4.8310 0.9764 155.89 31.51 4.95 
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7.1.4. Lead  

Table 21a. NDT decision for lead. 
Decision Tree Hypothesis test results: Pb Decision Tree recommends 

Cochran’s test for Homogeneity: 

p-value: 0.011 

Q = 21.31 (Reference Distribution: Chi-Square 

with 9 Degrees of Freedom)  

tau est. = 0.02621  

tau/median(x) = 0.02446  

tau/median(u) = 0.9359 

Shapiro-Wilk test for Normality: p = 0.6361 

Miao-Gel-Gastwirth test of Symmetry: p = 0.8262 

Assume Homogeneity? No (p-value < 0.05) 

Assume Normality? Yes (p-value > 0.05)  

Assume Symmetry? Yes (p-value > 0.01) 

Selected Procedure: Hierarchical 

Gauss-Gauss (HGG) 

Consensus estimate: 1.067 

Standard uncertainty: 0.01212 

95% coverage interval: (1.043, 1.092)  

Dark uncertainty (tau): 0.02143 

Tau posterior 0.025 and 0.975 

quantiles: (0.001417, 0.06419) 

 

KCRV(Pb) = 1.067 ng/g 
u(KCRV) = 0.012 ng/g 

Table 21b. Degrees of equivalence for lead. 

Institute 
xi 

(ng/g) 

ui’ 

(ng/g) 

Di 

(ng/g) 

U(Di) 

(ng/g) 
%Di %U(Di) Di/U(Di) 

ISP* 0.543 0.0280# -0.5241 0.0737 -49.12 6.91 -7.11 

INMETRO 0.982 0.041 -0.0851 0.0862 -7.98 8.08 -0.99 

RISE 1.006 0.039 -0.0611 0.0813 -5.73 7.61 -0.75 

NIMT 1.02 0.023 -0.0471 0.0526 -4.42 4.93 -0.90 

UME 1.068 0.008 0.0009 0.0290 0.08 2.72 0.03 

NMIJ 1.07 0.03 0.0029 0.0643 0.27 6.03 0.04 

HSA 1.073 0.023 0.0059 0.0562 0.55 5.27 0.10 

GLHK 1.084 0.035 0.0169 0.0729 1.58 6.84 0.23 

NIM 1.088 0.017 0.0209 0.0416 1.96 3.90 0.50 

KRISS 1.113 0.026 0.0459 0.0746 4.30 6.99 0.62 

UNIIM 1.3 0.1023# 0.2329 0.2134 21.83 20.00 1.09 

FTMC* 1.36 0.1318# 0.2929 0.2618 27.45 24.54 1.12 

VNIIFTRI* 1.68 0.1121# 0.6129 0.2253 57.44 21.12 2.72 
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7.1.5. Nickel 

Table 22a. NDT decision for nickel. 
Decision Tree Hypothesis test results: Ni Decision Tree recommends 

Cochran’s test for Homogeneity: 

p-value: 0.011 

Q = 19.91 (Reference Distribution: Chi-Square 

with 8 Degrees of Freedom)  

tau est. = 0.04475 

tau/median(x) = 0.009796 

tau/median(u) = 0.6393 

Shapiro-Wilk test for Normality: p = 0.8835 

Miao-Gel-Gastwirth test of Symmetry: p = 0.8878 

Assume Homogeneity? No (p-value < 0.05) 

Assume Normality? Yes (p-value > 0.05)  

Assume Symmetry? Yes (p-value > 0.01) 

Selected Procedure: Hierarchical 

Gauss-Gauss (HGG) 

Consensus estimate: 4.549 

Standard uncertainty: 0.027 

95% coverage interval: (4.493, 4.604)  

Dark uncertainty (tau): 0.05233 

Tau posterior 0.025 and 0.975 

quantiles: (0.003282, 0.154) 

 

KCRV(Ni) = 4.549 ng/g 
u(KCRV) = 0.027 ng/g 

Table 22b. Degrees of equivalence for nickel. 

Institute 
xi 

(ng/g) 

ui’ 

(ng/g) 

Di 

(ng/g) 

U(Di) 

(ng/g) 
%Di %U(Di) Di/U(Di) 

FTMC* 4.28 0.65 -0.2689 1.2680 -5.91 27.87 -0.21 

NIMT 4.32 0.0882# -0.2289 0.2118 -5.03 4.66 -1.08 

RISE 4.48 0.15 -0.0689 0.3005 -1.51 6.61 -0.23 

NRC 4.522 0.022 -0.0269 0.0700 -0.59 1.54 -0.38 

KRISS 4.534 0.020 -0.0149 0.0725 -0.33 1.59 -0.20 

UME 4.568 0.019 0.0192 0.0665 0.42 1.46 0.29 

NMIA 4.58 0.07 0.0312 0.1504 0.68 3.31 0.21 

NMIJ 4.62 0.06 0.0712 0.1312 1.56 2.88 0.54 

UNIIM 4.7 0.45 0.1511 0.8835 3.32 19.42 0.17 

NIM 4.744 0.1041# 0.1951 0.2380 4.29 5.23 0.82 

VNIIFTRI* 6.67 0.3836# 2.1210 0.7636 46.63 16.79 2.78 
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7.1.6. Zinc  

Table 23a. NDT decision for zinc. 
Decision Tree Hypothesis test results: Zn Decision Tree recommends 

Cochran’s test for Homogeneity: 

p-value: 0.3 

Q = 7.237 (Reference Distribution: Chi-Square 

with 6 Degrees of Freedom)  

tau est. = 0.03678 

tau/median(x) = 0.004316 

tau/median(u) = 0.227 

Shapiro-Wilk test for Normality: p = 0.3584 

Miao-Gel-Gastwirth test of Symmetry: p = 0.465 

Assume Homogeneity? Yes (p-value > 0.05) 

Assume Normality? Yes (p-value > 0.05)  

Assume Symmetry? Yes (p-value > 0.01) 

Selected Procedure: Adaptive 

Weighted Average (AWA) 

Consensus estimate: 8.54 

Standard uncertainty: 0.03427 

Standard uncertainty (using 

parametric bootstrap): 0.04163  

95% coverage interval: (8.473, 8.607) 

95% coverage interval (using 

parametric bootstrap): (8.454, 8.625)  

Dark uncertainty (tau): 0.03678 

KCRV(Zn) = 8.540 ng/g 
u(KCRV) = 0.042 ng/g 

Table 23b. Degrees of equivalence for zinc. 

Institute 
xi 

(ng/g) 

ui’ 

(ng/g) 

Di 

(ng/g) 

U(Di) 

(ng/g) 
%Di %U(Di) Di/U(Di) 

RISE 8.10 0.35 -0.4399 0.6768 -5.15 7.93 -0.65 

KRISS 8.30 0.45 -0.2399 0.8767 -2.81 10.27 -0.27 

NMIJ 8.31 0.15 -0.2299 0.2727 -2.69 3.19 -0.84 

UME 8.521 0.038 -0.0189 0.0642 -0.22 0.75 -0.29 

NRC 8.572 0.034 0.0321 0.0596 0.38 0.70 0.54 

UNIIM 8.6 0.5 0.0601 0.9550 0.70 11.18 0.06 

NIM 8.764 0.162 0.2241 0.2979 2.62 3.49 0.75 

VNIIFTRI* 13.54 0.9607# 5.0000 1.8850 58.55 22.07 2.65 
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7.1.7. Tributyltin 

Table 24a. NDT decision for tributyltin. 
Decision Tree Hypothesis test results: TBT Decision Tree recommends 

Cochran’s test for Homogeneity: 

p-value: p < 0.001 

Q = 34.44 (Reference Distribution: Chi-Square 

with 4 Degrees of Freedom)  

tau est. = 1.228 

 tau/median(x) = 0.1573  

tau/median(u) = 2.014 

Shapiro-Wilk test for Normality: p = 0.03042 

Miao-Gel-Gastwirth test of Symmetry: p = 0.0648 

Assume Homogeneity? No (p-value < 0.05) 

Assume Normality? No (p-value < 0.05) 

Assume Symmetry? Yes (p-value > 0.01) 

Selected Procedure: Hierarchical 

Laplace-Gauss (HLG) 

Consensus estimate: 7.020 

Standard uncertainty: 0.5572 

95% coverage interval: (5.928, 8.111)  

Dark uncertainty (tau): 1.318 

Tau posterior 0.025 and 0.975 

quantiles: (0.5055, 3.735) 

KCRV(TBT) = 7.020 ng/kg 
u(KCRV) = 0.557 ng/kg 

Table 24b. Degrees of equivalence for tributyltin. 

Institute xi 
(ng/kg) 

ui’ 
(ng/kg) 

Di 
(ng/kg) 

U(Di) 
(ng/kg) 

%Di %U(Di) Di/U(Di) 

VNIIM 4.1 1.4930# -2.9200 3.9390 -41.60 56.11 -0.74 
JSI 6.285 0.250 -0.7296 1.2070 -10.39 17.19 -0.60 

UME 7.81 0.33 0.7904 1.2800 11.26 18.23 0.62 
NIM 7.96 0.81 0.9404 1.9470 13.40 27.74 0.48 
LNE 8.02 0.61 1.0000 1.6450 14.25 23.43 0.61 

 

7.2. Plots of KCRVs to the reported data 

The KCRVs proposed using the recommended choice of estimators from the NDT are 
graphically presented in Figures 8 to 14. The symbol * denotes that the results were not 
included in the KCRV calculations. All results are sorted by increasing xi.  In these figures, the 
candidate KCRV is represented by a solid horizontal green line, while the dashed red lines 
denote the standard uncertainty of the candidate KCRV, u(KCRV). For each measured value 
displayed in the graphs, the blue dot represents the measured value 𝑥𝑥i, and a thick vertical 
yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'.
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7.2.1. Arsenic 

Figure 8a. Plots of participants’ results relative to the KCRV for arsenic. 

 

 

Figure 8b. Plots of participants’ results relative to the KCRV for arsenic (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The blue dot represents the measured value 𝑥𝑥i, and a thick vertical yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'. 
3. The participants accompanied by a hash (#) indicates that their 𝑢𝑢i' is the reported standard uncertainty and 

dark uncertainty (tau) summed in quadrature.  
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7.2.2. Cadmium 

Figure 9a. Plots of participants’ results relative to the KCRV for cadmium. 

 

 
Figure 9b. Plots of participants’ results relative to the KCRV for cadmium (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The blue dot represents the measured value 𝑥𝑥i, and a thick vertical yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'. 
3. The participants accompanied by a hash (#) indicates that their 𝑢𝑢i' is the reported standard uncertainty and 

dark uncertainty (tau) summed in quadrature.
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7.2.3. Copper 

Figure 10a. Plots of participants’ results relative to the KCRV for copper. 

 

 
Figure 10b. Plots of participants’ results relative to the KCRV for copper (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The blue dot represents the measured value 𝑥𝑥i, and a thick vertical yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'. 
3. The participants accompanied by a hash (#) indicates that their 𝑢𝑢i' is the reported standard uncertainty and 

dark uncertainty (tau) summed in quadrature.  
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7.2.4. Lead 

Figure 11a. Plots of participants’ results relative to the KCRV for lead. 

 

 
Figure 11b. Plots of participants’ results relative to the KCRV for lead (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The blue dot represents the measured value 𝑥𝑥i, and a thick vertical yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'. 
3. The participants accompanied by a hash (#) indicates that their 𝑢𝑢i' is the reported standard uncertainty and 

dark uncertainty (tau) summed in quadrature.  
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7.2.5. Nickel 

Figure 12a. Plots of participants’ results relative to the KCRV for nickel. 

 

 

Figure 12b.  Plots of participants’ results relative to the KCRV for nickel (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The blue dot represents the measured value 𝑥𝑥i, and a thick vertical yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'. 
3. The participants accompanied by a hash (#) indicates that their 𝑢𝑢i' is the reported standard uncertainty and 

dark uncertainty (tau) summed in quadrature.  
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7.2.6. Zinc 

Figure 13a.  Plots of participants’ results relative to the KCRV for zinc. 

 

 

Figure 13b.  Plots of participants’ results relative to the KCRV for zinc (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The blue dot represents the measured value 𝑥𝑥i, and a thick vertical yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'. 
3. The participants accompanied by a hash (#) indicates that their 𝑢𝑢i' is the reported standard uncertainty and 

dark uncertainty (tau) summed in quadrature.  
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7.2.7. Tributyltin 

Figure 14.  Plots of participants’ results relative to the KCRV for tributyltin. 

 
Notes:  
1. The blue dot represents the measured value 𝑥𝑥i, and a thick vertical yellow line segment represents 𝑥𝑥i ± 𝑢𝑢i'. 
2. The participant accompanied by a hash (#) indicates that their 𝑢𝑢i' is the reported standard uncertainty and 

dark uncertainty (tau) summed in quadrature. 

 

7.3. Plots of absolute DoE and relative DoE 

Figures 15 to 28 below graphically illustrate both the absolute and relative DoEs for arsenic, 
cadmium, copper, lead, nickel, zinc and tributyltin using the KCRVs calculated by NDT. All 
results are sorted by increasing x. For the plot of absolute DoE, the y-axis of each graph displays 
the absolute DoE, Di, in ng/kg for tributyltin, and ng/g for others. Red dots represent the Di. 
For the NDT procedures used to estimate each of the KCRVs, the expanded uncertainty of Di, 
U(Di), is half the shortest interval centered on Di that is believed to encompass the true value 
with 95 % probability, where the endpoints of the interval are derived directly from a large 
sample drawn from the corresponding probability distribution. Therefore, the error bars in the 
plots represent the expanded uncertainties of Di at 95 % confidence level, U(Di). The horizontal 
line denotes perfect agreement with the KCRV. For the plot of relative DoE in %, the y-axis of 
each graph displays the DoE relative to the KCRV as percent, %Di (i.e. 100·Di/KCRV).  The 
error bars represent the U(Di) relative to the KCRV as percent, %U(Di) (i.e. 100·U(Di)/KCRV). 
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7.3.1. DoE of arsenic 

Figure 15a. Plot of absolute degrees of equivalence for arsenic. 

 

 

Figure 15b. Plot of absolute degrees of equivalence for arsenic (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE, Di, and a vertical black line segment represents the expanded uncertainty 

of Di at 95 % confidence level, U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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Figure 16a. Plot of relative degrees of equivalence in % for arsenic. 

 

 

Figure 16b. Plot of relative degrees of equivalence in % for arsenic (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE relative to the KCRV as percent, %Di, and a vertical black line segment 

represents the U(Di) relative to the KCRV as percent, %U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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7.3.2. DoE of cadmium 

Figure 17a.  Plot of absolute degrees of equivalence for cadmium. 

 

 

Figure 17b. Plot of absolute degrees of equivalence for cadmium (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE, Di, and a vertical black line segment represents the expanded uncertainty 

of Di at 95 % confidence level, U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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Figure 18a.  Plot of relative degrees of equivalence in % for cadmium. 

 

 

Figure 18b.  Plot of relative degrees of equivalence in % for cadmium (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE relative to the KCRV as percent, %Di, and a vertical black line segment 

represents the U(Di) relative to the KCRV as percent, %U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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7.3.3. DoE of copper 

Figure 19a.  Plot of absolute degrees of equivalence for copper. 

 

 

Figure 19b.  Plot of absolute degrees of equivalence for copper (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE, Di, and a vertical black line segment represents the expanded uncertainty 

of Di at 95 % confidence level, U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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Figure 20a.  Plot of relative degrees of equivalence in % for copper. 

 

 

Figure 20b.  Plot of relative degrees of equivalence in % for copper (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE relative to the KCRV as percent, %Di, and a vertical black line segment 

represents the U(Di) relative to the KCRV as percent, %U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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7.3.4. DoE of lead 

Figure 21a. Plot of absolute degrees of equivalence for lead. 

 

 

Figure 21b. Plot of absolute degrees of equivalence for lead (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE, Di, and a vertical black line segment represents the expanded uncertainty 

of Di at 95 % confidence level, U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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Figure 22a.  Plot of relative degrees of equivalence in % for lead. 

 

 

Figure 22b.  Plot of relative degrees of equivalence in % for lead (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE relative to the KCRV as percent, %Di, and a vertical black line segment 

represents the U(Di) relative to the KCRV as percent, %U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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7.3.5. DoE of nickel 

Figure 23a.   Plot of absolute degrees of equivalence for nickel. 

 

 

Figure 23b.   Plot of absolute degrees of equivalence for nickel (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE, Di, and a vertical black line segment represents the expanded uncertainty 

of Di at 95 % confidence level, U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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Figure 24a.  Plot of relative degrees of equivalence in % for nickel. 

 

 

Figure 24b.  Plot of relative degrees of equivalence in % for nickel (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE relative to the KCRV as percent, %Di, and a vertical black line segment 

represents the U(Di) relative to the KCRV as percent, %U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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7.3.6. DoE of zinc 

Figure 25a.  Plot of absolute degrees of equivalence for zinc. 

 

 

Figure 25b.  Plot of absolute degrees of equivalence for zinc (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE, Di, and a vertical black line segment represents the expanded uncertainty 

of Di at 95 % confidence level, U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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Figure 26a.  Plot of relative degrees of equivalence in % for zinc. 

 

 

Figure 26b.  Plot of relative degrees of equivalence in % for zinc (enlarged). 

 
Notes:  
1. The symbol * denotes that the measured value (xi) is excluded from the KCRV calculation. 
2. The red dot represents the DoE relative to the KCRV as percent, %Di, and a vertical black line segment 

represents the U(Di) relative to the KCRV as percent, %U(Di). 
3. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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7.3.7. DoE of tributyltin 

Figure 27.  Plot of absolute degrees of equivalence for tributyltin. 

 
Notes:  
1. The red dot represents the DoE, Di, and a vertical black line segment represents the expanded uncertainty 

of Di at 95 % confidence level, U(Di). 
2. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 

 
Figure 28.  Plot of relative degrees of equivalence in % for tributyltin 

 
Notes:  
1. The red dot represents the DoE relative to the KCRV as percent, %Di, and a vertical black line segment 

represents the U(Di) relative to the KCRV as percent, %U(Di). 
2. The participants accompanied by a hash (#) indicates that U(Di) recognizing dark uncertainty are used. 
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8. USE OF CCQM-K155 IN SUPPORT OF CALIBRATION AND 
MEASUREMENT CAPABILITY (CMC) CLAIMS  

How Far the Light Shines, Core Capability Statements and CMC support 

Successful participation in CCQM-K155 demonstrates measurement capabilities for 
determining mass fraction of transition elements (excluding mercury) and metalloids/semi-
metals, with mass fractions ranging from 0.1 ng/g to 50 ng/g. Additionally, it covers small 
organo-tin and organo-mercury compounds with mass fractions from 1 ng/kg to 50 ng/g in a 
high-salt content matrix (seawater). Table 25 shows the Core Capability Table. 
 

Core Capability Table 

Table 25.  Core Capability Table
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9. CONCLUSIONS 

Most participating NMIs/DIs employed dilution or co-precipitation for sample treatment and 
analyzed the samples using IDMS or standard addition method with ICP-MS, applying various 
interference removing techniques for the measurement of arsenic, cadmium, copper, lead, 
nickel and zinc. For tributyltin, most participants utilized derivatization followed by liquid-
liquid extraction, with analysis conducted using isotope dilution GC-ICP-MS. 

The proposed KCRVs (along with corresponding expanded uncertainties) and degrees of 
equivalence were calculated using the NIST Decision Tree. The majority of results from 
participating NMIs/DIs in CCQM-K155 aligned with the KCRV within their expanded 
uncertainties, demonstrating their capability to determine elements and tributyltin in seawater.  
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APPENDIX A:  Technical Protocol 
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APPENDIX B:  Registration Form 
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APPENDIX C:  Reporting Form 
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APPENDIX D:  Summary of Participants’ Uncertainty Estimation 
Approaches 

The following are text excerpts and/or pictures of the uncertainty-related information provided by 
the participants in the reporting form.  Information is grouped by participant and presented in 
alphabetized acronym order. 

Uncertainty Information from FTMC 
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Uncertainty Information from GLHK
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Uncertainty Information from GUM (K155) 
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Uncertainty Information from HSA 
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Uncertainty Information from INMETRO 

 

 

Uncertainty Information from ISP 

 

 

 

Uncertainty Information from KRISS 
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Uncertainty Information from LNE 
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Uncertainty Information from NIM 
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Uncertainty Information from NIMT

 

 



 CCQM-K155 Final Report 

D-22 
 

 

 



 CCQM-K155 Final Report 

D-23 
 

 

 

Uncertainty Information from NMIA 
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Uncertainty Information from NMIJ 

 

 



 CCQM-K155 Final Report 

D-26 
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Uncertainty Information from NRC 
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Uncertainty Information from RISE 
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Uncertainty Information from UME 
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Uncertainty Information from UNIIM 
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Uncertainty Information from VNIIFTRI
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Uncertainty Information from GUM (P196) 
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Uncertainty Information from NML
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APPENDIX E:  NDT Reports of Arsenic, Cadmium, Copper, Lead, Nickel, 
Zinc and Tributyltin in CCQM-K155 

Arsenic
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Cadmium 
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Copper
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Lead
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Nickel
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Zinc
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Tributyltin
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