NISTIR 7880-35

NIST Micronutrients Measurement
Quality Assurance Program
Winter, Spring, and Fall 1989
Comparability Studies

Results for Round Robins XV, XVI, and XVII
Fat-Soluble Vitamins and Carotenoids in Human Serum

Neal E. Craft (Former Employee)
David L. Duewer

Margaret C. Kline

Willie E. May

Jeanice B. Thomas

This publication is available free of charge from
http://dx.doi.org/10.6028/NIST.IR.7880-35

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce


http://dx.doi.org/10.6028/NIST.IR.7880-35




NISTIR 7880-35

NIST Micronutrients Measurement
Quality Assurance Program
Winter, Spring, and Fall 1989
Comparability Studies

Results for Round Robins XV, XVI, and XVII
Fat-Soluble Vitamins and Carotenoids in Human Serum

Neal E. Craft (Former Employee)
David L. Duewer

Jeanice B. Thomas

Chemical Sciences Division,
Materials Measurement Laboratory

Margaret C. Kline
Biomolecular Measurement Division,
Materials Measurement Laboratory

Wille E. May
Under Secretary of Commerce for Standards and Technology and Director

This publication is available free of charge from
http://dx.doi.org/10.6028/NIST.IR.7880-35

August 2016

U.S. Department of Commerce
Penny Pritzker, Secretary

National Institute of Standards and Technology
Willie E. May, Under Secretary of Commerce for Standards and Technology and Director


http://dx.doi.org/10.6028/NIST.IR.7880-35

(This page intentionally blank)



GE-088. HI' LSIN/8209°01 /610" 10p°Xp//:dny :woJ) 8bieyo Jo 8al) s|gejieAe si uoneolignd siy|

Abstract

The National Institute of Standards and Technology coordinates the Micronutrients Measurement
Quality Assurance Program (MMQAP) for laboratories that measure fat -soluble vitamins and
carotenoids in human serum and plasma. This report describes the design of and results for the
Winter, Spring and Fall 1989 MMQAP measurement comparability improvement studies: 1) Round
Robin XV Fat-Soluble Vitamins and Carotenoids in Human Serum, 2) Round Robin XV1 Fat-
Soluble Vitamins and Carotenoids in Human Serum, and 3) Round Robin XVII Fat-Soluble
Vitamins and Carotenoids in Human Serum. The materials for Round Robin XV were shipped to
participants in January 1989; participants were requested to provide their measurement results by
February 6, 1989. The materials for Round Robin XV were shipped to participants in April 1989;
participants were requested to provide their measurement results by May 15, 1989. The materials for
Round Robin XVII were shipped to participants in August 1989; participants were requested to
provide their measurement results by October 1, 1989.
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Introduction

Beginning in 1984, the National Institute of Standards and Technology (NIST), formerly the
National Bureau of Standards (NBS), has coordinated the Micronutrients Measurement Quality
Assurance Program (MMQAP) for laboratories that measure fat-soluble vitamins and carotenoids in
human serum and plasma. The MMQAP provides participants with measurement comparability
assessment through use of interlaboratory studies, Standard Reference Materials (SRMs) and control
materials, and methods development and validation. Serum-based samples with assigned values for
the target analytes (retinol, alpha-tocopherol, gamma/beta-tocopherol, trans- and total beta-carotene,
and ascorbic acid) and performance-evaluation standards are distributed by NIST to laboratories for
analysis.

Participants use the methodology of their choice to determine analyte content in the control and
study materials. Participants provide their data to NIST, where it is compiled and evaluated for
trueness relative to the NIST value, within-laboratory precision, and concordance within the
participant community. NIST provides the participants with a technical summary report concerning
their performance for each exercise and suggestions for methods development and refinement.
Participants who have concerns regarding their laboratory’s performance are encouraged to consult
with the MMQAP coordinators.

All MMQAP interlaboratory studies consist of individual units of batch-prepared samples that are
distributed to each participant. For historical reasons these studies are referred to as “Round
Robins”. The MMQAP program and the nature of its studies are described elsewhere. [1]

Round Robin XV: Fat-Soluble Vitamins and Carotenoids in Human Serum

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin
XV comparability study (hereafter referred to as RR15) received three lyophilized human serum test
samples for analysis. Unless multiple vials were previously requested, participants received one vial
of each serum. These sera were shipped on dry ice to participants in January 1989. The
communication materials included in the sample shipment are described in Appendix A.

Participants were requested to report values for retinol, a-tocopherol, and total and trans-f-carotene.
Not all participants reported values for the target analytes, and some participants reported values for
non-target analytes.

The final report delivered to every participant in RR15 is reproduced as Appendix B. This report
included:
e Anindividualized letter that discussed the participant community’s results and a summary
analysis of the individual participnt’s results.
e Tabular presentations of all results and several summary values.
e Graphical presentations of the community’s interlaboratory precision over time.
e Graphical presentations of the individual participant’s results.

Appendix C lists all of the measurement results reported for RR15 in a more accessible format.
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Round Robin XVI: Fat-Soluble Vitamins and Carotenoids in Human Serum

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin
XVI comparability study (hereafter referred to as RR16) received four lyophilized human serum test
samples and one ethanolic solution of retinol, a-tocopherol, and trans-p-carotene for analysis.
Unless multiple vials were previously requested, participants received one vial of each material.
These sample materials were shipped on dry ice to participants in April 1989. The communication
materials included in the sample shipment are described in Appendix D.

Participants were requested to report values for retinol, a-tocopherol, and total and trans-f3-carotene.
Not all participants reported values for the target analytes, and some participants reported values for
non-target analytes.

The final report delivered to every participant in RR16 is reproduced as Appendix E. This report
included:
e Anindividualized letter that discussed the participant community’s results and a summary
analysis of the individual participnt’s results.
e Tabular presentations of all results and several summary values.
e Graphical presentations of the community’s interlaboratory precision over time.
e Graphical presentations of the individual participant’s results.

Appendix F lists all of the measurement results reported for RR16 in a more accessible format.

Round Robin XVII: Fat-Soluble Vitamins and Carotenoids in Human Serum

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin
XVI1I comparability study (hereafter referred to as RR17) received five lyophilized human serum test
samples and one ethanolic solution of retinol, a-tocopherol, and a complex mixture of 3-carotene
isomers for analysis. Unless multiple vials were previously requested, participants received one vial
of each material. These sample materials were shipped on dry ice to participants in August 19809.
The communication materials included in the sample shipment are described in Appendix G.

Participants were requested to report values for retinol, a-tocopherol, and total and trans-f-carotene.
Not all participants reported values for the target analytes, and some participants reported values for
non-target analytes.

The final report delivered to every participant in RR17 is reproduced as Appendix H. This report
included:
e Anindividualized letter that discussed the participant community’s results and a summary
analysis of the individual participnt’s results.
e Tabular presentations of all results and several summary values.
e Graphical presentations of the community’s interlaboratory precision over time.
e Graphical presentations of the individual participant’s results.

Appendix I lists all of the measurement results reported for RR17 in a more accessible format.
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Appendix A. Shipping Package Inserts for RR15

Two items were included in each package shipped to an RR15 participant:

e Cover letter. The original letter has been lost. It would have described the three
lyophilized sample materials (sera 100 to 102) distributed for the study, given guidance
on reconstituting the serum samples and use of the calibration solutions, stated that
results were due in February 6, 1989 and to whom they should be sent, and who to
contact with technical questions.

e Datasheets. Page A2 reproduces the form.

These items were attached to the shipping box.

Al
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REPORT ON NIST/NCI

DATE OF ANALYSIS

SAMPLES FROM LABORATORY #

RESULTS IN mg/L

SAMPLE # ANALYTE
SERUM 100 RETINOL
Trans Total
VIAL # B-CAROTENE
A-TOCOPHEROL
SERUM 101 RETINOL
Trans Total
VIAL # B-CAROTENE
A-TOCOPHEROL
SERUM 102 RETINOL
Trans Total
VIAL # B-CAROTENE

A-TOCOPHEROL

Reconstitute the Serum Sample with 1.00 mL water.

Please return results by 6 February 1989.

A2
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Appendix B. Final Report for RR15

The following twelve pages are the available components of the final report for RR15 as
provided to all participants. The original report consisted of:

e An individualized cover letter and discussion. The pages reproduced here are for
participant FSV-BA.

e Tables 1 to 3 list all of the participants’ results and several summary values for
retinol, a-tocopherol, and total B-carotene. These tables do not report any NIST
results nor participant results for other analytes.

e Graphical presentations of interlaboratory precision over time for retinol,
a-tocopherol, and total B-carotene.

e Graphical presentations of the indiviual participant’s bias relative to an assigned
value over time for retinol, a-tocopherol, and total B-carotene. The pages
reproduced here are for participant FSV-BA.

Due to the complex formatting used in the Tables, the originally listed laboratory codes
have been deleted without replacement. However, Appendix C provides a complete
listing of the RR15 results where the original codes have been altered to ensure
confidentiality. Appendix C also provides more relevant summary statistics.

Bl
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UNITED STATES DEPARTMENT OF COMMERCE

D Y
& m 5 National Institute of Standards and Technology
”% & & [formerly National Bureau of Standards]
Trares of Garthersburg, Maryland 20889

March 1, 1989

Personalized letters were sent to participants. -
This block contained their formal name and address. -

Dear (Personal name),

Enclosed is our statistical summary of the results from Round-Robin XV. As
usual, results are presented in both tabular and graphical form. Tables 1-3
provide data submitted by each laboratory for retinol, a-tocopherol, and fg-
carotene, respectively. These tables also provide the laboratory grand
average, standard deviation (SD), and relative standard deviation (RSD) for
interlaboratory measurements of each analyte along with data representing each
laboratory’s bias on a sample-by-sample basis for each analyte. Two types of
graphical data are provided. Figures A-C demonstrate the improvement in
interlaboratory precision that has been accomplished over the past three
years. The three additional figures are Control Charts which represent
summaries of your lab’s performance vs. the assigned value for each analyte
over the past two years.

Over the past two years, individual laboratory performance on each sample has
been judged against an assigned value derived from the laboratory grand
average (33%) and data from two separate NIST measurement procedures (67%).

At last year’s workshop, we reviewed data that documented the improvement of
interlaboratory measurement capabilities to the extent that value assignment
for round-robin samples based solely on laboratory grand means is now
possible. This is being implemented. We also agreed to tighten laboratory
performance standards. In the past, deviation’s of 0-15% from the assigned
value was deemed to represent acceptable performance; a bias of >15-30% was
deemed to represent marginal performance; bias of >30% represented
unacceptable performance. Under our new performance standards, 0-5% bias from
the assigned value will represent exceptional performance (AA); >5-10% bias
from the assigned value will represent acceptable performance (A); >10-20%
bias from the assigned value will represent marginal performance (M); and >20%
bias will represent unacceptable performance (U). Keep in mind that these
descriptors are meant only to inform you of your performance relative to the
state of the practice for these analyses.

Your laboratory’s performance in RRXV was:

Retinol AA
a-tocopherol AA
Total B-Carotene AA

B2
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Interlaboratory measurement capabilities continue to improve both in terms of
accuracy and precision. The level of interlaboratory measurement
comparability is now approaching what we had hoped for when the program began.
The data presented in Figures A-C show a threefold improvement in
interlaboratory precision over the past three years. The most dramatic
improvement came approximately one year ago, upon the development and
distribution on Control Materials for use in validating and trouble shooting
your methods. A dramatic improvement in the accuracy of individual laboratory
measurements has accompanied the increase in interlaboratory precision. One
year ago, in RRXII, only 9 of 31 labs (29%) reported values for retinol that
were within 10% of the assigned value. Now 40% of the labs measure retinol to
within 5% of the assigned value; 72% accurate to within 10%; and all to within
20%. In RRXII, 11 of 28 labs (39%) reported values for a-tocopherol that were
accurate to within 10%. 1In RRXV, 50% of the labs report data accurate to
within 5%; 73% accurate to within 10%; 95% accurate to within 20%. In RRXII,
4 of 20 labs (20%) reported data for total B-carotene accurate to within 10%.
In RRXV, 46% reported data accurate to within 5%; 69% accurate to within 10%;
and 92% accurate to within 20%.

Our experiences over the past year have clearly demonstrated the efficacy of
the use of reference materials for improving accuracy and interlaboratory
precision. The Control Materials that you have been using as reference
materials for the past year were designed for a pilot effort to demonstrate
the benefits that could be derived through proper use of reference materials.
The supply of those samples has been depleted. However, measurements are
nearing completion for the certification of three pools of serum for
distribution through the NIST Office of Standard Reference Materials as SRM
968, "Fat Soluble Vitamins in Serum", at a cost of $150 per unit. Each unit
will consist of two vials each of three levels. Preliminary analysis of these
materials indicate that the certified concentrations (pg/mL), upon
reconstitution of the freeze-dried samples with 1.00 mL water, will be
approximately:

RETINOL a-TOCOPHEROL, TOTAI S-CAROTENE
Low Level 0.31 5.0 0.11
Medium Level 0.48 7.8 0.69
High Level 1.15 12.6 1.53

The concentrations of the three analytes will be certified with an uncertainty
of approximately 5%. Information values will be provided for vy-tocopherol,
all-trans B-carotene and additional carotenoids.

B3
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The SRM should be available by May 1. We strongly recommend that you
incorporate its use into your normal QC and QA protocols. Data acquired
through our round-robin studies demonstrate that use of this SRM will assist
you in achieving accuracy, and thus ensure interlaboratory comparability of
data.

Samples for RRXVI will be shipped during the first week of April. Further
information regarding that exercise will be forthcoming within the next three
weeks.

Sincerely,
2N -@-h\,{

?\ (/e
LY i”\ﬁ
Willie E. May (

Chief
Organic Analytical Research Division
Center for Analytical Chemistry

Enclosure

B4
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FIGURE A

Interlaboratory Precision vs8 Time
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FIGURE B

Interlaboratory Precision vs Time
Alpha-Tocopherol
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FIGURE C

Interlaboratory Precision vs Time
Beta-Carotene
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Appendix C. Updated “All-Lab Report” for RR15

The following three pages are a revised version of an “All-Lab” report for RR15. This
report has three parts:

Page 1 lists results for all analytes reported at least twice, counting both
participants and NIST analysts. When the isomeric form of an analyte was not
specified, it is likely that most participants reported “total” (the sum of all
isomers.) Since resolution of y-tocopherol and B-tocopherol is challenging,
results reported as y-tocopherol can be confidently assumed to be y/B-tocopherol

Page 2 lists results reported by only one participant and provides the legend for
page 1.

Page 3 summarizes each participants’ performance for retinol, a-tocopherol, and
total B-carotene. These summaries are compatible with the percent bias
evaluation advice given in the original RR15 Report. However, the current bias
summaries are estimated relative to the median of all reported values for each
analyte in each serum rather than to the “Grand Average” used in the original and
detailed in Appendix B.

To ensure confidentiality, the laboratory identifiers used in this “All-Lab Report” have
been altered from those used in RR15. The only attributed results are those reported by
NIST. The NIST results are not used in the assessment of the consensus summary results
of the study.
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All Lab Report

Symbol

Round Robin XV Laboratory Results

Analytes Reported By One Laboratory
Values in pg/mL

Analyte. Code @ 100 101 102

v/B-Tocopherol| FSV-DE| 2.163 2.218 2.860

Table Legend

Interpretation

italics

Min
Mean
Max
SD
Ccv

Median
eSD

eCvVv

Value calculated from reported results

Number of non-NIST laboratories reporting quantitative results
Minimum non-NIST reported value.

Average over all non-NIST reported values.

Maximum non-NIST reported value.

Standard deviation over all non-NIST values.

Coefficient of Variation (% relative standard deviation): 100*SD/Mean

Median over all non-NIST reported values

Robust estimate of SD based on the adjusted median absolute
difference from the median (MADe)

Robust estimate of CV, 100*eSD/Median

Concentration at or below the limit of quantification, x
Concentration greater than or equal to x
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All Lab Report

Round Robin XV Laboratory Results

%Bias Summary

Labl TR aT bC Label Definition

FSV-BA 2+1 -1+1 4+1 Lab | Participant code
FSV-BD| -6+12 -11+3 TR | Total Retinol
FSV-BE -2+7 2+3 aT | a-Tocopherol
FSV-BF -1+2 1+1 0£5 bC | Total b-Carotene
FSV-BG -1+1 -1243 1+3 % Bias| (Mean * SD) of individual serum biases
FSV-BH -6£3 -5+1 0£2

FSV-BI -6+5 -3+3 -2+3 Mean| Average of (x;-Median;)/Median;
FSV-BL 87 -6+9 SD| Standard deviation of (xi-Median;)/Median;
FSV-BY -2+3 -5+1 1+1 x| Result for analyte in serum;
FSV-BZ 9+7  -5+36 Median;| Median of non-NIST results in serum;
FSV-CA -2+3 312
FSV-CJ 1248 11+6 -5+7
FSV-CK 13+6 7+1 -22+6| The original analysis listed % Bias for each result for
FSV-CM| -13+3 3+3 each serum calculated relative to the trimmed "Avg" of
FSV-CN| -2+11 5+6 16+15| thatanalytein the serum. The summary valu.es.reported
rov-co| o4 osz awaa| (€18 E e (el e st evaton) o
FSV-CQ 2£17 ler -9£23 estimated rela'?i/ve topeach serum's median-based
FSV-CY -4x4 -123 622 reference value.
FSV-DC 0+2 1+8
FSV-DE 62
FSV-DG -1+1 242 0+1
FSV-DN 4+7 -3+1 -9+2
FSV-DO 612
FSV-DT -8x1 -16+5
FSV-DY 1+4 -8+3
FSV-DZ 106 11+9
FSV-ED 542 3t1 245
FSV-EF -4+3 2+4
FSV-FE -1+1 -14+16
FSV-FX -8+8

NISTa 1+1 -3+4 -142

NISTd 1+1 -5+2 11429
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Appendix D. Shipping Package Inserts for RR16

The following two items were attached to each package shipped to an RR16 participant:
e Cover letter
e Datasheet
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ENT OF Co,
& s,

Ly €
H 1}"" UNITED STATES DEPARTMENT OF COMMERCE
U =5 National Institute of Standards and Technolagy
”»,o < g“ [formerly National Bureau of Standards)
Srargs of » Gaithersburg, Maryland 208939

April 3, 1989

Dear Colleague,

Samples for RR-XVI are enclosed. The sample set is composed of four serum
pools and a ready-to-inject ethanol solution. The serum samples are to be
analyzed for retinol, a-tocopherol and total fB-carotene as usual. The ethanol
solution contains retinol, a-tocopherol and a complex mixture of B-carotene
isomers. We request that you provide data for the concentration of retinol,
a-tocopherol and all-trans B-carotene in the solution on the enclosed form.

We also request that you provide us with a copy of the chromatogram from your
analysis of the solution. Results are due by May 15.

Over the past year, we have observed that the use of a common pool of value
assigned "Control Materials" to validate your in-house methods, has led to
dramatic improvements in the accuracy of results submitted by individual
laboratories and interlaboratory precision. The limited supply of those
materials has been exhausted but is being replaced by Standard Reference
Material 968. SRM 968 should be available for sale at $150.00 per unit by
May 1, 1989. SRM 968 will contain two vials of lyophilized serum for each of
three concentration levels of retinol, a-tocopherol, and total B-carotene.
Information values will be provided for y-tocopherol and all-trans B-
carotene. SRM 968 is intended for use in validating the accuracy of methods
used for the determination of these three fat-soluble vitamins in human serum
and plasma samples. Employment as a benchmark for value assigning your in-
house controls would represent a cost effective use of SRM 968.

The certified values for SRM 968 are given below:

ANALYTE LOW LEVEL MEDIUM LEVEL HIGH LEVEL

Retinol 0.313 + .010 0.477 + .019 1.15 + .05
a-tocopherol 4.94 % |16 7.67 % .29 12.4 + |5
Total B-carotene 0.124 + 017 0.677 = .022 1.49 + .06

The uncertainties listed represent two standard deviations of the certified
values and include allowances for analytical imprecision, bottle-to-bottle
variability, as well as imprecision associated with the reconstitution
process.

Inquiries concerning this SRM should be placed through the NIST (formerly NBS)
Office of Standard Reference Materials. They may be reached at 301/975-6776.

Sincizéié, {%f.

Willie E. May, Ph.D.

Chief

Organic Analytical Research Division
Center for Analytical Chemistry

cc: R. Schaffer
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REPORT ON NIST/NCI SAMPLES FROM LABORATORY #

DATE OF ANALYSIS

RESULTS IN mg/L

SAMPLE # ANALYTE Result
SERUM 109 RETINOL

All Trans Total
VIAL # B-CAROTENE

A-TOCOPHEROL

SERUM 110 RETINOL
All Trans Total
VIAL # B-CAROTENE
A-TOCOPHEROL
SERUM 111 RETINOL
All Trans Total
VIAL # B-CAROTENE
A-TOCOPHEROL
SERUM 112 RETINOL
All Trans Total
VIAL # B-CAROTENE
A-TOCOPHEROL
SERUM 113 RETINOL
All Trans
VIAL # B-CAROTENE

A-TOCOPHEROL

Reconstitute the Serum Sample 109 — 112 with 1.0 mL water.

Serum 113 is and Ethanolic solution of retinol, alpha-tocopherol
and beta-carotene. It is to be directly injected for the
determination of retinol, alpha-tocopherol and all-trans beta-
carotene.
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Appendix E. Final Report for RR16

The following nineteen pages are the the final report for RR16 as provided to all
participants. This report consisted of:

An individualized cover letter and discussion. The pages reproduced here are for
participant FSV-BA.

Tables 1 to 3B list all of the participants’ results and several summary values for
retinol, a-tocopherol, total 3-carotene, and trans-f-carotene. These tables do not
report any NIST results nor participant results for other analytes.

Graphical presentations of interlaboratory precision over time for retinol,
a-tocopherol, and total B-carotene.

Graphical presentations of the indiviual participant’s bias relative to an assigned
value over time for retinol, a-tocopherol, and total B-carotene. The pages
reproduced here are for participant FSV-BA.

Graphical presentations of the indiviual participant’s assays of “Control B” over
time for retinol, a-tocopherol, and total -carotene. The pages reproduced here
are for participant FSV-BA.

Due to the complex formatting used in the Tables, the originally listed laboratory codes
have been deleted without replacement. However, Appendix C provides a complete
listing of the RR16 results where the original codes have been altered to ensure
confidentiality. Appendix C also provides more relevant summary statistics.
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UNITED STATES DEPARTMENT OF COMMERCE

< <
‘»,Q f National institute of Standards and Tachnology
Trares ot [formerly National Bureau of Standards]
July 13 , 1989 Gaithersburg, Maryland 208389

Personalized letters were sent to partiipants.
This block contained their formal name and address.

Dear (Personall name):

Enclosed is our statistical summary of the results of your analysis of the
four serum samples provided to you in Round Robin XVI. The results from the
analysis of the ethanolic solution (Serum #113) are not included. It became
apparent as we received results, that our instructions for its analysis were
not clear. We will provide more precise instructions and ask that it be
reanalyzed in Round Robin XVII. As usual, results are presented in both
tabular and graphical form. Tables 1-3 provide data submitted by each
laboratory for retinol, a-tocopherol, and B-carotene, respectively. These
tables also provide the laboratory grand average, standard deviation (SD), and
relative standard deviation (RSD) for interlaboratory measurements of each
analyte, along with data representing each laboratory’s bias on a sample-by-
sample basis for each analyte.

The tables also provide data documenting the stability of the Grand Averages
from recent Round Robins. Each of the four serum samples used in Round Rcbkin
XVI has been analyzed in previous Round Robins. The grand average, date of
the previous analyses, and difference between this and previous grand averages
are provided at the bottom of each table. The agreement among the grand
average values from this and previous Round Robins support data that has been
acquired from NIST measurements regarding the stability of retinol, a-
tocopherol, and B-carotene in freeze-dried serum stored at -80°C.

Three types of graphical data are provided.

o Figures A-C which demonstrate the improvement in interlaboratory
precision for the measurement of retinol, «-tocopherol, and fB-carotene,
that has been accomplished in our program over the past three years.

. Control Charts for retinol, a-tocopherol, and B-carotene, respectively,
which represent a summary of each lab'’s performance vs. the assigned
value for each analyte over the past three years.

° A comparison of the values that each lab has reported for "Control B" the

three times that it has been distributed as an unknown. Note that
"Control B" was run as a blind duplicate in Round Robin XIV.
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As mentioned in our last communication with you, the interlaboratory Grand
Average has been determined to be an acceptable approximation of the true
value for each sample, and will be used as the assigned value except in rare
cases. NIST measurements will continue to be performed to verify that no
significant bias exists. Under our new performance standards, 0-5% bias from
the assigned value will represent exceptional performance (AA); >5-10% bias
from the assigned value will represent acceptable performance (A); >10-20%
bias from the assigned value will represent marginal performance (M); and >20%
bias will represent unacceptable performance (U). Keep in mind that these
descriptors are meant only to inform you of your performance relative to the
state of the practice for these analysis.

Your laboratory’s performance in Round Robin XVI was

Retinol CX
a-tocopherol Q\Q

Total B-carotene ‘)\

Trans B-carotene (:\

Our experiences over the past year have clearly demonstrated the efficacy of
the use of reference materials for improving accuracy and interlaboratory
precision. The Control Materials provided to you a year ago were developed as
a pilot effort to demonstrate the benefits that could be derived through
proper use of reference materials. The supply of those samples has been
depleted. These Control Materials have been replaced with Standard Reference

~ Material 968, "Fat-Soluble Vitamins in Freeze-Dried Human Serum." A copy of
the SRM certificate is enclosed for your information. This SRM can be ordered
from the NIST Office of Standard Reference Materials (301/975-6776) at a cost
of $185 per unit, including shipping.

Samples for Round Robin XVII will be shipped during the third week of August.
Further information regarding that exercise will be forthcoming within the
next three weeks along with a preliminary agenda for this years Workshop. The
dates for the Workshop are October 31-November 1.

Sincerely,
&Té%«g_

Willie E. May

Chief

Organic Analytical Research Division
Center for Analytical Chemistry

Enclosures
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Tabular Data for Interlaboratory Analyses
of Retinol, a-Tocopherol and B-Carotene
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Appendix F. Updated “All-Lab Report” for RR16

The following three pages are an updated version of an “All-Lab” report for RR16.
This report has three parts:

e page 1 lists results for all analytes that were reported at least twice, counting both
participants and NIST analysts.

e page 2 provides a legend for page 1.

e page 3 summarizes each participants’ performance for retinol, a-tocopherol, and
total B-carotene. These summaries are compatible with the percent bias
evaluation advice given in the RR16 Report. However, the current bias
summaries are estimated relative to the median of all reported values for each
analyte in each serum rather than to the trimmed average (“Avg”) used in the
original and detailed in Appendix E.

To ensure confidentiality, the laboratory identifiers used in this “All-Lab Report” have
been altered from those used in RR16. The only attributed results are those reported by
NIST. The NIST results are not used in the assessment of the consensus summary results
of the study.
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All Lab Report

Symbol

Round Robin XVI Laboratory Results

Analytes Reported By One Laboratory
Values in pg/mL

Analyte Code = 109 110 111 112 113

v/B-Tocopherol FSV-DE| 2.720 1.740 2.440 3.07 nd

Table Legend

Interpretation

italics

Min
Mean
Max
SD
cv

Median
eSD

eCv

nd
ng

Value calculated from reported results

Number of non-NIST laboratories reporting quantitative results
Minimum non-NIST reported value.

Average over all non-NIST reported values.

Maximum non-NIST reported value.

Standard deviation over all non-NIST values.

Coefficient of Variation (% relative standard deviation): 100*SD/Mean

Median over all non-NIST reported values

Robust estimate of SD based on the adjusted median absolute
difference from the median (MADe)

Robust estimate of CV, 100*eSD/Median
Not detected (i.e., no detectable peak for analyte)

Detected but not quantitatively determined
Concentration greater than or equal to x

F3
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All Lab Report

Round Robin XVI Laboratory Results

%Bias Summary

Lab TR ar bC Label Definition

FSV-BA 442 5+1 419 Lab | Participant code
FSV-BD 65 9+7 TR | Total Retinol
FSV-BE 9+3 0+2 aT | a-Tocopherol
FSV-BF -5+3 -2+2 7+15 bC | Total b-Carotene
FSV-BG 2+2 9+5  -10+13 % Bias| (Mean £ SD) of individual serum biases
FSV-BH -2+4 1+1 316

FSV-BI -1+3 -5+2 -16+3 Mean| Average of (x;-Median;)/Median;
FSV-BL -8+1 3+2 SD| Standard deviation of (xi-Median;)/Median;
FSV-BX -12+47 x| Result for analyte in serum;
FSV-BY -4+2 0+4 5+7( Median;| Median of non-NIST results in serum;
FSV-BZ 129+8 -743
FSV-CA 2+4 0+3
FSV-CJ 0+6 3+3 0+20| The original analysis listed % Bias for each result for each
FSV-CM 245 3+6 serum calculated relative to the trimmed "Avg" of that
FSV-CN 13+12 T7+4 27+33| analyte in the serum. The summary values reported here
FSV-CO 141 043 447 ?rs thei (arlithmetict: rgean ilt stfan?srd de\I/iation)t_of etazh

aboratory's reported results for the analyte estimate

FSV-CQ 36+7 35 1722 relative tg eackl? serum's median-based r):atference value.
FSV-CS 2+12  -36+21
FSV-CY -5+4 -343 -7+4
FSV-DC -343 316
FSV-DE 2+1
FSV-DG -1+3 242 7+16
FSV-DH -8+3 1+1 -42+3
FSV-DT -1+1 -7+2 17+17
FSV-DY -4+6 -3+14
FSV-Dz -7+£3 9+24
FSV-ED 7+3 1+1 -3+9
FSV-EO 17+11 19+11
FSV-FA 1+1 74+10
FSV-FE -10+3 -5+3
FSV-FX -22+6

NISTd -615 -8+4 -9+7
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Appendix G. Shipping Package Inserts for RR17

The following two items were attached to each package shipped to an RR17 participant:
o Cover letter.
e Datasheet.
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UNITED STATES DEPARTMENT OF COMMERCE
National Institute of Standards and Technology
[formerly National Bureau of Standards]
Gaithersburg, Maryland 20899

August 11, 1989
Dear Colleague:

Samples for RR-XVII are enclosed. The sample set is composed of four serum
pools and an ethanol solution. The serum samples are to be analyzed for
retinol, a-tocopherol and total B-carotene as usual. The ethanol solution
contains retinol, a-tocopherol and a complex mixture of B-carotene isomers.

We request that you provide data for the concentration of retinol, a-
tocopherol and all-trans B-carotene in the solution by the procedure that you
think most appropriate. We also request that you provide us with a copy of
the chromatogram from your analysis of the solution; since the primary
objective associated with the analysis of the solution is the resolution of 8-
carotene isomers. Results are due by October 1.

The 1989 NCI/NBS Micronutrient Analysis Workshop will be held on November 1 at
the National Institute of Standards and Technology in the Metrology Building,
Room A340. A copy of the preliminary agenda for the meeting is enclosed.
Everyone involved in the QA Program is invited. Laboratories joining the
program during the past year are strongly encouraged to attend. Please fill
out the QA Workshop registration form and return it in the enclosed envelop
indicating your intentions to attend or not to attend the meeting. Rooms have
been reserved at the Gaithersburg Quality Inn (301/963-5900) at the rate of
$51/night. You must make your reservation before October 17 and mention that
you are attending the "Micronutrient Analysis Workshop" to get this special
rate. A fee of $10 will be collected from each participant which will cover
lunch and refreshments for the day.

Hands-on "Vitamins in Serum Measurement Workshops" are being held on
October 31 and November 2 to assist laboratories that are experiencing
problems with their analyses. Please contact Neal Craft (301/975-3111) to
reserve space in one of these sessions.

I look forward to your participation in this year's Workshop.

Sincerely,

Willie E. May, Ph.D.

Chief

Organic Analytical Research Division
Center for Analytical Chemistry

cc: R. Schaffer
N. Craft
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PLEASE PROVIDE: Telephone Number: : Telefax Number:

Telegram Number:

REPORT ON NIST/NCI SAMPLES FROM LABORATORY #

RR XVII DATE OF ANALYSIS

RESULTS IN pg/mL

SAMPLE # ANALYTE RESULT

SERUM 115
RETINOL

VIAL# All Trans Total
B-CAROTENE
A-TOCOPHEROL

SERUM 116
RETINOL

VIAL# All Trans Total
B-CAROTENE
A-TOCOPHEROL

SERUM 117
RETINOL

VIAL# All Trans Total
B-CAROTENE
A-TOCOPHEROL

SERUM 118
RETINOL

VIAL# All Trans Total
B-CAROTENE
A-TOCOPHEROL

SERUM 119
RETINOL

VIAL# All Trans Total
B-CAROTENE

A-TOCOPHEROL

SOLUTION 114
RETINOL

EtOH solution All Trans
VIAL# B-CAROTENE

A-TOCOPHEROL

Add 1.0 mL of Distilled water to samples 115-119.
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Appendix H. Final Report for RR17

The following fourteen pages are the the available components of the final report for
RR17 as provided to all participants. The samples distributed in RR17 were the same as
had been distributed in RR09. The original report consisted of:

An individualized cover letter and discussion. The available letters are the proof
copies of mail-merge letter forms sent to:

0  Experienced participants who sent in results for both RR09 and RR17.

0  Experienced participants who sent in results for RR17 but had not
participanted in RR09.

0  New participants who sent in results for RR17.
o0  Participants who did not send in results for RR17.

Tables 1 to 4 list all of the participants’ results and several summary values for
retinol, a-tocopherol, total B-carotene, and trans-fB-carotene. These tables do not
report any NIST results nor participant results for other analytes.

Graphical presentations of interlaboratory precision over time for retinol,
a-tocopherol, and total 3-carotene. Copies of these figures are no longer
available, but would have been similar to those for RR16 in Appendix E.

Graphical presentations of the indiviual participant’s bias relative to an assigned
value over time for retinol, a-tocopherol, and total B-carotene. Copies of these
figures are no longer available, but would have been similar to those for RR16 in
Appendix E.

Graphical comparisons of the indiviual participant’s assays of their RR09 and
RR17 results for retinol, a-tocopherol, and total B-carotene. Copies of these
figures are no longer available, but would have been similar in format to those for
the “Control B” analyses in the RR16 report in Appendix E.

Due to the complex formatting used in the Tables, the originally listed laboratory codes
have been deleted without replacement. However, Appendix C provides a complete
listing of the RR17 results where the original codes have been altered to ensure
confidentiality. Appendix C also provides more relevant summary statistics.
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This letter was sent to experienced participants who sent in results for both RR09 and RR17.

January 2, 1990

"F1”  Individualized letters were sent to study participants. The “AF1A” and “AF2A”

app~  Were mail-merge commands for inserting a participant’s name and address.

HAPPY NEW YEAR!!

A statistical summary of the results from your measurements of retinol, a-
tocopherol and B-carotene in the four serum samples sent to you as RR-XVII is
provided to you in both graphical and tabular form. Tables 1-4 (section A)
provide a summary of the data submitted for retinol, a-tocopherol, total g-
carotene, and all-trans B-carotene, respectively, in the four serum samples.
These tables also provide assigned values (based on the laboratory grand
averages), standard deviations (SD), relative standard deviations (RSD) for
the interlaboratory measurement of each analyte, and data representing each
laboratory’s bias on a sample-by-sample basis for each analyte.

The tables also provide data documenting the "ruggedness" of the grand average
values derived through our study group. Each of the serum samples used in RR-
XVII had been analyzed in previous Round Robins. The current grand averages,
grand averages from each previous round robin, and the differences between
them are provided at the bottom left side of each table. The agreement among
the grand averages from the most recent and past round robins along with data
from NIST analyses of these and other sera similarly stored, document the

stability of retinol, a-tocopherol, and B-carotene in freeze-dried sera stored
at -80°C.

Three types of graphical data are provided:

. Figures A-C (in Section B) which demonstrate the improvement in
interlaboratory precision for the measurement of retinol, a-tocopherol,
and f-carotene, that has been achieved in our program over the past three
years.

D Control Charts (in Section C) for retinol, a-tocopherol, and f-carotene,
respectively, which represent a summary of your lab’s performance vs. the
assigned value for each analyte over the past three years.

. A comparison (in Section A) of the values that your lab has reported for

a single sample for each of the three times that it has been distributed
as an unknown.
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As mentioned in the two most recent reports, interlaboratory Grand Averages
have been determined to be acceptable approximations of the true values for
each sample, and will be used as assigned values except in rare cases. NIST
measurements will continue to be performed to verify that no significant bias
exists. Under our new performance standards, 0-5% bias from the assigned
value will represent exceptional performance (AA); >5-10% bias from the
assigned value will represent acceptable performance (A); >10-20% bias from
the assigned value will represent marginal performance (M); and >20% bias will
represent unacceptable performance (U).

Your laboratory's performance in round-robin XVII was deemed to be:

RETINOL

a-TOCOPHEROL

TOTAL pS-CAROTENE

TRANS g-CAROTENE

Our experiences over the past year have clearly demonstrated the efficacy of
the use of reference materials for improving accuracy and interlaboratory
precision. The Control Materials provided to the group in the spring of 1988
were developed as a pilot effort to demonstrate the benefits that could be
derived through proper use of reference materials. The supply of those
samples has been depleted. These Control Materials have been replaced with
Standard Reference Material 968, "Fat-Soluble Vitamins in Freeze-Dried Human
Serum." This SRM can be ordered from the NIST Office of Standard Reference
Materials (301/975-6776) at a cost of $185 per unit, including shipping.

If your lab’'s performance is consistently marginal or unsatisfactory for any
analyte, please feel free to contact me (301/975-3108) or Neal Craft
(301/975-3111) for discussions regarding possible sources of bias in your
methodology.

In addition to serum samples, you have been asked to analyze a solution
containing retinol, a-tocopherol, and B-carotene isomers in the past two round
robins. Our intentions were two fold. First, we wanted to determine the
relative contributions of sample preparation (extraction, solvent exchange,
etc.) and chromatographic analysis to the ~7-10 % interlaboratory variability
that we now consistently observe for retinol, a-tocopherol and B-carotene.

We felt the ready-to-analyze solution, would effectively avoid the variability
associated with sample preparation, leaving only that associated with
chromatographic analysis. The results provided in Table 5 are far worse than
those provided for serum, indicating that the purpose and protocols for
conducting our "simple" experiment were perhaps not clearly explained to you.
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Secondly, we wanted labs to see the need to modify their chromatographic
systems (stationary phase/mobile phase combinations) for resolution of
individual B-carotenoid isomers. We asked you to provide data for both total-
and all trans-f-carotene. The results for total B-carotene were only slightly
worse than we normally see for serum. The limited data reported for trans-g-
carotene were, as we expected, very variable.

ROUND ROBIN XVIII will consist of three serum samples and another ethanol
solution of the retinol, a-tocopherol, and f-carotene. These samples will be
shipped to you on January 15, 1990. Analyze the serum samples as you normally
do. We also invite you to provide us with data on retinol palmitate,
lycopene, and y-tocopherol in these samples.

We wish to give the solution experiment one additional try with what we hope
are more clear instructions. Please complete your serum analyses before you
analyze the unknown solution. For analysis of the unknown solution, we ask
that you calibrate your system with the set of solution standards provided.
Quantitation should be accomplished by comparing the response from the unknown
with that from the calibration solutions. No extractions, additions of
internal standards, or solvent exchanges should be required for labs using
reversed-phase systems. The assigned values for the target analytes in
calibration solutions to be used for analysis of the unknown solution follows:

(pg/mL)
RETINOL a-TOCOPHEROL TRANS B-CAROTENE
Solution 10 0.195 2.22 0.135
Solution 11 0.977 11.1 0.945
Solution 12 1.95 22.2 1.62

These solutions should be allowed to equilibrate at room temperature for at
least 4 hours, but no more than 24 hours prior to use.

Results from the analysis of RR-XVIII are due by March 5, 1990.

Sincerely,

Willie E. May, Ph.D.

Chief

Organic Analytical Research Division
Center for Analytical Chemistry

cc: Robert Schaffer
Winfred Malone
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This letter was sent to experienced participants who sent in results for RR17
January 2, 1990 but had not participanted in RR09.

F1"  Individualized letters were sent to study participants. The “AF1A” and “AF2A”

~pg~ Were mail-merge commands for inserting a participant’s name and address.

HAPPY NEW YEAR!!

A statistical summary of the results from your measurements of retinol, a-
tocopherol and B-carotene in the four serum samples sent to you as RR-XVII is
provided to you in both graphical and tabular form. Tables 1-4 (section A)
provide a summary of the data submitted for retinol, a-tocopherol, total S-
carotene, and all-trans B-carotene, respectively, in the four serum samples.
These tables also provide assigned values (based on the laboratory grand
averages), standard deviations (SD), relative standard deviations (RSD) for
the interlaboratory measurement of each analyte, and data representing each
laboratory’s bias on a sample-by-sample basis for each analyte.

The tables also provide data documenting the "ruggedness" of the grand average
values derived through our study group. Each of the serum samples used in RR-
XVII had been analyzed in previous Round Robins. The current grand averages,
grand averages from each previous round robin, and the differences between
them are provided at the bottom left side of each table. The agreement among
the grand averages from the most recent and past round robins along with data
from NIST analyses of these and other sera similarly stored, document the

stability of retinol, a-tocopherol, and B-carotene in freeze-dried sera stored
at -80°C.

Two types of graphical data are provided:

. Figures A-C (in Section B) which demonstrate the improvement in
interlaboratory precision for the measurement of retinol, a-tocopherol,

and B-carotene, that has been achieved in our program over the past three
years.

. Control Charts (in Section C) for retinol, a-tocopherol, and B-carotene,
respectively, which represent a summary of your lab's performance vs. the
assigned value for each analyte over the past three years.
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As mentioned in the two most recent reports, interlaboratory Grand Averages
have been determined to be acceptable approximations of the true values for
each sample, and will be used as assigned values except in rare cases. NIST
measurements will continue to be performed to verify that no significant bias
exists. Under our new performance standards, 0-5% bias from the assigned
value will represent exceptional performance (AA); >5-10% bias from the
assigned value will represent acceptable performance (A); >10-20% bias from
the assigned value will represent marginal performance (M); and >20% bias will
represent unacceptable performance (U).

Your laboratory'’s performance in round-robin XVII was deemed to be:

731 73E

RETINOL

a-TOCOPHEROL

TOTAL B-CAROTENE

TRANS B-CAROTENE

Our experiences over the past year have clearly demonstrated the efficacy of
the use of reference materials for improving accuracy and interlaboratory
precision. The Control Materials provided to the group in the spring of 1988
were developed as a pilot effort to demonstrate the benefits that could be
derived through proper use of reference materials. The supply of those
samples has been depleted. These Control Materials have been replaced with
Standard Reference Material 968, "Fat-Soluble Vitamins in Freeze-Dried Human
Serum." This SRM can be ordered from the NIST Office of Standard Reference
Materials (301/975-6776) at a cost of $185 per unit, including shipping.

If your lab’s performance is consistently marginal or unsatisfactory for any
analyte, please feel free to contact me (301/975-3108) or Neal Craft
(301/975-3111) for discussions regarding possible sources of bias in your
methodology.

In addition to serum samples, you have been asked to analyze a solution
containing retinol, a-tocopherol, and B-carotene isomers in the past two round
robins. Our intentions were two fold. First, we wanted to determine the
relative contributions of sample preparation (extraction, solvent exchange,
etc.) and chromatographic analysis to the ~7-10 % interlaboratory variability
that we now consistently observe for retinol, a-tocopherol and B-carotene.

We felt the ready-to-analyze solution, would effectively avoid the variability
associated with sample preparation, leaving only that associated with
chromatographic analysis. The results provided in Table 5 are far worse than
those provided for serum, indicating that the purpose and protocols for
conducting our "simple" experiment were perhaps not clearly explained to you.
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Secondly, we wanted labs to see the need to modify their chromatographic
systems (stationary phase/mobile phase combinations) for resolution of
individual B-carotenoid isomers. We asked you to provide data for both total-
and all trans-B-carotene. The results for total B-carotene were only slightly
worse than we normally see for serum. The limited data reported for trans-f-
carotene were, as we expected, very variable.

ROUND ROBIN XVIII will consist of three serum samples and another ethanol
solution of the retinol, a-tocopherol, and B-carotene. These samples will be
shipped to you on January 15, 1990. Analyze the serum samples as you normally
do. We also invite you to provide us with data on retinol palmitate,
lycopene, and y-tocopherol in these samples.

We wish to give the solution experiment one additional try with what we hope
are more clear instructions. Please complete your serum analyses before you
analyze the unknown solution. For analysis of the unknown solution, we ask
that you calibrate your system with the set of solution standards provided.
Quantitation should be accomplished by comparing the response from the unknown
with that from the calibration solutions. No extractions, additions of
internal standards, or solvent exchanges should be required for labs using
reversed-phase systems. The assigned values for the target analytes in
calibration solutions to be used for analysis of the unknown solution follows:

(pg/mL)
RETINOL a-TOCOPHEROL TRANS B-CAROTENE
Solution 10 0.195 2.22 0.135
Solution 11 0.977 11.1 0.945
Solution 12 1.95 22.2 1.62

These solutions should be allowed to equilibrate at room temperature for at
least 4 hours, but no more than 24 hours prior to use.

Results from the analysis of RR-XVIII are due by March 5, 1990.

Sincerely,

Willie E. May, Ph.D.

Chief

Organic Analytical Research Division
Center for Analytical Chemistry

cc: Robert Schaffer
Winfred Malone
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This letter was sent to new participants who sent in results for RR17.
January 2, 1990

"F1”  Individualized letters were sent to study participants. The “AF1A” and “AF2A”

~pp~  were mail-merge commands for inserting a participant’s name and address.

HAPPY NEW YEAR!!

A statistical summary of the results from your measurements of retinol, a-
tocopherol and B-carotene in the four serum samples sent to you for analysis
as part of the NIST/NCI QA program is provided to you in Tables I-III. These
tables also provide the NIST assigned value for each sample, the grand average
for measurements made by six new laboratories joining the studies, standard
deviation (SD) and relative standard deviation (RSD) for the interlaboratory
measurement of each analyte, and data representing each laboratory'’s bias, vs
the NIST assigned value, on a sample-by-sample basis for each analyte. Tables
IV-VII represent data provided by the regular participants in our program for
the most recent round robin study. Figures A-C demonstrate the improvement in
interlaboratory precision for the measurement of retinol, a-tocopherol, and f-

carotene, that have been accomplished in our program over the past three
years.

It has been demonstrated that the interlaboratory Grand Average for
measurements made by regular participants in our program is an acceptable
approximation of the true value for each sample. This value will be used as
the assigned value except in rare cases. NIST measurements will be performed
to verify that no significant bias exists. Under our current performance
standards, 0-5% bias from the assigned value represents exceptional
performance (AA); >5-10% bias from the assigned value represents acceptable
performance (A); >10-20% bias from the assigned value represents marginal
performance (M); and >20% bias represents unacceptable performance (U).

Your laboratory'’'s performance on the four samples provided to you was deemed
to be:

RETINOL
a-TOCOPHEROL

TOTAL p-CAROTENE
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These descriptors are subjective, and are intended only to provide you with
information concerning your performance relative to labs that have been active
in our program for three or more years. We anticipate that your performance
will follow the trend shown for regular participants shown in the Figures A-C.

Our experiences over the past year have clearly demonstrated the efficacy of
the use of reference materials for improving accuracy and interlaboratory
precision. Standard Reference Material 968, "Fat-Soluble Vitamins in Freeze-
Dried Human Serum" can be ordered from the NIST Office of Standard Reference
Materials (301/975-6776) at a cost of $185 per unit, including shipping. A
copy of the Certificate of Analysis for this SRM is provided for your
information.

If your lab’s performance is marginal or unsatisfactory for any analyte,
please feel free to contact me (301/975-3108) or Neal Craft (301/975-3111) for
discussions regarding possible sources of bias in your methodology.

In addition to serum samples, we asked the regular participants in our studies
to analyze an ethanol solution containing retinol, a@-tocopherol, and §-
carotene isomers in each of the last two round robins. Our intentions were
two-fold. First, we wanted to determine the relative contributions of sample
preparation (extraction, solvent exchange, etc.) and chromatographic analysis
to the ~7-8 % interlaboratory variability that we now consistently observe

for retinol and a-tocopherol, and 10% for B-carotene. We felt that by
providing a ready-to-analyze solution, we could effectively remove variability
associated with sample preparation, leaving only that associated with
chromatographic analysis of a simulated solvent exchanged extract. The
results obtained were far worse that those provided for serum, indicating that
our "simple" experiment was perhaps not adequately explained.

Secondly, we wanted the labs to see the need for labs to modify their
chromatographic systems (stationary phase/mobile phase combinations) for
resolution of individual B-carotenoid isomers. We asked labs to provide data
for both total- and all trans- B-carotene. The results for total B-carotene
were only slightly worse than we normally see for serum. The results for
trans-f-carotene were, as we expected, very variable.

ROUND ROBIN XVIII will consist of three serum samples and another ethanol
solution of the retinol, a-tocopherol, and B-carotene. These samples will be
shipped to you on January 15, 1990. Analyze the serum samples as you normally
do. We also invite you to provide us with data on retinol palmitate,
lycopene, and y-tocopherol in these samples.

We wish to give the solution experiment one additional try with what we hope
are more clear instructions. Please complete your serum analyses before you
analyze the unknown solution. For analysis of the unknown solution, we ask
that you calibrate your system with the set of solution standards provided.
Quantitation should be accomplished by comparing the response from the unknown
with that from the calibration solutions. No extractions, additions of
internal standards, or solvent exchanges should be required for labs using
reversed-phase systems. The assigned values for the target analytes in
calibration solutions to be used for analysis of the unknown solution follows:
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(pg/mL)

RETINOL a-TOCOPHEROL TRANS S-CAROTENE
Solution 10 0.195 2.22 0.135
Solution 11 0.977 11.1 0.945
Solution 12 1.95 22.2 1.62

These solutions should be allowed to equilibrate at room temperature for at
least 4 hours, but no more than 24 hours prior to use.

Results from the analysis of RR-XVIII are due by March 5, 1990.

Sincerely,

Willie E. May, Ph.D.

Chief

Organic Analytical Research Division
Center for Analytical Chemistry

cc: Robert Schaffer
Winfred Malone
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This letter was sent to participants who did not send in results for RR17.
January 4, 1990

"F1”  Individualized letters were sent to study participants. The “AF1A” and “AF2A”

app~  Were mail-merge commands for inserting a participant’s name and address.

HAPPY NEW YEAR!

Samples for analysis of ROUND ROBIN XVIII will be shipped to you on

January 16, 1990, and will include three serum samples and an ethanol solution
of retinol, y-tocopherol and B-carotene. Analyze the serum samples as you

normally do. We also invite you to provide us with data on retinyl palmitate,
lycopene, and vy-tocopherol in these samples.

Please complete your serum analyses before you analyze the unknown solution.
For analysis of the unknown solution, we ask that you calibrate your system
using the set of solution standards provided. Quantitation should be
accomplished by comparing the response from the unknown with that from the
calibration solutions. No extractions, additions of internal standards, or
solvent exchanges should be required for labs using reversed-phase systems.
The assigned values for the target analytes in calibration solutions to be
used for analysis of the unknown solution follows:

(pg/mL)
RETINOL a-TOCOPHEROL TRANS B-CAROTENE
Solution 10 0.195 2.22 0.135
Solution 11 0.977 11.1 0.945
Solution 12 1.95 22.2 1.62

These solutions should be allowed to equilibrate at room temperature for at
least 4 hours, but no more than 24 hours prior to use.

Results from the analysis of RR-XVIII samples are due by March 5, 1990.

Sincerely,

Willie E. May, Ph.D.

Chief

Organic Analytical Research Division
Center for Analytical Chemistry

cc: Robert Schaffer
Winfred Malone
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Appendix I. Updated “All-Lab Report” for RR17

The following three pages are an updated version of an “All-Lab” report for RR17. This
report has three parts:

e Page 1 lists results for all analytes that were reported at least twice, counting both
participants and NIST analysts.

e Page 2 lists values for all analytes reported by only once. This page also provides
a legend for page 1.

e Page 3 summarizes each participants’ performance for total retinol, a-tocopherol,
and total B-carotene. These summaries are compatible with the percent bias
evaluation advice given in the RR17 Report. However, the current bias
summaries are estimated relative to the median of all reported values for each
analyte in each serum rather than to the “AVG” used in the original and detailed
in Appendix H.

To ensure confidentiality, the laboratory identifiers used in this “All-Lab Report” have
been altered from those used in RR17. The only attributed results are those reported by
NIST. The NIST results are not used in the assessment of the consensus summary results
of the study.
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Round Robin XVII Laboratory Results

Table Legend

Interpretation
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All Lab Report

italics

Min
Mean
Max
SD
CcVv

Median
eSD

eCv

Value calculated from reported results

Number of non-NIST laboratories reporting quantitative results
Minimum non-NIST reported value.

Average over all non-NIST reported values.

Maximum non-NIST reported value.

Standard deviation over all non-NIST values.

Coefficient of Variation (% relative standard deviation): 100*SD/Mean

Median over all non-NIST reported values

Robust estimate of SD based on the adjusted median absolute difference from the median

(MADe)
Robust estimate of CV, 100*eSD/Median

X |Concentration greater than or equal to x
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All Lab Report

Round Robin XVII Laboratory Results

%Bias Summary

Lab TR aT bC Label Definition
FSV-BA 6+3 5+1 717 Lab | Participant code
FSV-BD 4+3 -4+5 TR | Total Retinol
FSV-BE -6+3 1+2 aT | a-Tocopherol
FSV-BF 12+4 416 -2+6 bC | Total b-Carotene
FSV-BG 11+7 -3+25 -5+12 % Bias| (Mean £ SD) of individual serum biases
FSV-BH -5+4 1+2 -5+9
FSV-BI 242 -5+2 -13+7 Mean| Average of (x;-Median;)/Median;
FSV-BL 8+6 -6+9 SD| Standard deviation of (xi-Median;)/Median;
FSV-BY -3+3 -5+2 -9+10 x| Result for analyte in serum;
FSV-BZ| 10325 -11+4 Median;| Median of non-NIST results in serum;
FSV-CA -5+2 0+1
FSV-CJ 9+15 3+3 -7+6
FSV-CM 12+13 542 The original analysis listed % Bias for each result for each
FSV-CN 245 -5+3 27+35| serum calculated relative to the trimmed "Avg" of that
FSV-CO A+2 A+1 _2+4| analyte in the serum. The summary values reported here
FSV-CQ 646 5413 -13+1g| @re the (arithmetic mean + standard deviation) of each
FSV-CS 41434 Iaboratory's reported results for the analyte estimated
relative to each serum's median-based reference value.
FSV-CY -6+2 -6+3  -14+13
FSV-DC 4+6 -5+11
FSV-DE 4+1
FSV-DG 116 1+3 1+2
FSV-DH 03 9+3 1+5
FSV-DN -8+9 1+4 616
FSV-DO 7+18  -42420 2504495
FSV-DT -7+l 9+1
FSV-DY 6+10 120+166
FSV-DYa| -12+15 45+111
FSV-DZ -6+6 -3+8
FSV-ED -243 2+2 -4+4
FSV-EF -918 -6+8
FSV-EO 1545 1547
FSV-FA 6+9 33153
FSV-FV 23150
NISTa 4+6 -2+1 -1815
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