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Abstract 

The National Institute of Standards and Technology (NIST) Dietary Supplement Laboratory 

Quality Assurance Program (DSQAP) was launched in 2007 in part as a collaboration with the 

National Institutes of Health (NIH) Office of Dietary Supplements (ODS). The DSQAP enables 

laboratories to improve the accuracy of measurements in samples for nutrients, marker 

compounds, toxic elements, and/or contaminants in dietary supplement ingredients and finished 

products. Exercise 1 is the sixteenth DSQAP exercise (previously they were designated ñAò 

through ñOò). Exercise 1 was designed with 7 studies, offering the opportunity for laboratories to 

assess their in-house techniques on a variety measurements. Studies included determinations of 

select toxic and nutritional elements, vitamins, contaminants, and proximates in kelp, polyphenol 

content in kelp and green tea, water-soluble vitamins in meal replacement drink formulations, 

and botanical marker compounds in dietary supplement ingredient materials and finished 

products. This report summarizes the results, describes observations, and provides technical 

recommendations for measurement improvements. 
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 Introduction 

 Background 

The National Institute of Standards and Technology (NIST) Dietary Supplement Laboratory 

Quality Assurance Program (DSQAP) was first established in 2007 in part as a collaboration 

with the National Institutes of Health (NIH) Office of Dietary Supplements (ODS). The program 

was integrated into the Health Assessment Measurements Quality Assurance Program 

(HAMQAP) in 2017 but was revived as the DSQAP in 2022. The current DSQAP continues the 

ongoing collaborative efforts between NIST and the NIH ODS. 

NIST has more than 30 years of experience in the administration of QAPs, including historical 

programs [i.e., Micronutrients Measurement QAP (MMQAP), Vitamin D Metabolites QAP 

(VitDQAP), and HAMQAP] and currently active programs [i.e., Cannabis Laboratory QAP 

(CannaQAP), Food Nutrition and Safety Measurements QAP (FNSQAP)]. The DSQAP focuses 

on improving the measurement capabilities of the dietary supplement and natural product 

measurement communities. Participating laboratories are interested in evaluating in-house 

methods on a wide variety of challenging, real-world matrices to demonstrate that their 

performance is comparable to that of the broader community and that their methods provide 

accurate results. In areas where few consensus or official methods have been recognized, 

DSQAP is a unique tool for assessment of the quality of measurements and provides feedback 

about performance that can assist participants in improving laboratory operations. 

DSQAP offers the opportunity for laboratories to assess their in-house measurements of 

nutritional and toxic elements, water- and fat -soluble vitamins, marker compounds, and organic 

contaminants in samples distributed by NIST. Reports and certificates of participation are 

provided and may be used to demonstrate compliance with current Good Manufacturing 

Practices (cGMPs) or to fulfill proficiency requirements established by accreditation bodies. In 

addition, NIST and DSQAP assist the NIH ODS Analytical Methods and Reference Materials 

(AMRM) program in supporting the development and dissemination of analytical tools and 

reference materials. Results from DSQAP exercises could be used by ODS and NIST to identify 

problematic matrices and analytes for which consensus-based methods of analysis would benefit 

the dietary supplements measurement communities. 

DSQAP Exercise 1 was leveraged to help identify measurement discrepancies that impact the 

seaweed farming industry and pinpoint methodologies that could benefit from standardization to 

improve the compositional testing of kelp materials. These studies were sponsored through a 

collaboration between NIST and World Wildlife Fund (WWF). 

While NIST QAP exercises are not proficiency tests (PT) and are not intended to pass strict 

evaluation of laboratory performance, they are conducted according to International 

Organization for Standardization (ISO)/ International Electrotechnical Commission (IEC) 17043 

and are designed to assist participants in evaluation and improvement of their measurement 

capabilities. Additionally, industry stakeholders can observe measurement challenges and NIST 

gains knowledge to guide the production and maintenance of reference materials. 
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This report summarizes the results from Exercise 1 of the DSQAP (fifteen previous DSQAP 

exercises were named Exercise A through Exercise O). Seventy-nine laboratories responded to 

the January 2022 call for study participation for DSQAP Exercise 1 as seen in Table 1-1. 

Samples were shipped to participants in May 2022 and results were returned to NIST by June 17, 

2022. This report contains the final data and information that was disseminated to the 

participants in October 2023. 

Table 1-1. Summary of DSQAP Exercise 1 Studies. 

Study Group Analytes Samples 

Elements 
tAs, iAs, Cd, Ca, Cr, Cu, I, Pb, 

Mg, Hg, K, Se, Na, S, Zn 
Kelp 

Vitamins I  Vitamin B3, Vitamin K1 Kelp 

Botanicals I Gallic acid, Gallic acid equivalents 
Green Tea Leaves and Extract, 

Kelp 

Proximates 
Ash, Carbohydrates, Fat, Protein, Solids, 

Starch, Total Dietary Fiber, Calories 
Kelp 

Contaminants 
PFBS, PFBA, PFDOA, PFHPA, PFHXDA, 

PFHXS, PFHXA, PFNA, PFOS, PFOA, PFPEA, 

PFODA, PFTEDA, PFTRDA, PFUDA 
Kelp 

Vitamins II  Vitamins B1, B2, B3, B5, B6, B7, B9, B12 
Meal Replacement Drink 

formulations, Protein Powder 

Botanicals II  
12-deoxywithastromonolide, Withaferin A, 

Withanolide A, Withanolide B, 

Withanoside IV, Withanoside V 

Ashwagandha Root Powder 

and Extract 

 

Each study is summarized individually with appropriate tables, figures, and text, and is reported 

by section. Additional tables and figures can be found in the Appendices. Conclusions and 

technical recommendations are drawn for the entire exercise when possible and reported in the 

Overall Technical Recommendations section. 

 Overview of Data Treatment and Representation 

Individualized data tables and certificates are provided to the participants that have submitted 

data in each study, in addition to this report. Examples of the data tables are also included in each 

section of this report. Community tables and figures are provided using randomized laboratory 

codes. Laboratories only know their own participation code. The statistical approaches are 

outlined below for each type of data representation. 

1.2.1. Statistics 

Data tables and figures throughout this report contain information about the performance of each 

laboratory relative to that of the other participants in this study and relative to a target around the 

expected result, if available. All calculations are performed in PROLab Plus (QuoData GmbH, 

Dresden, Germany). The consensus means and standard deviations are calculated according to 

the robust Q/Hampel method outlined in ISO 13528:2022 Annex C [1]. 
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1.2.2. Individualized Data Tables 

The data in Table 1-2 is individualized to each participating laboratory and is provided to allow 

participants to directly compare their data to the summary statistics (consensus or community 

data as well as NIST certified, non-certified, or estimated values, when available). Participating 

laboratories receive uniquely coded individualized data tables in a separate distribution, with the 

randomized laboratory code in the upper left of the data table. Example individualized data 

tables included in this report are made with this section blank to protect the identity and 

performance of participants. 

Table 1-2. Individualized Data Table Template. 

(Laboratory Name) 
Exercise 1 - (Study Name) 

 Lab Code: (code)  1. Your Results  2. Community Results  3. Target 

Analyte Sample Units  xi si Z'comm ZNIST 
 N x*  s*  xNIST U 

Analyte 1 Sample Name A unit  

Individual laboratory results will 

appear in this section; Laboratory-

specific results were provided to each 

participant separately from this 

report 

 

Community results will 

appear in this section 

 

Target values will 

appear in this 

section 

Analyte 1 Sample Name B unit    

Analyte 2 Sample Name A unit    

Analyte 2 Sample Name B unit    

Analyte 3 Sample Name A unit    

Analyte 3 Sample Name B unit    

     xi Mean of reported values  N  Number of quantitative 

values reported 

xNIST target value 

   si Standard deviation of reported values  U expanded 

uncertainty about 

the target value 
   Z'comm 

Z'-score with respect to community 

consensus 
x*  

Robust mean of reported 

values 
 

   ZNIST Z-score with respect to NIST value s* Robust standard deviation    

 

Section 1 of the data table (Your Results) contains the laboratory results as reported, including 

the mean and standard deviation when multiple values were reported. A blank indicates that 

NIST does not have data on file from that laboratory for the corresponding analyte or matrix. An 

empty box for standard deviation indicates that the participant reported a single value or a value 

below the limit of quantification (LOQ) and therefore that value was not included in the 

calculation of the consensus data. 

Also included in Section 1 of the data table are two Z-scores. The first Z-score, Zᴂcomm, is 

calculated with respect to the community consensus value, taking into consideration bias that 

may result from the uncertainty in the assigned consensus value, using the consensus mean (x*), 

consensus standard deviation (s*), and standard deviation for proficiency assessment (SDPA, 

„ ) determined from the Q/Hampel estimator: 

ὤ
ὼ ὼz

„ ίz
 

The second Z-score, ZNIST, is calculated with respect to the target value (when available), using 

ὼ  and U95 where U95 is the expanded uncertainty on the certified or non-certified value, or 

UNIST where UNIST represents the expanded uncertainty of NIST or other measurements: 
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ὤ
ὼ ὼ

ςz Ὗ
 

or 

ὤ
ὼ ὼ

ςz Ὗ
 

Significance of the Z-scores: 

¶ |Z| < 2 indicates that the laboratory result is considered to be within the community 

consensus range (for Zᴂcomm) or target range (for ZNIST). 

¶ 2 < |Z| < 3 indicates that the laboratory result is considered to be marginally different 

from the community consensus value (for Zᴂcomm) or target value (for ZNIST). 

¶ |Z| > 3 indicates that the laboratory result is considered to be significantly different from 

the community consensus value (for Zᴂcomm) or target value (for ZNIST). 

Section 2 of the data table (Community Results) contains the consensus results, including the 

number of laboratories reporting more than a single quantitative value for each analyte, the mean 

value determined for each analyte, and a robust estimate of the standard deviation of the reported 

values [1]. Consensus means and standard deviations are calculated using the laboratory means; 

if a laboratory reported a single value, the reported value is not included in determination of the 

consensus values [1]. Additional information on calculation of the consensus mean and standard 

deviation can be found in the previous section. 

Section 3 of the data table (Target) contains the target values for each analyte, when available. 

When a NIST Standard Reference Material (SRM) or Reference Material (RM) is used as a 

sample in the study, the NIST certified or non-certified values and associated uncertainties (U95) 

are used as target values. The criteria used by NIST to assign certified and non-certified values is 

described elsewhere [2]. Target values for other study samples may be determined at NIST or by 

a collaborating laboratory as the mean of at least three replicates. Target values may also be 

based on information provided by the material manufacturer or determined from another 

interlaboratory study or proficiency testing program, where the consensus value and uncertainty 

from the completed round is used as the target range. The exact methods for determination of the 

study target values are outlined in detail within each section of this report. 

1.2.3. Summary Data Tables 

This data table includes a summary of all reported data for a particular analyte in a particular 

study. Participants can compare the raw data from their laboratory to data reported by the other 

participating laboratories and to the consensus data. A blank indicates that the laboratory signed 

up and received samples for that analyte and matrix, but NIST does not have data on file from 

that laboratory. An empty box for standard deviation indicates that the participant reported a 

single value or a value below the LOQ and therefore that value was not included in the 

calculation of the consensus data. Data highlighted inredhave been flagged as a data entry of 

zero or results that include text (e.g., ñ< LOQò or ñpresentò). Data highlighted in blue have been 

identified as outside the consensus tolerance limits and would be estimated to yield |Zᴂcomm| > 2 

by the PROLab software package. A summary data table example is shown in Table 1-3 and the 

following are some laboratory data reporting examples. Laboratory code 4 only reported one 

value for one sample and therefore no standard deviation is shown. Laboratory code 6 data 
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resulted in values outside the consensus tolerance limits and is highlighted with blue text. 

Laboratory code 10 reported zero, which is not an appropriate result, and is highlighted in red 

text. 

Table 1-3. Summary Data Table Template. 

  Analyte 1 
  Sample Name A (unit) Sample Name B (unit) 
 Lab A B C Avg SD A B C Avg SD 

In
d

iv
id

u
a
l 
R

e
s
u

lt
s
 

Target       Target U       Target U 

(lab code 1) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 2) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 3) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 4) Value 1    Value 1            

(lab code 5) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 6) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 7) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 8) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 9) Value 1 Value 2 Value 3 Avg SD Value 1 Value 2 Value 3 Avg SD 

(lab code 10) 0 0 0 0 0 0 0 0 0 0 

C
o

m
m

u
n

it
y
 

R
e

s
u

lt
s 

   Consensus Mean   (Avg)    Consensus Mean   (Avg)   

   Consensus Standard Deviation (SD)    Consensus Standard Deviation (SD)   

   Maximum  (Max)    Maximum  (Max)   

   Minimum   (Min)    Minimum   (Min)   

   N     (N)    N     (N)   

1.2.4. Figures 

1.2.4.1. Data Summary View (Method Comparison Data Summary View) 

In this view, individual laboratory data (diamonds) are plotted with the individual laboratory 

standard deviation (rectangle). Laboratories reporting values below their LOQ are shown in this 

view as downward triangles beginning at the LOQ, reported as quantification limit (QL) on the 

figures. Laboratories reporting values as ñbelow LOQò can still be successful in the study if the 

target value is also below the laboratory LOQ. The blue solid line represents the consensus 

mean, and the green shaded area represents the 95 % confidence interval for the consensus mean, 

based on the standard uncertainty of the consensus mean. The uncertainty in the consensus mean 

is calculated using the equation below, based on the repeatability standard deviation (ί), the 

reproducibility standard deviation (ί), the number of participants reporting data, and the 

average number of replicates reported by each participant. The uncertainty about the consensus 

mean is independent of the range of tolerance. 

ό
ί ί

ὲ

ί

ὲ  ὲ      
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The red shaded region represents the target range for ñacceptableò performance, which 

encompasses the target value bounded by twice its uncertainty (U95 or UNIST). The solid red lines 

represent the range of tolerance (values that result in an acceptable Zᴂcomm score, ȿὤ ȿ  ς). 
If the lower limit is below zero, the lower limit has been set to zero. In this view, the relative 

locations of individual laboratory data and consensus ranges with respect to the target range can 

be compared easily. In most cases, the target range and the consensus range overlap in the beige 

shaded region, which is the desired result. Major program goals include centering the consensus 

range about the target value and reducing the size of the consensus range. Analysis of an 

appropriate reference material as part of a quality control scheme can help to identify sources of 

bias for laboratories reporting results that are significantly different from the target range. In the 

case in which a method comparison is relevant, different colored data points may be used to 

identify laboratories that used a specific approach to sample preparation, analysis, or 

quantitation. 

1.2.4.2. Sample/Sample Comparison View 

In this view, the individual laboratory results for one sample (e.g., NIST material with a certified 

target value, a less challenging matrix) are compared to the results for another sample 

(e.g., NIST material with a more challenging matrix, a commercial sample). The solid red box 

represents the target range for the first sample (x-axis) and the second sample (y-axis), if 

available. The dotted blue box represents the consensus range for the first sample (x-axis) and 

the second sample (y-axis). The axes of this graph are centered about the consensus mean values 

for each sample, to a limit of twice the range of tolerance (values that result in an acceptable 

ὤ  score, ȿὤ ȿ  ς. Depending on the variability in the data, the axes may be scaled 

proportionally to better display the individual data points for each laboratory. In some cases, 

when the consensus and target ranges have limited overlap, the solid red box may only appear 

partially on the graph. If the variability in the data is great (greater than 100 % RSD), the dotted 

blue box may also only appear partially on the graph. These views emphasize trends in the data 

that may indicate potential calibration issues or method biases. One program goal is to identify 

such calibration or method biases and assist participants in improving analytical measurement 

capabilities. In some cases, when two equally challenging materials are provided, the same view 

(sample/sample comparison) can be helpful in identifying commonalities or differences in the 

analysis of the two materials. 
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 Overall Technical Recommendations 

The following general technical recommendations are important to consider for achieving 

accurate and precise measurements. For recommendations focused on a particular sample matrix 

or analyte type, please see the individual study results and technical recommendation sections. 

The use of quality assurance or quality control materials (commercially available reference 

materials or appropriately characterized in-house materials) helps to establish that sample 

preparation methods and analytical methods are appropriate and performing as expected. The 

analysis of blanks can provide information about sources of analytical variability, such as from 

the sample preparation procedure or the material itself. Analysis of a statistically sufficient 

number of procedural blanks is important, especially when determining an LOQ or when trying 

to reduce sample-to-sample variability. 

Proper calibration is critical to successful measurements. When using a calibration curve, 

linearity must be ensured at the mass fractions of the sample solutions being measured and the 

range of calibrant mass fractions should encompass the as-measured sample mass fractions. No 

as-measured sample mass fractions should be outside of the linear range. Materials used in 

calibrant preparation should be assessed for purity, and the measured purity should be used to 

correct the gravimetric or volumetric concentrations of the solutions used for calibration. 

Calibrant materials should also be assessed for the presence of residual solvents prior to use. 

Purity evaluation is especially critical for vitamins and botanical marker compounds. Calibrants 

should be prepared in a manner to match the final sample preparation solution (i.e., similar mass 

fractions and similar solvent) whenever possible to avoid potential biases that may arise during 

sample preparation or from differences in chromatographic retention time or detector sensitivity. 

The addition of an internal standard is recommended to help improve the precision of the 

instrumental measurements. Selecting the appropriate internal standard will help to correct 

measurement variability between the calibration standards and the samples. 

Specifically to the QAP, calculations and reporting units should be verified prior to submission 

of results. Laboratories often report results in the wrong units or forget a dilution factor during 

the calculation of the final results, resulting in poor performance on the study. Laboratories 

reporting results which have been flagged as outside of consensus tolerance limits on preliminary 

data sheets should check for these types of errors and provide corrected results. Results should 

also be recorded appropriately in the online data entry system. For example, zero is not a 

quantity that can be measured and should not be reported; if results are below a method LOQ, 

values should be reported as such (e.g., ñ< 0.02 %ò). Blank data entry fields are only appropriate 

when no measurements were made. 
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 Elements in Kelp 

 Executive Summary 

Elemental analysis of foods and dietary supplements is critical to consumer health and safety. 

The goal of this study was to understand how the measurement community is performing for the 

determination of toxic and nutritional elements in powdered kelp materials. Between 39 and 53 

laboratories registered for individual elements, as seen in Table 3-1, with data return rates 

between 17 % and 67 %. Overall, laboratories performed well, though a few elements challenged 

the community, including mercury and selenium. 

 Background 

Consumers expect labeling information to be accurate on the food and dietary supplement 

products they purchase. In the United States (U.S.), accurate measurements of nutrients are 

needed to ensure compliance with the U.S. Food and Drug Administration (FDA) regulations on 

the levels claimed on Nutrition Facts and Supplement Facts labels. Seaweeds are used 

internationally in food and dietary supplement products, both as a standalone source of nutrients 

or as a functional ingredient. Laboratories must establish scientifically valid methods for the 

determination of toxic and nutritional elements to demonstrate the products are safe and meet 

their specifications. Monitoring toxic substances in foods and dietary supplements helps prevent 

hazardous exposures for consumers and reduces the risk of related negative health outcomes. A 

challenge in the kelp space is the variation and uncertainty of regulations for both toxic and 

nutritional elements within and among countries. Understanding the amounts and forms of 

elements in kelp will help underpin research and support evidence-based regulations for the 

many different end-uses of seaweed materials. 

In this study, participants were asked to use in-house analytical methods to determine the mass 

fractions of arsenic (total, tAs, and inorganic, iAs), cadmium (Cd), calcium (Ca), chromium (Cr), 

copper (Cu), iodine (I), lead (Pb), magnesium (Mg), mercury (Hg), potassium (K), 

selenium (Se), sodium (Na), sulfur (S), and zinc (Zn) in the kelp samples. These elements were 

selected to encompass both nutritionally important and known toxic elements with varying mass 

fractions in samples of three different powdered kelp species. 

 Study Information 

Participants were provided with samples of Kelp A (three 10 g packets, Saccharina latissima f. 

angustissima from the coast of Maine, U.S.), Kelp B (three 5 g packets, Ascophyllum nodosum 

from the Northern Atlantic Ocean), and Kelp C (three 5 g packets, Thallus laminariae from the 

East China Sea). SRM 3232 Kelp Powder (Thallus laminariae) was labelled as Kelp C for this 

DSQAP exercise to conceal the identity of the material to participants and will be referred to as 

SRM 3232 for the remainder of the report. Participants were asked to store the materials at 

controlled room temperature, 20 °C to 25 °C, in the original unopened packets until analysis and 

to prepare one sample and report one value from each packet provided. Before use, participants 

were instructed to thoroughly mix the contents of the packet and to allow contents to settle for 

one minute prior to opening to minimize the loss of fine particles prior to removal of a test 
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portion for analysis, and to use a sample size of at least 0.5 g for elemental analyses. 

Approximate analyte levels were not reported to participants prior to the study. 

Target values, associated uncertainties, and details on analytical methods are listed in the 

following individual analyte sections. For most elements in SRM 3232, target values were taken 

from the Certificate of Analysis (COA) at the time of this report [3]. These values were 

transformed to as-measured by moisture content by using the moisture correction in the COA 

(0.9368 g dry mass/g as-received mass) in order for the values to be comparable to the as-

received units requested for reporting by participants. Target values for Kelp A and B were 

determined at NIST with at least triplicate sample preparations. 

Enrollment and participation rates, averaged for the three kelp materials, for this study are 

detailed in Table 3-1. Some of the reported values were non-quantitative (zero or below LOQ) 

but are included in the participation and reporting statistics. 

Table 3-1. Enrollment and Participation Statistics for Elements in Kelp. 

Analyte 

Number of 

Laboratories 

Requesting 

Samples 

Number of Laboratories 

Reporting Results 

(Percent Participation) 

Averaged for all Samples 

Total Arsenic (tAs) 53 32 (60 %) 

Inorganic Arsenic (iAs) 40 7 (17 %) 

Cadmium (Cd) 53 34 (64 %) 

Calcium (Ca) 51 34 (67 %) 

Chromium (Cr) 50 31 (61 %) 

Copper (Cu) 52 28 (54 %) 

Iodine (I) 39 12 (31 %) 

Lead (Pb) 53 33 (62 %) 

Magnesium (Mg) 51 33 (65 %) 

Mercury (Hg) 51 30 (59 %) 

Potassium (K) 51 33 (65 %) 

Selenium (Se) 47 27 (57 %) 

Sodium (Na) 49 29 (59 %) 

Sulfur (S) 42 14 (33 %) 

Zinc (Zn) 51 28 (56 %) 
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 Study Results and Technical Recommendations 

The consensus confidence interval was compared to the NIST target range for each analyte to 

assess the performance of the participants and is summarized in Table 3-2. A consensus mean 

within the target range is an indication that the community is performing well. 

Table 3-2. Description of the consensus confidence interval in relation to the NIST target range for 
elements in kelp. 

Analyte 

Consensus Confidence Interval in relation to NIST Target Range 

Kelp A Kelp B SRM 3232 

Total Arsenic (tAs) 
Overlapping Above 

(mean at top of range) 

Within 

(mean above target) 

Within 

(mean = target) 

Inorganic Arsenic 

(iAs) 

Overlapping 

(mean = target) 

Within 

(mean below target) 

Overlapping Above 

(mean above range) 

Cadmium (Cd) 
Overlapping Below 

(mean below range) 

Below 

(mean below range) 

Overlapping Below 

(mean below range) 

Calcium (Ca) 
Overlapping Above 

(mean above target) 

Above 

(mean above range) 

Overlapping Above 

(mean above target) 

Chromium (Cr)  
Overlapping Below  

(mean below range) 

Overlapping Below 

(mean within range) 

Within 

(mean below target) 

Copper (Cu) 
Within 

(mean = target) 

Overlapping 

(mean at top of range) 

Overlapping Below 

(mean at bottom of range) 

Iodine (I)  (no target) (no target) 
Within 

(mean below target) 

Lead (Pb) 
Overlapping Below 

(mean below target) 

Overlapping 

(mean = target) 

Overlapping Below 

(mean below range) 

Magnesium (Mg) 
Within 

(mean above target) 

Within 

(mean above target) 

Within 

(mean = target) 

Mercury (Hg)  
Overlapping  

(mean above range) 

Above 

(mean above range) 

Overlapping Below 

(mean below range) 

Potassium (K) 
Below 

(mean below range) 

Within 

(mean below target) 

Overlapping Below 

(mean below range) 

Selenium (Se) 
Above 

(mean above range) 

Above  

(mean above range) 

Above  

(mean above range) 

Sodium (Na) 
Overlapping 

(mean within range) 

Overlapping Below  

(mean at bottom of range) 

Overlapping Below 

(mean below target) 

Sulfur (S) (no target) (no target) (no target) 

Zinc (Zn)  
Within 

(mean below target) 

Within 

(mean = target) 

Within 

(mean = target) 
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In order to assess performance of methods run by individual participants and the community as a 

whole, repeatability and reproducibility were compared to AOAC Standard Method Performance 

Requirements (SMPRs). At the time of this report, no SMPRs had been published specific to 

kelp or seaweed matrices, nor any that include all of the elements measured in this study. Several 

SMPRs were identified as acceptable proxies, including AOAC SMPR 2020.001 Determination 

of Heavy Metals in a Variety of Cannabis and Cannabis-Derived Products for tAs, Cd, Cr, Cu, 

Hg, Pb, Se, and Zn [4]; AOAC SMPR 2015.006 Quantitation of Arsenic Species in Selected 

Foods and Beverages for iAs [5]; AOAC SMPR 2014.004 Minerals and Trace Elements in Infant 

Formula and Adult/Pediatric Nutritional Formula for Ca, K, Mg, and Na [6]; and AOAC SMPR 

2012.008 Iodine in Infant Formula and Adult/Pediatric Nutritional Formula for I [7]. A suitable 

SMPR for evaluation of performance for methods determining S was not identified. The method 

performance requirements for cannabis were used when available for an element as the matrix 

was deemed a more appropriate proxy versus beverages and infant formula. Repeatability, 

demonstrated by within-laboratory variability, and reproducibility, demonstrated by between-

laboratory variability, are discussed in the individual sections. 

Most laboratories indicated use of microwave digestion as the sample preparation approach and 

inductively coupled plasma mass spectrometry (ICP-MS) as the analytical technique for 

determination of elements in kelp samples. Sulfur was an exception, with most laboratories 

indicating use of inductively coupled plasma optical emission spectrometry (ICP-OES) as the 

analytical technique. Individual sample preparation and analytical method statistics for each 

measurand are described in the individual element results sections. The tables summarize the 

reported sample preparation and analytical methods averaged for all samples, simplifying the 

methods. For example, microwave digestion includes aqueous, acid-assisted, and base-assisted 

techniques while ICP-MS includes liquid chromatography ICP-MS (LC ICP-MS), isotope 

dilution ICP-MS (ID-ICP-MS), ICP-MS in kinetic energy discrimination (KED) mode, etc. 

In addition to the overall recommendations made in Section 2, a few key recommendations 

should be highlighted for determination of elements in kelp. Sample preparation methods should 

be well validated prior to analyzing unknown samples. Established quality control materials 

(SRMs, CRMs, RMs, and in-house materials when not commercially available) and established 

methods of analysis should be used whenever possible. Larger than expected within-laboratory 

variability may be due to challenges in sample preparation, sample processing errors, or the use 

of smaller than recommended sample sizes for analysis. Also, laboratories reporting low values 

for all three samples should look for calibration issues or incomplete sample digestion. 

When using ICP-MS, laboratories should ensure proper use of the instrumental parameters and 

features. Many ICP-MS instruments run in pulse counting mode, which is more sensitive than 

analog mode. Instruments typically switch automatically between pulse counting and analog 

modes depending on the dynamic range and instrument sensitivity for the analyte, and therefore 

the instrument must be calibrated for both modes. To ensure that the calibration curve is linear in 

the pulse mode, a narrower range of calibration points should be used and all solutions should be 

diluted to fall within this lower range. When using ICP-OES, monitoring more than one 

wavelength for each analyte helps identify interferences or background shifts due to matrix 

effects at a given wavelength but also helps identify and prevent bias. Collision cell or reaction 

cell mode can be used to reduce or eliminate the interferences caused by molecular ions that have 

the same mass-to-charge ratio as the element of interest isotope. Laboratories should also be 

aware of carryover issues and use longer washout times between samples if  required (i.e., Hg). 
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3.4.1. Total Arsenic (tAs) 

Target values for tAs are summarized in Table 3-3. The target value for tAs in Kelp A was 

determined at NIST using nitric and hydrofluoric acid assisted microwave digestion and ICP-

MS. The target value for tAs in Kelp B was determined by combining results from HAMQAP 

Exercise 1 [8] and values determined in the same manner as those for Kelp A. The target value 

for tAs in SRM 3232 was determined at NIST using (1) nitric acid assisted microwave digestion 

and ICP-MS measurements and (2) a methanol extraction and liquid chromatography followed 

by offline Instrumental Neutron Activation Analysis (INAA) determination. 

Table 3-3. Summary of results and laboratory variabilities for tAs in kelp. 

Total Arsenic (tAs) 

Within-Laboratory 

Variability (% RSD) 

Averaged for all Samples Maximum 

3.6 % 29 % 

 Kelp A Kelp B SRM 3232 

Between-Laboratory 

Variability (% RSD) 
9 % 12 % 11 % 

Target Value ± U95 

Mass Fraction (µg/g) 
 62.78 ± 0.69  27.5 ± 1.0  35.9 ± 1.2 

Consensus Mean ± SD 

Mass Fraction (µg/g) 
 65.3 ± 6.1  28.2 ± 3.3  35.5 ± 4.0 

 

For the determination of tAs, 32 of the 53 laboratories requesting samples reported results, for a 

participation rate of 60 %. Within-laboratory variabilities for most laboratories were at or below 

3.6 %, with only six of the 32 laboratories greater than the published requirement of 7.3 % which 

demonstrates that most participantsô in-house methods achieve successful repeatability[4]. The 

between-laboratory variability was at or below 12 % for all samples, as seen in Table 3-3, which 

is slightly outside the published recommendation (8 %, [4]). The levels of tAs targeted in this 

study were higher than those in the SMPR (at or below 10 µg/g), which should make the 

recommended reproducibility more achievable. However, SMPRs are designed to evaluate the 

reproducibility of a single method being used in multiple laboratories, and in this study, 

laboratories were not using identical protocols. Considering all of these factors, the overall 

between-laboratory variability of 12 % or less for tAs is reasonable and acceptable for this study. 

As noted previously, the higher levels of tAs in the kelp materials may result in calibration bias if 

appropriate sample preparation steps (i.e., dilution) are not taken to ensure the as-measured 

sample concentration falls within the calibration range. 

More than half of laboratories reported using microwave digestion as their sample preparation 

method for tAs as shown in Table 3-4. Most laboratories reported using ICP-MS as their 

analytical method, with one laboratory using Triple Quadrapole ICP-MS (QQQ-ICP-MS). No 

definitive method bias was observed although 31 % of laboratories did not report a sample 

preparation method. Two laboratories used ICP-OES, including A024 (off scale in Fig. 3-1, 3-2, 

and 3-3), and these results were on the lower half of the consensus for all three materials. One 

laboratory used radiochemical neutron activation analysis (RNAA) and the results were on the 

upper half of the consensus for all three materials. 
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Table 3-4. Summary of sample preparation and analytical methods averaged across all samples for 
determination of tAs in kelp. 

Sample Preparation  Analytical Method 

Acid Digestion 

(no heat or microwave) 
10 %  ICP-MS 82 % 

Hot Block Digestion 3 %  ICP-OES 6 % 

Microwave Digestion 56 %  QQQ-ICP-MS 3 % 

None Reported 31 %  RNAA 3 % 

   Other/None Reported 6 % 

 

The consensus mean was above the target value for Kelp A, as shown in Fig. 3-1. The consensus 

mean was close to the target value, as seen in Fig. 3-2 and 3-3 for Kelp B and SRM 3232, 

respectively. The confidence interval for the consensus mean was within the target range for 

Kelp B and SRM 3232 and overlapped on the upper range of the target range for Kelp A. The 

high bias observed for the community in measurement of tAs in Kelp A may have resulted from 

a unique interference found in the precise species or growing area of this material or the specific 

manner in which this material was treated during harvest, processing, and packaging prior to the 

study. 

Approximately one quarter of laboratories reported values below both the consensus and target 

ranges for one or more samples. These laboratories should consider that arsenic is volatile and 

can be lost during sample preparation. In general, high temperatures in a closed system are 

required to ensure complete digestion of the materials prior to analysis for tAs. Laboratories that 

use open systems should consider instead a vigorous microwave digestion that should convert all 

volatile organoarsenic species to arsenic acid (AsV), after which point subsequent heating will 

not result in loss of As. Open beaker digestion may lead to low results due to loss of volatile As 

species. Closed-vessel digestions should be opened with care ensuring that no arsenic is lost 

because of inadvertent venting. 

Additionally, approximately one third of laboratories reported values above both the consensus 

and target ranges for one or more samples. Collision cell technology can be used to minimize the 

molecular ion interferences that may be found when analyzing tAs in these materials. Dilution of 

samples can also assist in reducing matrix interferences while ensuring that the as-measured 

analyte concentrations are within the calibration range. Use of standard additions or matrix-

matched calibration as well as analysis of appropriate blank samples will prevent 

misidentification of interferences as analyte signal. 

Additional tables and figures for tAs in kelp are located in Appendix B. 

 



NIST IR 8494 

November 2023 

14 

 

Fig. 3-1. Total arsenic in Kelp A (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an 

acceptable ὤ  score, ȿὤ ȿ ς. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its 

uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region represents the overlapping of the 95 

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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Fig. 3-2. Total arsenic in Kelp B (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an 

acceptable ὤcomm
ǋ  score, ὤcomm

ǋ ς. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its 

uncertainty (UNIST) and represents the range that results in an acceptable ὤNIST score, ȿὤNISTȿ 2. The shaded beige region represents the overlapping of the 95 % 

confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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Fig. 3-3. Total arsenic in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an 

acceptable ὤ  score, ȿὤ ȿ ς. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its 

uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region represents the overlapping of the 95 

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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3.4.2. Inorganic Arsenic (iAs) 

Target values for iAs are summarized in Table 3-5. The target value for iAs in Kelp A was 

determined at NIST using extraction followed by liquid chromatography ICP-MS (LC-ICP-MS) 

for analysis [9]. The target value for iAs in Kelp B was determined from HAMQAP Exercise 1 

results [8]. The target value for iAs in SRM 3232 was determined at NIST using a methanol 

extraction procedure and liquid chromatography followed by offline INAA determination and 

online ICP-MS determination (LC-ICP-MS). 

Table 3-5. Summary of results and laboratory variabilities for iAs in kelp. 

Inorganic Arsenic (iAs) 

Within-Laboratory 

Variability (% RSD) 

Averaged for all Samples Maximum 

5.6 % 12 % 

 Kelp A Kelp B SRM 3232 

Between-Laboratory 

Variability (% RSD) 
>100 % >100 % 52 % 

Target Value ± U95 

Mass Fraction (µg/g) 
 0.168  ±  0.035  0.16  ±  0.19  0.092 ± 0.015 

Consensus Mean ± SD 

Mass Fraction (µg/g) 
 0.19  ±  0.30  0.08 ±  0.15  0.125 ± 0.065 

 

For the determination of iAs, only 7 of 40 participating laboratories returned results (17 %). All 

laboratories achieved within-laboratory variability within the published repeatability requirement 

of 13 % (Table 3-5) [5]. The 6 laboratories reporting quantitative results for iAs were in poor 

agreement, with between-laboratory variabilities over 100 % for two of the kelp samples. The 

SMPR specifies desirable reproducibility to be at or below 20 % for foods and beverages in this 

concentration range [5]. 

Three laboratories reported using hot block digestion as their sample preparation method while 

one laboratory reported using acid digestion (no heat or microwave) as seen in Table 3-6. Five 

laboratories reported using ICP-MS as their analytical method. Figures 3-4, 3-5, and 3-6 show 

the spread of results with analytical method indicated by the color of the points. Due to the small 

data set no conclusions could be made regarding method bias, although the values obtained using 

LC-ICP-MS were consistently greater than the consensus mean and the values obtained using 

ICP-OES were consistently less than the consensus mean. The laboratories using these analytical 

methods should investigate whether their overall methods have biases not seen in other methods. 

The results off-scale in Fig. 3-5 and 3-6 were obtained using LC-ICP-MS and are likely 

influenced by a calculation or reporting error. 
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Table 3-6. Summary of sample preparation and analytical methods averaged across all samples for 
determination of iAs in kelp. 

Sample Preparation  Analytical Method 

Acid Digestion 

(no heat or microwave) 
15 %  ICP-MS 70 % 

Hot Block Digestion 45 %  ICP-OES 15 % 

None Reported 40 %  AAS 15 % 

 

The consensus mean for Kelp A was close to the target value and the confidence interval was 

overlapping the target range, as seen in Fig. 3-4. The consensus mean for Kelp B was below the 

target value and the confidence interval was within the target range, as seen in Fig. 3-5. The 

consensus mean for SRM 3232 was above the target value and the confidence interval was 

overlapping the upper range of the target range, as seen in Fig. 3-6. 

In order to make useful interpretation of the data, more information regarding the sample 

preparation methods used by the participants is required, including extraction solvent type and 

duration. A mild extraction procedure should be used for iAs quantification, as harsh chemicals 

and extraction conditions promote conversion of As species which can lead to biases [9, 10]. 

Measurement methods should be reported correctly and completely. Laboratories might have 

incorrectly reported using ICP-MS or ICP-OES to determine iAs, as these are elemental 

detectors that cannot distinguish the species of an element without use of a separation technique. 

Additional tables and figures for iAs in kelp are located in Appendix B. 
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Fig. 3-4. Inorganic arsenic in Kelp A (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red line represents the upper bound of the consensus range of tolerance, calculated as the value above the consensus mean that results 

in an acceptable ὤ  score, ȿὤ ȿ ς, with the lower bound set to zero. The red shaded region represents the NIST range of tolerance, which encompasses 

the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region 

represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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Fig. 3-5. Inorganic arsenic in Kelp B (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red line represents the upper bound of the consensus range of tolerance, calculated as the value above the consensus mean that results 

in an acceptable ὤ  score, ȿὤ ȿ ς, with the lower bound set to zero. The red shaded region represents the NIST range of tolerance, which encompasses 

the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region 

represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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Fig. 3-6. Inorganic arsenic in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red line represents the upper bound of the consensus range of tolerance, calculated as the value above the consensus mean that results 

in an acceptable ὤ  score, ȿὤ ȿ ς, with the lower bound set to zero. The red shaded region represents the NIST range of tolerance, which encompasses 

the target value bounded by twice its uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region 

represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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3.4.3. Cadmium (Cd) 

Target values for Cd are summarized in Table 3-7. The target values for Cd in Kelp A and Kelp 

B were determined at NIST using nitric acid assisted microwave digestion and ICP-MS. The 

target value for Cd in SRM 3232 was determined at NIST using nitric and hydrofluoric acid 

assisted microwave digestion and isotope dilution ICP-MS (ID-ICP-MS). 

Table 3-7. Summary of results and variabilities for Cd in kelp. 

Cadmium (Cd) 

Within-Laboratory 

Variability (% RSD) 

Averaged for all Samples Maximum 

5.1 % 59 % 

 Kelp A Kelp B SRM 3232 

Between-Laboratory 

Variability (% RSD) 
9 % 8 % 11 % 

Target Value ± U95 

Mass Fraction (µg/g) 
 1.16  ±  0.02  0.38  ±  0.006  0.40 ± 0.008 

Consensus Mean ± SD 

Mass Fraction (µg/g) 
 1.10  ±  0.10  0.36  ±  0.03  0.37 ± 0.04 

 

For the determination of Cd, 34 of 53 laboratories reported results (64 %). Of the 33 laboratories 

reporting quantitative results, 28 laboratories reported within-laboratory variabilities within the 

published requirements of 7.3 % for mass fractions above 1 µg/g and 11 % for mass fractions 

below 1 µg/g [4] in all kelp samples (Table 3-7). The average within-laboratory variability was 

5.1 %, which demonstrates that most participants achieved acceptable repeatability for 

determination of Cd using their in-house methods. The between-laboratory variabilities were at 

or below 11 % for all samples, generally consistent with the published reproducibility 

recommendations of at or below 8 % for mass fractions above 1 µg/g and at or below 16 % for 

mass fraction below 1 µg/g [4]. 

More than half of the laboratories that reported a sample preparation method indicated using 

microwave digestion (Table 3-8). Most of the laboratories reported using ICP-MS as their 

analytical method. No method bias was observed, although 32 % of laboratories did not report a 

sample preparation method. 

Table 3-8. Summary of sample preparation and analytical methods averaged across all samples for 
determination of Cd in kelp. 

Sample Preparation  Analytical Method 

Acid Digestion 

(no heat or microwave) 
9 %  ICP-MS 82 % 

Hot Block Digestion 3 %  ICP-OES 6 % 

Microwave Digestion 56 %  QQQ-ICP-MS 3 % 

None Reported 32 %  RNAA 3 % 

   Other/None Reported 6 % 
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The consensus mean for Cd was outside of the target range and the confidence interval was 

overlapping the lower range of the target range for all three kelp samples, as seen in Fig. 3-7, 

3-8, and 3-9 for Kelp A, Kelp B, and SRM 3232, respectively. 

Laboratories that consistently report low values should evaluate their sample preparation method 

to determine whether complete extraction of Cd from the materials is being achieved. A high 

temperature in a closed vessel system is suggested to ensure a complete digestion of the sample. 

Laboratories that consistently report values above the target range should consider potential 

interferences. Spectral/isobaric interferences can make Cd difficult to measure accurately by 

ICP-MS. Presence of certain elements (e.g., Mo, Sn, or Zr) in samples is known to cause 

interferences in the analysis of Cd by ICP-MS. Isobaric spectral interferences such as 95Mo16O+ 

and 97Mo16O+ can affect the accuracy of Cd determination at m/z 111 and m/z 113 by ICP-MS 

and usually result in biasing the results above the true value. Most ICP-MS instruments allow an 

elemental survey of the sample prior to the measurement of analytes of interest without the need 

for calibration standards. Such a scan of the sample before analysis will help to identify any 

potential interferences in the sample that will need to be addressed. 

Laboratory A079 reported LOQ values above the consensus range of tolerance for all three 

materials when using RNAA. SMPR 2020.001 recommends that methods for Cd should achieve 

an LOQ of 0.1 ug/kg [4], which is sufficiently low to measure Cd in the kelp materials in this 

study. 

Additional tables and figures for Cd in kelp are located in Appendix B. 
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Fig. 3-7. Cadmium in Kelp A (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an 

acceptable ὤ  score, ȿὤ ȿ ς. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its 

uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region represents the overlapping of the 95 

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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Fig. 3-8. Cadmium in Kelp B (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an 

acceptable ὤ  score, ȿὤ ȿ ς. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its 

uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region represents the overlapping of the 95 

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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Fig. 3-9. Cadmium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an 

acceptable ὤ  score, ȿὤ ȿ ς. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its 

uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region represents the overlapping of the 95 

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 
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3.4.4. Calcium (Ca) 

Target values for Ca are summarized in Table 3-9. The target values for Ca in Kelp A and Kelp 

B were determined at NIST using nitric and hydrofluoric acid assisted microwave digestion and 

ICP-OES. The target value for Ca in SRM 3232 was determined at NIST using (1) INAA after 

the material was pressed into pellets using a stainless-steel die and (2) nitric acid assisted 

microwave digestion and ICP-OES. 

Table 3-9. Summary of results and laboratory variabilities for Ca in kelp. 

Calcium (Ca) 

Within-Laboratory 

Variability (% RSD) 

Averaged for all Samples Maximum 

4.1 % 74 % 

 Kelp A Kelp B SRM 3232 

Between-Laboratory 

Variability (% RSD) 
18 % 14 % 14 % 

Target Value ± U95 

Mass Fraction (mg/g) 
 9.22 ± 0.57  12.20 ± 0.19  11.49 ± 0.64 

Consensus Mean ± SD 

Mass Fraction (mg/g) 
 10.0 ± 1.8  13.2 ± 1.9  12.4 ± 1.7 

 

For the determination of Ca, 34 of 51 laboratories reported results (67 %). The average within-

laboratory variability was 4.1 % (Table 3-9) with only seven laboratories above 5 %, which 

indicates that most participantsô in-house methods achieve repeatability consistent with the 

published requirement (5 % [6]). At least one laboratory reported variability greater than 50 %, 

and these results should be assessed for any calculation and reporting errors. The between-

laboratory variabilities ranged from 14 % to 18 % for the kelp samples, which is greater than the 

published requirement of 10 % for multiple laboratories using the same method [6]. Notably, the 

Ca levels in the kelp materials were greater than the upper analytical range of the SMPR 

(0.0016 mg/g), and higher levels generally result in community results with greater agreement. 

To ensure samples are within the calibration range, however, appropriate sample preparation 

steps (i.e., dilution) should be taken for higher concentrations of Ca. 

Nearly half of the laboratories that reported their sample preparation method indicated using 

microwave digestion as seen in Table 3-10. Most laboratories reported using either ICP-MS or 

ICP-OES as their analytical method. A positive bias for ICP-MS was observed in the Ca data 

from several laboratories. No sample preparation method bias was observed although 32 % of 

laboratories did not report a method. 
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Table 3-10. Summary of sample preparation and analytical methods averaged across all samples for 
determination of Ca in kelp. 

Sample Preparation  Analytical Method 

Acid Digestion 

(no heat or microwave) 
9 %  ICP-MS 47 % 

Hot Block Digestion 9 %  ICP-OES 39 % 

Microwave Digestion 45 %  QQQ-ICP-MS 3 % 

Open Beaker Digestion 3 %  ICP 3 % 

Thermal Decomposition 2 %  RNAA 3 % 

None Reported 32 %  Other/None Reported 6 % 

 

The consensus mean was above the target value for all three kelp samples, as seen in Fig. 3-10, 

3-12, and 3-14 for Kelp A, Kelp B, and SRM 3232, respectively. All results off-scale in these 

figures were obtained using ICP-MS. The consensus confidence interval was overlapping the 

upper range of the target range for both Kelp A and SRM 3232 and was above the target range 

for Kelp B. Most laboratories were able to successfully measure Ca in SRM 3232 but had more 

difficulties measuring it in Kelp A and Kelp B. 

In all materials, more than 40 % of the ICP-MS reported values were above the target range, as 

seen in Fig. 3-10, 3-12, and 3-14, suggesting a potential positive bias for many users of this 

analytical method. The kernel density estimation (KDE) plots shown in Fig. 3-11, 3-13, and 3-15 

for Kelp A, Kelp B, and SRM 3232, respectively, further demonstrate this high bias for Ca 

results measured using ICP-MS. In the KDE plot, the blue line represents the distribution of 

ICP-MS results as compared to results from all other reported analytical methods (black line). 

Although a high bias is indicated, the same two laboratories with results that are off-scale and 

significantly lower than the consensus mean in Fig. 3-10, 3-12, and 3-14 also reported using 

ICP-MS. These laboratories should take care to ensure appropriate units and calculations are 

used, as well as check for any calibration and sample preparation issues. 

Spectral/isobaric interferences can make Ca difficult to measure accurately by ICP-MS. High 

mass fractions of certain elements (e.g., Ar) are known to cause interferences in the analysis of 

Ca by ICP-MS. Isobaric spectral interferences such as 40Ar+, 12C16O2, and 14N2
16O are common, 

with 40Ar+ being the largest potential interference. Collision cell technology can be used to 

minimize molecular interferences that may be found in these three materials. If 44Ca is the atomic 

mass measured, He should be used as the collision gas. If 40Ca is the atomic mass measured, H2 

should be used as the collision gas. 

Additional tables and figures for Ca in kelp are located in Appendix B. 
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Fig. 3-10. Calcium in Kelp A (data summary view ï analytical method). 

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of the data point represents 

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the 

consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an 

acceptable ὤ  score, ȿὤ ȿ ς. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its 

uncertainty (UNIST) and represents the range that results in an acceptable ὤ  score, ȿὤ ȿ ς. The shaded beige region represents the overlapping of the 95 

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region). 


























































































































































































































































































































































































































































































































































































