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Abstract

TheNational Institute of Standards and TechnoldgiS(T) Dietary Supplement Laboratory
Quality Assurance Program (DSQAP) wasnchedn 2007 in part as a collaboration with the
National Institutes of Healti\N]H) Office of Dietary Supplements (ODS)he DSQAPenabls
laboratories to improve the accuracy of si@ments in samplésr nutrients, marker
compounds, toxic elements, andéantaminantsn dietary supplement ingredients and finished
productsExerciseli s t he si xteenth DSQAP exercise (prev
t hr ough A Odavasdesighedemthcatudias offéring the opportunity for laboratories to
assess their thousetechnique®n a varietyneasurement$studies includd determination®f
select toxic and nutritionalementsvitamins, contaminantandproximatesn kelp, polyphenol
content in kel@nd green teavatersolublevitaminsin meal replacemertrink formulations
andbotanicalmarker compourglin dietary supplement ingredient materials and finished
products.This report summarizes the results, descrdizervations, and provides technical
recommendations for measurement improvements.

Keywords

Botanicals; Consumer Safefjetary Supplementdselp; Quality Assurance; Reference
Materials.
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1. Introduction

1.1. Background

TheNational Institute of Standards and TechnologiST) Dietary Supplement Laboratory
Quality Assurance Prograr$QAP) wasfirst establishedn 2007in part as a collaboration
with the National Institutes of Healti\|H) Office of Dietary Supplement©0S). The program
wasintegraedinto the Health Assessmielleasuemens Quality Assurance Program
(HAMQAP) in 2017 but wasrevivedas the DSQAM 2022 The current DSQARontinueghe
ongoingcollaborativeeffortsbetweerNIST andthe NIH ODS

NIST hasmore than 30 years experience in the administration of QAR ludinghistorical
programdqi.e., Micronutrients Measureme@AP (MMQAP), Vitamin D Metabolite QAP
(VitDQAP), andHAMQAP] andcurrently active progranis.e., Cannabis Laboratory QAP
(CannaQAP, FoodNutrition and SafetyMeasurement®AP (FNSQAB]. The DSQAFocuses
on improving themeasurement capabilities of theetary supplemerdgnd natural product
measurement communitieRarticipating laboratories are interested in evaluatidgpimse
methods ora wide variety of challenging, remlorld matrices to demonstrate that their
performance is comparable to that of bneadercommunity and that their methods provide
accurate result$n areas where fewonsensus or officiahethods have been recognized,
DSQAPisa unique tool for assessment of the quality of measurements and provides feedback
about performance that can assist participants in improving laboratory operations.

DSQAPoffers the opportunity for laboratories to assess thdiouse measurements of
nutritional and toxic elementajater andfat -soluble vitamins, marker compoundsdorganic
contaminants in samples distributed by NIST. Reports and certificates ofpaditin are

provided and may be used to demonstrate compliancecwitént Good Manufacturing

Practices (cGMP9 or to fulfill proficiencyrequirement&stablishedby accreditation bodie$n
addition, NIST andSQAP assist th&llIH ODS Analytical Methods and Reference Materials
(AMRM) program in supporting the development and dissemination of analytical tools and
reference material&esults fromDSQAP exercises could be used by ODS and NIST to identify
problematic matrices and analytes for whoomsensudpasedmethods of analysiwould benefit

the dietary supplemesimeasurement communities

DSQAPExercise 1 wakeveraged tdelpidentify measuremerdiscrepanciethat impacthe
seaweed farmingndustry andpinpointmethodologies thatould benefifrom standardizatiomo
improvethe compositional testing of kelp materialehese studies werp@nsoredhrough a
collaboration between NIST amdorld Wildlife Fund(WWF).

While NIST QAP exercises are not proficiency $&fT) and are not intended to pass strict
evaluation of laboratory performance, they are conducted accordinigtoational

Organization for StandardizatiotSQ)/ International Electrotechnical CommissigC) 17043
andare 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 referencelnater
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This report summarizes the results framxercise 1 of the DSQA@ifteen previous DSQAP
exercisesverenamedexercise A through Exercise)Beventynine laboratories responded to
theJanuary 2022all for studyparticipaton for DSQAP Exercise as seen ifable 1-1.
Samples were shipped to participantd/iy 2022and results were returned to NIST hyne 17,
2022 This report contains the final data and information that was disseminated to the
participantsn October2023.

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

Study Group Analytes Samples
Elements tAs, iAs, Cd, Ca, Cr, Cul, Pb, Kel
Mg, Hg, K, Se, NaS, Zn P
Vitamins | Vitamin Bs, Vitamin K, Kelp
Botanicals | Gallic acid Gallic acid equivalents CIEE IEE Ikeeall;)/es i 20
Proximates Ash, Carbohydrates, Fat, Proteiiolids, Kel
Starch, Total Dietary Fiber, Calories P
PFBS PFBA PFDOA PFHPA PFHXDA,
Contaminants PFHXS PFHXA, PFNA, PFOS PFOA PFPEA Kelp
PFODA PFTEDA PFTRDA PFUDA
o I Meal Replacement Drink
Vitamins |l Vitamins B, Bz, Bs, Bs, Bs, Br, Bo, Brz formulations, Protein Powdel
12-deoxywithastromonolidéVithaferin A
Botanicals |l Withanolide A Withanolide B Ashwagandha Root Powder

Withanoside 1V Withanoside V and Extract

Each study is summarizéadividually with appropriatdables, figures, and texandis reported
by section. Additionaltables and figures can be found in the AppendiCeaclusionsand
technical recommendatioasedrawn for the entirexercisevhen possiblendreported in the
Overall Technical Recommendationsection

1.2. Overview of Data Treatment and Representation

Individualized data tables and certificates are provided to the participants thaubavieted

data in each study, in addition to this repBrtamples of the data tables are also included in each
section of this reporCommunity tables anfiguresare provided using randomized laboratory
codes Laboratories only know their own particifgat code The statistical approaches are

outlined below for each type of data representation.

1.2.1. Statistics

Data tables anfiguresthroughout this report contain information about the performance of each
laboratory relative to that of the other participantthis study and relative to a target around the
expected result, if available. All calculations are performed inlBR®Ius (QuoData GmbH,
Dresden, Germany). The consensus re@ad standard deviatisare calculated according to

the robust Q/Hampel madd outlined in ISO 13528022 Annex C[1].
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1.2.2. Individualized Data Tables

The datan Table 1-2is individualizedto each participating laboratoayd is provided to allow
participantsto directly compare their data to the summary statistics (consensus or community
data as well as NIST certifiedpn-certified,or estimated values, when availablegrticipating
laboratories receive uniquely coded individualized data tables in a sepatabeidon with the
randomized laboratory codle the upper left of the data tabExample individualized data

tables included in this repaate made with this section blatkprotect 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 S Z'comm ZyisT N X* s* XNIST U
Analyte 1  Sample Name A unit
Analyte 1~ Sample Name B unit Individual laboratory results will
Analyte 2 Sample Name A unit appear in this section; Laboratory Community results wil Target values will
) specific results were provided to ea( . );h' i appear in this
Analyte 2 Sample Name B unit participant separately from this appearin this section section
Analyte 3 Sample Name A unit o
Analyte 3  Sample Name B unit
Xi  Mean of reported values N Number of quantitative XnisT  targetvalue
s Standard deviation of reported value values reported U expanded
2 Z-score with respect to community ., Robust mean of reported uncertaintyabout
comm - consensus values thetargetvalue

Zyst  Z-score with respect to NIST value s* Robuststandard deviation

Section 1 of the data tabl¥qur Resulfscontains 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 fflem that laboratory fothe correspondingnalyte or matrix. An
empty box br standard deviation indicates that the participeporteda single value or a value
below thelimit of quantification(LOQ) and therefore that value was not included in the
calculation of the consensus data.

Also included in Section @f the data tablare twoZ-scores. The firsf-score Zagmm, 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 standhdeviation (s*), and standard deviation for proficiency assessment (SDPA,
, ) determined from the Q/Hampel estimator:

., W w?

(@)

w4

” l

The second-score ZnisT, is calculated with respect to the target value (when available), using
w  andUgswhereUgs is the expanded uncertainty on the certifiechon-certifiedvalue, or
UnistwhereUnist represents the expanded uncertaoftilIST or other measurements:
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Significance of theZ-scores:

1 |Z| < 2 indicates that the laboratory result is considered to be within the community
consensus range (f@egmn) or target range (fanist).

1 2 <|Z| < 3indicates that the laboratory result is considered to be marginally different
from the community consensus value @agmnm) or target value (foEnis).

1 |Z|> 3 indicates that the laboratory result is considered to be significantly different from
the community consensus value (Ezgmn) or target value (foEnist).

Section 2 of the data tablE§gmmunity Resulixontains the consensus results, including the

number of laboratories reporting more than a single quantitative valeadbanalyte, thenean

value determined for each analyte, and a robust estimate of the standard deviation of the reported
valueg[1]. Consensus means and standard deviations are calculated using the laboratory means;
if a laboratory reported a single value, the reported value is not includiedermination of the
consensus valug$]. Additional information on calculation of the cgensus mean and standard
deviation can be found in the previous section.

Section 3 of the data tabl€grge) 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 studyhe NIST certified or notwertified values and associated uncertag{lUos)

areused as target valseThe criteriaused by NIST to assigeertified and norcertified valuess
described elsewhefg]. Target values for othestudy samplemay be determined at NIS3F by

a collaborating laboratorgsthe mean of at least three replicafEsiget values may also be

based on information provided by the material manufacturréeterminedrom another

interlaboratory study or prmiency testing progranwherethe 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 @iatian their laboratory to data reported by the other
participating laboratorieandto the consensus data. A blank indicates that the laboratory signed
up and received samples for that analyte and matrix, but NIST does not have dataam file
that laboratoryAn empty box for standard deviation indicates that the particiepotrteda

single value or a value below th®Q and therefore that value was not included in the
calculation of the consensus dddaa t a h i g rtedhavg lbeendlagged as a data entry of
zero or results that include text (ef.& OQO0 or A p r eyBlighted i0 Plue halzesbeea h |
identified as outside the consensus tolerance limits and would be estimated [fagigi> 2

by thePRCLab software packagé summary data table example is shawiTable 1-3 and the
following are soméaboratory data reping examplesLaboratorycode 4only reported one

value for one samplend therefore no standard deviation is shdvedoratorycode6 data
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resulted in valuesutside the consensus tolerance liraitsl is highighted with blue text
Laboratorycode 10reportal zero, which is not an appropriate resattd 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
Target Target U Target U

(lab code 1)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD
I (labcode 2)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD
E (lab code 3)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD
& | (labcode 4) Vvalue1 Value 1
E (lab code 5)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD
_'g (lab code 6)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD
S (labcode 7)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD
- (labcode 8)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD

(labcode 9)| Valuel Value2 Value3| Avg SD| Valuel Value2 Value3| Avg SD

(lab code 10) 0 0 0 0 0 0 0 0 0 0
- Consensus Mean (Avg) Consensus Mean (Avg)
F=g Consensus Standard Deviation  (SD) Consensus Standard Deviatior (SD)
>S5 . .
ED 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 datai@mond$ are plotted with the individual laboratory
standard deviation (rectangle). Laboratories reporting values below. @@ are shown in this
view as downward triangles beginning at the LOQ, reportegiastificationlimit (QL) on the

figures

Laborator.

es

report.

ng

v al

ues

as

nbel

target value is also below the laboratory LO®e bliesolid line represents the consensus
mean, and the green shaded area represerfis #heconfidence interval for the consensus mean,
based on thetandardincertaintyof the consensus mean. The uncertainty in the consensus mean

is calculated usipthe equation below, based on the repeatability standard deviajiotiné

reproducibility standard deviation (), the number of participants reporting data, and the
average number of replicates reported by each participant. The uncertainty alvoustresus
mean is independent of the range of tolerance.

ow
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The red shaded region repretsetine targetangef or fAacceptabl edo perfor ma

encompasses the target value bounded by twice its uncertdgwgiyrUnist). The solid red lines
represent the range of tolerance (values that result in an accefamhlescore 30 S Q).

If the lower limit is below zero, the lower limit has been set to zero. In this view, the relative
locations of individual laboratorgata and consenstanges with respect to the targetngecan
be compared easily. In most cases, the taegefeand the consensuangeoverlapin thebeige
shaded regionyhich is thedesiredresult.Major program goalscludecenteing the consensus
rangeabout the target valuendredugng the size of the consenstange 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 targg In the
case in which a method comparisomakevant, different colored data points may be used to
identify laboratories that used a specific approach to sample preparation, analysis, or
guantitation

1.2.4.2. Sample/Sample Comparison View

In this view, the individual laboratory results for one sample (BIGT 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 fieshple (xaxis) and the second sampleaxis), if

available. The dotted blue box represents the consensus range for the first seamgeamd

the second sample-@xis). The axes of this graph are centered about the consensus mean values
for each sampl to a limit of twice the range of tolerance (values that result in an acceptable

@ score 30 s ¢ . Depending on the variability in the data, the axes may be scaled
proportionally to better display the individual data points for each labgrdtosome 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 datgyreat(greater than 100 % RSD), the dotted

blue box may also only appear partially e 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
capabilitiesIn 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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2. Overall Technical Recommendations

The followinggeneral technicaecommendationare 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 recommendttiog. sec

Theuseof quality assurancer quality controlmaterials(commercially available reference
materiak or appropriately characterizedouse materig) helpsto establish that sample
preparation methods and analytical megacek appropriate angerforming as expectedhe
analysis of blanks can provide information absatirces of analyticalariability, such asrom

the sample preparation procedure or théema itself Analysis of a statistically sufficient
number of procedural blanksimportant, especially when determining an LOQ or when trying
to reduce samplto-sample variability.

Proper @libration s critical to successful measuremeh#en using a calibration curve,
linearity must be ensured at theass fractionsf the sample solutions being measuaed he
range ofcalibrantmass fractionshould encompass tlasmeasuregdample mass fractionklo
asmeasurecgample mass fractions should be outside of the linear rdtagerials used in
calibrant preparation should be assesseg@daty, and themeasured purity should be used to
correct theggravimetric or volumetriconcentrations of the solahs used for calibration.
Calibrant materials should albe assessed for thegsence of residual solvents prior to.use
Purity evaluation is especially critical for vitamins and botanical marker compddalilszants
should be preparad a manner tonatch the final sample preparatisolution {.e.,similar mass
fractions and similasolvent)whenever possible avoid poéntial biases that may arise during
sample preparation or from differences in chromatographic retention time or detector sensitivity
The addition ofininternal standard is recommended to help improve the precision of the
instrumental measurements. Sdlegthe appropriate internal standard will help to correct
measurement variability between the calibration standards and the samples.

Specifically to the QR, calculations and reporting unitshouldbe verifiedprior to submission

of results. Laboratoriesften 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 toleranalpretsminary

data sheets should check for these types of errors and provide correctedResults.should

alsobe recorded appropriately in the online data entry systemexamplezero is not a

guantity that can be measuraad should not be reportadl resultsare belowa method_OQ,

valuess houl d be r eport ed.Blaskdataeattyields are anly appréprgate0 . 0 2
whenno measurements were made

(
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3. Elements in Kelp

3.1. Executive Summary

Elemental analysief foods and dietary supplemeidscritical toconsumer health and safety.
The goal of this studwasto understand how the measurement community is perforfoiriype
determiration oftoxic and nutritional elemestn powdered kelp materials. Between&®d 53
laboratories registerddr individual elementsas seen iifable 3-1, with data return rates
between 17 % and 67 %verall, laboratories performed well, though a few elememadienged
the communityincludingmercury and seleam.

3.2. Background

Corsumers expect labeling information to be accurate on the food and dietary supplement
products they purchase. In tbaited States.S), accurate measurements of nutrients are
needed to ensure compliance with th&. Food and Drug AdministratiofFDA) regulations on

the levels claimed on Nutrition Facts and Supplement Facts labels. Seaweeds are used
internationallyin food and dietary supplement prodydisth as a standalone souctenutrients

or as a functional ingredieritaboratories must estabiiscientifically valid methods for the
determination ofoxic andnutritional elements to demonstrate the prodaotssafe antheet

their specifications. Monitoring toxic substances in foods and dietary supplements helps prevent
hazardougxposursfor consumers and reduces the risk of related negative health outcomes. A
challenge in the kelp space is the variation and uncertainty of reguldrdssth toxic and
nutritional elementsvithin andamongcountries. Understanding t@enountsand forms of

elemants in kelp will help underpiresearctand supporévidencebasedegulations for the

many different endisesof seaweed materials.

In this study, participants were asked to usbanse analytical methods to determine the mass
fractions of arsenic (totatAs, and inorganic, iAs), cadmium (Cd), calcium (Ca), chromium (Cr),
copper(Cu), iodine (l), lead (Pb), magnesium (Mg), mercury (Hg), potassium (K),
selenium(Se), sodium (Na), sulfur (S), and zinc (Zn) in the kelp samples. These elements were
selectedo encompass both nutritionally important and known toxic elenwvattissaryingmass
fractionsin samples othree different powdered kefpecies

3.3. Study Information

Participants were provided with samples of Kelp A (three 10 g pa&atsharindatissina f.
angustissimdrom the coast oMaine, U.S.), Kelp B (three 5 g packetascophyllum nodosum

from theNorthern Atlantic OcegnandKelp C (three 5 g packet3hallus laminariagfrom the

East China SeafRM 3232 Kelp PowderThalluslaminaria€ was labelled as Kelp C fohis

DSQAP exerciséo conceathe identity of the materiab participantand will be referred to as

SRM 3232 for theemaindeof the reportParticipants were asked to store the mateatl

controlled room tempature, 20°C to 25°C, in the original unopened packetgtil analysisand

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 contsettdedor

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.®pfoental analyses
Approximate analyte levels were not reported to participamds fo the study.

Target valuesassociatedincertaintiesanddetails onanalyticalmethod are listed in the
following individual analyte sections. For most elements in SF282,target values were taken
from the Certificate of Analysis (COA) at the time of this rep8}t These values were
transformedo asmeasuredy moistureconten by using the moisture correction in the COA
(0.9368 g dry mass/g-asceived massh order for thevalues to be comparalte theas
receiveadunitsrequested for reportingy participantsTarget values for Kelp A and B were
determined at NISWith at leastriplicate sample preparations.

Enrollment and participation ratesveraged for the thrdeslp materialsfor this study are
detailed inTable 3-1. Some of the reported values were fuantitative (zero or below LOQ)
but are included in thparticipation and reporting statistics.

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

Number of Number of Laboratories
Analyte Laboratories Reporting Results
Requesting (Perent Participation)
Samples 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 %)
lodine (1) 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) a7 27 (57 %)
Sodium (Na) 49 29 (59 %)
Sulfur (S) 42 14 (33 %)
Zinc (Zn) 51 28 (56 %)
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3.4. Study Results and Technical Recommendations

The consensus confidence interval was compared to the NIST target range for each analyte to
assess thperformance of the participants and is summarizélhlsle 3-2. A consensus mean
within the target range is an indication that the comiyus performing well.

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

Consensu<Confidence Intervalin relation to NIST Target Range

Analyte Kelp A Kelp B SRM 3232
; Overlapping Above Within Within
Total Arsenic (tAs) (mean at top of range) (mean above target) (mean = target)
Inorganic Arsenic Overlapping Within Overlapping Above

(IAs)
Cadmium (Cd)

Calcium (Ca)
Chromium (Cr)
Copper (Cu)
lodine (1)
Lead (Pb)
Magnesium (Mg)
Mercury (Hg)
Potassium (K)
Selenium (Se)
Sodium (Na)
Sulfur (S)

Zinc (Zn)

(mean = target)

Overlapping Below
(mean below range)

Overlapping Above
(mean above target)

Overlapping Below
(mean below range)

Within
(mean = target)
(no target)
Overlapping Below
(mean below target)
Within
(mean above target)

Overlapping
(mean above range)

Below
(mean below range)

Above
(mean above range)

Overlapping
(mean within range)

(no target)

Within
(mean belw target)

(mean at bottom of range

10

(mean below target)

Below
(mean below range)

Above
(mean above range)

Overlapping Below
(mean within range)

Overlapping

(mean at top of range)

(notarget)
Overlapping
(mean = target)
Within
(mean above target)

Above
(mean above range)

Within
(mean below target)

Above
(mean above range)

Overlapping Below

(no target)

Within
(mean = target)

(mean aboveange)

Overlapping Below
(mean below range)

Overlapping Above
(mean above target)

Within
(mean below target)

Overlapping Below

(mean at bottom of range

Within
(mean below target)

Overlapping Below
(mean below range)

Within
(mean = target)

Overlapping Below
(mean below range)

Overlapping Below
(mean below range)

Above
(mean above range)

Overlapping Below
(mean below target)

(no target)

Within
(mean = target)
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In order to assess performancevathods run byndividual participants and the community as a
whole,repeatability and reproducibilitwere compared tAOAC Standard Method Performance
Requirement§SMPR3. At the time of this reporjo SMPRshad been publishespecific to

kelp or seaweedatrices nor anythat includeall of the elementseasured in this stud$everal
SMPRswere identified as acceptable proxiesludingAOAC SMPR 2020.001 Determination
of Heavy Metals in a Variety of Cannabis and Cann&8@sved Product$or tAs, Cd, Cr, Cu,

Hg, Pb, Se, and Z@]; AOAC SMPR 2015.006 Quantitation of Arsenic Species in Selected
Foods and Beveragésr iAs [5]; AOAC SMPR 2@4.004 Minerals and Trace Elements in Infant
Formula and Adult/Pediatric Nutritional Formuta Ca, K, Mg, and N§6]; andAOAC SMPR
2012.008 lodine in Infant Formula and Adult/Pediatric Nutritional Forrfar& [7]. A suitable
SMPR forevaluationof performance for methods determini8gvas notdentified The method
performance requiremenftsr cannabis were used when availafolean elemenas the matrix
was deemed a moeppropriatgroxy versus beverages and mféormula.Repeatability
demonstratety within-laboratory variabilityand eproducibility, demonstratetdy between
laboratory variability arediscussedhn the individualsections.

Most laboratories indicated use of microwave digestion as the sameplratiorapproachtand
inductively coupled plasma mass spectrometry {M$) asthe analyticatechniqueor
determination of elements in kelp samples. Sulfur was an exception, with most laboratories
indicating use of inductively coupled plasimtical emission spectrometry (ISPES)as the
analytical techniquendividual sample preparation and analytical method statistics for each
measurand are described in the individual element results sections. The tables summarize the
reported sample predion and analytical methods averaged for all samples, simplifying the
methods. For example, microwave digestion includes aqueousassigled, and basessisted
techniques whiléCP-MS includes liquid chromatography 1EWS (LC ICRMS), isotope

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

In addition tothe overall recommendationsadein Section 2 afew key recommendations

should be highlighted fatetermination of elements in kelpample preparation methods altb
bewell validatedprior to analyzing unknown sampldsstablishedjuality control materials
(SRMs, CRMs, RMs, and ihouse materials when not commercially available) and established
methods of analysis should be used whenever posk#nigerthan expeted withirlaboratory
variability may be due to challenges in sample preparaample processing erros the use

of smaller than recommended sample sizes for ana®dsis, laboratories reporting low values

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

When using ICRMS, laboratories shouldnsureproper use of the instrumental parameters and
featuresMany ICRMS instruments run in pulse counting mode, which is more sensitive than
analog mode. Instrumentgoically switch automatically between pulse counting and analog
modes depending on the dynamic range and instrument sensanie analyte, and therefore

the instrument must be calibrated for both modes. To ensure that the calibration curveiis linear
the pulse mode, a narrower range of calibration psimsild be usednd all solutionshould be
diluted to fall within this lower rang&hen using ICROES, 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 preventailision cell or reaction

cell modecan be used to reduceaiminate the interferences caused by molecular ions that have
the same mag®-charge ratio as the element of interest isotbpboratories should aldme

awareof carryoverissuesand usdonger washout times between samglegsquired(i.e., Hg).

11
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3.4.1. Total Arsenic (tAs)

Target values for tAs aummarizedn Table 3-3. The target value fdAs in Kelp Awas
determinedat NISTusingnitric and hydrofluoric acid assisted microwaligestion and ICP

MS. The target value for tAs in Kelp B was determined bymbiming results from HAMQAP
Exercisel [8] and values determined in the same manner as those for KélpeAarget value
for tAs in SRM 3232was determined at NIST usiiid)) nitric acidassisted microwave digestion
andICP-MS measuremen@nd(2) a methanol extraction and liquid chromatography followed
by offline InstrumentaNeutron Activation Analysi§INAA) determination

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

Total Arsenic (tAs)

Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 3.6 % 29 %
Kelp A Kelp B SRM 3232

BetweenLaboratory 0 0 0
Variability (% RSD) 9% 12 % 11 %

Target Valuet Uos 62.78+ 0.69 275 + 10 359 + 1.2
Mass Fraction (ug/g)
Consensus MeansSD g5 3, g1 282 + 3.3 355 + 4.0

Mass Fraction (ug/g)

For the determination of tAs, 32 of the 53 laboratories requesting samples reported results, for a
participation rate of 60 %Vithin-laboratory variabilities for most laboratories were at or below
3.6 %, withonly six of the 32 laboratories greater than the published requirement ofwitctb
demonstrates t hahousmmethbds pchieve suacesgiuarapeasddilityhen
betweenrlaboratory variability was at or belo¥? % for all samples, as seenTiable 3-3, which

is slightly outside the published recommendation (84}, The levels of tAs targeted in this

study were higher than those in the SMPR (at or belowglg), which should make the
recommended reproducibility more achievable. However, SMPRs are designed to evaluate the
reproducibility of a single method being usadnultiple laboratories, and in this study,

laboratories were not using identical protocols. Considering all of these factors, the overall
betweenrlaboratory variability of 12 % or less for tAs is reasonable and acceptable for this study.
As noted previasly, 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 ensurenesased

sample concentration falls within the calibration range.

More than half ofaboratories reportedsing microwave digestion as theample preparation
methodfor tAs as shownn Table 3-4. Mostlaboratories reported using IS as their
analytical methogwith one laboratory using Triple Quadrapole {UIB (QQQICP-MS). No
definitive method biasvasobserved although 31 % of laboratories did not repeample
preparation method'wo laboratorieaisediCP-OES including A024 (offscale inFig. 3-1, 3-2,
and3-3), and theseesults were on the lower half of the conserisusll three materials. One
laboratory usedadiochemical neutron activation analy$&8\AA) 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
(no heat or mgrowave)  10% ICP-MS 82 %
Hot Block Digestion 3% ICP-OES 6 %
Microwave Digestion 56 % QQQICP-MS 3%
None Reported 31 % RNAA 3%

Other/None Reported 6 %

The consensus mean was above the taajaefor Kelp A, as shown ifrig. 3-1. The consensus
mean was close to the target value, as seBigirB-2 and3-3 for Kelp B and SRM3232,
respectively. The confidence interval for the consensus mean was within the target range for
Kelp B and SRM3232 and overlapped on the upper ranggetarget range for Kelp Alhe

high bias observed for the community in measurement of tAs in KefiyAhave resulted from

a unique interferend®und inthe precise species or growing area of this material or the specific
manner in which this materialag treated during harvegtrocessing, and packaging prior to the
study.

Approximatelyone quarter of laboratories reported values below both the consensus and target
ranges for one or more samples. These laboratories should consider that arseniteisindlati

can be lost during sample preparatiltngeneralhigh temperatures in a closed system are
required to ensure complete digestion of the materials prior to anfallysfss. Laboratories that

use open systems showldnsider insteaddgorous micravave digestiorthatshould convert all
volatile organoarsenic species to arsenic acid (AsV), after which point subsequent heating will
not result in loss ofAs. Open beaker digestion may lead to low results due to loss of volatile As
speciesClosedvesseldigestions should be opened with care ensuring that no arsenic is lost
because of inadvertent venting.

Additionally, approximatelyone third of laboratories reported values above both the consensus
and target rangder one or more sample&ollision celltechnology can be used to minimize the
molecular ion interferences that may be found when analyzing tAs in these maDeludisn of
samples can also assist in reducing matrix interferences while ensuring thatrtbasased

analyte concentrations angthin the calibration range. Use stiandard additions or matrix
matchedcalibration as well as analysis of appropriate blank samyleprevent

misidentification ofinterferences as analyte signal

Additional tables and figureer tAs in kelpare located i\ppendix B.
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Exercise:. DSQAP Exercise 1
Sample: Kelp A _
Measurand: Total Arsenic (tAs)
90+ -
H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
85- |H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
H Other
80| |HRadiochemical Neutron Activation Analysis (RNAA)
_|Hnot specified
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~
(=]
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45—

AD24
A060
AD73
AD45
A050
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A035
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A044-

A070

AD27-

A0044

Laboratory

A005

AD13

A029

AD0124

A037

AD184

A0334

A057-

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

A0544

A079

A058

A019

AD16+

AD17-

A043

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method guioyed. The solid blue line represents the consensus mean, and the green shaded region repregénterfidedie interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values abave aoddrricus mean that result in an

acceptabley
uncertainty Unist) and represents the range that results iacaeptable&d

score, 30

score, 30

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region).
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Total Arsenic (tAs)

H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

40.01|HInductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)

H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
H Other

H Radiochemical Neutron Activation Analysis (RNAA)

35.0+—|H not specified
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Fig. 3-2. Total arsenic in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical metthemployed. The solid blue line represents the consensus mean, and the green shaded region repre%entmfit=f6e interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the valueslaboWe aotdensus mean that result in an
acceptabléd’, nscore, (% mm ¢. 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 resulemimcceptablé),, sscore Xy, $t 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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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Total Arsenic (tAs)

H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
50, HInductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
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Fig. 3-3. Total arsenic in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@pfésamifidieace interval for the
consensus mean. The solid red lines represent the soissemge of tolerance, calculated as the values above and below the consensus mean that result in an
acceptabled score g S (. 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 accegiablescore @ s ¢. The shaded beige region represents the overlapping of the 95

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

Target values for iAs arsummarizedn Table 3-5. The target value fdAs in Kelp A was
determined at NIST usinextractiorfollowed byliquid chromatography IGIMS (LC-ICP-MS)
for analysig9]. Thetarget value forAs in Kelp B wasdeterminedrom HAMQAP Exercisel
results[8]. The target valugor iAs in SRM 3232was determined at NIST using a methanol
extraction procedurandliquid chromatography followed by offline INAA determination and
online ICRMS determination (LACP-MS).

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

Inorganic Arsenic (iIAS)

Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 5.6 % 12 %

Kelp A Kelp B SRM 3232
BetweenLaboratory >100 % >100 % 520

Variability (% RSD)
Target Valuet Ugs
Mass Fraction (png/g)
Consensus Meah SD
Mass Fraction (ug/g)

0.168 + 0.035 0.16 = 0.19 0.092 = 0.015

0.19 + 0.30 0.08 + 0.15 0.125 + 0.065

For the determination of iAs, only 7 of 40 participatlagoratories returned results (17.%ll
laboratories achieved withilaboratory variability within the published repeatability requirement
of 13% (Table 3-5) [5]. The 6 laboratories reporting quantitative results for iAs were in poor
agreement, withdtweenlaboratory variabilities over 100 % for two of the kelp samples. The
SMPR specifies desirable reproducibility to be at or belowoZ0r foods and beverages in this
concentration rangkg].

Three laboratories reported using hot block digestiadheis sample preparation method while

one laboratory reported using acid digestion (no heat or microwa\sen iffable 3-6. Five
laboratories reported using IS as their analytical methoHBigures 3-4, 3-5, and3-6 show

the spread of resultgith analytical method indicated by the colof the pointsDue to the small
data set no conclusions could be mestgardingmethod biasalthoughthe valueobtained using
LC-ICP-MS were consistentlgreaterthanthe consensus meand the values obtained using
ICP-OES were consistentlgssthan the consensus medine laboratories using these analytical
methodsshould investigate wheth#reir overall methods have biases not seen in other methods.
Theresultsoff-scale inFig. 3-5and3-6 were obtained using LECP-MS and are likely

influenced by a calculation or reporting etror
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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 15 % ICP-MS 70 %
(no heat or microwave)
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 seehign 3-4. The consensus mean for Kelp B was below the
target value and the confidence inrwaswithin the target range, as seerfig. 3-5. The
consensus mean for SRB232 was above the target value and the confidence interval was
overlapping the upper range of the target range, as séag B+6.

In order tomakeusefulinterpretation of the data,are information regarding the sample
preparation methods used by the participantsgsired includingextractionsolvent typeand
duration.A mild extraction procedure should be u$ediAs quantification, as harsh chemisal

and extraction conditions promatenversiorof As species which can lead to kes$9, 10].
Measurement methods should be reported correctly and completely. Laboratories might have
incorrectly reported using ICRIS or ICROES to determinéAs, as thesare elemental

detectors that cannot distinguish the species of an elemit@out use of aeparation technique.

Additional tables and figurdsr iAs in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Inorganic Arsenic (iAs)

[l Hydride Generation Atomic Absorption Spectrometry (HGAAS)
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
1.4 H lon Chromatography Inductively Coupled Plasma Mass Spectrometry (IC-ICP-MS)
H Liquid Chromatography Inductively Coupled Plasma Mass Spectrometry (LC-ICP-MS)
1.2
1.0
o 0.8
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A033 A035 AD42 AD17 A074 A029

Laboratory

Fig. 3-4. Inorganic arsenic in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (reddaaglelor of the data poirgpresents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region répfésemtfidieace interval for the
consensus mean. The solid red line represbrupper bound of theonsensus range tflerance, calculated as the value above the consensus mean that result
in an acceptabléd score 3o S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance, which encompasses
the target value boundéy twice its uncertaintylnist) and represents the range that results in an accegiablescore, @ S ¢. The shaded beige region
represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NISdlewarge ¢fed region).
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Inorganic Arsenic (iAs)

[l Hydride Generation Atomic Absorption Spectrometry (HGAAS) /T\ 4\
0.7+ |B Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) P
Hlon Chromatography Inductively Coupled Plasma Mass Spectrometry (IC-ICP-MS) 3 @
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Fig. 3-5. Inorganic arsenic in Kelp B (data summary view i analytical method).

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

the analytical method employed. The solid blue line represents the consensus mean, and the green shegjg@segisrthe 9% confidence interval for the
consensus mean. The solid red liapresergtheupper bound of theonsensus range of tolerance, calculated as the value above the consensus mearsthat result
in an acceptabled score 30 S ¢, with the lower bound set to zerbhe red shaded region represents the NIST rant@esfince, which encompasses

the target value bounded by twice its uncertaiblfyidr) and represents the range that results in an accegiablescore g $ ¢. The shaded beige region
represents the overlapping of the 95 % confidence interval f@otiensus mean (green region) and the NIST range of tolerance (red region).
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Inorganic Arsenic (iAs)

0.40 M Hydride Generation Atomic Absorption Spectrometry (HGAAS)

B Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
H lon Chromatography Inductively Coupled Plasma Mass Spectrometry (IC-ICP-MS)
0.35| | Liquid Chromatography Inductively Coupled Plasma Mass Spectrometry (LC-ICP-MS)
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Fig. 3-6. Inorganic arsenic in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In thisview, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangldpr Dfi¢heodata point represents

the analytical method employed. The solid blue line represents the consensus mean, and thadgeeegion represents the®®@xonfidence interval for the
consensus mean. The solid red line represhaupper bound of theonsensus range of tolerance, calculated as the value above the consensus mearsthat result
in an acceptabléd score,an S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance, which encompasses
the target value bounded by twice its uncertaibkyi{r) and represents the range that results in an accepgiablescore,@ S ¢. The shaded beige region
represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range @Etblexgion).
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3.4.3. Cadmium (Cd)

Target values for Cdresummarizedn Table 3-7. The target values f&d inKelp A and Kelp
B were determined at NIST usingric acid assisted microwave digestion a8&-MS. The
target value for Cd in SRM 3232 was determined at NIST usinig and hydrofluoric acid
assisted microwave digestiondasotope dilution ICRMS (ID-ICP-MS).

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

Cadmium (Cd)

Within-Laboratory Averaged for all Samples Maximum

Variability (% RSD) 5.1% 59 %
Kelp A Kelp B SRM 3232

BetweenLaboratory o 0 0
Variability (% RSD) 9% 8% 11%

Target Val_uet Uogs 116 + 0.02 0.8 + 0.00B 0.40 + 0.0
Mass Fraction (ug/g)
Consensus MeanSD 4 15 4+ 0.10 0.36 + 0.03 037 + 004

Mass Fraction (ug/g)

For the determination of Cd, 34 of 53 laboratories reported result)63af the 33 laboratories
reporting quantitative result8 laboratories reported withilaboratory variabilities within the
published requirements of 78 for mass fractions aboveuty/g andl1 % for mass fractions
below 1ug/g[4] in all kelp samplesTable 3-7). The average withiaboratory variability was
5.1%, which demonstrates that most participants achieved acceptable repeatability for
determination of Cd using their-lmouse methods. The betweaboratory variabilities were at
or below11 % for all samples, generally consistent with the publishecdygibility
recommendations of at or below8for mass fractions aboveuty/g and at or below 1% for
mass fraction below fig/g [4].

More than half of the laboratories that repordeshmple preparation method indicated using
microwave digestiofiTable 3-8). Most of the laboratories reported using {UIB as their
analytical methodNo method biasvasobservedalthough 32 % of laboratories did not repart
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

) 9% ICP-MS 82 %

(no heat or microwave)
Hot Block Digestion 3% ICP-OES 6 %
Microwave Digestion 56 % QQQICP-MS 3%
None Reported 32 % RNAA 3%

Other/None Reported 6 %
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The consensus meéor Cdwasoutside of the target rangad the confidence interval was
overlapping the lower range of the target range for all three kelp samples, assgeB-in
3-8, and3-9 for Kelp A, Kelp B, and SRMB232, respectively.

Laboratories that consistently report low valshsuldevaluatetheir sample preparation method
to determinewhether completextracton of Cdfrom the materialss beingachievedA high
temperature in a closed vessel system is suggested to ensure a complete digestion of the sample.

Laboratories that consistently repealues above the target range shaddsider potential
interferencesSpectral/isobaric interferences can make Cd difficult to measure accurately by
ICP-MS. Presencef certain elements (e.g., Mo, Sn, or #rsampless known to cause

interferences in the analysis of Cd by HIFS. Isobaric spectral interferences sucio®0*
and®’Mo?®0* can affect the accuracy of Cd determinatiomat111 andwz 113 by ICPMS

and usually result in biasing the results above the true Msllost 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 samptat will need to be addressed

Laboratory A079 reported LO@alues abovéhe consensus range of tolerarfoe all three
materialswhen using RNAA.SMPR 202001 recommends thahethods for Cd should achieve
anLOQ of 0.1 ug/kg[4], which issufficiently low to measure Cd ithe kelp materials in this
study.

Additional tables and figurder Cd in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1 o
Sample: Kelp A =y
Measurand: Cadmium 8
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Fig. 3-7. Cadmium in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus meargraed tleaded 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 eodseelsws timiean that result in an
acceptabled score, 3o S (. 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 accegiablescore. @ s ¢. The shaded beige region repmsethe overlapping of the 95

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region).
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Exercise: DSQAP Exercise 1 o
Sample: Kelp B S
Measurand: Cadmium S
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Fig. 3-8. Cadmium in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employethe solid blue line represents the consensus mean, and the green shaded region represents the 95 % confidendhenterval for
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above aotsbekws thean that result in an
acceptabled score, b S (. 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 addegi  score @ S (. 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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Exercise: DSQAP Exercise 1 o o
Sample: SRM 3232 Kelp Powder (Thallus laminariae) S
Measurand: Cadmium S
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Fig. 3-9. Cadmium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redtaegtddr of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region répréseotditiance interval for the
consensus mean. The solid red lines represent the consemgei®f#olerance, calculated as the values above and below the consensus mean that result in an
acceptabley score 30 S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its
uncetainty Unist) and represents the range that results in an accegiablescore @ S ¢. 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 Caresummarizedn Table 3-9. The target valuefor Ca inKelp A and Kelp

B were determined at NIST usimgric and hydrofluoric acid assisted microwave digestion and
ICP-OES.The target value for &n SRM 3232 was determined at NI&%ing(1) INAA after

the material was pressed into pellets usistpalesssteel dieand (2) nitric acid assisted
microwave digestion ankCP-OES.

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

Calcium (Ca)

Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 4.1 % 74 %

Kelp A Kelp B SRM 3232
BetweenLaboratory 18 % 14 % 14 %

Variability (% RSD)
Target Valuet Ugs
Mass Fraction (mg/g)
Consensus Meah SD
Mass Fraction (mg/qg)

9.22 + 0.5 1220

I+

0.19 1140 =+ 064

100 =+ 18 132

I+

19 124 =+ 1.7

For the determination of Ca, 34 of 51 laboratories reported results (67 %). The average within
laboratory variability was 4.1 %@ @ble 3-9) with only sevenaboratories abovg %, which

i ndi cat es t hat -house snethogsachievie epeatabitity cortsistentrwith the
published requirement & [6]). At least one laboratory reported variability greater than 50 %,
and these results should be assessed focanylation and reporting errors. The between
laboratory variabilities ranged from 24 to 18% for the kelp samplesvhich isgreater than the
published requirement of 10 % for multiple laboratories using the same njéthblbtably, the

Ca levels inlie kelp materials were greater than the upper analytical range of the SMPR
(0.0016mg/qg), and higher levels generally result in community results with greater agreement.
To ensure samples are within the calibration range, however, appropriate sampkgtiprepar
steps (i.e., dilution) should be taken for higher concentrations of Ca.

Nearly half of the laboratories that reportbdir sample preparation method indicated using
microwave digestioms seen iTable 3-10. Most laboratories reported using eithePIMS or
ICP-OES as their analytical method.positivebias for ICRMS wasobservedn the Cadata
from several laboratorieblo sample preparatiomethod 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 9% ICP-MS 47 %

(no heat or microwave)
Hot Block Digestion 9% ICP-OES 39 %
Microwave Digestion 45 % QQQICP-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, aBigeg i
3-12, and3-14for Kelp A, Kelp B, and SRMB232, respectivehAll results offscale in these
figures were obtained using IENS. The consensusonfidence interal wasoverlapping the
upper range afe target range for both Kelp A and SR¥I32 and waabovethe target range
for Kelp B. Most laboratories were able to successfully meaSane SRM 3232 but had more
difficulties measuring it in Kelp A and Kelp B.

In all materials, more than 40 &6 the ICRMS reported valuesere above the target range, as
seen inFig. 3-10, 3-12, and3-14, suggesting potentialpositivebias formany users athis
analytical methodThe kernel density estimation (KDE) plots showviirig. 3-11, 3-13, and3-15

for Kelp A, Kelp B, and SRM 3232, respectivefyrther demonstratehis high bias for Ca

results measured using IQRS. 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).
Althougha high bias is indicatethe same two laboratieswith results that are ofcaleand
significantly lowe than the consensus meaartig. 3-10, 3-12, and3-14 alsoreported using
ICP-MS. These labratories should take care to ensure appropriate units and calculations are
used, as well as check for any calibration and sample preparation issues

Spectral/isobac interferences can make Ca difficult to measure accurately byyI€RHigh

mass fractionsf certain elements (e.g., Ar) are known to cause interferences in the analysis of
Ca by ICRMS. Isobaric spectral interferences suchas*, 12Ct%0,, and**N2®0O are common,

with “°Ar* being the largest potential interferenGallision cell technology can be used to
minimize molecular interferences that may be found in these three matért4@a Isthe atomic
mass measude He shouldbe used as the collision ga&*°Ca isthe atomic masmeasurd, Hz
should beused ashe collision gas.

Additional tables and figuresr Ca in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Calcium

H Inductively Coupled Plasma (ICP) /r
16. [l Inductively Coupled Plasma Mass Spectrometry (ICP-MS) >
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED) @
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) s
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS) L ™
14/ HOther
_|HRadiochemical Neutron Activation Analysis (RNAA)
Hnot specified
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Laboratory

Fig. 3-10. Calcium in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the ata point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@pi¥seoidittemce interval for the
consensus mean. The solid red lines represent the consensus range cttatatanlated as the values above and below the consensus mean that result in an
acceptabled score g S (. 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 accegiablescore, @ s ¢. 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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Sample: Kelp A, Measurand: Calcium
. — Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
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Fig. 3-11. Kernel density estimation for calcium in Kelp A.

In this view, the kernel density of the distribution is estimated as a function of a single method select8 (KoRdblue lind compared to the estimated
distribution from other reported results (sdbidckline). The target values are shown as the upper blue horizontal bars, and the consensus means are indicated by
the lower green horizontal bars. Upper and lower limits ofaolee are indicated by red arrows.
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Calcium

20. H Inductively Coupled Plasma (ICP) .

H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)

H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

18| B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
H Other

|HRadiochemical Neutron Activation Analysis (RNAA)

Hnot specified
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Laboratory

Fig. 3-12. Calcium in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratoryrstaled@ation (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 répfésemtfidieace interval for the
consensus mean. The solid reteh represent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an
acceptabled score, b S (. The red shaded region represents the NIST range of tolerance, which encompaasgst edue bounded by twice its
uncertainty Unist) and represents the range that results in an accegiablescore @ s ¢.
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Sample: Kelp B, Measurand: Calcium
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Fig. 3-13. Kernel density estimation for calcium in Kelp B.

In this view, the kernel density of the distribution is estimated as a function of a single method sg&etB, solid blue lingé compared to the estimated
distribution from other reported resu(solid blackline). The target values are shown asupper blue horizontal bars, and the consensus means are indicated by
the lower green horizontal bars. Upper and lower limits of tolerance are indicated by red arrows.
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Calcium

H Inductively Coupled Plasma (ICP)

H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

18- |HInductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) -
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
H Other * -
16 — HRadiochemical Neutron Activation Analysis (RNAA)
Hnot specified
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Laboratory

Fig. 3-14. Calcium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the andytical method employed. The solid blue line represents the consensus mean, and the green shaded region représartnaftier® interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated asloge/alngdHelow the consensus mean that result in an
acceptabled score, b S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its
uncertainty Unist) and represents the rangatthesults in an acceptalile score @ S ¢. 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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Sample: SRM 3232 Kelp Powder (Thallus laminariae), Measurand: Calcium
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Fig. 3-15. Kernel density estimation for calcium in SRM 3232.

In this view, the kernel density of the distribution is estimated as a function of a single method select8 (KoRdblue lind compared to the estimated
distributionfrom other reported results (solidackling). The target values are shown as the upper blue horizontal bars, and the consensus means are indicated by
the lower green horizontal bars. Upper and lower limits of tolerance are indicated by red arrows.
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3.4.5. Chromium (Cr)

Target values for Cr aggrovidedin Table 3-11. The target values fdr in Kelp A and Kelp B
were determined at NIST using nitric acid assisted microwave digestion ardd3CPhe target
value for Cr in SRM 3232 was determined at NIST using nitric and hydrofluoric acid assisted
microwave digestion and HICP-MS.

Table 3-11. Summary of results and laboratory variabilities for Cr in kelp.

Chromium (Cr)

Within-Laboratory Averaged for all Samples Maximum

Variability (% RSD) 11 % >100 %
Kelp A Kelp B SRM 3232

BetweenLaboratory o 0 0
Variability (% RSD) 32% 35% 32%

Target Valuer Uss 436 + 0.13 0.546 + 0.030 555 + 0.48
Mass Fraction (ug/g)
Consensus Meah SD 39 + 12 051 + 0.16 5.0 + 1.5

Mass Fraction (ug/g)

For the determination of Cr, 31 of 50 laboratories reported results (61 %). Of the 31 laboratories
reporting quantitative resultsnly 15laboratories reported withilaboratory variabilities within

the published requirements of P@for mass fractionstmve 1ug/g[4] whichis represented by

Kelp A and SRM3232(Table 3-11); however, he average withilaboratory variability between
these two materialwas 1L %. Only five laboratories reported withiaboratay variabilitiesfor

Kelp B abovehe published requirements of 11 % for mass fractions belog/g [4]. At least

one laboratory reported variability greater than 100 %, and these results should be assessed for
any calculation and reporting errors. The betwiedoratory variabilities naged from 324 to

35 %for the analysis of Cr, which were more than twice the published requirements of at or
below 8 % for mass fractions abov@d/g and at or below 16 % for mass fractions belqyg/y

[4].
Half of the laboratories that reportagample preparation method indicated using microwave
digestionas shown imable 3-12. Most laboratories reported using KBFS as their analytical

method including the results that aodf scalein Fig. 3-17. No mehod biasvasobserved
although 3%% of laboratories did not repatsample preparation method.
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Table 3-12. Summary of sample preparation and analytical methods averaged across all samples for
determination of Cr in kelp.

Sample Preparation Analytical Method
Acid Digestion 7% ICP-MS 74 %
(no heat or microwave)
Hot Block Digestion 7% ICP-OES 13 %
Microwave Digestion 50 % QQQICP-MS 3%
Thermal Decomposition 1% RNAA 3%
None Reported 35 % Other/None Reported 7%

The consensus mean was below the target values for all three kelp samples, aBige8+i)
3-17, and3-18for Kelp A, Kelp B, and SRMB232, respectively. Theonsensusonfidence
interval is slightly overlapping the lower range of the target range for KelpdAisoverlapping
most of the target range for Kelp B and SRRB2. Most laboratories were able to successfully
measureCr in SRM 3232, but about half of laborates were outside the target range for both
Kelp A and KelpB.

A group of laboratories consistently reported values higher than the teige?-(16, 3-17, and

3-18). Laboratories reporting high values for Cr when using-M¥®should be aware of
spectral/imbaric interferencethatcan make Cr difficult to measure accurately. Higiss
fractionof certain elements (e.g., Ar, C, Cl, S) are known to cause interferences in the analysis of
Cr by ICRMS, including Clor S compounds. Most IGIRIS instruments allw 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 tadukressedo that the measurement data
is not biased highThese types of inferences usually result in biasing the results above the true
value.Additionally, the Cr mass fraction level iKelp B wasan order ofmagnitude lower than

in Kelp A and SRM 3232making calibration and sample preparatoitical details and a

single calibration and sample preparation scheme may not be apprapratesampledeing
measured

Additional tables and figureer Cr inkelp are located iiA\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Chromium

H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
8 H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
1 |BInductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
H Other
7+ |E Radiochemical Neutron Activation Analysis (RNAA)
Hnot specified
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Laboratory

Fig. 3-16. Chromium in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory staes#@tion (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 r@pi¥seoidittemce interval for the
consensus mean. The solid red simepresent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an
acceptabled score g S (. The red shaded region represents the NIST range of tolerance, which encompadasgst tha&lue bounded by twice its
uncertainty Unist) and represents the range that results in an accegiablescore, @ s ¢. The shaded beige region represents the overlapping of the 95

% confidence interval for the consensus mean (green regidrth@mMIST range of tolerance (red region).
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Exercise: DSQAP Exercise 1 g
Sample: Kelp B =
Measurand: Chromium =)
9
H Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 4\ /[\ II\
1.1 |HInductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
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Fig. 3-17. Chromium in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual kaippistandard 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 r@pfésamifidieace interval for the
consensus mean. Thelig red lines represent the consensus range of tolerance, calculated as the values above and below the consensasuttéamthat r
acceptabled score g S (. The red shaded region represents the NIST range of tolerance emb@hpasses the target value bounded by twice its
uncertainty Unist) and represents the range that results in an accegiablescore, @ s ¢. The shaded beige region represents the overlapping of the 95
% confidence interval for the consensus megiagn region) and the NIST range of tolerance (red region).
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Chromium

11 H Inductively Coupled Plasma Mass Spectrometry (ICP-MS) *
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Laboratory

Fig. 3-18. Chromium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory dataeaplotted (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 r@épfésemideerce interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above aodseelsws timean that result in an
acceptabled score, b S (. The red shaded regioepresents the NIST range of tolerance, which encompasses the target value bounded by twice its
uncertainty Unist) and represents the range that results in an accegiablescore @ S (. 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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3.4.6. Copper (Cu)

Target values for Careprovidedin Table 3-13. The target values f@u inKelp A and Kelp B
were determined at NIST using mitacid assisted microwave digestion and4@8. The target
value for Qiin SRM 3232 was determined at NIST using nitric and hydrofluoric acid assisted
microwave digestion and HICP-MS.

Table 3-13. Summary of results and laboratory variabilities for Cu in kelp.

Copper (Cu)
Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 9.1% >100 %
Kelp A Kelp B SRM 3232

BetweenLaboratory o 0 0
Variability (% RSD) 36 % 28 % 22 %
Target Val_uet Ugs 134 + 0.06 1.124 + 0.045 3.630 + 0.08
Mass Fraction (ug/g)
Consensus MeanSD 4 37 4 0.49 118 + 0.33 345 + 077

Mass Fraction (ug/g)

For the determination of Cu, 28 of 52 laboratories reported results (54 %). Of the 24 laboratories
reporting quantitative result$5 laboratories reported withilaboratory variabilities within the
published requirements of 78 for mass fractions aboveug/g [4]. The average within

laboratory variability was 9.1 %, which indicates thtab me p a r t-howse rpethads @06 i n
not achieve adequate repeatabilifalfle 3-13). At least one laboratory reported variability

greater than 100 %, and thessults should be assessed for any calculation and reporting errors.
The betweedaboratory variabilities ranging from 28 % to 36 % were significantly greater than
the published recommendation of at or below 816

Almost half of the laboratories thegporteda sample preparation method indicated using
microwave digestioas seen iffable 3-14. Two-thirds of the laboratories reported using
ICP-MS as their analytical methpahcluding the results of§cale inFig. 3-20and3-21. No
method biasvasobseved although 39 % of laboratories did not re@sample preparation
method.

Table 3-14. Summary of sample preparation and analytical methods averaged across all samples for
determination of Cu in kelp.

Sample Preparation Analytical Method
Acid Digestion 11 % ICP-MS 65 %
(no heat or microwave)
Hot Block Digestion 3% ICP-OES 18 %
Microwave Digestion 47 % QQQICP-MS 4%
None Reported 39 % ICP 4%
RNAA 4 %

Other/None Reported 7%
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Theconsensus mearwerewithin the target range for all materialhe consensusas above the
target value for both Kelp A and Kelp Big. 3-19 and3-20, andbelow the target value for
SRM 3232,Fig 3-21. Thetarget range wereall within the ®nsensus confidence intervals,
where the target range felp A was in the middle of theonfidence intervalthe target range
for Kelp B was in the lower half of the afidence interval, and the target rarige SRM 3232
was in the upper hatif the confidence interval

Thebetweenrlaboratory variabilitiesveregreater tha22 %,and some of thwithin-laboratory
variabilities weregreater thari00%, indicatingglobal analytical challenge$he mass fractioa
of Cu in thekelp sampleshould not havehallengednethod LOQsLaboratorieseporting
outside of theonsensusonfidence intervashouldreviewthe general technical
recommendationsdted inSection 2 and ithe elements study executive summary sectame
key points tohighlight for consideratiomcludeensuringhatcalibration curve arewithin the
dynamic rage for pulsemodeandthatboth pulse mode and analog made calibratedvhen
necessaryMonitoringmultiple masses (for MS) anultiple wavelengthghrough axial and
radial views of the plasan(for OES)can helpdentify andavoidinterferencegandmeasurement
biases

Laboratory A79reportedanLOQ significantly higher than the target range for all materials.
This laboratory should check for calculation or reporting errorspalytecaltechniquesised for
determining Cu shoullde optimized to achiev@LOQ aroundd.01 ug/kg[4].

Additional tables and figurder Cu in kelpare located i\ppendix B.

41



NIST IR 8494

November2023
-
Exercise: DSQAP Exercise 1 %
Sample: Kelp A S
Measurand: Copper S
¥
H Inductively Coupled Plasma (ICP)
[l Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
3.0 |[JInductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED) o
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
[ Other —_
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Fig. 3-19. Copper in Kelp A (data summary view 1 analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus meargraea ttlegaded 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 aodseelsws timean that result in an
acceptabled score, b S (. 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 accepgiablescore @ $ ¢. The shaded beige region repmtsethe overlapping of the 95

% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region).
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Exercise: DSQAP Exercise 1 3
Sample:  KelpB S
Measurand: Copper S
3
2.504 - ¥
. |! Inductively Coupled Plasma Mass Spectrometry (ICP-MS) =5 || /P /T\
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Fig. 3-20. Copper in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employebhe solid blue line represents the consensus mean, and the green shaded region represéntotifel®@bce interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eosbeus thean that result in an
acceptabled score, b S (. The red shaded regigheige here due to overlap with the greensensus confidence interyegpresents the NIST range
of tolerance, which encompasses the target value bounded by suicedrtainty Unist) and represents the range that results in an accepiablescore,

W S C
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Exercise: DSQAP Exercise 1 o a
Sample: SRM 3232 Kelp Powder (Thallus laminariae) Py
Measurand: Copper a
3
H Inductively Coupled Plasma (ICP) /T\
[l Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
618 Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED) ® 2
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) =
[ Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
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In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensuandeahn green shaded region represents tBe @nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an

score, S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its
S (. The shaded beige region represents the overlapping of the 95

acceptabled

Fig. 3-21. Copper in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

uncertainty Unist) and represents the range that results in an accegiablescore, g
% confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region)
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3.4.7. lodine ()

The target value forih SRM 3232 igrovidedin Table 3-15and wagletermined at NIST using
(1) nitric acid assisted microwave digestion andXBA after the material was pressed into
pellets using a stainlesteel die At the time of this reportarget valuesvere not availabléor |

in Kelp A and KelpB.

Table 3-15. Summary of results and laboratory variabilities for | in kelp.

lodine (1)

Within-Laboratory Averaged for all Samples Maximum

Variability (% RSD) 4.4 % 26 %
Kelp A Kelp B SRM 3232

BetweenLaboratory 0 0 0
Variability (% RSD) 13 % 15 % 16 %

Target Valuet Ugs

Mass Fraction (ug/g) i i 884+ 82
Consensus MeahSD — 5qq54 4 Hgg 880 + 130 780 + 130

Mass Fraction (ug/g)

For the determination of I, 12 of 39 laboratories reported results (31 %). Nine of the laboratories
reported withinlaboratory variabilities consistent with the published recommendation off7, %

and the average withilaboratory variabilityacross all laboratories and samples was 4.4 %

(Table 3-15). The betweedaboratory variabilities ranged from ¥8 to 16%, which is excellent
performance compared to the published standard of 15 % for a single method across multiple
laboratories. The | laals in the kelp materials is greater than the upper analytical range in the
SMPR (10 ug/g), so laboratories with high variability should ensure that appropriate sample
preparation steps (i.e., dilution) are taken.

Most laboratories that reported samplepar@tion methaoslindicated using either microwave
digestion or base extraction (no heat or microwage3hown inrable 3-16, though 33% of
laboratories did ngbrovidesample preparatiomformation Nearly alllaboratories reported
using ICRMS as theianalytical method with only one laboratory using RNAR&sults from

the RNAA analysis consistentifell in the lower half of theneasuremenesultsfor all three
sampledutis not necessarilg direct correlation téiRNAA and could be contributed to another
factor sichas calibrationissuesNo other analytical method bias was observed.
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Table 3-16. Summary of sample preparation and analytical methods averaged across all samples for
determination of I in kelp.

Sample Preparation Analytical Method
Acid-AssistedMicrowave Digestion 17 % ICP-MS 84 %
Acid-AssistedMicrowave Digestion 8 % ICP-MS KED 8 %

converted to Base
BaseAssistedHot Block Digestion 8 % RNAA 8 %
BaseAssistedMiicrowave Digestion 8%
Base Extraction

; 8 %

(no heat or microwave)
TMAH Base Digestion 17 %
None Reported 33 %

The consensus mean was below the target value for 3/ and the confidence interval was
almost completely within thivwer half oftarget rangeas seen ifrig. 3-24. Over half of the
participants reported results within thegiair rangeTarget valuegor Kelp A and Kelp B were
not available at the time of this report.

Sample preparation methods must be able to fully extfact the samples while also being
mindful of anypotentialdegradation and/or conversid@amples that were not properly digeiste
could result in a low bias as seerthe data foSRM 3232 Fig. 3-24). lodine is a volatile
element and can form hydrogen iodide (HI) during acid digedimaime is also light sensitive
and at some stages of sample preparation solutions may nex#&dptbn amber or covered
sample vessels.

While the participantsf this study did not repolevelsgreaterthan thetolerance limit, it is still
important to considgpotential issues with sample preparation solutieoices\When using
ICP-MS, anacidic sample solution can result in sample carryteamlingto variable andbiased
measurementdJsing a basic solution or a surfactant such as Tritd®@Xwill improve washout
of I. Some protocols use an alkaline digestion with tetramethylammoniuraxige(TMAH),

but extreme caution must be taken when using TMAH, which is a very strong base with high
toxicity. A safer alternative may be to use an acid diges$ttbowed byimmediate

neutralzation of solutionsvith a base such as ammonium hydroxide

Additional tables and figurder | in kelpare located irAppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: lodine

B Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
3000- |E Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
H Radiochemical Neutron Activation Analysis (RNAA) —
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Fig. 3-22. lodine in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraea tfieaded region represents thé&®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score, 30 s C.
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: lodine

1400- | Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
1300 H Radiochemical Neutron Activation Analysis (RNAA)
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Fig. 3-23. lodine in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redtaegtddr of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@pfésamifidieace interval for the
consensus mean. The solid red lines represent the consampei®féolerance, calculated as the values above and below the consensus mean that result in an
acceptabled score, 30 s C.
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: lodine

H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
1200 5 Radiochemical Neutron Activation Analysis (RNAA)
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Fig. 3-24. lodine in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue lingesgnts the consensus mean, and the green shaded(segioiere as bagrepresents the %%

confidence interval for the consensus mean. The solid red lines represent the consensus range of tolerance, calculdiies abdve and below the
consensus mean that result in an acceptable score 3o S <. The red shadkregion represents the NIST range of tolerance, which encompasses the
target value bounded by twice its uncertairfyér) and represents the range that results in an accepiablescore @ $ ¢. The shaded beige region
represents the overlappin§tbe 95 % confidence interval for the consensus mean (green region) and the NIST range of tolerance (red region).
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3.4.8. Lead (Pb)

Target values for Pb asammarizedn Table 3-17. The target values fd?b inKelp A and Kelp
B were determined at NISTsing nitric acid assisted microwave digestion and-M¥® The
target value for Pb in SRM 3232 was determined at NIST using nitric and hydrofluoric acid
assisted microwave digestion and-IlOP-MS.

Table 3-17. Summary of results and laboratory variabilities for Pb in kelp.

Lead (Pb)
Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 5.0 % 48 %
Kelp A Kelp B SRM 3232
BetweenLaboratory 15 % 11 % 14 %

Variability (% RSD)
Target Valuet Ugs
Mass Fraction (ug/g)
Consensus Meah SD
Mass Fraction (ug/g)

0.594

I+

0.017 0.406 = 0.005 0.967 = 0.0%

0.571

I+

0.088 0.403 + 0.045 08 =+ 0.12

For the determination of Pb, 33 of 53 laboratories reported results (62 %). Of the 30 laboratories
that reported quantitative resulB laboratories reported withilaboratory variabilities within

the published requirements of ¥d.for mass fractions balv 1pug/g[4] for all three materials

The average withitaboratory variability was 5.0 90 éble 3-17), which indicates that most

par t i c thpuaemtethodls achreve acceptable repeatability. The betasmatory

variabilities ranged from 1% to 15%, indicating that the community demonstrated acceptable
agreement for all materials with respecthe published requirement of 16[%4.

More than half of laboratories that reported sample preparation method indicated using
microwave digestiomas seen i able 3-18. Most laboratories reported using KOS as their
analytical methodNo method biasvasobserved although 27 % of laboratories did not report
sample preparation method.

Table 3-18. Summary of sample preparation and analytical methods averaged across all samples for
determination of Pb in kelp.

Sample Preparation Analytical Method
Acid Digestion 9% ICP-MS 85 %
(no heat or microwave)
Hot Block Digestion 3% ICP-OES 6 %
Microwave Digestion 58 % QQQICP-MS 3%
Thermal Decomposition 3 % Other/None Reported 6 %
None Reported 27 %
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The consensus mean was below the target value for both Kelp A an@&F2\las seen in

Fig. 3-25and3-27, while the consensus mean was equal to the target value for Kelp B, as seen in
Fig. 3-26. Theconsensusonfidence interval wasverlapping the lower rang# the target range

for Kelp A and SRM 3232while it was completely overlapping the target range for Kelp B.

When usingconcentrated acidnd microwave digestion sample preparation methods, high
temperatire and pressurnsure complete digestidor Pb from the sampl@to solution.
Laboratories reporting results consistently below the target value (A009, A024, andd®25)
have been performinggestion with HCJ whichcan form insoluble Pb&precipitde and result
in undissolved Plgoing urdetectedAs Pb mass fractions increase, Ph&kcipitation due to
HCI could become more problematic, and may explain why the consensus means for Kelp A and
SRM 3232 were lower than the target, since the Pb mag®fra were about twice that of Kelp
B. To prevent this bias,igestion with HNQ is recommendetbr analysis of Pblif HCl is used

in digestiondilute HNG; should be usetb repeatedly wastie side of the digestion vessels to
redissolveany PbCb that mayhave formedWhen using ICRMS, the three most abundant Pb
isotopes %P, 2°’Ph, 2°%Pb) should be monitoredndtheir signalsaverage to account for
natural differences in Pb isotopiorapositionbetween standards and sample types

Additional tables and figureer Pb in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1 g
Sample: Kelp A S
Measurand: Lead =
2
0.9 H Inductively Coupled Plasma Mass Spectrometry (ICP-MS) .
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Fig. 3-25. Lead in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employedhd solid blue line represents the consensus mean, and the green shaded region represéntotifel®bce interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseedog/iean that result in an
acceptabled score g S (. 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 accegiabl score, @ s ¢. 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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Exercise: DSQAP Exercise 1 o
Sample: Kelp B S
Measurand: Lead 2
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Fig. 3-26. Lead in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraed tHleaded region represents thé®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score, b S (. The red shaded regidbeige here due to overlap with the green consensus confidence intepvatents the NIST range
of tolerance, which encompasses the target value bounded by twice its uncddtaisjyahd represents the range that resolen acceptabléd  score,

W S C

53



NIST IR 8494
November2023

Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Lead

B Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

1.3 |HInductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
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Fig. 3-27. Lead in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus meargraed tHleaded region represents thé®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score, b S (. 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 accegiablescore. @ S ¢. The shaded beige region repmsethe overlapping of the 95

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

Target values foMg areprovidedin Table 3-19. The target values fdvlg in Kelp A and Kelp B
were determined at NIST using nitric and hydrofluoric acid assisted microwave digestion and
ICP-OES. The target value fddg in SRM 3232 was determined at NIST using (1) INAfter

the material was pressed into pellets using a staistes$ dieand (2)nitric acid assisted
microwave digestion and ICOES.

Table 3-19. Summary of results and laboratory variabilities for Mg in kelp.

Magnesium (Mg)

Within-Laboratory Averaged for alSamples Maximum
Variability (% RSD) 2.4 % 13 %

Kelp A Kelp B SRM 3232
BetweenLaboratory 7 o 10 % 9%

Variability (% RSD)
Target Valuet Ugs
Mass Fraction (ug/g)
Consensus Meah SD
Mass Fraction (1g/g)

6880 + 920 5300 + 2300 5740 + 170

7200 = 450 8310 = 710 5790 = 470

For the determination of Mg, 33 of 51 laboratories reported results (65 %@ 6datubratories
reported withinlaboratory variabilities within the published requiremen® &6 [6]. The average
within-laboratory variability was 2.4 %, with all laboratories at or bel®#&o, which
demonstratesthath at mo s t infhausetmetbodgpaahresascéssful repeatabilityfhe
betweerlaboratory variabilities were at or below 10 % ftirthree samplesTable 3-19), which

is at or belowthe published requirement of 10 % for multiple laboratories using the same method
[6]. Notably,the Mg levels in the kelp samples were significantly greatertttenpper

analytical range of the SMP(R.1375ug/g). Laboratories reporting variabilities outside of the
recommended ranges should ensuredpatopriate sample preparation steps, (@éution) are
takenfor higher concentrations of Mg

Nearly half of the laboratories that reporeesemplepreparation method indicated using
microwave digestiomas shown imrable 3-20. AImost half of the laboratories reported using
ICP-MS as their analytical methpahcluding results ofscalein Figs. 328 and3-30, along with
more than onghird of the laboratories using IGBES.No method biasvasobserved although
30% of laboratories did not repaatsample preparation method.
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Table 3-20. Summary of sample preparation and analytical methods averaged across all samples for
determination of Mg in kelp.

Sample Preparation Analytical Method
Acid Digestion 9% ICP-MS 49 %
(no heat or microwave)
Hot Block Digestion 9% ICP-OES 38 %
Microwave Digestion 49 % QQQICP-MS 3%
Open Beaker Digestion 3% ICP 3%
None Reported 30 % Other/None Reportec 6 %

The consensus mean was above the target value and the confidence interval was within the target

range for all three kelp samples, as sedfign3-28, 3-29, and3-30for Kelp A, Kelp B, and
SRM 3232 respectively.

Laboratories reporting high values for Mdpen using ICRMS should be aware 6fC,*
interferences. These interferencas be minimized by using Hes a collision celjas with KED

mode.Laboratories should also consider the generalME3recommendation®r Mg when
evaluating theimethods.

Additional tables and figurder Mg in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Magnesium

9000+
[ Inductively Coupled Plasma (ICP)
B Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
8500 B Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
~ EH Other
8000115 not specified
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Fig. 3-28. Magnesium in Kelp A (data summary view 1 analytical method).

In this view, individual laboratory data are plot{gliamonds) 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 grébaighdue due to overlap with the red NIST target
range)region represents the 96 confidence interval for the consensus mean. The solid red lines represent the consensus range of tolerance, caéculated as t
values above and below the consensus mesnahbult in an acceptakde score 3w S ¢. The red shaded region represents the NIST range of

tolerance, which encompasses the target value bounded by twice its uncetkaimyahd represents the range that results in an accepiablescae,

W $ G
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Magnesium

110001 |B Inductively Coupled Plasma (ICP)
H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
10000 | |E Other
{|H not specified
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Fig. 3-29. Magnesium in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviationi¢jedthagolor of the data point represents
the analytical method employed. The solid blue line represents the consensus mean, and the green shéoeigedgondue to overlap with the red NIST

target range)epresents the 9% confidence interval for the consensus mean. The solid red lines represent the consensus range of tolerance, caéculated as t
values above and below the consensus mean that result in an acaéptablscore 30 S (. Thered shaeld region represents the NIST range of

tolerance, which encompasses the target value bounded by twice its uncatkai)yahd represents the range that results in an accepiablescore,

LW s C
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Magnesium

[ Inductively Coupled Plasma (ICP)

7500/ B Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)

H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

7000 B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
H Other .
{Hnot specified I
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Fig. 3-30. Magnesium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraea tieaded regidbeige here due to overlap with the red NIST

target rangejepresents the 9% confidence interval for the consensus mean. The solid red lines represent the consensus range of tolerance, caéculated as t
values above and below the sensus mean that result in an accept@ble score,ab S <. The red shaded region represents the NIST range of
tolerance, which encompasses the target value bounded by twice its uncatkai}yahd represents the range that results in an atdepia score,

W s C
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3.4.10. Mercury (Hg)

The target values for Hg alisted inTable 3-21. The target values faig in Kelp A and Kelp B
were determined at NIST usimgrect combustiomtomic absorption spectrometry (DC AAS).
The target value for Hg in SRM 3232 was determined at NIST tsidgpchloric and nitric acid

assistd microwave digestion andotope dilutioncold-vapor generatiolCP-MS (ID-CV-ICP-

MS).

Table 3-21. Summary of results and laboratory variabilities for Hg in kelp.

Mercury (HQ)

Within-Laboratory Averaged for all Samples Maximum

Variability (% RSD) 9.9 % >100 %
Kelp A Kelp B SRM 3232

BetweenLaboratory 0 0 0
Variability (% RSD) 37% 30 % 18 %
Target Valuet Uos 3129 + 0.46 2300 + 042 1058 + 3.0
Mass Fraction (ng/g)
Cconsensus Meah SD 34 £ 12 270 + 82 9% o+ 17

Mass Fraction (ng/g)

For the determination of H§0 of 51 laboratorieseported results5Q %). The average within
laboratory variability was 9.9 % with5 laboratorie®elow 15 % for Kelp A and Kelp Bnd25

laboratorieelow 11 % for SRM 3232 wh i
methods achievsuccessful repeatability while others did not demonstrate acceptable
repeatabilityThe SMPR specifies successful repeatability to be at or beld® fbt mass

fractions above 100g/g (SRM 3232)and at or below 156 for mass fractionsetweenlO ng/g

c h

ndi cat es -hbuseat

S ome

and D0Ong/g[4] (Kelp A and Kelp B) At least one laboratory reported variability greater than

100 %, and these results should be assessed for any calculation and reportingheromesall

performancdor the analysis of Hgndicated by betweelaboratay variabilities generally

aligned with the published expectations of at or belowoli®r mass fractions above 168/g

and at or below 3% for mass fractions above 10 ng4d (Table 3-21). Target reproducibilities
arerecommendedbr multiple laboradries using the same methdobwever the
reproducibilities in this study represent multiple laboratories using different methods.

Approximatelyhalf of the laboratories that reportadample preparation method indicated using

microwave digestioas seen iffable 3-22. Most of the laboratories reported using {UIS as
their analytical methodNo method biasvasobserved although 36 % of laboratories did not

reporta sample preparation method.
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Table 3-22. Summary of sample preparation and analytical methods averaged across all samples for
determination of Hg in kelp.

Sample Preparation Analytical Method

Acid Digestion 7% ICP-MS 73 %

(no heat or microwave)
Hot Block Digestion 3% ICP-OES 8 %
Microwave Digestion 53 % QQQICP-MS 3%
Thermal Decomposition 1% AAS 3%
None Reported 36 % RNAA 3%
DMA 3%

Other/None Reportec 7 %

The consensus mean was above the target value for both Kelp A and Kelp B, as-sgesh3d
and3-32, while it was below the target value for SRI432, as seen iRig. 3-33. Theconsensus
confidence interval was completely overlapping the target rasgeeip A, abovethe target
range for Kelp B, andlightly overlapping the lower range of the target range for SRBP.

The volatility of Hgcan lead to high variability in some analytical approacHe&sgh temperature
microwave digestion usingosedquartz or borosilicate glass vessslsecommended for sample
preparation prior to Hg analysiShe high temperatures will ensure a complete digestion with
little volatile lossof Hg from the closed vesselQuartz and borosilicate glass vessels are more
suitable for Hg sample digestion thpolytetrafluoroethylenédPTFE) as they can be single use
or easily cleaned to prevent retentiorHgf Nearly half of the laboratories reported using a
sample preparain methodhat was not microwave digestion did not report their method.
Laboratories that did not use microwave digestion should evaluate their sample preparation
method to determine whether complete extraction of Hg from the matevidisutvolatile loss,

is being achieved. Samples that were not properly digested could haved®saltow bias

such as those observed for SRM 323%horatories using microwave digestion should ensure
that values are not being biased high dug reemory effect frondigestion vesselsuch as
observed for Kelp A and Kelp.B

The Hg levelsin these materials shoulg well above method LOQisut depending on the

sample preparation and dilution steps,deeneasured mass fractiongy bepushing the

method detectionrnits (MDL). Cold vapor Hg generation can be used to increase the sensitivity
of ICP-MS for Hg, which allows lower levels of Hg to be measuteaboratories need &nsure

that a sufficient number of blanks are analyzed to determine an accurate MDO@ndr any
method. Mercury blanks and backgrounds may be large, making determination of Hg values in
samples containing low levels of Hg difficutuch as those used for MDL or LOQ
determinationsThe laboratory using RNAA reported varying LOQs for thre¢ kelp materials

with Kelp A and Kelp C having LOQs below the target range. The LOQs should be similar, even
if measured in separate analytical sets.

Erratic results can occur due to Hg carryover between samples resulting in high within
laboratory varidility as seen in Kelp A. Adequate washout time is needed after each
measuremerdndthe addition of dilute HCI to the washout solution can help redudenigéh of
washout timeneeded

Additional tables and figurgsr Hg in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Mercury

80- |l Direct Mercury Analyzer (DMA)

B Hydride Generation Atomic Absorption Spectrometry (HGAAS)
B Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED) o
H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

[ Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
H Other
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Fig. 3-31. Mercury in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus meargraea tfieaded region represents thé&®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score g S (. 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 accegiablescore,. @ s ¢. The shaded beige region repents 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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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Mercury

500.000 (QL)

601 [l Direct Mercury Analyzer (DMA)

[l Hydride Generation Atomic Absorption Spectrometry (HGAAS)

B Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)

50+ |HInductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

[ Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
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Fig. 3-32. Mercury in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus meargraea tfieaded region represents thé&®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score g S (. 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 accepgiablescore, @ s C.
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)

Measurand: Mercury

160- | Direct Mercury Analyzer (DMA)

[l Hydride Generation Atomic Absorption Spectrometry (HGAAS)

H Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)
140 ||B Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

[ Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
| H Other

[1Radiochemical Neutron Activation Analysis (RNAA)
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Fig. 3-33. Mercury in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus meangraed ttlgaded region represents thé®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabley score 30 S (. 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 accegiablescore @ $ ¢. The shaded beige region reprasehe overlapping of the 95

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

Target values for K areummarizedn Table 3-23. The target values fdf 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 K in SRM 3232 was determined at NIST using (1) &ftaAthe
material was pressed into pellets using a stairdtsssd dieand (2)nitric acid assisted microwave
digestion and ICROES.

Table 3-23. Summary of results and laboratory variabilities for K in kelp.

Potassium (K)

Within-Laboratory Averaged for alSamples Maximum

Variability (% RSD) 4.7 % >100 %
Kelp A Kelp B SRM 3232

BetweenLaboratory 0 0 0
Variability (% RSD) 11% 9% 9%

Target Valuet Ugs

Mass Fractionrfg/q) 1263 + 25 218 + 0.77 712 + 1.0
consensus MeansD 45, g5 207 + 16 677 + 5.6

Mass Fractionrfig/g)

For the determination of K33 of 51 laboratories reported resuis 9. The average within
laboratory variability was 4.7 %, with ongyx laboratories abovg %, which indicates that most
par t i c thpuaenethodls achieve repeatapiibnsistent with published requireme(ts

%, [6]). At least one laboratory reported variability greater than 100 %, and these results should
be assessed for any calculation and reporting effbesbetweedaboratory variabilitiesanged

from 9 % to 11% in the three materiald &ble 3-23), consistent with the published expectation

of 10 % for laboratories using the same methi®). Notably, he upper analytical range in the
SMPR is 0.02 mg/g, which is lower than the K levels in the kelp nadég¢eand appropriate

sample preparation steps (j.@ilution) should be taketo ensure that theoncentration of K in

the extracted sample is within the calibration range.

Half of the laboratories that reportagdample preparation method indicated usmgrowave
digestionas shown imTable 3-24. The majority of laboratories reported using either-NI® or
ICP-OES as their analytical methddo method biasvasobserved although 30 % of laboratories
did not repora sample preparation method.
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Table 3-24. Summary of sample preparation and analytical methods averaged across all samples for
determination of K in kelp.

Sample Preparation Analytical Method

Acid Dig_estion (no heat or 9% ICP-MS 44 %
microwave)

Hot Block Digestion 9% ICP-OES 38 %
Microwave Digestion 50 % QQQICP-MS 3%
Open Beaker Digestion 2% ICP 3%
None Reported 30 % AAS 3%
RNAA 3%

Other/None Reported 6 %

The consensus meéor K was below the target value in all three kelp samples, as sé&&mn in
3-34, 3-35, and3-36 for Kelp A, Kelp B, and SRM8232, respectively. Theonsensus
confidence interval waselowthe target range for Kelp A and SRd32andwasoverlapping
the lower ange ofthe target range for Kelp B. Most laboratories were able to successfully
measure in Kelp B but about half of the laboratories measured outside of the target ranges for
Kelp A and SRM3232.Since Kelp A and SRM 3232 containapproximatelythree o six times
more K than Kelp Bdilution factors should be evaluatétcan impact asneasured mass
fractiors relative to the calibration schenR®tassium is stable in an aqueous solution.
Therefore, the primary consideration in the sample preparatidQ measurements should be a
complete digestion and minimization of contamination and samplgwbgsh could result in
laboratories reportig low values

Numerous analytical methods caccuratelydetermingpotassiumPotassium is easilgtomized
and ionized, which makes the element a good candidate for flame atomic absorption
spectroscopy (FAAS) and flame atomic emission spectroscopy (FAES) measurements.
Potassium has three stable isotopes/aB9, 40, and 41hat can be used measurments by
ICP-MS, but interferences fronffArtH*, °Ar*, and*°Ar'H*, respectivelymust be avoided\
cool plasma condition should be used to minimize the isobaric interfeirencd0ArH* atm/z
39[11]. Alternatively, the isobaric interferencesmalz 39 can be resolved by measurifiig* at
mass resolutiongreater tha8000 using HRCP-MS [12]. Useof ICP-OESis not
recommendedbr potassium measurement, as the difficulty of exciting the electron shell of
potassium ionsesults inow sensitivity

Additional tables and figurefer K in kelpare located il\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Potassium

H Flame Atomic Absorption Spectroscopy (FAAS)

160 B Inductively Coupled Plasma (ICP)

B Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED)

3415.000—>

1501 H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
H Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
_{H Other
140 H Radiochemical Neutron Activation Analysis (RNAA)
Hnot specified
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Laboratory

Fig. 3-34. Potassium in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method emplegl. The solid blue line represents the consensus mean, and the green shaded region represéntsrifidéice interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score, b S (. 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 arptatedd  score @ S C.
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Potassium

H Flame Atomic Absorption Spectroscopy (FAAS)
B Inductively Coupled Plasma (ICP)

26- B Inductively Coupled Plasma Mass Spectrometry (ICP-MS) o
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED) —
B Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
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Fig. 3-35. Potassium in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraea tieaded regidbeige here due to overlap with the red NIST

target rangejepresents the 9% confidence interval for the consensus mean. The solid red lines represent the consensus range of tolerance, caéculated as t
values above and below the sensus mean that result in an accept@ble score,ab S <. The red shaded region represents the NIST range of
tolerance, which encompasses the target value bounded by twice its uncatkai}yahd represents the range that results in an atdepia score,

W s C
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Potassium
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H Flame Atomic Absorption Spectroscopy (FAAS)

H Inductively Coupled Plasma (ICP)

85- [l Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED) .

H Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) — -
B Inductively Coupled Plasma Triple Quadrupole Mass Spectrometry (QQQ-ICP-MS)
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Fig. 3-36. Potassium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represents the consensus meargraed tHleaded region represents thé®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score, b S (. 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 accegiablescore @ s ¢.
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3.4.12. Selenium (Se)

Target alues for Se areummarizedn Table 3-25. The target valuefor Sein all samples were
determined at NIST using nitric acid assisted microwave digestion aniECP

Table 3-25. Summary of results and laboratory variabilities for Se in kelp.

Selenium (Se)

Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 14 % >100 %

Kelp A Kelp B SRM 3232
BetweenLaboratory 93 % 95 % 99 %

Variability (% RSD)

Target valuer Uss 89.2t 47 383+ 6.9 53 + 14
Mass Fraction (ng/g)
Consensus MeanSD ., , 454 110 + 95 120 + 110

Mass Fraction (ng/q)

For the determination of SB7 of 47 laboratories reported resuig ¢9. Of the22 laboratories
reportingquantitative resultslO laboratoriegeported withinlaboratoryvariabilitiesoutside the
published requirement db %, as seen iTable 3-25[4]. The average withitaboratory

variability was 14%, indicating thatnanyp a r t i ¢ thpuaemtethodls achieve successful
repeatability. At least one laboratory reported variability greater than 100 %, and these results
should be assessed for any caldatatind reporting errord.he community struggled with the
analysis of Se in kelp, indicated by the betw&sdyoratory variabilities between 98 and 99%.

The SMPR specifies successful reproducibility to be at or below &2 faboratories using the
samemethod[4].

Most of the laboratories that reportedample preparation method indicated using microwave
digestionas seen iTable 3-26. The majority of laboratories reported using VIS as their
analytical methogdincluding results off scale Ifig. 3-37 and3-38. No method biasvas
observed although 39 % of laboratories did not repsample preparation method.

Table 3-26. Summary of sample preparation and analytical methods averaged across all samples for
determination of Se in kelp.

Sample Preparation Analytical Method
Acid Diggstion (no heat or 4% ICP-MS 73 %
microwave)
Hot Block Digestion 15 % ICP-OES 8 %
Microwave Digestion 40 % QQQICP-MS 4%
Open Beaker Digestion 1% AAS 4%
None Reported 39 % RNAA 4 %

Other/None Reported 7 %

70



NIST IR 8494
November2023

The consensus mean was above the target value for all three kelp samples, aBigeg&Bih
3-38, and3-39for Kelp A, Kelp B, and SRM8232, respectively. Theonsensusonfidence
interval was outside of the target range for Kelp A and Kelp B whdkgintly overlapped the
upper portion of the target range for SRRB2.

The Se mass fractions in teeidysamplesvererelatively low and couldhave challenged
participantémethod LOQsLaboratorieshouldensure that OQs have beeappropriatéy
determned and consideimproving sensitivitythroughuse ofappropriate blanksmplementing
system cleaningechniques, and mimizing interferenceslhe sample preparation approach
used for Seleterminatiorshould ensure appropriate dilution factorsused based on the level
of Se expected in the sample, to prevent dilution of the prepared sample beyond the LOQ.
Additionally, Seis highly volatile and may be lost during open beaker digesésulting in a
low bias Laboratorieghat did not use microwa digestion and amonsistently reporting low
values shoul@nsure their sample preparation method is appropGébsed vessel digestions
should be opened with care to ensure no Se isliostgventing.

Spectral/isobaric interferences can make Secdlf to measure accurately by IGWS. Elevated
mass fractionsf certain elements (e.g., Ar) are known to cause interferences in the analysis of
Se by ICPMS, including! @ Most Se isotopes also suffer isobaric over@ailision cell
technology can based to minimize molecular interferences that may be found in these three
materials and specifically use dfe as thecollision cell gasanreduce Oinferene. If using
QQQICP-MS, O, gascan be addetb mass shif6eisotopesl6 mv/z units higher than their
nativenm/z statefor measurement with reduced interference

Additional tables and figurdsr Se in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Selenium
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Fig. 3-37. Selenium in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employed. The solid blue line represent®tisensus mean, and the green shaded region represent8dtve®fidence interval for the
consensus mean. The solid red line repreghaupper bound of theonsensus range of tolerance, calculated as the value above the consensus mesalsthat

in an acceptabléd score,an S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance, which encompasses
the target value bounded by twice its uncertaiblyi{r) and represents the range thaulissin an acceptabl®  scoreg S C.
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Fig. 3-38. Selenium in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) withniti@idual 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 répfésamtfidieace interval for the
congensus mean. The solid red line represtrgupper bound of theonsensus range of tolerance, calculated as the value above the consensus mearsthat result
in an acceptabled score 30 S ¢, with the lower bound set to zerbhe red shaderkgion represents the NIST range of tolerance, which encompasses
the target value bounded by twice its uncertaiblyi{r) and represents the range that results in an accegiablescoreg S ¢.
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Fig. 3-39. Selenium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view 1 analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaaglelor of the data poingpresents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@pfésamifidieace interval for the
consensus mean. The solid red line repreghaupper bound of theonsensus range of tolerance, calculated as the value above the consensus mearsthat result
in an acceptabléd score 3 S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance,embmmpasses

the target value bounded by twice its uncertaiblyi{r) and represents the range that results in an accegiablescore@ s ¢.
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3.4.13. Sodium (Na)

Target values for Na asummarizedn Table 3-27. The target values fdfa inKelp A and Kelp

B were determined at NIST using nitric and hydrofluoric acid assisted microwave digestion and
ICP-OES. The target value for Na in SRM 3232 was determined at NIST using (1) dN&A

the material was pressed into pellets using a staistes$ dieand (2) nitric acid assisted

microwave digestion and ICOES.

Table 3-27. Summary of results and laboratory variabilities for Na in kelp.

Sodium (Na)
Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 2.6 % 17 %
Kelp A Kelp B SRM 3232

BetweenLaboratory 0 0 0
Variability (% RSD) 10% 11% 9%

Target Val_uet Ugs 39460 + 130 31740 + 430 15300 + 360
Mass Fraction (ug/g)
consensus MeafSD - 35300 + 3400 30900 + 3100 14700 + 1300

Mass Fraction (u1g/g)

For the determination of N29 of49 laboratories returned da&9(%9. All laboratories reported
guantitative values, and only 3 laboratories reported witdboratory variabilities above the
published 5 % recommendatif]. The average withitaboratory variability was 2.6 ¥d able
3-27), which indicates that most partc i p a-lmotse dethods achieaeceptableepeatability.
The averagbetweeraboratory variability wast or belowll % for all samples, as seen in
Table 3-27, indicatingthat thecommunityis performing well with respect to the 10 % published
recommadation for laboratoriegsing the sammethod[6]. Notably,the upper analytical range
in the SMPR(8.5ug/q) is lower than the Na levels in the kelp sampsemppropriate sample
preparation steps (i,ailution) should be taketo ensure that the level of Na in prepared
samples is within the calibration range

Nearly half of the laboratories that reporeeslmple preparation method indicated using
microwave digestioms seen i able 3-28. Almost halfof the laboratories reported using
ICP-MS as their analytical methpahcluding results off scale iRig. 3-40 and3-42, along with
onethird of the laboratories using IGPES.No method biasvasobserved although 35 % of
laboratories did not repoatsample preparation methdd/hile the laboratory using
QQQICP-MS consistently reported lower valu€¥QQ cannot be correlateaith low biasbased
on the results from a single laboratory
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Table 3-28. Summary of sample preparation and analytical methods averaged across all samples for
determination of Na in kelp.

Sample Preparation Analytical Method

Acid Dig_estion (no heat or 10 % ICP-MS 49 %
microwave)

Hot Block Digestion 10 % ICP-OES 36 %
Microwave Digestion 45 % QQQICP-MS 3%
None Reported 35 % ICP 3%
AAS 3%
RNAA 3%

Other/None Reportec 3 %

The consensus mean was below the target value for all three kelp samples, a&ise8/D
3-41, and3-42for Kelp A, Kelp B, and SRMB232, respectively. The consensus confidence
interval was completely overlapping the target range for Kelp A andapypang the lower range
of the target rangefor Kelp B and SRM3232.

No trends based on analytical method were observed, but appropriate sample preparation could
play a large role in accurate determinatidMNa. Laboratories that consistentigporedlow

values should ensure thapproach achieves complete digestion of &&®pen beaker

digestiors aremore likely tobe incomplete ancesult in a low bias compared to microwave
digestion technigues.aboratories that consistently repbigh valuedikely have issues with
contamination of samples witlta from the environment duringample preparatioiNa is

present in the matrix of mosamplesand mostnstrumentan be easilgontaminated by Na.

The sample introduction system shouldchEanedand the baseline counts checked to ensure the
instrument is suitable for the measurem&imilarly, work areas, glassware and plasticwate
should be acid cleaned prior to usgrevent Na contamination from common sodpa.soap
solution is used for cleaning, Na levels in blank solutions musgbeouslychecked. When
performing measuremethe concentration of Na in the sample sddwg preparedt the high

end of thdinear ranggo minimize theNa baseline intensity relative to the Na signal from the
sample Extra procedural reagent blanks should be prepared along long with samples to
understandhe extent oNa contamination fronthe analysis.

Additional tables and figurefer Na in kelpare located il\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Sodium
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Fig. 3-40. Sodium in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employebhe solid blue line represents the consensus mean, and the green shaded region represéntotifel®@bce interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eosbeus thean that result in an
acceptabled score, b S (. The red shaded regidbeige here due to overlap with the green consensus confidence intepvatents the NIST range
of tolerance, which encompasses the target value bounded by suicedrtainty Unist) and represents the range that results in an accepiablescore,

W 8 G
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Sodium
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Fig. 3-41. Sodium in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents

the analytical method employebhe solid blue line represents the consensus mean, and the green shaded region represéntotifel®bce interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodséetus thean that result in an
acceptabled score g S (. 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 atdegia score @ S ¢. 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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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Sodium
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Fig. 3-42. Sodium in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redtaegtddr of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@pfésamifidieace interval for the
consensus mean. The solid red lines represent the consampei®féolerance, calculated as the values above and below the consensus mean that result in an
acceptabled score g S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by twice its
uncetainty Unist) and represents the range that results in an accegiablescore @ s ¢. The shaded beige region represents the overlapping of the 95

% confidence interval for the consensus mean (green region) and the NIST range of toleranceifjed regi
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3.4.14. Sulfur (S)

For the determination @&, 14 of 42 laboratories reported resuB8 9. The average within
laboratory variabilityfor the 13 laboratories reporting quantitative valwes 2.4%, with all
laboratories at or belowl % repeatabilityas seen iffable 3-29. The betweerlaboratory
variabilitieswerebetween 186 and 4 %. At the time of this report, target values for S were not
available in any of the kelp samples arglitable SMPR fomethodperformancessessment

was not identified

Table 3-29. Summary of results and laboratory variabilities for S in kelp.

Sulfur (S)
Within-Laboratory Averaged forall Samples Maximum
Variability (% RSD) 2.4 % 11 %
Kelp A Kelp B SRM 3232
BetweenLaboratory 21 % 21 % 18 %

Variability (% RSD)

Consensus Meaf18D 6600 + 1400 22100 += 3300 10600 + 1900
Mass Fraction (ug/g)

Half of the laboratories that reportagdample preparation method indicated using microwave
digestionas shown imable 3-30. Many different analytical methods were report@siseen in

Fig. 3-43, 3-44, and3-45for Kelp A, Kelp B, and SRM8232, respectivelynaking identification

of trends in the data regarding method bias diffidtilte laboratories reported IGBESand
threelaboratories reported using IGWS (including the results off scale Fig. 3-43 and3-35).

The results using the C/S analyzer @Q-ICP-MS were consistently lower than the consensus
meanin all samplesbut a low bias cannot be directly correlated to these methods since only one

laboratoryreported each.

Table 3-30. Summary of sample preparation and analytical methods averaged across all samples for
determination of S in kelp.

Sample Preparation Analytical Method
Hot Block Digestion 14 % ICP-MS 29 %
Microwave Digestion 50 % ICP-OES 36 %
Thermal Decomposition 7% QQQICP-MS 7%
None Reported 29 % ICP 7%
RNAA 7%
C/S Analyzer 7%

Other/None Reportec 7 %
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Since no target valudsr Swereavailable at the time of this reppni specific
recommendations related to bias can be miadgeneralunmitigatedspectral interferences can
lead to a high bias S resultobtainedusing ICRMS techniques. Traditionally, collision cell
technology or a C/S analyzer can be used to minimiegferencesvery few laboratories
reported using an analytical technique that mitigated interferences and consequently the
consensus data could be biased hejative to a true value

Additional tables and figurder Sin kelpare located i\ppendix B.
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Fig. 3-43. Sulfur in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraea tfieaded region represents thé&®&nfidence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score, 30 s C.
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Fig. 3-44. Sulfur in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (reGtaegtddr of the data point represents
the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region répfésamtfidieace interval for the
consensus mean. The solid red lines represent the consangaf tolerance, calculated as the values above and below the consensus mean that result in an

acceptabley score, 30 S C.
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Fig. 3-45. Sulfur in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue lingesgnts the consensus mean, and the green shaded region represeftscbef@tence interval for the
consensus mean. The solid red lines represent the consensus range of tolerance, calculated as the values above aodseelsws timean that resalan

acceptabled score, 30 s C.
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3.4.15. Zinc (Zn)

Target values for Zn amummarizedn Table 3-31. The target values f&n 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 Zn in SRM 3232 was determined at NIST using (1) #R&A
thematerial was pressed into pellets using a staidtss dieand (2) nitric acid assisted

microwave digestion and ICOES.

Table 3-31. Summary of results and laboratory variabilities for Zn in kelp.

Zinc (Zn)
Within-Laboratory Averaged for all Samples Maximum
Variability (% RSD) 6.0 % 83 %
Kelp A Kelp B SRM 3232

BetweenLaboratory o 0 0
Variability (% RSD) 17% 14 % 16%
Target Val_uet Ugs 186 + 1.7 320 + 32 257 + 1.0
Mass Fraction (ug/g)
consensus Meah SD 18.0 * 3.1 315 + 44 256 + 4.0

Mass Fraction (1g/g)

For the determination of Z28 of 51 laboratories reported resuli§ $6). Of those 28

laboratories3 laboratories reported withilaboratory variabilities above the published
recommendation of 7%, as seen iffable 3-31[4]. The average withilaboratory variability

was 6.0 %, indicating that much of the communitggkieving acceptable repeatability for
determination of ZnOne laboratory reported variability above 80 %, and these results should be
assessed for any calcutatior reporting errorsBetweenlaboratory variabilities were between

14% and 176, which is significantly higher than the published expectation of below 8 % for
laboratories using the same metlidH Notably,the upper analytical range in the SMPIR

Hg/g) is lower than the Zn levels in the kelp materials and appropriate sample preparation steps
(i.e. dilution) should be taketo ensure that the samples as measured are within the calibration
range.

Most of the laboratories that report@dample pregration method indicated using microwave
digestionas shown imable 3-32. The majority of laboratories used IBFS as their analytical
method followed by ICROESas the second mostported No method biasvasobserved
although 39 % of laboratories didtmeporta sample preparation method.
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Table 3-32. Summary of sample preparation and analytical methods averaged across all samples for
determination of Zn in kelp.

Sample Preparation Analytical Method
Acid Digestion

) 7% ICP-MS 56 %

(no heat or microwave)
Hot Block Digestion 4 % ICP-OES 26 %
Microwave Digestion 49 % QQQICP-MS 4%
Open Beaker Digestion 1% ICP 4 %
None Reported 39 % RNAA 4%

Other/None Reported 7 %

The consensus mean was slightly below the target valutnforKelp A and Kelp B, as seen in
Fig. 3-46 and3-47 and was equal to the target value for SBR82, as seen ifig. 3-48. The
consensusonfidence interval was within the target range for abtelhkelp samples. Most
laboratories were able to successfully meaZuran the three kelp samples.

Bias inZn results may have resulted frsample preparation method or calibration curve.
Laboratories reporting results outside of tbesensus range ajlerance should review the
recommendations discussed3action 2 andection3.1 When using ICRMS, KED mode can
work well for the reduction of P©and SQ' interferences omeasurement cn.

Additional tables and figuresr Zn in kelpare located i\ppendix B.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Zinc
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Fig. 3-46. Zinc in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standariba€xéatangle). The color of the data point represents
the analytical method employed. The solid blue line represents the consensus mean, and the green shéoeigedgondue to overlap with the red NIST

target rangejepresents the 9% confidencenterval 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 acaéptablscore 30 S (. The red shaded region represents the N&ige of

tolerance, which encompasses the target value bounded by twice its uncatkai)yahd represents the range that results in an accepiablescore,

1 S G
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Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Zinc
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Fig. 3-47. Zinc in Kelp B (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employedhd solid blue line represents the consensus mean, and the green shadd€teiggidrere due to overlap with the red NIST
target range)epresents the 9% confidence interval for the consensus mean. The solid red lines represent the consensus tarageef talculated as the
values above and below the consensus mean that result in an aceéptablscore 0 S (. The red shaded region represents the NIST range of
tolerance, which encompasses the target value bounded by twiceétsainty Unist) and represents the range that results in an accepiablescore,

W S C
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Exercise: DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Zinc
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40 m Inductively Coupled Plasma Mass Spectrometry (ICP-MS) ~
H Inductively Coupled Plasma Mass Spectrometry in KED Mode (ICP-MS KED) o
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Fig. 3-48. Zinc in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangtddr bii¢he data point represents

the analytical method employed. The solid blue line represents the consensus mean, andshadgeeagiofbeige here due to overlap with the red NIST

target rangejepresents the 9% confidence interval for the consensus mean. The solid red lines represent the consensus range of tolerance, caéulated as t
values above and below the consemsean that result in an acceptaile  score 0 S . The red shaded region represents the NIST range of
tolerance, which encompasses the target value bounded by twice its uncetkain)yahd represents the range that results in an accepiablescore,

W S C
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4. Vitamins | (Vitamins B3 and K1 in kelp)

41. Executive Summary

Niacin and niacinamide (vitaminzBand phylloquinone (vitamin & are important wateland
fat-soluble vitanins known to be present in kelfphe participation rate in these studies was
extremely low and prevented meaningful conclusioos being drawrabout the methods used
to determine these nutrients.

4.2. Background

Niacin and niacinamide (vitaminzBarewatersoluble vitamins that are an essential part of

many reactions in the body that require the coenzyme nicotinamide adenine dinucleotide (NAD).
Vitamin Bz is important for the conversion &od into energyndfor the development and

function ofmanycell types in the bodj13, 14] Vitamin K isthe general name fargroup of

nutrient compounds that are important for blood clotting and healthy Hengtoquinone

(vitamin Kz) one of the major forms found naturally in plants, is presecisirandtrans- forms,

with trans-vitamin K1 generally being the more dominant forers-vitamin Ky is also thought to

have lower bioactivity15]. Kelp is often advertised for its health benefits, including vitamin and
mineral contenfl16, 17] According to USDA FoodData Central, kelp contains measurable levels
of both niacin and phylloquinori@8]. The vitamin levels are likely dependent on $peand

growing conditions. Standardized methods for these vitamins in foods and dietary supplements,
including seaweeds, can help ensure accurate dietary intake estimates and product labeling.
Proper measurements and values can then help inform farmimgwaties orthebest species

and growing seasons to achieve desired vitamin leivethis study, participants were asked to

use irhouse analytical methods to determine the mass fraction (mg/kg) of niacin, niacinamide,
and phylloguinone in three differespecies of powdered seaweeds

4.3. Study Information

Participants were provided with samples of Kelp A (three 10 g pa&atsharindatissima f.
angustissimaMaine, USA), Kelp B (three 5 g packefscophyllum nodosurilorthern Atlantic

Ocean, andSRM 232 (three 5 g packet3hallus laminariaeEast China Seafarticipants

were asked to store the matesial controlled room temperature, 20 to 25°C, in the original
unopened packets 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 portion for analysand to use sample sgappropriate for their knouse

analytical methodsApproximate analyte levels were not repdrte participants prior to the

study.
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4.4. Study Results and Technical Recommendations

4.4.1. Niacin and Niacinamide

Of the 24 laboratories requesting samples for niacin 20thboratories requesting samples for
niacinamide only 3 to 6 laboratories reported restitiseach sample (15 % to 25 %

participation). The low participation rate and lack of method information reported makes
interpretation of the results difficult. Also, target values were not available at the time of this

report. The withidlaboratory variabities wereless thar % for niacin in all samples, and

below14 % for niacinamide in all samples. The betwdgnoratory variabilities indicate

challenges across the community for these measurements, as % RSDs were between 36 % and 81
% for niacin and bgveen 46 % andbovel00 % for niacinamide.

Vitamin Bz is relatively stable, making a variety of sample extraction techniques viable.
Understanding the form(s) of vitamirg Being measured and reported is important, as vitamin

Bz can be reported as a tofak either niacin or niacinamide) or in the individual forms.
Laboratories that provided sample preparation information reported using enzymatic digestion,
solvent extraction, or solvent extraction and solid phase extraction for the determination of
niacin. One laboratory reported using enzymatic digestion for the determination of niacinamide.
While an aqueous extraction can be used for free and fortified niacin, bound niacin needs to be
released from any complex forms as well as from the sample mataxigkally, base

hydrolysis will convert all forms to niacii9]. Enzymatic hydrolysis can be used, and the
measured vitamin form will depend on the enzyme(s) useddifficult to determinef
laboratoriegeportediotal Bs or specific vitamers due to low participation in this studythe
WaterSoluble Vitamin study, it is evident thedme partigants reported totalBvhen asked to
report niacin Participants should be aware of the speeitiemin forms their methodsraable to
determire to better understand total vitamin composition in the matétaaladditional vitamin

Bz related discussion, please &ertion8 of this report.

Laboratories that provided analytical method information reported using liquid chroayatigg
mass spectrometry (L-®1S), liquid chromatography with tandem mass spectrometry
(LC-MS/MS), microbiological assay, or spectrophotometry for the determination of niacin.
Laboratories reported using LS, LC-MS/MS, orotherfor the determination of nGanamide.
Figures 4-1 and4-2 show the reported results with analytical methods indicated by different
colors. No method bias was observed.

Laboratories reporting LOQs abovel00mg/kg for both niacin and niacinamide should assess
their LOQ determinatioprocess and their analytical methods.

Additional tables and figurdsr vitamin Bz in kelpare located ii\ppendix C.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Vitamin B3 (Niacin)
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Fig. 4-1. Vitamin Bs (niacin) in Kelp A (data summary view i 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 analytathod 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 vallssddieegy the consensus

mean that result in an acceptatidle score3® S C.
Exercise: DSQAP Exercise 1

Sample: Kelp A
Measurand: Vitamin B3 (Niacinamide)
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Fig. 4-2. Vitamin B3z (niacinamide) in Kelp A (data summary view i analytical method).

In this view, individual laboratoryata 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 represef&iteafidence 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 accepéable score 3o s ¢ with the lower bound set to zero
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4.4.2. Phylloguinone

Of the 19 laboratories requesting samples for phylloquinone, only 4 laboratories reported results
for each sample (21 % participation). The low participation rate and lack of method information
reported make interpretation of the results difficult. The witHatboratory variabilities were

between 18 % and 28, and the betweelaboratory variabilities indicate challenges across the
community for these measurements, as % RSDs were beR®éeérmandabovel00%.

Phylloquinone target values and consensus values are listathlm4-1. A target value for
phylloguinone in Kelp A was not available at the time of this regdr. target value for
phylloquinone in Kelp B was determined by combinindividual laborabry results fom

DSQAP Exercise M20] and HAMQAP Exerae 7[21]. Themoisture corrected target value for
phylloquinone inSRM 3232 was determined at NIST by-I0C-MS/MS.

Table 4-1. Summary of results and laboratory variabilities for phylloquinone in kelp.

Phylloquinone

Target Valuet Ugs Consensus Meah SD
Sample Mass Fraction (mg/kg) Mass Fraction (mg/kg)
Kelp A - 37 + 44
Kelp B 194 + 0.0 1.70 + 0.49
SRM 3232 0.404 £+ 0.075 047 + 0091
sample Within-Laboratory Variability BetweenLaboratory Variability
(Max % RSD) (% RSD)
Kelp A 19% > 100 %
Kelp B 22 % 29 %
SRM 3232 18% > 100 %

Three of the four laboratories provided method details. Sobsraction was reported as the
sample preparation technique, and-MS/MS, liquid chromatography with absorbance or
photodiode arragetection(LC-Abs, -PDA), and liquid chromatography with fluorescence
detection (LGFLD) were all reported as analytical theds for determination ophylloquinone.
The consensus means were close to the target values for Kelp B an823RMig. 4-3 and
Fig. 4-4; howeverthe large betweelaboratory variabilitydue to twosets ofdata points being
low and two sets beinigigh, in comparison to the target valuledicatesa need for improved
measurement capabilities.

Naturally occurring fasoluble vitamins need to be released from the matrixsotatedusing a
hydrophobic solvent. Analyte degradation and hydrolysis dusample preparation, due to
exposure to light or strong alkaline conditions, are major concerns and can lead to low reported
values.All of the reported analytical methods techniques use LC, which can remove interfering
matrix compounds and also potertighhysically separate thas- andtrans formsof

phylloquinone Well characterized, qualitgferencestandards are essential for accurate
determinations and measuremefisndards should be selected to match the forms being
measured in the sample.

93



NIST IR 8494
November2023

Additional tables and figurefer vitamin Ky in kelpare located i\ppendix C.

Exercise: DSQAP Exercise 1
Sample: Kelp B
Measurand: Phylloquinone (Vitamin K1)
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Fig. 4-3. Vitamin K1 (phylloguinone) in Kelp B (data summary view i 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 mestiidyed. The solid blue line represents the
consensus mean, and the green shaded region (beige here due to overlapedthit8& target range) represents

the 95 % confidence interval for the consensus niEam solid red lines represent the consemange of tolerance,
calculated as the values above and below the consensus mean that result in an aéceptatdere 30 s C.

The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by
twice its unertainty Unist) and represents the range that results in an accepiablescore g S ¢.
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Exercise:  DSQAP Exercise 1
Sample: SRM 3232 Kelp Powder (Thallus laminariae)
Measurand: Phylloquinone (Vitamin K1)
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Fig. 4-4. Vitamin K1 (phylloguinone) in SRM 3232 Kelp Powder (Thallus laminariae) (data summary view
T 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 tdpeckeats the
consensus mean, and the green shaded region represents the 95 % confidence interval for the consensus mean. The
solid red line represesithe upper bound of theonsensus range of tolerance, calculated as the value above the
consensus meahdt resuksin an acceptabled score, 30 S ¢, with the lower bound set to zerbhe red

shaded region (beige here due to overlap with the green consensus confidence interval) represents the NIST range of
tolerance, which encompasses thrget value bounded by twice its uncertaindy;ér) and represents the range that

results in an acceptable score 3 S C.
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5. Botanicals | (Phenolic Content)

5.1. Executive Summary

Polyphenolrich diets have beerorrelated withmany health benefitend accurate
determination of these compounds in foods or supplements is important to facilitate
standardization for clinical investigationstbesehealth effectsThis study focused on
measurement of gallic acid and total phenolic content as galli@quidgalents (GAE) in green
tea and kelp materialdMost laboratories were able to accurately measure gallic acid in the
samples, anthe withinlaboratory and betwedaboratory variabilitie$or GAE determinations
were consistent with industgxpectation$22].

5.2. Background

Polyphenolrich diets have beerorrelated withmany health benefits. Polyphenols are a class of
bioactive compounds found in kelp, which may contribute bioactive profiles. Although many
approaches exist for determinationtatal phenolic content, this study was focused on the
measurement of a specific polyphenol, gallic acid, as well as total polyphenols as GAE in green
tea and kelp materials. Accurate determination of these compounds in foods or supplements is
important toensure product quality and to facilitate standardization for clinical investigations of
health effects. In this study, participants were asked to use either thewse analytical

methods or AOAC First ActioPfficial Method2017.13[23] for the measrement of total

phenolic content reported in the mass percent (% w/w) of gallic acid and/or GAE in powdered
green tea and kelp materials.

5.3. Study Information

Participants were provided samples of SBRb54 Green TegCamellia sinensis).eaves (three

3 g paclets), SRM3255 Green TeéCamellia sinensisExtract (three Iy packets), and Kelp A

(three 10g packetsSaccharindatissima f. angustissimarigin ME, USA). Participants were

asked to store the matesait controlled room temperature, 20 to 25 °Cand to prepare one

sample and report one value from each packet provided. Before use, participants were instructed
to mix the contents adachpacket thoroughly, allow contents to settle for one minute prior to
opening to minimize the loss of fine partsjend to use a sample size at least 0.1 g to determine
the mass percent (% w/w) of gallic acid &BdE. The approximate analyte levels were not

reported to participants prior to the study.

96



NIST IR 8494
November2023

5.4. Study Results and Technical Recommendations

5.4.1. Gallic Acid

Of the 23 laboratories requesting samples for gallic acid, 7 to 8 laboratories reported results for
each sample (30 % to 35 % participation). As seédralrle 51, the withirlaboratory

variabilities were between 3 % and«/for the green tea materials (8R 3254 and 3255), and

34 % for KelpA. The betweedaboratory variabilities indicate challenges across the community
for these measurements

Table 5-1. Target values, consensus values, and variabilities for gallic acid in green tea and kelp.

Gallic Acid
SRM 3254 SRM 3255 Kelp A
Target Mass PercetitUgs (%) 0.106+ 0.058 0.313+ 0.083 -
COA Mass Fractiort Ugs (Mmg/g) 1.12 + 0.61 3.23 £ 0.86 -
Consensus Meah SD (%) 0.081+ 0.048 0.334+ 0.062 1.27+ 3.88
Within-Laboratory Variability
. 7% % 4%
(Median % RSD) ° 3% 34%
BetweenLaboratory Variability 59 04 19 % > 100 %

(% RSD)

The target values for gallic acid in SRM 3254 and SRM 3255 are sholabla 5-1, in both

% w/w and mg/g. The valudsr gallic acidon the COAs are based on NIST measurements
using LGAbs and LGMS, in mg/g on a dry mass basis. The % w/w values weralatd
through moisture correction (0.9481 g dry mass/geasived mass) and unit conversion. Target
values for KelpA were not available at the time of this report.

Most laboratories that returned reswitsre able to successfully measure gallic acith@green
teasampleso S (), as seen ifrig. 5-1 and5-2. Some laboratories reported values with
high biases in more than one more samipig.(5-3) and should review their calibration,
calculations, and units reported to identify any systematicsemiproved separation techniques
and more specific detectors could also be used to help reduce interferences.

The betweedaboratory variability was lowest for the green tea extract. The green tea extract

was expected to pose less of an analytical chgdidor laboratories, as the gallic acid level in the
green tea extract was higher than in the green tea leaves, and the gallic acid content in the green
tea extract was alreadsolatedfrom the plant material and could be more readily available

through diution or solvent extraction.

The level of gallic acid in the kelp material waedlow the LOQ ofmost laboratoriesAn overall
phenolic content method may be more appropriatetaracterization ahis particular species
of kelp.

Additional tables and gures for gallic acid in green tea and kelp are locatégppendix D.
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Exercise: DSQAP Exercise 1
Sample: SRM 3254 Green Tea (Camellia sinensis) Leaves
Measurand: Gallic Acid
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Fig. 5-1. Gallic acid in SRM 3254 Green Tea (Camellia sinensis) Leaves (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraxean tfteaded region (beige here due to overlap with the red NIST
target range) represents the 95 % confidence interval for the consensus mean. The red solid line represents the upiher tanseheus range of tolerance,
calculated as the value ababe consensus mean that results in an accepfable score 3% S ¢, with the lower bound set to zerbhe red shaded

region represents the NIST range of tolerance, which encompasses the target value bounded by twice its udger)eamiy {epresents the range that results
in an acceptabléd score® S C.
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Exercise: DSQAP Exercise 1
Sample: SRM 3255 Green Tea (Camellia sinensis) Extract
Measurand: Gallic Acid
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Fig. 5-2. Gallic acid in SRM 3255 Green Tea (Camellia sinensis) Extract (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle)r dhéheolimta point represents

the analytical method employed. The solid blue line represents the consensus mean, and thelgdeeggirarepresents the 95 % confidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score g S (. The red shaded region (beige here due to overlap with the green consensus confidence interval) represents the NIST range
of tolerance, which encompasses the target value bounded by twice its uncdutairjyad represents the range that results incagmabled  score,

LW s C
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Fig. 5-3. Laboratory means for gallic acid in SRM 3255 Green Tea (Camellia sinensis) Extract and SRM 3254 Green Tea (Camellia sinensis)
Leaves (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, SRM 3255, is compared to the individual laboratory meaoridrsas®le, SRM 325Zhe

solid red box represents the NIST range of tolerance for the two samples3ZFRNxaxis) andSRM 3254 (yaxis), which encompasses the target values
bounded by their uncertaintiedy(st) and represents the range that results in an accegiablescore, 3
consensus range of tolerance for SRM 3258xi&) and SRM3254 (yaxis), calculated as the values above and below the consensus means that result in an

acceptabled
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S (. The dotted blue box represents the
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5.4.2. Gallic Acid Equivalents

Of the 26 laboratories requesting samples for GAE, 10 to 11 laboratoreeterepesults for

each sample (38 % to 41 % participation). As seéralrle 52, the withirlaboratory

variabilities wereat or belows % for all samples, which is acceptable when compared to the
AOAC SMPR[22] for repeatability Wwithin-laboratoryvariability) at or below7 %. When
compared to the AOAC SMPR criteria for reproducibi(ingtweenrlaboratory variability at or
below10 %, the betweelaboratory variabilities indicate some analytical challenges across the
community for these measuremgrgspecially in the green tea leaves (30 % RSD) and kelp (63
% RSD)[22]. Raw botanical materials are generally manalyticallychallenging thamxtracts

due tomatrix complexitywhich is evident fronthetighterreproducibility(11 %)for thegreen

tea extractneasurementd.arget values for gallic acid in Kelp and GAE in all materials were
not available at the time of this report.

Table 5-2. Consensus values and summary of variabilities for gallic acid equivalents in green tea and

kelp.
Gallic Acid Equivalents
SRM 3254 SRM 3255 Kelp A
Consensus Mean = SBo(w/w) 15.06 + 4.57 80.94 = 9.25 0.26 + 0.17
BetweenLaboratory Variability 0 0 0
(% RSD) 30 % 11 % 63 %
Within-LaboratoryVariability 2 % 5% 5 0

(Median % RSD)

Most laboratories reported using a Felirassay or AOAC 2017.13 (a Folihassaybased
method) for the analytical techniquéich is expected for GAHeterminationOne laboratory
reported usingpectroscopy, which is based on a similar detection concept to theCFatisay.
The distribution of results and methods reported are showigyi®-4, 5-5, and5-6 for

SRM 3254, SRM3255, and Kelp A, respectively. For overall phenolic content, othdradst
focusing ortotal anthocyanins, total proanthocyanidins, free radical scavergmgaralsobe
used.

The methods used by the participants of this study respond to any reducing capacity in the
sample matrix, ngust the content gbhenolg24]. With an understanding of the quantity being
reported and its fitheder-purpose, these methods can be a suitable way to assess the
antioxidant strength of botanical materials, especially when the specific compounds are unknown
or can change with speciesdagrowing season.

Overall, ensuring that high quality reagents and standards are used is essential for proper
calibration and accurate measurements. Sample size and homogeneity of sampling is also
important for reducing measurement variabilitiddditional tables and figures for GAE in green
tea and kelp are located Appendix D.
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Exercise: DSQAP Exercise 1
Sample: SRM 3254 Green Tea (Camellia sinensis) Leaves
Measurand: Gallic Acid Equivalents
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Fig. 5-4. Gallic acid equivalents in SRM 3254 Green Tea (Camellia sinensis) Leaves (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle). The color of the data point represents
the analytical method employed. The sdiide line represents the consensus mean, and the green shaded region represents the 95 % confidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above aodseelsws tim@ahat result in an

acceptabled score, 30 s C.
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Exercise: DSQAP Exercise 1
Sample: SRM 3255 Green Tea (Camellia sinensis) Extract
Measurand: Gallic Acid Equivalents
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Fig. 5-5. Gallic acid equivalents in SRM 3255 Green Tea (Camellia sinensis) Extract (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond3 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 répriseotsitience intervabf the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timiean that result in an

acceptabled score, 30 s C.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Gallic Acid Equivalents

HAOAC 2017.13 Total Phenolic Content using Folin-C Assay
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Fig. 5-6. Gallic acid equivalents in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the datagint represents
the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region répriseotditience interval for the
consensus mean. The red solid line represents the upper bound of the conagesufstoderance, calculated as the value above the consensus mean that results

in an acceptabléd score 3o S ¢, with the lower bound set to zero
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6. Proximates

6.1. Executive Summary

Accurate measurement of proximates and caloriesadsdas necessary to support reliable food
labeling and inform population studies that impact dietary guidelestall, the participating
laboratories were able to successfully measateries, protein, asland solidgn the kelp

sample, but results wemore variable for fat, carbohydrates, fiber, and steBelsause
determinations for one proximate may be used in calculation of another proximate, participants
should check all results closely to avoid calculation or other errors and to be sureulkaares
reported in the requested units.

6.2. Background

Proximates make up the macronutrient profile of foods and their measurement is critical for crop
designation and health, as well as understanding the impact of macronutrient consumption on
humanhealth. Variations between species, growing seasormgrowth stagemay affect the

nutritional makeup of kelp. Proximates are also important from an analytical perspective, as the
relative fat/protein/carbohydrate ratios of a food are critical factonsrémicting measurement
challenges and selecting appropriate control materials. Accurate measurement of proximates and
calories in foods is necessary to support reliable food labelintpadebsign and interpt

population studies that impact dietary glidesand for kelp, taunderstand differences in

seaweed species and growing environmentgdatefminethe best product for different enudes

(e.g, human and animal foods, pharmaceuticals, biofu€tgs study offered enroliment for
variousproximatesand @rticipantswere asked to use theirlouse analytical methods to

determine ash, carbohydrates, fat, protein, solids, starch, and total dietary fibga€lDass

fraction (percent), anenergy as calories (kcal/1@Q in a powdered kelp material.

6.3. Study Information

Participants were provided with packets of Kelp A, which wdsexd powdered kelp
(Saccharindatissimi f. angustissimaorigin ME, USA). The number of 50 g packets provided
was determined by the specific measurands for which eachipatitigy laboratory registered.
Participants received three total packets to analyze asprdétin, carbohydrates, and calories.
Participants received additional samples if enrolled in solids, starctpt@hdietary fiber (1, 1,

and 3 packets respeatly). Participants were asked to store the material at controlled room
temperature, 20C to 25°C, in the original unopened packets 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 portion for analysis. The
approximate analyte levels were not reported to particigaitsto the study and not available

at the time of this report.
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6.4. Study Results and Technical Recommendations

6.4.1. Ash

Ash content refers to the mineral and inorganatterremaining after a product has been heated
to a very high temperature to remove any nuestorganics, and volatiles. The determination of
ash is important for understanding the full nutritional value and qualayfedd aswell as the
biomass energy for other potential industrial applications.

For the determination of ash, 22 of the 3&d@atories that enrolled reported results ¥63
participation). Overall, participants were able to measure ash in powdered kelp with good
within-laboratory precision (average @4, all at or below4 %) and betweetlaboratory
variability (below2 %). Threelaboratories reported results below the limit of tolerance of the
consensus mean, and these laboratories should assess their method procedure, check for
calculation any errors, and ensure correct reporting units.

All of the analytical methodseported were similar, using oven drying at temperatures between
500°C and 600C. Several laboratories indicated use of AOAC methods including AOAC
923.03 Ash of Flou(550 °C)[25], AOAC 942.05 Ash in Animal Feg®00 °C)[26], and

AOAC 945.46 Ash bMilk (550 °C)[27]. Comparing these methods, the main differesdbe
oventemperature, though recommended modificattonrSOAC 942.05have been published
including a recommendation to decrease the temperature to §36]°@dditional

modificatons, which may be relevant for laboratories reportintlying results for this study,
includerunning two 3-hourcycles to ensure completarbon releasby addingfresh air supply
between ignitiongs well astarting the sample in a cold furnace andpang up to final
temperatureo alleviate potential issues from rapid sample ignitielp samples would likely

be a similar matrix télour, and this would be good method to followThree laboratories
reported fiothero and two | aboratories did
Fig. 6-1, with the different colors indicating methods with similar oven temperatures. Methods
using temperaturegselow550°C could have a highias,althoughthis cannot beonfirmed

since only two laboratories reported these methods.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: ASH
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Fig. 6-1. Ash in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) withrtieidual 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 r@pfésamifidieace interval for the
congnsus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above and eelsws tineaoniat result in an
acceptabled score, a0 s C.
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6.4.2. Fat

Fat, in moderations animportantpart of a helthy diet. Fat helps the body absorb vitarsi,

D, and Eandis also needed for cell membrane integrity and hormone produSisaweedare
typically low in fat contentljetween 0.6% and 4.1%6 dry weight). However, some seaweed
speciesnayhave highecontenf making them a potentigburce ohealthy, essentidatty acids
[29].

For the determination of fat9 of the 33 laboratories that enrolled reported results (58 %
participatior). Most laboratories showeskcellentprecision for their measuremengt or below

5 %), and five laboratories hgwodprecision &t or belowl0 %) which ison par withthe

AOAC PeerVerified Methodfor determinng total fat infoods and feed§'wo laboratories had
variabilitiesat or belov 17 %. Two laboratories reported results above the limit of tolerance of

the consensus mean, and should assess their method procedure, check for calculation any errors,
and ensure correct reporting units.

The fat content in this kelp samplasvlow and mtentially challengingo measurelLaboratories
that found thdat contentto bebelow their LOQ should havacreasd theirsample size to

obtain ameasurablamount of fat irthe kelpsamplesin Fig. 6-2, reported analytical methods
aredisplayed and similar methods are grouped using similar célordlue hued methodthe
amount of fat is determined by weighitige fatfollowing solvent extractionThe different blue
colors indicatesdvent (i.e., ether, chloroform/methanol, hexahd-or red hued methods, a
digestion or hydrolysis of the sample and fat is conducted followed by a direct measurement of
the fats either through absorbance or other signal measurement. While no method bias was
observed, morbetweenmethod variabilitywas notedor solvent extractiotbased methods.
Laboratories should ensure their method appropriateness with the use of similaimmaathied
reference or QC material, and in this case a low fat, plant or-blyesl material.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: FAT
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Fig. 6-2. Fat in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraea tlegaded region represents thé®&nfidence interval for the
consensus meaifihe solid red line represents the upper consensus range of tolerance, calculated as the values above the consensesuith@aarthat
acceptale ® score, 30 s ¢, with the lower limit set at zero.
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6.4.3. Protein

Protein analysis can be complex, as proteins can be classified by composition, structure, or
solubility. Determination of the type and quality of protein is important, as protein has many
roles in he body Many methodgor determining proteitevels as described belowequire
guantifying total nitrogercontentto understanadhutritional andother kelp endises, such as
fertilizers.

The most common methods for quantifying protein in foodkgetlahl, Dumas, absorbance,

and refractive indef30]. The Kjeldahl method usexiddigestionand titrationto determine

total nitrogen content in a sampke nitrogento-protein(NP) conversion factor is then applied to
themeasurd nitrogento estimae theproteincontent The Dumas method also measures

nitrogen contentollowing combustiorbut in a faster, automated technique. Standard conversion
factors may not be suitable for all materials and protein types, and so care should be taken when
choosimy the correct factoiThe major recommendation for protein determination in kelp is to
determine the best seaweed nitrogen to protein (SNP) conversion factors for different species of
kelp. The generahssumptions thatthe total nitrogen content jplant and animal proteins

roughly 16 %which leads to a conversion factor of 6.25 (306 = 6.25)31]. Several

conversion factors have been published, with 6.25 as the standard for food stuffs which may
overestimate prein content in seaweeds. Species specific SNP conversion factors range from
3.53 t0 5.1331, 32] Direct amino acid determination (e.g., LC) can be very accurate but time
consuming as the initial investment in equipment can be costly.

For the determinain of protein, 20 of the 33 laboratories that enrolled reported results (61 %
participation). Withinlaboratory variabilities were all less than 5 %, and the betladwratory
variability was 5 %. One laboratory had a variabitfyl0 %. Five laboratogs reported results
below the limit of tolerance of the consensus mean. Laboratory A0O57 should double check that
triplicate values were reported correctly.

Most laboratories reported using a combustion method or nitrogen by Kjedahl n&thedal

laboratories indicated use of AOAC methods including AOAC 2001.11 Preteide)[33, 34,

AOAC 990.03 Protein (Crude) in Animal Feg5b], AOAC 992.15 Crude protein in meat and

meat product§36], and AOAC Method 968.06 Protein (Crudepmmal feed37]. Two

| aboratories reported fAother o6 aFpgde3dhee | abor at
different reported methods are assigned colors based on similarities (e.g., all methods using
combustion are colored red). No clear methas bvas observed, althoughypotential bias can

be likely contributed to the choice of conversion factor.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: PROTEIN
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Fig. 6-3. Protein in Kelp A (data summary view i analytical method).

In this view, individualaboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangle). The color of ¢ivet depagsents
the analytical method employed. The solid blue line represents the consensus mean, and the green shadedsegiethef% confidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above aodseelsws timean that result in an

acceptabled score, 30 s C.
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6.4.4. Solids

Themeasurement ofodids, andthe closely relatechoisture contenis importantfor food
materials Regulationsestablish th@amount of water thatan, or musthbe present in certain types
of food, which isdirectly related to costto consumersnicrobial growth andfood quality. An
understanding of solidandmoisture content can also be useg@redictbehaviorof materials
during processingVhile solids and moisture contetieterminatios are important and conam,
achievingaccurate ang@recise dataepend on the choice ahalysis methodith respect tahe
expected moisture content, otlmeatrix constituentpresentaccuracy and precision required,
and intended purpose.

For the determination of solids, 13 of the 29 laboratories thatled reported results (45 %
participation). Withinlaboratory variabilities were akss thar0.1 %, and the
betweenrlaboratory variability was 1 %d.wo laboratories reported results above the limit of
tolerance of the consensus meand these laborates should assess their method procedure,
check for calculation any errors, and ensure correct reporting units.

The results here can be used to assess measurement captdvilitieessl, finished product
materialssimilar to the dried, powdered materigi®vided in the studyjut not necessarily on

raw seaweed sampleshe reported analytical methods for the determination of solids were

varied as seen ifrig. 6-4. Several laboratories indicated use of AOAC methods including

AOAC 925.09 Solid¢Total) and Moisture in FlouB8], AOAC 934.01 Dry Matter for Feeds

[39], and AOAC 990.20 SolidsinMillg0]. Two | abor at orNoensthodl@ags or t e d
wasobservedthough labratories above the tolerance limit should determine if all th@&sture

and volatile compounds were removfedthe solids determination.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: SOLIDS
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Fig. 6-4. Solids in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the consensus meargraea tfieaded region represents thé&®&nfidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score, 30 s C.
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6.4.5. Starch

Starch is a carbohydrate produced by most green plants for energy sieacie isa
componendf human dietsn manyfoods(e.g.,wheat, potatoegndrice), converted into sugars
and therfermentedor the manufacture alccholic beverageand biofuel as wellasusedas
processedugars or aa thickeningagent.Starch is used industrialps an adhesive in the
papermakingrocessandasclothing starchStudiesareunderwayto assess and develop
sustainablestarchproduction from seaweedl].

For the determination of starch, only 6 of the 28 laboratories that enrolled reported results (21 %
participation). Withinlaboratory variabilities were afielow14 %, and the betwedaboratory
variability was high #bovel00 %). Three laboratories reportidt the starch content in the
samples was below thdiOQ.

The starch content of the kelp material was very lmslow1 %. As a result, a larger sample size
may have been needed for test methods to arrive abthect resultCertain kelp species have
been reportetb containlittle to no starchwhichis important wherconsideringkelp materials

for starchbased endise applicationslThe reported analytical methods for the determination of
starch were varied. No method was bias observed, as sE&gn &b.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Starch
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Fig. 6-5. Starch in Kelp A (data summary view i analytical method).

In thisview, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (rectangldpr Dfi¢heodata point represents
the analytical method employed. The solid blue line represents the consensus mean, andshadgeéeagion represents thed®®onfidence interval for the
consensus mean. The red solid line repreghaupper bound of theonsensus range of tolerance, calculated as the value above the consensus mearsthat result

in an acceptabled score,sw s ¢, with the lower bound set to zero
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6.4.6. Total Dietary Fiber (TDF)

Dietary fiber is a complegroup of plant componentiescribedanalyticallyasnon-starch
polysaccharides and lignin from plan®eported agither solublginsoluble or total dietary
fiber (TDF)on food labelsfiberis amajor componendf a balancedliet andboth insoluble and
soluble forms havemportant health benefitSeaweeds have been reported to contain a high
proportion of soluble fiber witkolude/insoluble fiber ratios greater than that of many-non
marine based vegetablg?].

For the determination afDF, 9 of the 29 laboratories that enrolled reported results (31 %
participatior). While most laboratories reported acceptadvkxision for their measuremeng (

or below5 %), the agreement between laboratories higher at24 %. All laboratorieshould
assess their method procedure, check for calculation any errors, and ensure correct reporting
units.

Laboratories reported img Ankom Fiber, AOAC 2017.16 Total Dietary Fiber in Fop43, 44,

AOAC 985.29/991.43 Total, Soluble, and Insoluble Dietary Fiber in Figstq, AOAC

991.43/AACC 32.07 Lee Methdd6, 47, or crude fibemethods. Two laboratories reported

AotrlMe and one | abor at oDegpitedhe bw neporting nuenpecsyat a met h
multimodal distribution was observed across the analytical me{Rogis6-6 andFig. 6-7),

indicating a potential for low bias for crude fiber methods compared to othiodséViode 1

and 2 include crude fiber methods and fAothero
right side of the plot) includes the remaining methddisthods reporting loweralues maye

measuring different forms diber andmay not be inclusivall forms Brown seaweesisimilar

to the sample used in this study have been reported to captaioximately 17 9oluble fiber

and 13 % insoluble fiber. Also, seaweeds algecontain alginate forms of fibevhich are

known to behighly soluble. Crude fiber methods do not account for soluble forms and should

not be used as a staatbne method when determining TDF.
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: Total Dietary Fiber (TDF = IDF + SDF)

B Ankom Fiber Analysis (Crude Fibre)
B AOAC 2017.18 Total Dietary Fiber in Foods (Enzymatic-Gravimetric Method)
501 |EAOAC 985.29/991.43 Total, Soluble, and Insoluble Dietary Fiber in Foods (Enzymatic-Gravimetric Method)
B AOAC 991.43/AACC 32.07 (Lee Method)
[l Crude Fibre
B other
Hnot specified
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Fig. 6-6. Total dietary fiber in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method employed. The solid blue line represents the conse@uysand the green shaded region represents #ec®bfidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above aodseelsws timean that result in an
acceptabled score, 30 s C.
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Sample: Kelp A, Measurand: Total Dietary Fiber (TDF = IDF + SDF)

Maode 3: 35,150 % (54 %)

Wode 1. 8.8380 % (27 %)
Mode 20 11.225 % (19 %)

Probability density

it of tolerance

Assigned value (Mean). 27 544 + 4 446 %
|

(<— Lower limit of tolerance

0 5 10 15 20 25 30 35 40 45 50
%

Fig. 6-7. Kernel density estimation for TDF in Kelp A.

In this view, the kernel density of the distribution is estimated as a function of all reported results (solid blue)diffgréiné modes indicated on the line. The
consensus mean is indicated by the lower green horizontal bar. Upper and lower limits of tolerance are indicated by.red arrow
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6.4.7. Carbohydrates

Carbohydrateareimportant biomolecules, most often polysaccharides, thahaob/ed in
energystorageimmune systenfunctions blood clotting, and@ell developmentSeaweeds are
promoted as healthysource of carbohydratesithoughthe bioavailability of theforms present
has not been establishgl8]. Polysaccharides found in seaweedsaseused in foods as
thickeners, gelling agents, and emulsion stabilizers.

For the determination of carbohydrates, 11 of the 29 laboratoriesitiotled reported results

(38 % participation). While most laboratories reported acceptable precision for their
measurementa( or belows %), the agreement between laboratories was higher at 27 %. Three
laboratories reported results below the limit oktahce of the consensus mean, and these
laboratories should assess their method procedure, check for calculation any errors, and ensure
correct reporting units.

The greatest source of error in carbohydrate calculations is the error in contributing @ayes (

fat, protein, solids, and asijlost laboratories reported using a calculation method (45 %) or a
spectrophotometric metho# %o) for the determination of carbohydratas seen ifig. 6-8.

Three | aboratories r epo rrotageportid métHo®me poteatiald o n e
bias noted from the limited data set was the low bias of direct measurement compared to
calculationbased measurement of carbohydrates.
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Exercise: DSQAP Exercise 1
Sample: Kelp A

60

551

501

45,

40

%

35
30|
251

20

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redlaeglelor of the data point represents
the analytical method guioyed. The solid blue line represents the consensus mean, and the green shaded region repregénterifidediee interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values abave aoddmisus mean that result in an
acceptabled

Measurand: Carbohydrates

— [l 100-(solids-ash-protein-fat)%

Hother
H Spectrophotometry
HVO (EU) 1169/2011 Calculation

B AOAC 2020.07 Measurement of Available Carbohydrates
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Fig. 6-8. Carbohydrates in Kelp A (data summary view i analytical method).

score, 30 s C.
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6.4.8. Calories

Caloriesarethe measure oénergy infoodsthat our bodiesisein all cellular functionsand
caloric intakehassignificant influences ohuman healtl49]. Accurate determination of
calories in food is importanb ensurehat Nutrition Facts and Supplement Fdatsls are
correct and consumers are well informed.

For the determination of calories, only 8 of the 31 laboratories that enrolled reportesl result

(26 % patrticipation). While most laboratories reported acceptable precision for their
measurements (average across the participants was 0.5 %), the agreement between laboratories
was higher ai0 %.

Most laboratories reported using a calculation methrad @alorimetry method for the

determination of calorieg\s seen witho carbohydrate calculation methods, the greatest source

of error when calculating caiesversus direct determinati@omes fromerror incontributing

valuesOne laboratory e port ed Aot hero and one blaihetry at ory
is adirectmeasurement of energyhereas calculation methods are based on measurements of

fat, protein, solids, and asWhile difficult to assesvith the number of values reportddgher

variability and potentially a low biagas observetbr the calculation methods in comparison to

the calorimetry method$-ig. 6-9).
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Exercise: DSQAP Exercise 1
Sample: Kelp A
Measurand: CALORIES

B 4-4-9 Method
320-| B calorimetry
HOther
Hnot specified
300 g
280+
260- == ——
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Fig. 6-9. Calories in Kelp A (data summary view i analytical method).

In this view, individual laboratory data are plotted (diamonds) with the individual laboratory standard deviation (redtaeglelor of the data point represents
the analytical method employed. The solid blue line represents the caeszen, and the green shaded region represents #he@Bfidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an

acceptabley score, 30 S C.
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7. Contaminants

7.1. Executive Summary

Per and polyfluoroalkyl substances (PFAS) are a class of industrial compounds used in a variety
of processes and consumer products and exposure has become a major public health concern due
to potential adverse health effe(®®, 51] Participation in thistudy was extremely low, with

only one laboratory reponyg results for PFAS in the kelp sample.

7.2. Background

Algae are knowro take up chemical compounds in their environment, and consumer products
must be free from high levels of harmful contaminants: &ad polyfluoroalkyl substances

(PFAS) are a class of industrial compounds used in a varietyaofifacturingorocessegor

consumer products and exposure has become a major public health concern due to potential
adverse health effectBFAS are highly resistant to degradation and can persist in the
environment and the body for years. Standardization and harmonization dicahaly

measurement techniques are essential for the detection of PFAS for consumer safety and for the
association of PFAS concentrations with exposure sources and health outcomes. In this study
participants were asked to use thathbuse analytical methdd detect the presence of 15 select
PFAS as shown iable 7-1.

Table 7-1. PFAS compounds to be analyzed in kelp.

Abbreviation Compound Name
PFBS perfluorobutane sulfonic acid
PFBA perfluorobutanoic acid
PFDOA  perfluorododecanoic acid
PFHPA  perfluoroheptanoic acid
PFHXDA  perfluorohexadecanoic acid
PFHXS  perfluorohexane sulfonic acid
PFHXA perfluorohexanoic acid
PFNA perfluorononanoic acid
PFOS perfluorooctane sulfonic acid
PFOA perfluorooctanoic acid
PFPEA perfluoropentanoic acid
PFODA  perfluorooctadecanoic acid
PFTEDA perfluorotetradecanoic acid
PFTRDA  perfluorotridecanoic acid
PFUDA  perfluoroundecanoic acid
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7.3. Study Information

Participants were provided with three packets each containiggpbRelp A (Saccharina

latissima f. angustissimarigin ME, USA).Participants were asked to store the material at
controlled room temperature, 2Q to 25°C, in the original unopened paatk 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 fipeticles prior to removal of a test portion

for analysis. The approximate analyte levels were not reported to participants prior to the study.

7.4. Study Results and Technical Recommendations

The enrollment for the contaminants study was low, with only six laboratories requesting
samples. One laboratory returned results for PFBS, PFOS, and PFNA. The results returned from
this laboratory are presentedTiable 7-2.

Table 7-2. Results for PFAS compounds in kelp.

Reported Value fromhaboratoryAO11

Analyte Mass Fractiorx SD (ng/g)
PFBS 0.009 £+ O

PFOS 0.027 + 0.004
PFENA 0.04 + O

* Standard deviation Berobecausall three values reported wegquivalent

Because only one laboratory provided results, no technical recommendations can be made at this
time. Based on this dattie levels are very low in the materaaddare similar to those found in

t he F DA 0 st Stddy dnalyisis, Which are near their method detection [[528}s

Contaminant uptake into algae is still of concern and other environmental organic contaminants
could bea focus of a future study.
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8. Vitamins Il (B Vitamins in Meal Replacement Formulations)

8.1. Executive Summary

This study was designed igentify discrepancies and/or analytical challenges for the
measurements of B vitamins across the testing community, using similarly promoted consumer
products with differenformulations that would result in differesample prparation
requirementsParticipants measuwlesight B vitamins in powdered and reaidydrink materials

and m@rticipation rates ranged from 23t%48 % Overall, laboratories had more difficulty with
watersoluble vitamin measurements in the liquid samphticipants also struggled to achieve
results within the target range of tolerance for all measurar®BM 3252,however,

laboratories using LBIS/MS performed welbecause of thencreasd sensitivity and selectivity

of multiple reaction monitoringSeveral participants using E&bswere unable to quantify

multiple vitamins in each material.

8.2. Background

B vitamins are a group of watsoluble compounds important for maintaining good health and
well-being. These vitamins impact energy levels, brain function, and cell metabolism asgthey
involvedin converting food into energy, creating new blood cells, and maintaining healthy cells
throughout the bodfb3]. B Vitamin deficiencies have been linkéalanemia, depression,

fatigue, muscle weakness, and poor menio8y. Meal replacement supplements contain many
nutritional compounds, including watsoluble vitamins. Products in both powdered and
readyto-consume forms are available on the markei lzave identical labeling requirements,

but the matrix complexities and differences can pose measurement challenges for analytical
testing laboratories.

8.3. Study Information

Participants were provided with one bottle containing 325 mL of liquid meal replateniek
formulation three packeteachcontaining 10 g of a meal replacement drink powder formulation
and three packetachcontaining 10 g of SRM 3252 Protein Drink MRarticipants were asked
to storeall materiak at controlled room temperature, 20 to 25°C, in the original unopened
packagingBefore use, participants were instructed to mix the contents t§thé meal
replacementlrink formulationbottle thoroughly and tprepare threeample of at least 5 g
before using thein-house method of analydis report three valudsr the determination of B
vitamins.For the meal replacement dripkwder formulation and SRIg252 participants were
instructed to thoroughly mix the contentseafchpacketindividually prior to removal ofa test
portion For analysisthe participants were instructemuse a sample size of at leagt tor the
determination of vitamins 8 B2, Bz (niacin), B, Be, at least 1 g for the determination of vitamin
B (biotin), andto use an appropriate samglee for their irhouse analytical methods for the
determination of vitamins 8and B».
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The target values and standard uncertainties for vgateble vitamins used in this study are
provided inTable 8-1 on an ageceived basislhe target values andhcertaintiegset at 10/ of
target valuefor watersoluble vitaminsgn the two meal replacement materialsre determined
based on product labelBhe certified values for thiamine, riboflavin, niacin, pantothenic acid,
and pyridoxine in SRM 325&ere determined at NIST by LRIS/MS. The certified value for

biotin in SRM 3252 wasdetermined at NIST by L®1S. Thetargetvalues for folic acid and
cyanocobalaminvere determined by collaborating laboratories using methods referenced in the
COA[54]. Target aalyte levels were not reported to participants prior to the sitidy.

enroliment and reporting statistics for this study are describ&dble 8-2.

Table 8-1. Target mass fractions of B vitamins for meal replacement drinks and SRM 3252.

Target Mass Fraction (mg/kg)

Meal Replacement Meal Replacement

Analyte Drink (Liquid)? Drink (Powder} SRM 3252
Thiamine (B) 123 + 012 115 + 12 117 + 15
Riboflavin (By) 132 + 0.13 6.92 + 0.69 273 + 26
Niacin (Bs) 163 + 1.6 203.8 + 204 6.96 =+ 0.25
Pantothenic acid ($ 523 + 0.52 38.5 + 39 142 + 11
Pyridoxine (B) 175 + 0.8 1923 + 1.92 277 £ 15
Biotin (B7) 0.030 + 00031 0.385 + 0.0 421 + 0.18
Folic acid (B) 0.246 = 0.05 231 + 0.23 72 + 18
Cobalamin (B2) 0.0070+ 0.000Z 0.0385+ 0.0039 0.103 = 0.025

@ target values anstandarduncertainties (10 % of value) determined from the manufagtuostuct
labels
b target valuet Ugs

Table 8-2. Enrollment and reporting statistics of B vitamins in meal replacement drinks and SRM 3252.

Number of Number of Laboratories

Laboratories Reporting Results (PerceRarticipation)

Requesting Meal Replacemen Meal Replacemen

Analyte Samples Drink (Liquid) Drink (Powder) SRM 3252

Thiamine (B) 27 10 (37 %) 11 (41 %) 8 (30 %)
Riboflavin (B) 26 11 (42 %) 10 (38 %) 9 (35 %)
Niacin (Bs) 25 8 (32 %) 10 (40 %) 9 (36 %)
Pantothenic acid (£ 25 11 (44 %) 12 (48 %) 9 (36 %)
Pyridoxine (B) 26 9 (35 %) 10 (38 %) 8 (31 %)
Biotin (B7) 25 8 (32 %) 8 (32 %) 7 (28 %)
Folic acid (B) 25 11 (44 %) 9 (36 %) 8 (32 %)
Cobalamin (B>) 26 8 (31 %) 7 (27 %) 6 (23 %)
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8.4. Study Results and Technical Recommendations

The goal for this studwas to determine any discrepancies and/or analytical challenges for the
measurements of B vitamins across the testing community, using similarly promoted consumer
products with different sample preparation requiretsiParticipants were asked to measure

eight B vitamins in powdered and reaiydrink materialsParticipation rates ranged from 23 %

to 48 % based on the specific vitamin and material and a detailed breakdown can be found in the
sections belowThe relaively low participation rates affect overall technical recommendations.
Most of the reported results for the Meal Replacement Drink (Powder) and SRM 3252 Protein
Drink Mix (Powder) were within or overlapping with the consensus range of tolefaabke 8

3). Sample preparation techniques used for powdered materials may be more selective to B
vitamins and other similar analytes which can help simplify the final sample for analysis.
However, sample preparation techniques used for liquid materials genevaliyeidilution

without removing other matrix components, which may lead to interferences in the instrumental
analysis.

The target values associated with the meal replacement materials (liquid and powdbgssdre
ontheir respective product label clainf®egulations permit manufacturers to add higher levels
of nutrients to a product with respect to greduct label claims to compensate for changes over
the shelf life[55]. Consistent with this practice, most participants reported values\iamins

in bothcommerciaimeal replacement materials above the target range of toleRartieipants
also struggled to achieve results within the target range of tolerance for SRM 3252 for all
measurandd.aboratories using LBAS/MS obtained values witn the target range of tolerance
for most of the B vitamins in SRM 325lkely due to the ability to increase sensitivity and
selectivity through multiple reaction monitoring. B vitamins tend to have multiple stable
fragmentation patterns which is a dasie property for LAMS/MS analysis. Several
participants using L&A bsreported values below their LOQ for multiple vitamins in each
material.
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Table 8-3.Description of the location of the consensus range in relation to the target range for B vitamins
in meal replacement drinks and SRM 3252.
Consensus Range in relation to Target Range
Meal Replacement Drink Meal Replacement
Analyte (Liquid) Drink (Powder) SRM 3252
Overlapping Below

Overlapping Above Overlapping Above

Thiamine (8) (mean within range) (mean above range (mean slightly below
range)

Riboflavin (B) Slightly Above Overlapping  Overlapping Below

(mean within range (mean within range)
o : Within N

Niacin (Bs) Slightly Above (mean = target) Significantly Above
Pantothenic aci Overlapping : Overlapping Above
(Bs) (mean above range) Slightly Above (mean within range)

Pyridoxine (B) Above Overlapplng Above Overlapping

(mean within range  (mean above range)

Biotin (B7) Above Within Overlapping Below

(mean within range)
Folic acid (B) Above Within Within
Overlapping Below Overlapping Above Within

Cobalamin (Bo) (mean slightly below range (mean within range

Most laboratories that reported sample preparation methods reported using solvent extraction to
determine thiamine, pyridoxine, cobalamin, niacin, pantothenic acid, and folic acid in the
samplesas seen ifTable 8-4.

Table 8-4. Summary of sample preparation methods for determination of B vitamins in meal replacement
drinks and SRM 3252.

Reported Sample Percent Reporting %

Preparation B B- Bs Bs Bs B7 Bo Bi12
Solvent extraction 31% 21% 25% 43% 30% 36% 44% 58%
Solvent extraction

& solid phase extraction

23% 14% 25% 29% 10% 45% 22% 25%

Enzymatic digestion 23% 21% 19% - 30% - - -
Enzymatic hydrolysis 8% 7% 19% 14% 10% 18% 33% 17%

Dilution 15% 14% 13% 14% 20% - - -

Acid digestion - 21% - - - - - -
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Most laboratories reported using t&bs to determine thiamine, riboflavin, pyridoxine, biotin,

and folic acid. Most laboratories reported other as the analysis methods for determining niacin
and pantothenic acid. Most laboratories repousidg either LEMS ormicrobialassay to
determine cobalamias shown imTable 8-5.

Table 8-5. Summary of analytical methods for determination of B vitamins in meal replacement drinks and

SRM 3252.
Reported Aalytical Percent Reporting %
Method B1 B> Bs Bs Be B~ Bo B12
LC - - 7% 7% - - 12% -
LC-MS - 11% - 7% - 25% 12% 22%
LC-MS/MS 12% 11% 11% 14% 13% 20% 12% 17%
LC-Abs 46% 26% 1% 21% 33% 30% 40% 17%
LC-FLD 12% 11% 1% 3% 13% 10% 4% 6%
Microbial Assay 12% 11% 11% 10% 13% 15% 20% 22%
Spectrophotometry - 11% 11% 10% - - - 17%
Other 19% 19% 2% 28% 29% - - -

Several laboratories did not report sample preparation technsmesnclusions about

performance based on approach cannot be drawn. Howexpeoper sample preparation may

lead to biased resuléd Bboratories reporting results outside of the targege of tolerance

should ensure the utilized sample preparation protocols are appropriate for the specific sample
matrix. Sample preparation techniques must be able to fully extract the analytes from the sample
matrix, while also being mindful of analytegradation and/or conversion. The use of reduced
lighting/yellow lighting when conducting preparation techniques and storing samples in the dark
or in amber colored vials can significantly reduce UV induced analyte degradation.

For watersoluble vitaminsespecially those with different chemical formas,understanthg of

what analyte is being measured and reported, andfuaggoropriate, high quality, and well
characterized calibrantare critical Calculations and reporting units must be verified pigor
submission of results. Laboratories often report results in the wrong units or forget a dilution
factor during the calculation of the results, resulting in poor performance for the Quality
assurance samples are important for ensuring the meamtreystem is in control. QAs can be
commercially available reference materials (CRMs, SRMs, or RMs) or materials prepared and
characterized whouse.
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8.4.1. Thiamine (B1)

Theaverageawithin-laboratory RSD for thiamine imeal replacement drinfpowdel) of 3.8 %
wasacceptableompared tdhe published standarof at or below 5 %Table 8-6) [56].
Repeatabilities for the liquid sample and SRM 3252, and reproducibilities for all samples, were
outside of the established pemance requirementsr laboratories using the same metfi5d.

The betweedaboratory RSDs for all three materials are significantly higher indicating that the
participantsand the methods being usae not in agreement with each other.

Table 8-6. Summary of laboratory variabilities for thiamine in meal replacement drinks and SRM 3252.

Thiamine (B)
Within-Laboratory BetweenLaboratory
Material Variability (% RSD) Variability (% RSD)
Meal Replacement Drink (Liquid) 7.5 % 34 %
Meal Replacement Drink (Powder 3.8% 67 %
SRM 3252 11.1 % 40 %

Overall,five participantgeported values for Bn the meal replacemedtink (liquid) that were
within the 95 % confidence interval for the consensus mean which overlaps withSfierange
of tolerancgFig. 81). The consensus me&h.51 + 0.51 mg/kgyvasjust within the target range
While thebetweeHraboratory variability (34 %) was outside of tbstablished performance
requirementsthe RSD is skewed ke small data set aaboratory A0O18vhich reported
results about ten times higher than taget valueThis participanshould check for gtential
unit errors and dilution factor miscalculai®

Similarly for the meal replacement drink (powddhe 95 % confidence interval for the

consensus meawverlapped with the NIST range of tolerarfEey. 8-2). Theconsensus mean

was above the targeange anchearly two times the target valueaborateay A036 reported

results for B in the meal replacement drink (powder) about ten times higher than the target value
indicating potential unit and calculation errors.

The results for Bin SRM 3252 showed the opposite trend when compared to the two meal
redacement material§.hree laboratories reported resudedow the NIST range of tolerance

(Fig. 8-3) with zero overlap between t8& % confidence interval for the consensus mean and
the target rang&his islikely due to thecombination of target values in the SRM being well
characterized and laboratories struggling to reach similar levels of extraction completeness.
Whereaghe target values associated with the commercial products are based on label claims
which are most likly underestimating true vitamin levelsaboratory AO18&eported values
roughlyninetimes the consensus mean and should cheakniband calculation error§ince

only four participants reported results without LOQ limitations foirBSRM 3252 specifc
technical recommendations are limited.
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Vitamin Bz is known to bechromatographicallynretained and therefooan bechallenging to
measure by traditional LC methodi$nstableretention times and peak areas due to unretained
components woulgroduce fgher observed repeatabiligndincrease the potential susceptibility
to interferences from other unretained componédrag/ever, thicommon analytical challenge
for By is not evidentn the withinlaboratory variabilitiesln generaljt is good practicéo
understandn-house methods recovecgpabilitiesfor specificanalytes to ensure accurate
measurement&nother gneral point to consider is the reporting form of thiamine. Anayti
standards for Baretypically an HCI or mononitrate saland should be factored into the mass
fraction calculations.

Four laboratories did not repaytiantitativevalues for thiamine in all three materials due to mass
fractions being below the LOGQf their LC methodswith absorbance or fluorescence detection.
Since these materials are representative of commercial progadisipants should strive to
improve their LOQdor B1 measurement3he LOQ recommendatidior vitamin By

determinatiorin AOAC SMPR 2015.002 is 025 mg/kg, at which level methods would be able
to measure vitamin An the study samplg$6]. Notably, bboratories that used mass
spectrometry or microbiological assay were within or just outside of the target range of
tolerance.

Additional tables and figures for the analysis of thiamine can be fouldpandix F.
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Fig. 8-1. Vitamin B1 (thiamine) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are plotteliagnond3 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 répfésamtfideace intervalf the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timean that result in an
acceptabled score g S (. The red shaded region represents the NIST rangeesitale, which encompasses the target value bounded by its
uncertainty Unist) and represents the range that results in an accegiablescore, @ s ¢. The shaded beige region represents the overlapping of the 95

% confidence interval for the consemsuean (green region) and the NIST range of tolerance (red region).
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Fig. 8-2. Vitamin B1 (thiamine) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ 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 répfésamtfidieace interval for the
consensus mean. The red solid line represhaupper bound ofhe consensus range of tolerarzdculated as the value above the consensus mean that result

in an acceptabled score, 3 S ¢, with the lower bound set to zerbhe red shaded regigdbeige here due to overlap with the greensensus

confidence intervalrepresents the NIST range of tolerance, which encompasses the target value bounded by its uhdgstaiand(represents the range that

results in an acceptable score3 S C.
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Fig. 8-3. Vitamin B1 (thiamine) in SRM 3252 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle).ctihar of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region répfésamifidieace interval for the
consensus mean. The red solid lines represent the consampei®f#olerance, calculated as the values above and below the consensus mean that result in an
acceptabled score, b S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its

uncertainty(Unist) and represents the range that results in an accepgiablescoregd S «.

134



NIST IR 8494
November2023

8.4.2. Riboflavin (B2)

The withinlaboratory RSD$or 3 of the7 laboratories and of the6 laboratories reporting
guantitativeresults forriboflavin in the two commercial meal replacement prodwetse within

the published repeatability recommendation of at or below[5#@b6Overall, the averageithin-
laboratory RSDsverebelow 10 %for riboflavin in the two commercial meal replacement
productsindicatng that participantsshould identify and minimize sources of variability in their
in-house methasl(Table 8-7). Theaveragewithin-laboratory RSD for SRM 3252 was slightly
higher at 15.4 %with only 1 of 6 laboratories reporting repeatabilities within the recommended
limit of 5 %. The betweenaboratory RSDs for all three materialgre outside of the established
performance requirement$ 10 %[57] indicating thatexistingmethods havenidentifiedbiases

or that laboratories are not successfully implementing unbiased methods

Table 8-7. Summary of laboratory variabilities for riboflavin in meal replacement drinks and SRM 3252.

Riboflavin (By)
Within-Laboratory BetweenLaboratory

Analyte Variability (% RSD)  Variability (% RSD)
Meal Replacement Drink (Liquid) 9.6 % 22 %
Meal Replacement Drink (Powder 3.7% 83 %
SRM 3252 15.4 % 40 %

The 95 %confidence interval for the consensus mean for thel neplacement drink (liquid)
wasabove the NIST range of tolerand®mwever, theNIST range of toleranceverlapped with
thelower limit of consenss range of tolerandg-ig. 8-4). The consensus mean is slightly above
thetarget valugproduct labelwhich isconsistent witlthe allowed overageegulations.

Although the betweetaboratory variability for the meaéplacement drink (powder) was well
outside of the established performance requirements, the 95 % confidence interval for the
consensus mean overlaps with the NIST range of tole(&ngeS-5). Similarly, for SRM 3252,

the 95 % confidence interval for tkensensus mean overlapped with the NIST range of
tolerance(Fig. 8-6). The consensus means for both the meal replacement drink (powder) and
SRM 3252 were below the target value. Althowghmin B; is considered a watesoluble

vitamin, itsaqueous solubty is lower thanother Bvitamins[58]. Adding modifiers to the

solvent and using lower concentrations for stock solution preparations can aid in solubility for
vitamin B,. Laboratories should consider the solubility properties of thealytes when

optimizing sample preparation.

For each samplehreeto four laboratories repatithatvalues for riboflavinverebelow their
LOQ. The levels of riboflavin in thetudy samples wergoutan order of magnitude higher than
the recommended LQ for riboflavin method$0.0375 mg/kg) [57]. Laboratories should
evaluate their process for determining their method LOQcandidemmodificationsto allow
detection of riboflavin at levels commonly found in commercial products.

Additional tables and figures for the analysis of riboflavin can be fouAgpendix F.
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Fig. 8-4. Vitamin B2 (riboflavin) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are plotteliagnond$ 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 répfésamtfidieace interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculatddessabeve and below the consensus mean that result in an
acceptabley score 30 S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its

uncertainty Unist) and represents the rangp@t results in an acceptalsbe score g S C.
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Fig. 8-5. Vitamin B2 (riboflavin) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliagnond} 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 r@pfésamifidieace interval for the
consensus mean. The red solid line represhaupper bound ofhe consensus range of tolerancaculated as the value above the consensus mean that result
in an acceptabléd score 3 S ¢, with the lower bound set to zerbhe red shaded regigdbeige here due to overlap with the green consensus
confidence intervalrepresents the NIST range of tolerance, which encompasses the target value bounded by its unsestdiand(represents the range that

results in an acceptable score3 S C.

137



NIST IR 8494

November2023
3 o
Exercise: DSQAP Exercise 1 _ <) s
Sample: SRM 3252 Protein Drink Mix § =]
Measurand: Vitamin B2 (Riboflavin) S o
=}
i ¥
H Liquid Chromatography with Absorbance Detection or PDA
[l Liquid Chromatography with Fluorescence Detection
70- H Liquid Chromatography with Mass Spectrometry
H Liquid Chromatography with Tandem Mass Spectrometry
B Microbiological Assay
[ Other
60 |[]Spectrophotometry
Hnot specified
50-
(=)
= 40
£
s
304
L
: - b
20 o=
o
Q
=]
10- v =
o == '
I~ I~ @ I~ [=) o — — 10
") [32) — © I <+ <+ o I~
o =] o =] o o (=} o o
< < <€ < < <€ < < <€

Laboratory

Fig. 8-6. Vitamin B2 (riboflavin) in SRM 3252 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond} with the individualaboratory 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 répfésamtfidieace interval for the
consensus meaifhe red solid line represextheupper bound ofhe consensus range of tolerance, calculated as the value above the consensus meais that result
in an acceptabled score 30 S ¢, with the lower bound set to zerbhe red shaded regioaepresents the NIST range of tolerance, which encompasses

the target value bounded by its uncertaitdyiér) and represents the range that results in an accegiablescore @ $ ¢. The shaded beige region

represents the overlapping of the 95 % aarice interval for the consensus mean (green region) and the NIST range of tolerance (red region).
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8.4.3. Niacin (B3)

The withinlaboratory RSDs fob of the 6 laboratories reporting quantitative results for niacin in
themealreplacemendrink liquid were within the published repeatability recommendation of at
or below 5 9%459], and the average repeatability across all laboratories was Z.als¥e g-8).

For themeal replacement drinkogvder,3 of the 7 laboratories reporting quantitative results for
niacin were within the published repeatability recommendation and the average repeatability
across all laboratories was higher at 7.4T%e repeatabiiies for3 of the 7 laboratories

reporting quantitative results for niacin in SRM 3252 were within the published
recommendation, with an average repeatability across all laboratoBe %f Laboratories
reporting repeatabilities greater than 5 % foed®ination of niacin in these samples should
identify and minimize sources of variability in theirmouse methodg.he betweesaboratory
RSDs for all three materials weoeatside of the established performance requirenadrasor
below10 %; howeverthe reproducibility is much better for niacin than other B vitamins in the
study at below 20 % for all samples.

Table 8-8. Summary of laboratory variabilities for niacin in meal replacement drinks and SRM 3252.

Niacin (Bs)
Within-Laboratory BetweenLaboratory
Analyte Variability (% RSD) Variability (% RSD)
Meal Replacement Drink (Liquid) 2.2% 20 %
Meal Replacement Drink (Powder 7.4 % 14 %
SRM 3252 59% 15 %

Overall, thetarget valugproduct label) for both commercial materials were with@respective
consensus range of tolerantde 95 % confidence interval for the consensus meahéaoneal
replacement drink (liquid) was above the NIST range of tolerdfige &7) while both
statistical parameters overlapped for the meal replacement drink (po#ided-8).

For SRM 3252 the consensus range of tolerance for niacinsigrsficantly above the NIST

range of tolerance~g. 8-9). The target value for niacin in SRM 3252 is 7t88/kg which is a

minor contribution to théotal Bs (asniacin andhiacinamidé in the material. Reported values
arecloselyalignedwith thetotal Bztarget value in SRN3252 (287 mg/kg), indicating that

participants are measuring and reportingtotaFBa r t i ci pants shoul d be aw
capabilities to measure totat Bnd/or the specific vitamers and confirm tequested form prior

to reporting results.

Participants indicating levels of niacin in these materials below their LOQs should evaluate their
analytical techniques as these levels should not be challenging to mé&asurecommended

LOQ for total Bz is 0.25 mg/kd59]. Additional tables and figures with raw data for the analysis

of niacin can be found iAppendix F.
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Fig. 8-7. Vitamin Bs (niacin) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are plotteliagnond3 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 meangeerehtbhaded region represents th&¥®nfidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timiean that result in an
acceptabled score, 3o S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its

uncertainty Unist) and represents the range that results in an accegiablescore g S ¢.
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Fig. 8-8. Vitamin Bs (niacin) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectandlag color of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shéloeidedgion due to overlap with the red NIST

target rangejepresents the 9% confidence interval for thconsensus mean. The red solid lines represent the consensus range of tolerance, calculated as the
values above and below the consensus mean that result in an aceéptablscore S0 S (. The red shaded region represents the NIST range of

toleran@, which encompasses the target value bounded by its uncertairty and represents the range that results in an accegiablescore 30 S ¢.
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Fig. 8-9. Vitamin Bs (niacin) in SRM 3252 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle). The color of the data point represents
the analyical method employed. The solid blue line represents the consensus mean, and the green shaded region représerusfiler@® interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated ashibeevahgbelow the consensus mean that result in an
acceptabled score, b S (. The red shaded regigat 7 mg/kg)represents the NIST range of tolerance, which encompasses the target value bounded

by its uncertaintynist) and represents the range that results in an accepiablescore 3o S ¢.
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8.4.4. Pantothenic Acid (Bs)

Compared to established analytical method performance requirei®@htbe average

repeatability across all laboratories frantothenic adthe meal replacement drink (liquid) is

within the 5 % recommendatiofigble 8-9), and5 of the 7 laboratories reporting quantitative
results also demonstrating repeatabilities of at or below Bo¥dhe meal replacement drink
(powder),2 of the 9 laboratories reporting quantitative results for pantothenic acid demonstrated
repeatabilities bat or below 5 % with an average of 9.2 % across all laboratories. For SRM
3252,1 of the 8 laboratories reporting quantitative results for pantothenic acid demonstrated
repeatabilities of at or below 5 % with an average of 10.8 % across all labordtabiesatories
reporting repeatabilities greater than 5 % for determination of pantothenic acid in these samples
should identify and minimize sources of variability in thekhiouse methods.he

betweenrlaboratory RSDs for all three materials were sigatfity higherand outside of the
recommended 15 %ndicating that existing methods may have unidentified biases or that
laboratories are not successfully implementing unbiased methods

Table 8-9. Summary of laboratory variabilities for pantothenic acid in meal replacement drinks and SRM
3252.

Pantothenic Acid (B
Within-Laboratory = BetweenLaboratory

Material Variability (% RSD) Variability (% RSD)
Meal Replacement Drink (Liquid) 3.1% > 100 %
Meal Replacement Drink (Powder) 9.2 % 59 %
SRM 3252 10.8 % 44 %

In the meal replacement drink (liquidhe 95 % confidence interval for the consensus mean
overlappedvith the NIST range of toleranc€ify. 8-10). Laboratories A036 and A077 reported
values ginificantly above the consensus range of tolerance indicating potential calculation
andor unit errors.Vitamin Bs standards are typically in the form of calcium pantothenate which
requires a conversion factor to obtain accunadss fractions fogpantothaic acid.While the

meal replacement drink (liquid) contains calciunp&ntothenatethevalue on thgroduct label

is converted to pantothenic acid. Laboratories should be aware of the feitanah Bs being
measuedandreported The high betweeraboratory variability for this material is significantly
skewed due to the two laborator@fssevenwith potential calculation errors.

Laboratories were in closagreement with each other for the meal replacement (powde)

and SRM 3252Zompared to the liquid sampléhe high betweetaboratory variabilities for

these two materialwere less affected dgboratories with potentiaalculationandbr unit errors
because more laboratories reported quantitative values for these saifipleghe 95 %

confidence interval for the consensus mean for the meal replacement drink (powder) was above
the NIST range of tolerance, the NIST targe value fell within the consensus range of tolerance
(Fig. 8-11). The NIST target value for SRM 3252 overlaggpwith the 95 % confidence interval

for theconensus mearHg. 8-12).
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Similar tootherB vitamins,oneto four laboratories report values for pantothenic slcat were
below theirmethodLOQ. These levels of Bshould not be challengirtg measure in
commercial productastherecommended LQ is 0.0625 mg/kd¢60], so laboratories reporting
LOQ limitations should aim to achievgiantitationabilitiesat lower levels.

Additional tables and figures for the analysis of pantothenic acid can be foApgendix F.
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Fig. 8-10. Vitamin Bs (pantothenic acid) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle). The color of the data point represents
the analytical method employed. The solid blue line represent®tisensus mean, and the green shaded region represent8dtoe®fidence interval for the
consensus mean. The red solid line repreghaupper bound ofhe consensus range of tolerance, calculated as the value above the consensus meais that result
in an acceptabléd score,an S ¢, with the lower bound set to zerbhe red shaded regigbeige here due to overlap with the green consensus

confidence interval)epresents the NIST range of tolerance, which encompasses the target value bousdawchytainty nist) and represents the range that

results in an acceptable score 3 S C.
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Fig. 8-11. Vitamin Bs (pantothenic acid) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond} with the individual laboratory standard deviation (rectangle). The color of the data poasergr

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region répfésamtfidieace interval for the
consensus mean. The red solid line represhaupper bound ofhe consensus range ofdmance, calculated as the value above the consensus mean that result
in an acceptabled score 30 S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance, which encompasses

the target valubounded by its uncertaintWfust) and represents the range that results in an accegiablescore 3 S ¢.
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Fig. 8-12. Vitamin Bs (pantothenic acid) in SRM 3252 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ 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 répfésamtfidieace interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calcela@desadbove and below the consensus mean that result in an
acceptabley score 30 S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its
uncertainty Unist) and represents the rantpat results in an acceptalile score @ S ¢. 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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8.4.5. Pyridoxine (Bs)

For the determination of pyridoxin2,0f the 5 laboratories pgrting quantitative valuder the

meal replacement drink (liquidlemonstrated repeatability within the published recommendation
of at or below 5 %61]. The average withitaboratory RSD for pyridoxine across all
laboratories in theneal replacementriohk (liquid) was 5.9 %{Table 8-10). For the meal
replacement drink (powder of the 6 laboratories reporting quantitative valuegfardoxine
demonstrated repeatability within the published recommendatidrihe average across all
laboratoriesvas 13%. For SRM 32520 of the 5 laboratories reporting quantitative values for
pyridoxine demonstrated repeatability within the published recommendation and the average
across all laboratories was @4l Laborataies with repeatability greater than 5 % should
identify and minimize sources of variability in theirmouse methodg.he betweesaboratory
variability for the meal replacement drink (liquid) was slightly outsideotitdishedl0 % RSD
recommendatiofor laboratories using the same methwtljle thereproducibilities observed for
the meal replacement drink (powder) and SRM 3&B&significantly above 10 %.

Table 8-10. Summary of laboratory variabilities for pyridoxine in meal replacement drinks and SRM 3252.

Pyridoxine (B)
Within-Laboratory =~ BetweenLaboratory

Material Variability (% RSD) Variability (% RSD)
Meal Replacement Drink (Liquid 5.9 % 14 %
Meal Replacement Drink (Powde 13.0 % 53 %
SRM 3252 6.4 % 79 %

Participantgeporting quantitative valuesgere in close agreement with each other for the
analysis of pyridoxine in the meal replacement drink (liqguldhe 95 % confidence interval for
the consensus mearas above the NISTarget valugproduct labelwith the lower limit of the
consensus range of tolec@noverlapping with the NIST range of toleranEey( 8-13). The
betweerlaboratory RSD for the meal replacement drink (pow(€in. 8-14) andSRM 3252
(Fig. 8-15) werehigh compared tondustry standards

Althoughnotrendswere observedoarticipants should be cognizanittheir method capabilities

to measure pyridoxinand/or total B which includes several vitameasdtakeappropriate
measures tainimize pyridoxinedegradationSRM 3252 contains pyridoxine and
pyridoxamine; however, there are no indications that participaeésuredotal Be.

Additionally, pyridoxine is typically calibrated using pyridoxine HCI which is often the form
added to formulationand is pesent in both commercialeal replacement materials

Participants calibrating with thgyridoxine HCI should ensure molecular weight differences are
accounted for when calculatigand reportingnass fractiongor pyridoxine.

Threeto four laboratories reptedthatpyridoxinevalues in these samples wérgow their
methodLOQ. Thelevels in these samples were significantly higher thah @@ (0.0125
mg/kg) establishedn method performance requiremef@g]. Partigpantswith LOQs above this
recommendation should considetditional method development to achieve lower LOQs.

Additional tables and figures for the analysis of pyridoxine can be fouAgdpendix F.
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Fig. 8-13. Vitamin Bs (pyridoxine) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are plotteliagnond$ 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 répfésamtfidieace intervald the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above aodseelsws timean that result in an
acceptabley score 30 S (. The red shaded region represents the NIST rangeeshitale, which encompasses the target value bounded by its

uncertainty Unist) and represents the range that results in an accegiablescoregd S ¢.

149



NIST IR 8494

November2023
Exercise: DSQAP Exercise 1 g g
Sample:  Meal Replacement Drink (Powder) =] =]
Measurand: Vitamin B6 (Pyridoxine) S I
v M
H Liquid Chromategraphy with Absorbance Detection or PDA ‘
[l Liquid Chromatography with Fluorescence Detection
70/ Bl Liquid Chromatography with Tandem Mass Spectrometry
8 Microbiological Assay
H Other
60. [ not specified
50
=
<)
2 40| S
o o
S|
E S
)
30 Q =
bl *
1 & u
20, ] == o
0
&)
107 8 ——
<
v
0, =
™ © & 0 ~ - = o) - o
=+ (32} =+ — (<=} <+ 2] o [} P~
o Q =] o o =] =] Q =] o
< < < < < < < < < <
Laboratory

Fig. 8-14. Vitamin Bs (pyridoxine) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliagnond} 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 répfésamifidieace interval for the
consensus mean. The red solid line represhaupper bound ofhe consensus range of tolerancaculated as the value above the consensus mean that result

in an acceptabléd score 3 S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance, which encompasses
the target value bounded by its entainty Unist) and represents the range that results in an accepgiablescore 0 s ¢. The shaded beige region

represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range @Eblergion).
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Fig. 8-15. Vitamin Bs (pyridoxine) in SRM 3252 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliagnond} with the individual laboratory standard deviation (rectangle). The color of the data point represents
theanalytical method employed. The solid blue line represents the consensus mean, and the green shaded region représeattiten88 interval for the
consensus mean. The red solid line represhaupper bound ofhe consensus range of tolerancé;udated as the value above the consensus mean thas result

in an acceptabled score,ad S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance, which encompasses
the target value bounded by its unciertta(Unist) and represents the range that results in an accepiablescore & S ¢. The shaded beige region

represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range @Etblergion
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8.4.6. Biotin (B7)

Of the 6 laboratories reporting quantitative results for biotin in the commercial meal replacement
drinks, 6 laboratoriedor the liquid sampm and O laboratories for the powder saampported
within-laboratoryvariabilities within the published requirement o¥%§62]. The average within
laboratory RSD across all laboratories for the liquid sample (4Ta¥ie 8-11) was also within

the published requiremerior SRM 32522 of the 7 laboratories reporting quidative results

for biotin reported repeatabilities within the published requirement, and the average
within-laboratory RSDs for the meal replacement drink (powder) and SRM 3252 were both
around 10 %The betweedaboratoryvariabilitiesfor the two commarcial meal replacement
products are outside of the established performance requirefrie®owhile the

reproducibilityfor SRM 3252meetspublishedguidelines.

Table 8-11. Summary of laboratory variabilities for biotin in meal replacement drinks and SRM 3252.

Biotin (B7)
Within-Laboratory =~ BetweenLaboratory
Material Variability (% RSD)  Variability (% RSD)
Meal Replacement Drink (Liquid) 4.7 % 67 %
Meal Replacement Drink (Powder) 10.6 % 25 %
SRM 3252 10.2 % 15 %

Theconsensus range of tolerangas withinthe NIST range of tolerance for the meal
replacement (liquid), buhe 95 % confidence interval for the consensus mean was below the
NIST range otolerance Fig. 8-16). Although therepeatability for each laboratory is within the
recommended 8 RSD,the largebetweenrlaboratory variability indicates potential challenges
and inconsisteneswith sample preparatiowithin the community fobiotin meaurements in
readyto-drink productsLow levels of biotincan bechallenging to accuratelyuantify due to
interferencegrom matrix componentpresenin higher concentration§&ample preparation for
liquid matrices typically involvedilution as a primegy techniquewvhich can aid in eliminating
matrix interferences. ParticipargBould dilutesamplego levelsthatareappropriate for their
LOQsand calibratiorto ensureminimal interferenceand detector overload

Overall, participants were in better agreement with each otherdon in both powder
materials The 95 % confidence interval for thersensusnean forthe meal replacement drink
(powder)overlapped with the NIST target valugd. 817). The reprodudiility for this material
is skewed high due tihe small number of laboratories reporting quantitative results and
laboratory AO43eporting valuesignificantlyabove the consensus range of tolerance. This
laboratory reportetligh values for biotirfor all three materials indicating potentilibration
issuesand/or interference$ut aghe only laboratory that reported usingIMS/MS, a specific
analyticalmethodbias cannot bdeterminedThe 95 % confidence interval for thensensus
mean for SRM 32%overlapped on the lower end of the NIST range of toleréfige 8-18).
While no trends are obsed/éor analytical techniquethe lower reported valuesay be due to
calibration issue<Calibration of biotin can be challenging when preparing ssmtktions and
working calibration solutions at low concentrations. Participants should consider preparing
calibrants at higher concentrations and diluting to reach levels within the materials.
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Two laboratories repagtivalues for biotirbelow their LOQfor the two meal replacement drink
materials butwere able to report biotin mass fractions within the target range of tolerance for
SRM 3252 since this material has significantly higher levels of biotin.

Additional tables and figures fdné analysis of biotin can be foundAppendix F.
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Fig. 8-16. Vitamin B (biotin) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are péat diamond3 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 r@pfésmniidhace interval for the
consensus mean. The red solid line repreghaupper bound ofhe consensus range of tolerance, calculated as the value above the consensus meas that result
in an acceptabled score,ad S ¢, with the lower bound séb zero The red shaded region represents the NIST range of tolerance, which encompasses
the target value bounded by its uncertaittyir) and represents the range that results in an accegiablescoregd s ¢.
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Fig. 8-17. Vitamin B~ (biotin) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard dation (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 répfésamifidieace interval for the
consensus mean. The red solid linesesent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an
acceptabley score 30 S (. The red shaded region represents the NIST range of tolerance, which encompasses the targatdediuieyhits)

uncertainty Unist) and represents the range that results in an accegiablescore @ S ¢. 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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Exercise: DSQAP Exercise 1
Sample: SRM 3252 Protein Drink Mix
Measurand: Vitamin B7 (Biotin)
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Fig. 8-18. Vitamin B~ (biotin) in SRM 3253 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond3 with the individual laboratory standard deviation (rectangle). The color of the data point represents
the analytical method emplegl. The solid blue line represents the consensus mean, and the green shaded region represéntsrifidéice interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timiean that result in an
acceptabled score, b S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its
uncertainty Unist) and represents the range that results in an accegiablescore @ S ¢. 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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8.4.7. Folic Acid (Bo)

The average withitaboratory variability for folic acid was less than 7.5 % in all three samples
(Table 812) with only 2 laboratories above 1%, whi ch i ndi cates-that
house methods achieve repeatability consistent with the published requirement of at or below
10% [63]. The betweedaboratory variabilitiesanged from 206 and 24 % for the meal
replacement drinks to 96 % for SRM 325he performance for the meal replacement drinks
was reasonable with respect to the published recommendationifodigtary supplements of

15 % RSDfor laboratories using the same method, given that participantsisttidy were

using different methods

Table 8-12. Summary of laboratory variabilities for folic acid in meal replacement drinks and SRM 3252.

Folic Acid (By)
Within-Laboratory BetweenLaboratory
Material Variability (% RSD) Variability (% RSD)
Meal Replacement Drink (Liquid’ 59% 24 %
Meal Replacement Drink (Powde 6.7 % 20 %
SRM 3252 7.5 % 96 %

Thelower limit of the consensus range of tolerafarefolic acid barely overlapped with the

NIST range of tolerance for the meal replacement drink (liqéid). 8-19). The 95 %

confidence interval for the consensus mean is above the NIST range of tolehicitis
consistent with other B vitamins the meal replacement drink (liquidds mentoned

previously, he higher vitamin levels in the liquid matrix compared to the target value (product
label)couldbe a result of manufacturers addmgerlabelclaimsto account for stability
throughout shelf life.

The 95 % confidence interval for the consensus maatie meal replacement drink (powder)
(Fig. 8-20) and SRM 3252Kig. 8-21) both overlapped with the NIST range of tolerance for each
material.LaboratoryA018 reportednass fractions for folic acisignificantlyabove the

consensus range of tolerance for all three matevidilieh because of the small data se& main
factorfor the high betweetaboratory RSDs. Laboratory A057 was consistently low coetpa

to other laboratories for all three materials. These laborashmsddevaluate theicalibration
techniques for measuring folic acid at low levi@ysensuring calibration levels are representative
of what is in the sample.

Two laboratories repativalues for folic acidhat were below their L&bs LOQfor all three
materialsAOAC SMPR 2@1.006details LOQ requirements 0.625ug/kg for folate levels
betweer0.0057 3 mg/kg [63].

Additional tables and figures for the analysis of folic acid can be fouAgpendix F.
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Fig. 8-19. Vitamin By (folic acid) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond} 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, aed gteded region represents th&®&onfidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timiean that result in an
acceptabled score, 3o S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its

uncertainty Unist) and represents the range that results in an accegiablescore g S ¢.
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Fig. 8-20. Vitamin By (folic acid) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliasfnond} with the individual laboratory standard deviation (rectandibe color of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@pfésamtfidieace interval for the
consensus mean. The red solid lines represent thensussenge of tolerance, calculated as the values above and below the consensus mean that result in an
acceptabley score 30 S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its
uncetainty Unist) and represents the range that results in an accegiablescore @ S ¢. 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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Exercise: DSQAP Exercise 1
Sample: SRM 3252 Protein Drink Mix
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Fig. 8-21. Vitamin By (folic acid) in SRM 3252 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle). The color of the data point represents
the analytical method guioyed. The solid blue line represents the consensus mean, and the green shaded region repregénterfidedie interval for the
consensus mean. The red solid line represhaupper bound ofhe consensus range of tolerance, calculated as the atative the consensus mean that result

in an acceptabled score 30 s ¢ with the lower bound set zerdhe red shaded region represents the NIST range of tolerance, which encompasses the
target value bounded by its uncertairtiyEr) and represents the range that results in an accegiablescore 3 S ¢. The shaded beige region represents

the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range of tolergim®.(red re
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8.4.8. Cobalamin (B12)

The small number of quantitativesultsreportedfor vitamin B12 (only 3 to 5 laboratories per
sample) significantly limits the meaning of statistical figmwémerit for this study. The average
within-laboratory variabilities for vitamin B in the meal replacement drink (powder) and SRM
3252 were within the recommended 7 % RSD for the 4 and 3 laboratories reporting quantitative
results, respectively, as shouwn Table 813[64]. Theaveragewithin-laboratory variability for

the meal replacement drink (liquid) was outside of the established recommenld&titnthe

small number of laboratories reporting quantitative results (5paadaboratoryvith extrenely
largerepeatability(127 %). The withinlaboratory variabilities for the remainirgyof the4

laboratories reporting quantitative results for the meal replacement drink (liquid) were within the
recommended 7 % RSDhe betweedaboratory variabilitiesvere outside of the recommended

11 % RSD for all three materials.

Table 8-13. Summary of laboratory variabilities for cobalamin in meal replacement drinks and SRM 3252.

Cobalamin (By)
Within-Laboratory =~ BetweenLaboratory

Material Variability (% RSD)  Variability (% RSD)
Meal Replacement Drink (Liquid) 25.6 % 75 %
Meal Replacement Drink (Powder 5.1% 28 %
SRM 3252 4.4 % 18 %

The 95 % confidence interval for the consensus ni@athe meal replacement drink (liquid)
overlaps with the low end othe NIST range of tolerand€ig. 8-22). The reported valudseing
belowtheNIST range of toleranc®r the liquid matrix does not follow the typical trend
observedvith other B vitaminsperhapslue to sample preparation challengedduor levels of
vitamin B12in thisliquid matrix The extraction efficiency dB1» must be evaluated to ensure
completeextraction of the analyte from the sample ma#g.mentioned above, the high
repeatability and reproducibility fd@12 in the meal replacement drink (liquid) is skewed due to
thevalues reported blaboratory A020This laboratory likely reported one of théiiplicate
measuremestin error by omittin@ zeo, resulting in an order of magnitude difference between
this value andhe other two reported valyeshich affected this labotaor y 6s mean and s
deviation, as well as the consensus mean and variability due to the small data set

The 95 % confidence interval for the consensus mean for the meal replacement drink (powder)
overlaped with the NIST target valyproduct label)which indicatedaboratories performed

well with this materia(Fig. 8-23). The consensus mean for SRM 3252 fell within the lower end
of the NIST range of toleran¢Eig. 8-24); however, only three laboratories reported results for
vitamin B12in SRM 3252 without LOQ limitations.
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Three participantseported values for vitaminiBthat were below theitOQ for all three
materials According to the AOAC SMPR 2011.0@&r vitamin B12 in similar matrices, the
recommended LOQ gt or below0.01 mg/kg64]. Themeal replacement drinfiquid) has a
vitamin B12 target value below the recommended LOQ while the meal replacement drink
(powde) and SRM 3252re both aboveRarticipants indicating LOQ limits for all three
materials should considérrther optimization of their analytical techniques to ensure accurate
measurement®r vitamin B12 at lower concentrations.

Additional tables and figures for the analysis of cobalamin can be fougpendix F.
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Fig. 8-22. Vitamin B12 (cobalamin) in Meal Replacement Drink (Liquid) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ 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 répfésamifidieace interval for the
consensus mean. The red solid line represhaupper bound ofhe consensus range of tolerancaculated as the value above the consensus mean that result

in an acceptabléd score,an S ¢, with the lower bound set to zerbhe red shaded region represents the NIST range of tolerance, which encompasses
the target value bounded by its ertainty Unist) and represents the range that results in an accepgiablescore @ S ¢. The shaded beige region

represents the overlapping of the 95 % confidence interval for the consensus mean (green region) and the NIST range ¢Etblexgion).

163



NIST IR 8494

November2023
Exercise: DSQAP Exercise 1 3 3 )
Sample: Meal Replacement Drink (Powder) = g Qg
Measurand: Vitamin B12 (cobalamin) 3 2 §
[=] Q 9
¥ Y
H Liquid Chromatography with Absorbance Detection or PDA
0.10113 Liquid Chromatography with Mass Spectrometry
[l Liquid Chromatography with Tandem Mass Spectrometry
0.09 | |BMicrobiological Assay
’ [ Spectrophotometry
Hnot specified
0.08 |
0.07 |
0.06 =
f=2)
% 0.05 ’j —
E o L]
0.04 | =
0.03
0.02 |
0.01{
0.00/!
< o ™ I~ - © —
o a <+ © <+ < I}
o o o o [=} [=} =}
<C <C <C <C <€ <€ <€

Laboratory

Fig. 8-23. Vitamin Bi12 (cobalamin) in Meal Replacement Drink (Powder) (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle). The color of the data point represents
the analytical minod employed. The solid blue line represents the consensus mean, and the green shaded region repre&eatsfitke®&e interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the valuéelabotieeaswhsensus mean that result in an
acceptabley score 30 S (. The red shaded region represents the NIST range of tolerance, which encompasses the target value bounded by its
uncertainty Unist) and represents the range that results in an accegiablescore @ S ¢. 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. 8-24. Vitamin B2 (cobalamin) in SRM 3252 Protein Drink Mix (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard dation (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 répfésamtfidieace interval for the
consensus mean. The red solid linesesent the consensus range of tolerance, calculated as the values above and below the consensus mean that result in an
acceptabled score, 3o S . The red shaded region represents the NIST range of tolerance, which encompasses the targetdediieytits

uncertainty Unist) and represents the range that results in an accegiablescore,. @ S ¢. 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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9. Botanicals Il (Withanolides)

9.1. Executive Summary

Fourteen to sixteelaboratories enrolled in this study for withanolides in ashwagandha root and
extract materials to identify analytical challenges associated with ashwagandha measurements
within the community. Overall, the participants demonstrated excelldriuse precisn in

both materials with thaveragewithin-laboratory RSDs being below 6 % for the five targeted
withanolides and 10 % fdr2-deoxywithastromonolide. However, the betwd@noratory RSDs

were much higher ranging from 38 % to 70 % and 7 % to 47 % fasthwagandha root powder
and extract powder, respectively. The overall larger betadmratory variability for the root
powder material may be due to differences in extraction approaches and/or potential matrix
interferences. The results of this studghiight the challenges associated with developing
well-established analytical methods for measurands of intereshimally processeiotanical
materials used for dietary supplement production as well as the need for ashwagandha reference
materials to a in the standardization of withanolide measurements within the dietary
supplement community.

9.2. Study Background and Participation

Withanolidesandwithanosidegwithanolide glycosidesare steroidal lactones found in the

botanical ashwagandh@/(thaniasomniferg, which is used in Ayurvedic medicine and is a

popular dietary supplement ingredient due to the associated adaptogenic prf§#rtidsese

mar ker compounds have been reporbivette t o be a m
propertes; however, difficulties in developing accurate analytical methodologies for the

extraction and detection @fithanolidesandwithanosidesan be attributed in part to a lack of
authentiated certifiedeference materials for method development validatio

The goal of this study asto determine any community discrepancies and/or analytical
challenges in the analysis of ashwagandha measurands of interest. This study also focused on
evaluation of AOAC First Action Official Method 2015.17 and development of ashwagandha
reference mateails which will support the dietary supplement industry to substantiate product
labels and/or health claims and to meet the requirements of regulatory ageadiegpants

were asked to use theirlouse analytical methods and/or AOAC First Action Offidviethod
2015.17[66] to determine the mass fraction of withanolides in both materials.

Registration numbers for this study were dependent on the measurand of interest and ranged
between 14 and 16 laboratories. The participation rates per measuraeu frang43 % to 63

%. Some of the reported values were fgprantitative (zero or below LOQ) but are included in
the participation and reporting statistgteown inTable 9-1.
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Table 9-1. Enroliment and reporting statistics for withanolides in ashwagandha root powder and
ashwagandha root powder extract.

Number of Number of Laboratories Reporting Resu

Laboratories (Percent Participation)
Requesting Ashwagandha  Ashwagandha Roor
Analyte Samples Root Powder Powder extract
12-deoxywithastromonolide 14 6 (43 %) 6 (43 %)
withaferin A 15 9 (60 %) 9 (60 %)

withanolide A 16 10 (63 %) 10 (63 %)
withanolide B 16 9 (56 %) 9 (56 %)
withanoside 1V 15 7 (47 %) 7 (47 %)
withanoside V 15 7 (47 %) 7 (47 %)

9.3. Study Results and Technical Recommendations

9.3.1. Ashwagandha Root Powder

Participants were provided with three packets, each contairgngf ashwagandhad\(ithania
somniferd root powder. Participants were askedtore the material at controlled room
temperature, 20C to 25 °C, and to prepare one sample and report one value from each packet
provided. Before use, participants were instructed to mix the contents of thesphckaighly,

and toallow contents to gde for one minute prior to opening to minimize the loss of fine

particles. Participants were instructed to use an appropriate sample size forhoeisen

analytical methods, or at least 2.5 g if using AOAC 2015.17, to determine the mass percent (%
w/w) of select withanolides and withanosides. The approximate analyte levels were not reported
to participants prior to the study and target values were not available at the time of this report.

All laboratories that reported sample preparation methods (4ddieated using solvent
extraction for determination of all measurands of interest. Most laboratories indicated using
LC-Abs as the analytical technigas seen iTable 9-2. The AOAC 2015.1Tnethod isalso
based on.C-Abs. Laboratories reporting only L€hould indicate the mode of detecttonhelp
identify potential sources of bias in their results
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Table 9-2. Summary of analytical methods for determination of withanolides in ashwagandha root
powder.

Analytical Method Percent Reporting
Averaged for both Samples

AOAC Other/None
Analyte 2015.17 HPTLC LC LC-Abs  Reported
12-deoxywithastromonolide 14 % - 29 % 57 % -

withaferin A 10 % - 20 % 50 % 20 %
withanolide A 9 % 9 % 18 % 46 % 18 %
withanolide B 10 % 10 % 20 % 50 % 10 %
withanoside IV 12.5 % - 25 % 50 % 12.5%
withanoside V 12.5% - 25 % 50 % 12.5%

The AOAC SMPR 2015.007 recommends repeatability and reproducibility for withanolides in
ashwagandha to be at or below 7 % an&dl@espectively67]. The excellenaverage
within-laboratory RSDsdt or belowl0 %) for each measurand in the ashwagandha root powder
materi al i ndi c a t-leosse medhods achieves sucoedspeatabtlitga® seann

in Table 9-3. 12-deoxywithastromonolidérad the highest with#aboratory variability at 10 %

with only two laboratories reporting repeatabilities above 1@&fticipants utilizing the AOAC
Official First ActionMethod2015.17reportedrepeatabiliesconsistent with what igublished

in the method66]. When comparing betwedaboratory variability, RSDs range from 38
(withanoside 1V) to 70 % (Beoxywithastromonolide) and aaésoshown inFig. 9-1 and

Fig. 9-2, respectivelyThereproducibilityis significantlyhigher than the recommended 10 %
Figures for the remaining measurands and individual laboratory results for ashwagandha root
powder can be found idppendix G.

Table 9-3. Summary of laboratory variabilities for withanolides in ashwagandha root powder.

Ashwagandha Root Powder

Within-Laboratory BetweenLaboratory

Analyte Variability (% RSD) Variability (% RSD)
12-deoxywithastromonolide 10.0 % 70 %
withaferin A 2.1 % 41 %
withanolide A 5.9 % 58 %
withanolide B 3.3% 58 %
withanoside 1V 26 % 38 %
withanoside V 4.0 % 40 %

Larger betweeitaboratory variability indicates that the community is not in complete agreement
for the analysis of these measurarglace most laboratories reported usingABs no trends

were observed for analytical techniqliée large betweettaboratory variabilitynay be due to
inadequate sample preparation techniques used for the specific phytochemicals in ashwagandha
root powder. Extractions from raw materials can be difficult due to various analytical challenges
associated with the nature of botanical matrigéish only 44 % of participants reporting sample
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preparation techniques (solvent extraction), technical recommendations are Baitgile

preparation techniques must be able to fully extract analytes from the sample matrix, while also
being mindful of anigte degradation and/or conversion. Aewtraction procedure should be
optimized to determine the most effective extraction solvent and to ensure exhaustive extraction
of the analyte from the matrix. Phytochemicals range in solubility and universal sahvigt

not be appropriate depending on the material. The optimum number of extraction cycles must be
determined by sequential-extraction of the sample matrix until no further increase in yield is
observed. Sequential extractions may be needed if treecégn solvent becomes saturated

during the first (or only) extraction cyclAOAC Official Methad 2015.17utilizes three to four
sequentiakxtractionsof 100 mL of methanol
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Exercise: DSQAP Exercise 1
Sample: Ashwagandha Root Powder
Measurand: withanoside IV

B AOAC 2015.17 Determination of Withanolides in Ashwagandha by LC 'Z'
0.181 | B Liquid Chromatography
H Liquid Chromatography with Absorbance Detection or PDA
H Other
0.16+
0.14+
0.124
—=
2
£ 0.104
= ==
0.08
——
0.06 E —— —e—
0.04+
0.021
0.00- g
[=7] I~ - w M~ w «©) 0
-— [a2] ol =+ I~ L ol ~
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Laboratory

Fig. 9-1. Withanoside IV in ashwagandha root powder (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond3 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 répriseotsitience intervabf the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above eodseelsws timiean that result in an
acceptabled score, 30 s C.
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Exercise: DSQAP Exercise 1
Sample: Ashwagandha Root Powder
Measurand: 12-deoxywithastromonolide

[l AQAC 2015.17 Determination of Withanolides in Ashwagandha by LC
0.121 |B Liquid Chromatography
HLiquid Chromatography with Absorbance Detection or PDA
0.10
=h=
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Fig. 9-2. 12-deoxywithastromonolide in ashwagandha root powder (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle).ctihar of the data point represents

the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@prseotsitence interval for the
consensus mean. The red solid line repreghaupper bounaf the consensus range of tolerance, calculated as the value above the consensus meais that result
in an acceptabléd score, g0 S ¢, with the lower bound set to zero

171



NIST IR 8494
November2023

9.3.2. Ashwagandha Root Powder Extract

Participants were providealith three packets, each containing ¢.6f ashwagandha\(ithania
somniferd root powder extract. Participants were asked to store the material at controlled room

temperature, 20C to 25°C, and to prepare one sample and report one value from each packet

provided. Before use, participants were instructed to mix the contents of thesphokaaghly,

and toallow contents to settle for one minute prior to opening to minimize the loss of fine
particles. Participants were instructed to use an appropriaj@esaize for their ifhouse

analytical methods, or at least 0.5 g if using AOAC 2015.17, to determine the mass percent (%

w/w) of select withanolides and withanosides. The approximate analyte levels were not reported

to participants prior to the study atadget values were not available at the time of this report.

As mentioned previously, all laboratories that reported sample preparation methods (44 %)
indicated using solvent extraction. Instrumental techniques reported for the ashwagandha root
powder extact were also the same for ashwagandha root powder (see previousasatiiahle

9-3).

The excellenaveragawithin-laboratory RSDsdt or belows.4 %) for each measurand in the
ashwagandha root powder ext r achousemmethoslsandol
AOAC 2015.17are consistent with published expectatif8i§ as shown imable 9-4. These
within-laboratory RSDs are slightly lower than what was achieved for the ashwagandha root
powder. Analyzing phytochemicals from extracts teémble less challenging than root powders
since the measurands are already extracted from the raw material. When comparing
betweerlaboratory variability, RSDs range from 7 % (withanoside V) to 47 % (withanolide B)
and arealsoshown inFig. 9-3 and9-4, respectively. Figures for the remaining measurands and
individual laboratory results for ashwagandha root powder extract can be folippandix G.

Table 9-4. Summary of laboratory variabilities for withanolides in ashwagandha root powder extract.

Ashwagandha Root Powder Extract

Within-Laboratory BetweenLaboratory

Analyte Variability (% RSD) Variability (% RSD)
12-deoxywithastromonolide 0.9 % 30 %
withaferin A 3.3% 37 %
withanolide A 2.4 % 36 %
withanolide B 54% 47 %
withanoside 1V 20% 7%
withanoside V 3.9% 16 %

Two laboratorieseported valuethat were roughly double the consensus mean for several
analytegFig. 93 and9-4). Improper calibration is a frequent source of measurement error.
Calibrant purity isalsoan important consideration in analytical measurements. Where possible,
calibrants should be evaluated for purity and presence of residual solvents prior to use. The

ndi

measured purity should be used to correct the concentrations of the solutions used for calibration.

If a calibration curve is used, the calibrant concentrations should encompass the sample
concentrations. No sample concentrations should be outside ofébedamge. Individual

matched calibrants should be used for quantitation whenever possible.
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Similar to the ashwagandha root powder results, larger betl@beratory variability indicates

that the community is not in complete agreement for the analydies¢ measurands. However,

the participants are in better agreement regarding withanoside IV and withanoside V in the root
powder extract. Differences in RSDs between measurands is likely due to analyte accessibility
and levels in different matrices. Theavall discrepancy may be due to inadequate sample
preparation techniques used for the specific phytochemicals in ashwagandha root powder extract.
Technical recommendations for ashwagandha root powder extract are the same as the root
powder and can be fodnn the previous section.
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Exercise: DSQAP Exercise 1
Sample: Ashwagandha Root Powder Extract
Measurand: withanoside IV

B AOAC 2015.17 Determination of Withanolides in Ashwagandha by LC 4\
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Fig. 9-3. Withanoside IV in ashwagandha root powder extract (data summary view i analytical method).

In this view, individual laboratory data are plotteliafnond$ with the individual laboratory standard deviation (rectangle). The color of the data point represent
the analytical method employed. The solid blue line represents the consensus mean, and the green shaded region r@prseotsitence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, caltidataldes above and below the consensus mean that result in an
acceptabled score, 30 s C.
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Exercise: DSQAP Exercise 1
Sample: Ashwagandha Root Powder Extract
Measurand: withanolide B

0.14+ B AOAC 2015.17 Determination of Withanolides in Ashwagandha by LC
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Fig. 9-4. Withanolide B in ashwagandha root powder extract (data summary view i analytical method).

In thisview, individual laboratory data are plottedigmond3 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 tivedgeeegson represents the 95 % confidence interval for the
consensus mean. The red solid lines represent the consensus range of tolerance, calculated as the values above aodseelsws timean that result in an
acceptabled score, 30 s C.
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Appendix A. List of Acronyms

AAS Atomic Absorption Spectroscopy

AMRM Analytical Methods and Reference Materials

CannaQAP  Cannabis Laboratory Quality Assurance Program

cGMP Current Good Manufacturing Practice

COA Certificate of Analysis

CRM Certified Reference Material

DC AAS Direct Combustion Atomic Absorption Spectrometry

DSQAP Dietary Supplement Laboratory Quality Assurance Program

FAAS Flame Atomic Absorption Spectroscopy

FAES Flame Atomic Emission Spectroscopy

FDA US Food and Drug Administration

FNSQAP Food Nutrition and Safety Measurements Quality Assurance Program

GAE Gallic Acid Equivalents

HAMQAP Health Assessment Measurements Quality Assurance Program

HPTLC High Performance Thin Layer Chromatography

ICP MS Inductively Coupled Plasma Mass Spectrometry

ICP OES Inductively Coupled Plasma Optical Emission Spectrometry

ID CV-ICP-MS Isotope Dilution ColeVapor Generation Inductively Coupled Plasma Mass
Spectrometry

ID-ICP MS Isotope Dilution Inductively Coupledd@sma Mass Spectrometry

IEC International Electrotechnical Commission

INAA Instrumental Neutron Activation Analysis

ISO International Organization for Standardization

KED Kinetic Energy Discrimination

LC Abs Liquid Chromatography with AbsorbanBetection

LC FLD Liquid Chromatography with Fluorescence Detection

LC MS Liquid Chromatography Mass Spectrometry

LC MS/MS Liquid Chromatography with Tandem Mass Spectrometry
LC-ICP-MS  Liquid Chromatography with Inductively Coupled Plasma Mass Spectrometry

LOQ Limit of Quantification

MDL Method Detection Limit

MMQAP Micronutrients Measurement Quality Assurance Program
NIST National Institute of Standards and Technology

NIH National Institutes of Health

OoDS Office of Dietary Supplements

PDA Photodiode Array Btection

PTFE polytetrafluoroethylene

QA Quality Assurance

QAP Quality Assurance Program

QL Quantification Limit

QQQICP-MS Inductively Coupled Triple Quadrupole Plasma Mass Spectrometry
RM Reference Material

RNAA RadiochemicaNeutronActivation Analysis

RSD Relative Standard Deviation

SD Standard Deviation
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SMPR Standard Method Performance Requirements
SNP Seaweed\itrogen toProtein

SRM Standard Reference Material

TDF Total Dietary Fiber

TMAH TetranethyammoniumHydroxide

VitDQAP Vitamin D Metabolites Quality Assurance Program
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Appendix B. Elements Supplemental Tables and Figures

Table B-1. Individualized data summary table (example) for elements in kelp.

(Laboratory Name)

Exercise 1- Elements in Kelp

Lab Code: (code) 1. Your Results 2. Community Results 3. Target
Analyte Sample Units Xi S  Z'eomm  ZisT N x* s* XNiST U
Total Arsenic (tAs) Kelp A ug/g 32 65.30 6.10 62.80 0.69
Total Arselic (tAs) Kelp B ug/g 32 28.20 3.30 27.50 1.03
Total Arsenic (tAs) SRM 3232 ug/g 32 35.5 4.00 35.90 1.22
Inorganic Arsenic (iAs) Kelp A ugl/g 5 0.20 0.30 0.17 0.04
Inorganic Arsenic (iAs) Kelp B ug/g 6 0.08 0.15 0.16 0.19
Inorganic Arsenic (iAs) SRM 322 ug/g 6 0.13 0.07 0.09 0.02
Cadmium Kelp A ug/g 33 1.10 0.10 1.16 0.02
Cadmium Kelp B ug/g 32 0.36 0.03 0.38 0.01
Cadmium SRM 3232 ug/g 33 0.37 0.04 0.40 0.01
Calcium Kelp A mg/g 34 10.00 1.76 9.22 0.57
Calcium Kelp B mg/g 35 13.10 1.88 12.20 0.19
Calcium SRM 3232 mg/g 34 12.40 1.74 11.50 0.64
Chromium Kelp A ug/g 31 392 119 4.36 0.13
Chromium Kelp B ug/g 26 0.51 0.16 0.5 0.03
Chromium SRM 3232 ugl/g 31 4.98 153 5.55 0.48
Copper Kelp A ug/g 24 1.37 0.49 1.34 0.06
Copper Kelp B ug/g 24 1.18 0.33 1.12 0.05
Copper SRM 3232 ug/g 28 3.45 0.77 3.63 0.08
lodine Kelp A ug/g 12 2060 264
lodine Kelp B ug/g 12 880 134
lodine SRM 3232 ug/g Individual laboratory results will 12 775 125 884 82
Lead Kelp A ug/g appear in this section; Laboratory 31 0.57 0.09 0.59 0.02
Lead Kelp B ug/g specific results were provided to 30 0.40 0.05 041 0.01
Lead SRM 3232 ugly each participant separately from thi 30 0.88 0.12 0.97 0.04
Magnesium Kelp A uglg report 33 7196 445 6881 917
Magnesium Kelp B ug/g 33 8310 714 5287 22%4
Magnesium SRM 3232 ugl/g 33 5793 470 5743 169
Mercury Kelp A ng/g 27 33.7 12.0 31.30 0.46
Mercury Kelp B ng/g 26 27.10 8.20 23.10 0.42
Mercury SRM 3232 ng/g 29 95.8 16.8 105.8 2.99
Potassium Kelp A mg/g 33 118 12 1263 25
Potassium Kelp B mg/g 33 20.7 16 218 0.77
Potassium SRM 3232 mg/g 33 67.7 5.6 712 1.0
Selenium Kelp A ng/g 21 173 147 89.2 4.7
Selenium Kelp B ng/g 20 110 94.8 38.3 6.9
Selenium SRM 3232 ng/g 20 120 109 52.6 13.7
Sodium Kelp A ug/g 28 39300 3399 3HU57 129
Sodium Kelp B ug/g 29 30897 3084 31741 432
Sodium SRM 3232 ug/g 29 14739 1321 15298 356
Sulfur Kelp A ug/g 13 6570 1386
Sulfur Kelp B ug/g 12 22119 3262
Sulfur SRM 3232 ug/g 13 10645 1886
Zinc Kelp A ug/g 28 18.00 3.12 18.60 1.70
Zinc Kelp B ugl/g 29 31.50 4.37 32.00 3.20
Zinc SRM 3232 ug/g 28 25.6 3.98 25.70 1.03
Xi  Mean of reported values N Number of quantitative Xnst  NIST value
s Standard deviation of reported valut values reported U expanded uncertainty
Z'eomm  Z'-score with respect to community x*  Robust mean of reported about the NIST value
consensus values

Zyst  Z-score with respect to NIST value s*  Robust standard deviation
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Data highlighted in blue have been identified as outside the consensus tolerance limits and would be estimated to vesuicéptabld

G

S (. (Tablecontinuego next page

Table B-2. Data summary table for total arsenic in kelp.

score,

Total Arsenic (tAs)

SRM 3232 KelpPowder (Thallus

185

Kelp A (ug/g) Kelp B (ug/g) laminariae) (ug/g)
Lab A B C Avg SD A B C Avg SD A B C Avg SD
Target 62.8 0.69 27.5 1.03 359 1.22
A001
A002
A003
A004 | 67.196 63.538 64.95 65.2 1.84| 26.88 28.182 27.38 | 27.5 0.61| 35.905 33.952 35.587 |35.1 1.05
A005 66 65.2 64.9 65.4 0.57| 275 27.7 276 |27.6 0.10 35.2 34.2 341 (345 0.61
A008
A009 [ 62.85 62.53 66.06 63.8 1.95| 26.48 26.35 26.98 | 26.6 0.33 | 33.33 35.03 31.51 |33.3 1.76
A012 65.3 67 65.6 66.0 0.91]| 285 28.1 28.1 |282 0.23 36.6 36 36.9 |[36.5 0.46
A013 | 64.687 66.127 65.829 65.5 0.76| 26.182 26.98 26.47 | 26.5 0.40 | 32.3231 35.0883 34.9095( 34.1 1.55
A015
% A016 73.6 74.7 70.3 729 229 321 325 32.7 | 324 031 411 41 40.5 |40.9 0.32
@ | A017 77.7 77.9 77 775 047 287 28.7 28.3 | 28.6 0.23 36.9 38.2 36.6 |[37.2 0.85
T | Ao18 66.3 66.7 67.2 66.7 0.45| 254 26.7 26.4 |26.2 0.68 33.9 33.7 33.8 0.14
g A019 | 70.49 72.82 74.03 724 1.80| 31.74 32.89 32.71 | 32.4 0.62 | 42.43 42.1 41.37 | 42.0 0.54
'S | A020
2 | A022
A024 | 1.4971 1.4968 1.4975 150 0.00| 1.4906 1.489 1.4925|1.49 0.00 | 1.827 1.8268 1.8273 | 1.83 0.00
A025 | 65.857 61.766 62.338 63.3 2.22]| 25.073 26.662 26.9556| 26.2 1.01 | 32.481 33.165 31.759 | 32.5 0.70
A027 | 70.019 65.27 59.776 65.0 5.13| 31.32 34.705 32.036 | 32.7 1.77 | 36.935 4224 33.488 | 37.6 4.41
A028
A029 66.9 65.7 65.2 659 0.87| 27.9 27.9 27.7 | 278 0.12 34.5 33.8 353 |34.5 0.75
A031
A032
A033 67.4 67.1 69.5 68.0 1.31 31 30 29 30.0 1.00 36.4 35.9 37.1 |[36.5 0.60
A035 | 62.4105 62.045 61.453 62.0 0.48| 26.674 26.195 24.918 | 25.9 0.91 | 33.7215 32.538 32.0875| 32.8 0.84
A037 67.2 68.4 64.2 66.6 2.16| 47.3 30.2 29.2 356 10.17| 36.4 36.4 34.7 |[35.8 0.98
A039
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Total Arsenic (tAs)
SRM 3232 KelpPowder (Thallus
Kelp A (ug/g) Kelp B (ug/g) laminariae) (ug/g)
Lab A B C Avg SD A B C Avg SD A B C Avg SD
A041 | 64.354 63.263 63.782 63.8 0.55( 27.704 27.163 27.542 (275 0.28 | 34.608 34.093 34.056 | 34.3 0.31
A042 62.9 61.1 62.8 62.3 1.01 26 26.2 26.7 |26.3 0.36 35.1 34.3 34.2 | 345 0.49

A043 | 79.71 80.55 80.37 80.2 0.44( 35.42 35.06 3471 | 351 0.36 | 44.33 44.21 44.43 | 443 0.11
A044 65.9 62.6 63.2 639 1.76( 25.3 25.7 249 |25.3 0.40 32.4 32.1 31.2 | 319 0.62
A045 [ 50.01 58.13 66.34 58.2 8.17( 2211 21.58 34.07 | 259 7.06 | 29.24 40.07 30.15 | 33.2 6.01
AO46 | 63.667 58.102 59.118 60.3 2.96( 32.909 29.948 26.669 [ 29.8 3.12 | 35.35 31.951 31.292 | 32.9 2.18

A047 59.1 60.5 59.8 0.99( 2438 25.6 25.2 0.57 31.9 32.2 32.1 0.21
AO050 | 65.17 57.95 56.18 59.8 4.76( 30.64 28.8 29 29.5 1.01| 39.08 41.64 44.18 | 41.6 2.55
A051
A053
A054 68.7 67.9 72 69.5 2.17| 304 30.1 29.8 30.1 0.30 37.2 38.6 38.3 [38.0 0.74

AO057 68.9 67.9 68.5 68.4 0.50( 253 26.7 273 | 264 1.03 34.2 34.1 33.3 |33.9 049
AO058 | 69.887 73.357 71.418 71.6 1.74| 2992 29.682 30.897 | 30.2 0.64 | 38.877 38.377 38.847 | 38.7 0.28
A060 52.9 50.6 588 525 1.69| 28.6 24.5 25 26.0 2.24 26.6 30.4 295 |288 1.99
A061
A062
A065
A066
A068
AO070 | 64.85 65.48 63.46 64.6 1.03| 26.56 16.14 26.66 | 23.1 6.05| 37.12 33.83 33.22 | 34.7 2.10
AO071
AO73 | 54.7277 50.2611 54.5611| 53.2  2.53( 23.9944 25.1944 22.6611(23.9 1.27 | 31.1611 32.0611 31.7277| 31.6 0.46
A074
AO75 | 61.8221 60.6564 60.1992 60.9 0.84| 25.3473 25.5442 25.5968| 25.5 0.13 | 36.6412 34.6229 33.7802| 35.0 1.47
A079 70.8 71.3 67.8 70.0 189 334 34.8 32.8 [33.7 1.03 43.8 44.1 43.9 |43.9 0.15

> Consensus Mean 65.3 Consensus Mean 28.2 Consensus Mean 35.5
g E Consensus Standard Deviatitc 6.1 Consensus Standard Deviatic 3.3 Consensus Standard Deviatic 3.9
IS Maximum 80.2 Maximum 35.6 Maximum 44.3
E g Minimum 1.50 Minimum 1.49 Minimum 1.83
© N 32 N 32 N 32
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Exercise: DSQAP Exercise 1, Measurand: Total Arsenic (tAs)
No. of laboratories: 32
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Fig. B-1. Laboratory means for total arsenic in SRM 3232 Kelp Powder (Thallus laminariae) and Kelp A (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, SRBR, is compared to the individual laboratory mean for a second sample, Kelp A. The solid
red box represents the NIST range of tolerance famtbesamplesSRM 3232 (xaxis) and Kelp Ay-axis),which encompasses the target values bounded by

their uncertaintieslist) and represents the range that results in an accegiablescore g0

S . The dotted blue box represents the consensus range of

toleran@ for SRM3232 (xaxis) and Kelp A(y-axis), calculated as the values above and below the consensus means that result in an écceptabtee,
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Exercise: DSQAP Exercise 1, Measurand: Total Arsenic (tAs)
No. of laboratories: 32
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Fig. B-2. Laboratory means for total arsenic in SRM 3232 Kelp Powder (Thallus laminariae) and Kelp B (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, SR2BP, is compared to the individual laboratory mean for a secomglesaKelp B. The solid
red box represents the NIST range of tolerance famtbesamples, SRN3232 (xaxis) and Kelp Ry-axis),which encompasses the target values bounded by

their uncertaintieslist) and represents the range that results in an accegiablescore g0

S (.The dotted blue box represents the consensus range of

tolerance for SRM3232 (xaxis) and Kelp By-axis), calculated as the values above and below the consensus meanslthataiescceptablé score,
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Table B-3. Data summary table for inorganic arsenic in kelp.

Data highlighted in blue have been identified as outside the consensus tolerance limits and would be estimattéu do resdceptabd: score,
WK S (. (Table continues to next page.)

Inorganic Arsenic (iAs)

Kelp A (ug/g)

Kelp B (ug/g)

SRM 3232 KelpPowder (Thallus laminariae)
(ug/g)

Lab

A B C

Avg

SD

B C

Avg

SD

A B C Avg SD

Individual Results

Target
A001
A002
A004
A008
A012
AO013
A017
A018
A020
A022
A025
A027
A028
A029
A031
A032
A033
A035
A037
A041
A042
A043
A044
A045
A046
AO51
A052

0.217 0.225 0.239

0.301 0.376 0.376

0.014 0.014 0.015
0.0877 0.0721 0.0804

<0.200 <0.200 <0.200

0.17

0.23

0.38

0.01
0.08

0.04

0.01

0.01

0.008
0.01

0.085

0.14

0.063
0.0447

< 0.200

0.088 0.069

0.146 0.14

0.064 0.062
0.043  0.0445

<0.200 <0.200

189

0.16

0.08

0.14

0.06
0.04

0.19

0.01

0.008

0.00L
0.00L

0.09 0.02

0.118 0.142 0.127 | 0.13 0.01

0.186 0.183 0.191 | 0.19 o0.04

0.098 0.095 0.095 | 0.10 0.0
0.1047 0.0883 0.0884 | 0.09 0.01

<0.200 <0.200 <0.200
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Inorganic Arsenic (iAs)
Kelp A (ug/g) Kelp B (ug/g) SRM 3232 KelpPowder (Thallus laminaria€e)
(ug/g)
Lab A B Avg SD A B C Avg SD A B C Avg SD
A053
A054
A057
A061
A062
A065
A066 35.3 34.6 35.2 | 35.03 0.38 415 435 445 | 43.17 1.53
A068
A071
A073
A074 | 0.258 0.233 0.24 0.02 | 10.122 9.074 10.514 | 9.90 0.74 | 0.104 0.123 0.131 | 0.12 0.01
A075
A079
> Corsensus Mean 0.19 Consensus Mean 0.08 Consensus Mean 0.13
g % Consensus Standard Deviatic 0.30 Consensus Standard Deviatic 0.15 Consensus Standard Deviatic 0.07
€D Maximum 0.38 Maximum 35.03 Maximum 43.17
% @ Minimum 0.01 Minimum 0.04 Minimum 0.09
© N 5 N 6 N 6
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Exercise: DSQAP Exercise 1, Measurand: Inorganic Arsenic (iAs)
No. of laboratories: 5
1.25
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9
3 0.75
<
o
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X
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SRM 3232 Kelp Powder (Thallus laminariae) [ug/g]

Fig. B-3. Laboratory means for inorganic arsenic in SRM 3232 Kelp Powder (Thallus laminariae) and Kelp A (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, SI2BPR, is compared to the individual laboratory mean for a second sample, Kelp A. The solid
red box represents the NIST range of tolerance famibesamples, SRN8232 (xaxis) and Kelp Aly-axis), which encompasses the target values bounded by
their uncertaintiesUuist) and represents the range that results in an accegiablescore, @ S ¢. The dotted blue box represents the consensus range of
tolerance for SRMB232 (xaxis) and Kelp Ay-axis), calculated as the values above and below the consensus means that result in an écceptabtee,
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Exercise: DSQAP Exercise 1, Measurand: Inorganic Arsenic (iAs)
No. of laboratories: 6

AQTH AQ66

0.6
0.5

0.4

Kelp B [ug/g]

0.3

0.2
A029
0.1 AQ17

A033
Aq}é’s

0.0
0 0.1 0.2 0.3

SRM 3232 Kelp Powder (Thallus laminariae) [ug/g]

Fig. B-4. Laboratory means for inorganic arsenic in SRM 3232 Kelp Powder (Thallus laminariae) and Kelp B (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, SR2BR, is compared to the individual laboratory mearafsecond sample, Kelp B. The solid
red box represents the NIST range of tolerance famtbesamples, SRN3232 (xaxis) and Kelp Ry-axis),which encompasses the target values bounded by
their uncertaintiesUist) and represents the range that results in an accegiablescore @ S ¢.The dotted blue box represents the consensus range of
tolerance for SRM3232 (xaxis) and Kelp By-axs), calculated as the values above and below the consensus means that result in an acceptaiolere,
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Data highlighted in blue have been identified as oatti@é consensus range of tolerance and would be estimated to result in an unacceptalsieore,

Table B-4. Data summary table for cadmium in kelp.

S S (. (Table continues to next page.)
Cadmium
Kelp A (ug/g) Kelp B (ug/g) SRM 3232 Kelp Powder Thallus laminaria€)
(ug/g)

Lab A B C Avg SD A B C Avg SD A B C Avg SD
Target 1.16 0.02 0.38 0.01 0.40 0.01
A001
A002
A003
A004 | 1.071 1.135 1.089 | 110 0.03 0.357 0.36 0.382 [ 0.37 0.01 | 0.359 0.392 0.395 [ 0.38 0.02
A005 1.15 1.18 123 | 119 0.04 0.397 0.356 0.385 [ 0.38 0.02 | 0.393 0.39 0.34 |[0.37 0.03
A008
A009 1.06 11 1.12 1.09 0.03 0.34 0.37 0.36 | 0.36 0.02 0.36 0.37 0.45 |]0.39 0.05
A012 1.12 1.15 1.15 |1.14 0.02 0.362 0.362 0.348 [ 0.36 0.01 | 0.379 0.382 0.394 [ 0.39 0.01
A013 | 1.0805 1.049 1.0689 | 1.07 0.02 | 0.33479 0.3349 0.32247|0.33 0.01 | 0.335 0.3695 0.3709 | 0.36 0.02
A015

% A016 1.1 1.14 1.1 1.11 0.02 0.38 0.46 0.38 | 0.41 0.05 0.39 0.38 0.4 0.39 0.01
3 A017 1.27 1.23 136 |1.29 0.07 0.373 0.39 0.372 | 0.38 0.01| 0.388 0.433 0.384 | 0.40 0.03
x A018 1.04 1.05 1.04 |[1.04 o0.01 0.295 0.309 0.307 [ 0.30 0.01 | 0.326 0.327 0.33 0.001
;?5 A019 0.96 1.13 1.13 [ 1.07 0.10 0.35 0.37 0.35 [0.36 0.01 0.39 0.35 0.35 |0.36 0.02
S A020 | 1.071 1.13 1.025 | 1.08 0.05 0.362 0.362 0.361 | 0.36 0.001| 0.373 0.376 0.374 | 0.37 0.002
2 | A022

- A024 | 0.4786 0.4788 0.4781 | 0.48 0.0004| <0.005 <0.005 < 0.005 0.494 0.491 0.495 | 0.49 0.002

A025 | 1.2933 0.9323 1.8288 | 1.35 0.45 | 0.3659 0.2154 0.4208 | 0.33 0.11 | 0.1679 0.5006 0.2275 ] 0.30 0.18
A027 | 0.923 0.89 0.809 | 0.87 0.06 0.32 0.337 0.34 |[0.33 0.01| 0.315 0.368 0.287 [ 0.32 0.04
A028
A029 1.12 1.07 1.11 |1.10 0.03 0.354 0.354 0.348 | 0.35 0.003| 0.372 0.362 0.378 | 0.37 0.01
A031
A032
A033 | 0.994 0.94 0.946 | 0.96 0.03 0.321 0.325 0.327 | 0.32 0.003| 0.354 0.327 0.331 [ 0.34 0.01
A035 1.15 1.16 1.18 |[1.16 0.02 0.34 0.35 0.37 | 0.35 0.02 0.42 0.43 0.44 ]0.43 0.01
A037 1.03 1.02 1.03 (103 o0.01 0.317 0.326 0.331 [ 0.32 0.01| 0.349 0.374 0.352 [ 0.36 0.01
A039
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Cadmium
Kelp A (ug/g) Kelp B (ug/g) SRM 3232 Kelp Powder Thallus laminaria€)
(ug/g)

Lab A B C Avg SD A B C Avg SD A B C Avg SD
A041 1.168 1.165 1.189 | 1.17 0.01 0.378 0.376 0.371 | 0.38 0.004| 0.392 0.402 0.398 [ 0.40 0.01
A042 1.14 1.02 1.15 1.10 0.07 0.34 0.36 0.37 | 0.36 0.02 0.36 0.33 0.34 |0.34 0.02
A043 1.19 1.2 1.2 1.20 001 0.41 0.41 0.41 0.41 0.00 0.44 0.44 0.44 0.44 0
A044 1.18 1.18 1.19 1.18 0.01 0.35 0.36 0.37 | 0.36 0.01 0.4 0.39 0.37 0.39 0.02
A045 1.1 1.13 1.04 1.09 0.05 0.55 0.54 0.32 0.47 0.13 0.43 0.86 0.96 0.75 0.28
A046 1.001 0.926 0.959 (096 0.04 0.389 0.348 0.323 | 0.35 0.03 0.354 0.327 0.327 | 0.34 0.02
A047 1.1 1.1 1.10 0.00 0.36 0.36 0.36 0 0.38 0.4 0.39 0.01
A050 | 0.944 1.01 1.02 0.99 0.04 0.339 0.338 0.349 | 0.34 0.01 0.358 0.361 0.36 | 0.36 0.002
A051
A052
A053
A054 1.13 1.11 1.15 1.13 0.02 0.38 0.374 0.386 | 0.38 0.01 0.395 0.404 0.395 | 0.40 0.01
A057 1.15 1.09 1.12 1.12 0.03 0.36 0.35 0.36 | 0.36 0.01 0.38 0.38 0.38 0.38 0
A058 1.125 1.118 1.172 | 114 0.03 0.387 0.39 0.36 | 0.38 0.02 0.396 0.408 0.381 | 0.40 0.01
A060 1.06 1.03 1.08 1.06 0.03 0.398 0.34 0.346 | 0.36 0.03 0.306 0.36 0.369 | 0.35 0.03
A061
A062
A065 1.01 1.02 1 1.01 0.01 0.33 0.33 0.36 | 0.34 0.02 0.35 0.35 0.34 |0.35 0.01
A066
A068
AO70 | 1.0504 10889 1.1318 | 1.09 0.04 | 0.3636 0.3677 0.3734 | 0.37 0.005( 0.4041 0.3972 0.3885 | 0.40 0.01
A071
A073 1.12 1.0433 1.1766 | 1.11 0.07 0.349 0.372 0.3306 | 0.35 0.02 | 0.3903 0.3866 0.3796 | 0.39 0.01
A075 | 0.97993 0.99319 1.05094| 1.01 0.04 | 0.31019 0.33628 0.31502| 0.32 0.01 | 0.32989 0.34159 0.34794| 0.34 0.01
AO079 | <6.000 <6.000 <6000 <3.000 <3.000 <3.000 <3.000 <3.000 <3.000

> Consasus Mean 1.10 Consensus Mean 0.36 Consensus Mean 0.37

g % Consensus Standard Deviatic 0.10 Consensus Standard Datron 0.03 Consensus Standard Deviatic 0.04

E D Maximum 1.35 Maximum 0.47 Maximum 0.75

Ex Minimum 0.48 Minimum 0.30 Minimum 0.30

© N 33 N 32 N 33
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Exercise: DSQAP Exercise 1, Measurand: Cadmium
No. of laboratories: 33
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Fig. B-5. Laboratory means for cadmium in SRM 3232 Kelp Powder (Thallus laminariae) and Kelp A (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, SI2BPR, is compared to the individual laboratory mean for a second sample, Kelp A. The solid
red box represents tiMST range of tolerance for the two samples, SBA32 (xaxis) and Kelp Aly-axis), which encompasses the target values bounded by
their uncertaintiesUuist) and represents the range that results in an accegiablescore, @ S ¢. The dotted blue dx represents the consensus range of
tolerance for SRMB232 (xaxis) and Kelp Ay-axis), calculated as the values above and below the consensus means that result in an écceptabtee,
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Exercise: DSQAP Exercise 1, Measurand: Cadmium
No. of laboratories: 32
0.450 A045
0.425
AnA, A043
0.400
AQ05 Aog\%f\o% 17
° 41
= 0.375 A0Qa  AQTO
S AOB0 °
=, o A0 o AO4E, 5 AU
o A046 0AQ42 2 "AD29 5 7 A0120A009 A035
o 0350 = °A073
E ACLGS A%SO
Alzs A027 A013
0.325 AQ33 +A037
o AD75
A0018

0.300

0.275

0.250

0.25 0.3 0.35 04 0.45 0.5

SRM 3232 Kelp Powder (Thallus laminariae) [ug/g]

Fig. B-6. Laboratory means for cadmium in SRM 3232 Kelp Powder (Thallus laminariae) and Kelp B (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, S2BR, is compared to the individual labtory mean for a second sample, Kelp B. The solid
red box represents the NIST range of tolerance for the two samples3&F2\xaxis) and Kelp By-axis), which encompasses the target values bounded by
their uncertaintiesUyist) and represents the rantpat results in an acceptalile score g s ¢. The dotted blue box represents the consensus range of
tolerance for SRM3232 (xaxis) and Kelp By-axis), calculated as the values above and below the consensus means that result in an acceptabtee,
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Data highlighted in blue have been identified as outside the consensus range of tolerance and would be estimatediouescteptablcs

o
s

S <. (Table continues to next page.)

Table B-5. Data summary table for calcium in kelp.

Score,

Calcium

SRM 3232 Kelp Powder Thallus laminaria€)

197

Kelp A (mg/g) Kelp B (mg/g) (Mg/g)

Lab A B C Avg SD A B C Avg SD A B C Avg SD

Target 9.22 0.57 12.2 0.19 11.5 0.64

A001

A002

A003 9.819 9.742 9.73 9.76 0.05 12.75 1276 12.82 | 12.8 0.04 11.95 12.04 11.71 | 11.9 0.17

A004 10.056 9.727 9.661 |9.81 0.21]| 13.171 13.012 13.23 | 13.1 0.11| 12.479 12.006 12.204 | 12.2 0.24

A005

A009 12.63 13.14 13.86 | 13.2 0.62 15.89 15.3 14.84 | 15.3 0.53 14.88 14.88 14.78 | 14.8 0.06

A012 9.18 8.88 0.908 | 6.32 4.69 12.6 13.1 12.8 12.8 0.25 12 11.9 12.4 12.1 0.26

A013 | 16.84648 14.20413 19.89288| 17.0 2.85| 17.7825 19.50319 20.94799| 19.4 1.58| 17.81739 11.87674 15.95609| 15.2 3.04

A015

A016 8.22 8.28 8.13 8.21 0.08 11.6 11.5 11.6 11.6 0.06 10.5 10.5 10.6 10.5 0.06
% A017 11.885 11.858 11.051 | 11.6 0.47 13.52 13.52 13.84 | 13.6 0.18| 13.327 13.662 13.043 | 13.3 0.31
é A018 9.9 10.1 10.2 10.1 0.15 12 12.6 12.4 12.3 0.31 12.3 12.1 12.2 0.14
& A020 9.314 9.414 9.25 9.33 0.08| 12.531 13.111 13.031 | 12.9 0.31| 11.516 11.895 11.882 | 11.8 0.22
© A022
5 A024 | 8.12032 8.120319 8.120321| 8.12 0.00| 7.457758 7.457757 7.45776| 7.46 0.00| 10.32067 10.32067 10.32067| 10.3 0.00
% A025 11.527 10.378 9.357 | 10.4 1.09| 14.632 12.681 13.981 | 13.8 0.99| 12.089 12.867 12.633 | 12.5 0.40
= A027 | 12.90722 11.71963 12.61513| 12.4 0.62| 15.93014 15.80081 16.11707| 15.9 0.16| 14.54879 16.66076 14.93781| 15.4 1.12

A028

A029 8.85 10.2 8.96 9.34 0.75 11.7 11.7 12.4 11.9 0.40 11.1 11.3 11.7 11.4 0.31

A031 8.9 8.9 9.1 8.97 0.12 12 12 12.2 12.1 0.12 11.3 11.3 11.2 11.3 0.06

A032

A033 10.925 10.75 11.099 | 10.9 0.17 14.61 14.272 14.627 | 145 0.20| 13.844 13.572 14.244 | 13.9 0.34

A035 9.252 9.436 9.027 |9.24 0.20 12.55 1254 12.61 | 12.6 0.04 11.77 11.39 11.73 | 11.6 0.21

A037 9.19 9.73 9.16 9.36 0.32 12.4 12.3 12.5 12.4 0.10 12.2 11.8 12 12.0 0.20

A039

A041 10.979 10.735 10.521 | 10.7 0.23| 14.08 14.157 14.105 | 14.1 0.07| 13.502 13.494 13.652 | 13.5 0.09

A042 12.813 12.779 12.885 | 12.8 0.05

A043 | 9.284607 9.383883 9.341232| 9.34 0.05| 12.71704 13.00835 12.72034| 12.8 0.17| 11.90046 11.6857 11.76768| 11.8 0.11
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Calcium
Kelp A (mg/g) Kelp B (mg/g) SRM 3232 Kelp Pczvr;/](é%)ﬁhallus laminariag)

Lab A B C Avg SD A B C Avg SD A B C Avg SD
A044 | 9.594661 9.233722 9.350044| 9.39 0.18| 12.27362 12.24594 11.77454| 12.1 0.28| 11.25841 11.0182 10.94081| 11.1 0.17
A045 | 8.92097 8.96955 9.608 | 9.17 0.38| 13.0012 13.27732 15.66452| 14.2 1.28| 12.7072 12.59874 14.59593| 13.3 1.12
A046 | 2.311813 2.079786 2.156394| 2.18 0.12| 3.407991 3.198769 2.764655 3.12 0.33| 3.003849 2.691318 2.622708| 2.77 0.20
A047 9.52 9.51 9.52 0.01 12.7 12.8 12.8 0.07 12.1 12.6 12.4 0.35
A050 8.9%7 9.119 8.946 | 9.02 0.09 12.83 12.46 12.31 | 125 0.27 10.99 11.52 11.45 | 11.3 0.29
AO051
A052
A053
A054 0.852 0.852 0.885 | 0.86 0.02 1.96 1.72 1.86 1.85 0.12 0.94 1.02 0.959 | 0.97 0.04
A057 20.577 19.944 20.346 | 20.3 0.32| 19.6& 20.391 21.098 | 20.4 0.72| 22.899 23.192 22.368 | 22.8 0.42
A059 9 9 9.2 9.07 0.12 10.7 10.6 10.9 10.7 0.15 10.8 10.5 10.6 10.6 0.15
A060 12.856 12.785 12.102 | 12.6 0.42| 16.55 15.116 15.768 | 15.8 0.71 17.38 17.41 17.829 | 17.5 0.25
A061
A062
A065 | 13.20983 13.69506 12.96671| 13.3 0.37| 16.07201 15.68874 16.38411| 16.0 0.35| 16.68984 16.66612 16.20136| 16.5 0.28
A066 8.289 8.554 8.328 [8.39 0.14| 11.323 11.636 11.173 | 11.4 0.24| 10.225 10.206 10.91 | 10.4 0.40
A068
A070 10.376 10.805 10.392 | 10.5 0.24 14.57 13.447 13.994 | 14.0 0.56| 13.731 13.276 13.157 | 13.4 0.30
A071
A073 | 18.44234 13.75037 11.52192| 14.6 3.53| 14.42696 14.44845 12.2593| 13.7 1.26| 12.62068 11.71754 12.03952| 12.1 0.46
A075 | 9.579482 11.22349 9.418129| 10.1 1.00| 11.53174 12.62802 12.42536| 12.2 0.58| 12.25296 11.96229 11.90118| 12.0 0.19
A079 10.18 11.35 7.42 9.65 2.02 11.09 11.45 11.29 | 11.3 0.18 11.29 10.99 11.82 |11.4 0.42

> Consensus Mean 10.0 Consensus Mean 13.2 Consensus Mean 12.4

g% Consensus Standard Deviation 1.76 Consensus Standard Deviation 1.88 Consensus Standard Deviation 1.74

IS 2 Maximum 20.3 Maximum 20.4 Maximum 22.8

g @ Minimum 0.86 Minimum 1.85 Minimum 0.97

O N 34 N 35 N 34
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Fig. B-7. Laboratory means for calcium in SRM 3232 Kelp Powder (Thallus laminariae) and Kelp A (sample/sample comparison view).

In this view, the individual laboratory mean for one sample, S2BR, is compared the individual laboratory mean for a second sample, Kelp A. The solid
red box represents the NIST range of tolerance for the two samples3&F2\xaxis) and Kelp Aly-axis), which encompasses the target values bounded by
their uncertaintiesUyist) andrepresents the range that results in an accepfablescore @ s ¢. The dotted blue box represents the consensus range of
tolerance for SRM3232 (xaxis) and Kelp Aly-axis), calculated as the values above and below the consensus means thataesudtéptablé score,
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