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Abstract

The National Institute of Standards and Technology coordinates the Micronutrients Measurement
Quality Assurance Program (MMQAP) for laboratories that measure fat- and water-soluble vitamins
and carotenoids in human serum and plasma. This report describes the design of and results for the
Winter, Spring and Fall 1992 MMQAP measurement comparability improvement studies: 1) Round
Robin XXI1V Fat-Soluble Vitamins and Carotenoids in Human Serum, 2) Round Robin XXV Fat-
Soluble Vitamins and Carotenoids in Human Serum, 3) Round Robin XXVI Fat-Soluble Vitamins
and Carotenoids in Human Serum, and 4) Round Robin 3 Ascorbic Acid in Human Serum. The
materials for Round Robin XXIV were shipped to participants in January 1992; participants were
requested to provide their measurement results by March 6, 1992. The materials for Round Robin
XXV were shipped to participants in May 1992; participants were requested to provide their
measurement results by June 26, 1992. The materials for Round Robin XXV were shipped to
participants in August 1992; participants were requested to provide their measurement results by
October 16, 1992. The sample materials for Round Robin 3 were distributed in August 1992 with
results due by September 26, 1992.
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Introduction

Beginning in 1988, the National Institute of Standards and Technology (NIST) has coordinated the
Micronutrients Measurement Quality Assurance Program (MMQAP) for laboratories that measure
fat- and water-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. [1,2]

Round Robhin XXI1V: Fat-Soluble Vitamins and Carotenoids in Human Serum

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin
XXIV comparability study (hereafter referred to as RR24) received four 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 1992. The
communication materials included in the sample shipment are described in Appendix A.

Participants are requested to report values for all fat-soluble vitamin-related analytes that are of
interest to their organizations. Not all participants report values for the target analytes, and some
participants report values for non-target analytes.

The final report delivered to every participant in RR24 is reproduced as Appendix B. This report
included:

e Our analysis of the participants’ results.

e Tabular presentations of all participant results

Each participant also received an “Individualized Report” that graphs their results for selected
analytes. An example “Individualized Report” is reproduced as Appendix C.

Appendix D lists all of the measurement results reported for RR24 in a more accessible format.



Round Robhin XXV: Fat-Soluble Vitamins and Carotenoids in Human Serum

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin
XXV comparability study (hereafter referred to as RR25) received four lyophilized human serum
test samples 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 May 1992.
The communication materials included in the sample shipment are described in Appendix E.

Participants are requested to report values for all fat-soluble vitamin-related analytes that are of
interest to their organizations. Not all participants report values for the target analytes, and some
participants report values for non-target analytes.

The final report delivered to every participant in RR25 is reproduced as Appendix F. This report
included:

e Our analysis of the participants’ results.

e Tabular presentations of all participant results

Each participant also received an “Individualized Report” that graphs their results for selected
analytes. This report included graphical summaries of the participant’s results relative to the
assigned values over the previous five years and the consistency of their results for blind erplicate
samples over the previous four years. While there is no longer an example of a RR25 Individualized
Report, its design would have been similar to the RR24 example in Appendix C.

Appendix G lists all of the measurement results reported for RR25 in a more accessible format.

Round Robhin XXVI: Fat-Soluble Vitamins and Carotenoids in Human Serum

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin
XXV comparability study (hereafter referred to as RR26) received three lyophilized and two liquid-
frozen human serum test samples 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 1992. The communication materials included in the sample shipment are
described in Appendix I.

Participants are requested to report values for all fat-soluble vitamin-related analytes that are of
interest to their organizations. Not all participants report values for the target analytes, and some
participants report values for non-target analytes.

It is probable that a preliminary report for RR26 was mailed to all participants shortly before the
November 14, 1992 NIST/NCI Micronutrients Analysis Workshop, however, no version of either
the letter or the preliminary report is available. The “Summary of 1992 Round Robin Activities”
was mailed to every participant in the 1992 program in November 1992. This summary is
reproduced as Appendix I.

Each participant also received an “Individualized Report” that graphically analyzes their results for
selected analytes. This report included graphical summaries of the participant’s results relative to
the assigned values over the previous five years and the consistency of their results for blind



replicate samples over the previous four years. While there is no longer an example of a RR26
Individualized Report, its design would have been similar to the RR24 example in Appendix C.
Appendix J lists all of the measurement results reported for RR26 in a more accessible format.

Round Robin 3: Vitamin C in Human Serum

Participants in the MMQAP Vitamin C in Human Serum Round Robin 3 comparability study
(hereafter referred to as RRO3) received two frozen serum samples of the same material. These
samples were shipped on dry ice to participants in August 1992. The available communication
materials included in the sample shipment are provided in Appendix K.

The test materials were prepared by adding equal volumes of 10 % metaphosphoric acid (MPA) to
human serum that had been spiked with ascorbic acid. Participants were asked to provide two
results for each vial.

No copy of a final report for RR03 as delivered to the participants is available. However, a NIST-
internal Report of Analysis that presents and discusses the RRO3 results was prepared. Appendix L
presents the relevant content from this document.

While not distributed to the participants in RR03, Appendix O presents a revised “All-Lab Report”
that lists the results for the test materials transformed into units of pmol/mL sample.

No “Individualized Report” was provided to the participants in RR03.

References

1 Duewer DL, Brown Thomas J, Kline MC, MacCrehan WA, Schaffer R, Sharpless KE, May WE,
Crowell JA. NIST/NCI Micronutrients Measurement Quality Assurance Program: Measurement
Repeatabilities and Reproducibilities for Fat-Soluble Vitamin-Related Compounds in Human
Sera. Anal Chem 1997;69(7):1406-1413.

2 Margolis SA, Duewer DL. Measurement Of Ascorbic Acid in Human Plasma and Serum:
Stability, Intralaboratory Repeatability, and Interlaboratory Reproducibility. Clin Chem
1996;42(8):1257-1262.



Appendix A. Shipping Package Inserts for RR24

Two items were included in each package shipped to an RR24 participant:

e Cover letter. The original letter has been lost. It likely would have described the four
sample materials (sera 160 to 163), given guidance on reconstituting these lyophilized
samples, stated that results were due March 6, 1992 and to whom they should be sent,
and who to contact with technical questions.

e Datasheet. The following page reproduces the form.

These items were attached to the shipping box.

Al



ROUND ROBIN XXIV RESULTS FROM LABORATORY #

DATE OF ANALYSIS

RESULTS IN ug/mL

SAMPLE # ANALYTE RESULT
SERUM 160 RETINOL
ALPHA-TOCOPHEROL
VIAL# BETA-CAROTENE (TOTAL)
SERUM 161 RETINOL
ALPHA-TOCOPHEROL
VIAL# BETA-CAROTENE (TOTAL)
SERUM 162 RETINOL
ALPHA-TOCOPHEROL
VIAL# BETA-CAROTENE (TOTAL)
SERUM 163 RETINOL
ALPHA-TOCOPHEROL
VIAL# BETA-CAROTENE (TOTAL)

OPTIONAL ANALYTES : SUPPLY ONE RESULT IF AVAILABLE

SERUM # 160
TRANS-BETA-CAROTENE

161 162 163

ALPHA-CAROTENE

RETINYL PALMITATE

GAMMA-TOCOPHEROL

LYCOPENE (TOTAL)

9-CIS-BETA-CAROTENE

13-CIS-BETA-CAROTENE

LUTEIN

ZEAXANTHIN

BETA-CRYPTOXANTHIN

RECONSTITUTE SERUM SAMPLES WITH 1.0 mL OF WATER.

NIST FAX # 301-926 8671

RESULTS DUE BACK MARCH 6, 1992
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Appendix B. Final Report for RR24

The following eight pages are the final report for RR24 as provided to all participants.
This report consists of:

e A cover letter and discussion.

e Tables 1to 3 and 7 that list the results and various summary values for total
retinol, a-tocopherol, and total B-carotene, and y/B-tocopherol.

e Tables 4 to 6 and 8 to 13 that list the results and simple summary statistics for
trans-p-carotene, total a-carotene, retinyl palmitate, total lutein, total lycopene,
total zeaxanthin, total lutein & zeaxanthin, total B-cryptoxanthin, and total
cis-p-carotene.

Due to the complex formatting used in the Tables, the originally listed laboratory codes
have been deleted without replacement. However, Appendix D provides a complete
listing of the RR24 results where the original codes have been altered to ensure
confidentiality. Appendix D also provides more relevant summary statistics.

Bl
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June 2, 199-2,' 1";1"' &

Dear Colleague:

This report describes both overall-group and your laboratory’s performance in Round Robin
XXIV. Specifically, your packet contains, for retinol, alpha-tocopherol, and beta-carotene,
respectively: tabular presentations of all data submitted for Round-Robin Study XXIV; a
Blind Control Chart, representing a summary of your laboratory’s data vs the assigned values
for the past five years; and a graphical presentation of data from your laboratory’s analysis
of blind duplicate samples. Tabular data only is provided for alpha-carotene, all-trans-beta-
carotene, beta-cryptoxanthin, lutein, lycopene, retinyl palmitate, gamma-tocopherol and
zeaxanthin,

Table 1 provides a summary of data submitted for retinol. Forty-three labs submitted data:
29 "Core Labs" (program participants for one year or more) and 13 "New Labs"- 10
participating for the third time and 3 participating in our QA Program round-robin study for
the first time; one lab submitted results after the closing date. Their data is included in the
table and not considered in statistical evaluations. The interlaboratory CV for the 10 three-
study "New Labs" was reduced from an initial average of 656% in RRXXII to an average of
23% for both RRXXIII and this study. The mean CV for the 3 first-study "New Labs" was
36%. The average interlaboratory CV for the 29 Core Labs was 8.5%. Each of the RRXXIV
serum pools had been used in a previous study. The trimmed Core Lab average retinol value
for the four RRXXIV serum pools was in good agreement with both the NIST values and the
previous trimmed Core Lab Average for these pools.

Table 2 provides a summary of data submitted for alpha-tocopherol. Forty-one laboratories
submitted data: 30 Core Labs; 8 three-study New Labs; 3 first-study New Labs. The
interlaboratory CV for the three-study new labs has improved steadily, from 55% in RRXXII
to 23% in RRXXIII to 15% in this study. The mean CV for the 3 first-study New Labs and
30 Core Labs was 32% and 10% respectively in this study. The trimmed Core Lab average
alpha-tocopherol value for the four RRXXIV serum pools was in excellent agreement with
both the NIST values and the previous trimmed Core Lab Average for these pools.

Table 3 provides a summary of data submitted for total beta-carotene. Thirty-three
laboratories submitted data: 21 Core Labs; 9 three-study New Labs; 2 first-study New Labs;
one late lab. As in recent studies, the overall quality of the beta-carotene data is somewhat
poorer than for retinol and alpha-tocopherol. The average CV for measurements made by the
three-study New Labs has gone from 25% in RRXXII to 70% in RRXXIII to 40% in this study.
The Core Lab average CV’s have gotten progressively worse: 21%, 25% and 28% over the
past three studies. The agreement between the two first-study New Labs is rather good,
however they appear to be biased based on both the NIST and Core Lab trimmed averages
(current and past). A series of experiments for use in RRXXVI is being designed to address
this growing concern.

Tables 4-12 provide summaries of RRXXIV data submitted for additional fat-soluble vitamin
and carotenoid compounds. Please note that analyses for gamma-tocopherol have improved
to the point that its data treatment is comparable to that for alpha-tocopherol. Except for
trans beta-carotene and lycopene, the concentrations of the remaining analytes appear to be
too low for a fair assessment of either individual or interlaboratory measurement capabilities.
Pools with elevated levels of most analytes will be available for use in RRXXVI.
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Page 2

Data for your use in evaluating your laboratory’s individual performance in RRXXIV is
provided on the right side of Tables 1-3 and 7. The "Core Lab" Trimmed Values were used
as the assigned values. By convention, 0-5% bias from the assigned value represents
EXCEPTIONAL performance, 6-10% ACCEPTABLE performance, 11-20% MARGINAL
performance and >20% POOR performance relative to the current state of the art for these
measurements. If you have concerns regarding your performance or are a lab whose
performance would be rated "U" based on the convention stated above, we suggest that you
obtain a unit of SRM 968a and analyze all three levels. If, with minor method modifications,
your measured values do not agree with the certified values, feel free to contact us for
consultation. SRM 968a can be obtained through the NIST Standard Reference Materials
Program (301/975-6776) at a cost of ~215/unit including shipping. A copy of the Certificate
of Analysis for SRM 968a is enclosed for your information.

You should have received RRXXV samples by now. Results will be due by June 26 and we
expect to provide you with feedback concerning your performance by August 7. Results from
all three 1992 Interlaboratory Studies will be discussed at our Annual QA Workshop in
November. The actual date has not been set. However, as last year, we will attempt to
honor your requests and convene the meeting on a Saturday. Contact us ASAP if you have
any strong preferences. Dr. Neal Craft will begin putting the program together within the
next month. Feel free to contact him in writing (at this address) or by phone at 301/975-3111.

Sincerely,

Willie E. May, Ph.D.

Chief

Organic Analytical Research Division
Chemical Science and Technology Laboratory

Enclosures
cc: N. Craft
W. Malone
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fable 1, Round Robin XXIV

Retinol Results X Gies from Trimmed Core Lab Aversge
Serua # Serum# Serum # Serum # Serum ¥ Serum # Serim ¥ Serum #
Lab # 160 161 162 163 Lab # 150 161 162 163
1.057 0.661 Q. 2% 0,382 3.8 -1.9 1.2 5.5
G-m Buﬂs 0 0-3&3 -$i‘ "6-2 '3»3 0.0
oum 0-&1“ 0 m 0-359 “‘«9 ‘8-3 ’6&6 '6-2
1-@5 *ﬁ.wﬁ D m 40.‘“3 5.5 1¢-T 2-5 15-?
1.078 0.697 0,306 0.389 5.8 3.5 4.6 1.6
0.973 0.639 0.276 0.368 : -4.5 =5.1 5.7 4.0
0.995 0.704 o.2rr 0392 -2.3 &5 -5,% 2:d
+1.140 0.6%0 0.330 G.410 : 11.9 2.5 12.8 7.1
+0.840 4,582 0.252 0,330 ~17.5 -13.4 13,9 ~13.8
0,980 0.634 0.255 0.342 -3.8 -%.9 -12.8 -10.7
1.073 0.691 0.%02 0.407 5.3 2.6 3.2 6.3
1.010 0.653 0,288 0.383 ~0.8 ~3.0 1.6 0.0
0,957 0.631 0.257 0.334 -&.0 8.3 ~32.2 -12.8
+1.374 0.749  0.300 0.357 3%.9 11.2 2.5 4.1
1.020 0.738 0.310 0.425 0.1 9.6 4.0 11.3
HL8%  0.610 0300 0.380 ' ~412.4 9.4 2.5 0.7
0.944 f.622 0.28¢  0.379 ~7.3 T8 1.2 1.0
0.990 0.71% a.301 0.428 ~2.B 4.2 .9 1.8
1.070 ©.700 0.295 0.3%4 5.0 3.9 0.8 29
0.970 0.548 0.28¢ 0,381 .. »3.8 -1.2 ~0.%
1.01& 0.646 0.293 0.375 -0.1 4,1 0.1 1.4
1,033 0.682 0,304 0.385 1.4 1.3 3.8 0.6
1,094 0.682 0,332 0.398 7.4 1.3 13.5 4.0
1.010 2.4673 0287  0.3%0 -0.8 0.9 ~1.9 1.9
1.063 0.726 0.293 0.390 4.4 7.8 0.1 1.9
e.978 0.418 0.281 0.350 ~4.0 8.5 4.0 &0
1.014 0.698 0.287 0.405 -0.5 3.6 1.9 5.8
1.018 0.458 0.24% 0,400 -0, -2.3 -8.1 4.5
+0.675 0767 0338 0.418 -33.7 1%.9 6.3 .2
1.040 0.715 Q.29 40,481 2.1 .2 =0,5 20.4
1.056 0.753 0,363 0.425 3.7 11.8 24,1 11.0
1.213 0.898 0,359 0487 19.1 33.3 2.7 a2
1-m ..650 n-m c-m 2-0 "3-5 " .2 0.0
0.851 0.538 0,234 0.276 =16.5 -20.1 «20.0 -27.9
1.022 0.731 a.383 0.496 0.3 8.5 30,9 29.%
01109 .?35 ﬂ-lm 0-375 'NJ ’.1 -2 ‘241
D.983 0.540 0,27 0,348 =35 5.0 T -3.9
0,961 0.638 G.2%33 9038, ~5.7 4.3 ~20.4 «B,0
1.313 $.052 0378 0.476 D9 842 2.1 26,2
1.870 0.713  0.044 0.441 83.4 5.9 -85,0 15.2
1.230 0830 0.320  0.470 . 20,8 8.2 9.4 22.8
G.743 0.590 0.287 0.33% -25.1 -12.4 -2.1 -12.5
0.490 0.380 0,206 0.220 -51.9 -43.4 ~31.6 -42.5
AVG {42) 1.002 0.681 0.288  0.387
sp 0.242 0.102 0.052 0.052 Core Labs  (29;15-9)
ASD 26.2 15.0 8.2 13.6 TRIN AVG 1.019  0.4873 0.293 0.3
) sD 0.045 6.047 0.02¢ 0,026
Core Labs  (29;15-97) RSO 4.4 4.9 7.0 6.7
AVG 1.012 0.678 0.293 0.338
§D a.114 0.052 6.020 ¢.031 NisY
RS0 11.2 .7 7.0 7.9 . AVG 0.945 0.604 0.273 . 0,355
sSD 0.0428 0.081 0.019 0.030
{a}Nenw Labs (10:98-115) ‘
NG ‘ 0.735 0.286 0.40% PREVIOUS ;
5 0.435 0.146 0,102  0.06% VALLE .01 (.85 0.2 5.3
RED 41.8 19.9 3T 14.9
+ = Value removed for Core Lab Trimmed Average.
(biNew Lebs (3:116-118) ‘
AVG O.HZS 0.600 0.269 0.342 L= Lete results not included in the statistica,
§0 0.374 0,225 Q.062 0.15 (a) = participating for the third time.
Rsh 45.2 3.5 23.0 26.6 (b)Y = participating for the first time.
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Yable 2. Round Robin XXIV

Alphe-Tocopherol Results % Bies from Trimwed Core Leb Average
Serum # Serun# Serum # Serum # Serum # Serum # Serum # Serum ¢
fab ¥ 160 151 162 1683 Lab # 160 161 162 143
6.28 16.55 4,62 5.72 1.7 3.8 0.3 1.2
5.?4 16'05 ﬁ.36 S.Sﬁ *10-2 006 '5-‘ *1 uT
+5.23 14.27 3.9 4.9 «18.2 -10.5% 13.5 =12.7
6.80 17.20 4.60 5.99 6.4 7.9 -0,2 8.9
+7.04 17.63 4.95 5.88 10.2 10.4 T 3.9
6.21 15.97 4.45 5.43 ~2.8 9.1 -31.5 -0.5
6.40 15.20 4.28 5.56 0.2 4.7 -7.1 1.7
6.1 18.20 4.80 5.80 -4,% 1.6 4.2 2.5
+7.33 17.95 4.78 6.51 14.7 12.6 3.7 15.0
6,45 16.15 4.52 5.52 0.9 1.3 -1.9 «2,5
.48 1397 4323 +4.4D -26.8 -12,4 -29.9 22,2
6.70 16.17 5.13 &.18 4.8 1.4 1.3 8.9
T 62T 16,30 4.74 5.81 1.9 2.2 33 2.7
+5.,40 14.08 4.00 4.98 ~15.5 1.7 ~13.2 ~12,9
+8,09  +18.56 4.52 5.15 26.6 16.4 ~2.0 -8.0
6.29 15.77 4.58 5.34 ~1.6 -1.1 -0.6 5.6
6,21 16.2% 4.83 5.56 -2.8 1.8 4.8 ~1.7
6,57 1635  +5.62 &6.37 2.8 2.5 %3.7 12.4
6»01 15-65 41?? 5.81 ‘6-0 '1.7 '5-0 2.7
6.98 16.25 4.91 .07 9.2 1.9 6.6 24.9
6.10 16.10 4.50 5.60 4.9 1.0 2.3 «1.0
&.28 1674 4,36 5.70 =17 “T.5 5,5 0.8
6&‘1 15v69 4-5? 5.58 0-3 "‘o 'a-a '1 '6
5.76 17.25 5.07 637 5.8 8.2 10.0 12.8
& 16 15.20 4,34 5.38 -3.6 .7 -5.8 -5.3
&.83 17.82 §.82 5.75 6.9 10.5 4.6 1.6
6.09 15.47 4,78 5.85 4.7 -3.0 3.7 -0.2
.21 15.54 4,48 5.48 ~2.8 =2.4 2.8 -3.2
+3.13  +18.46 5.04 5.42 -51.1 15.8 24 -4.3
6.19 15.08 4.10 5.19 -3.1 5.4 =11.0 -8.3
N 17.23 4.96 5.85 4.2 8.0 7.6 3.4
4.9 11.87 3.57 4.74 -£3.2 -25.8 ~22.5 -16.2
7.20 15.50 5.00 4.70 12.7 -2.8 8.5 18.4
6.1 15.29 4.35 5.18 -1.3 4,1 5.4 -8.5
7.38  20.43 5.55 &.71 15.5 2B.1 20.4 18.4
7.2l 18.25 5.27 6.03 ; @27 14.4 4.3 6.5
4.59 14.62 5,80 5.73 3.1 -8.3 ~0.3 1.3
5.50 14.26 3.8% 4,72 «13.9 -18.6 «17.3 -16.6
7.90 17.52 5.46 7.38 3.6 9.9 22.8 29.0
5.30 12.67 0,82 4,83 =17.1 ~20.6 -17.1 “14.7
T.A6 11.87 3.56 3.30 : “45.9 -23.6 -22.7 41,7
AVG (41) £.23 15.95 4.6% 5.66 Care Lebs  {30;15-97)
s 0.97 1.72 0.60 0,73 TRIN AVG 6,39 15.95 §.61 5.6
RSD 15.6 10.8 13.1 12.9 £D .33 1.04 0.31 0.39
RSD 5.1 6.5 4.7 7.0
Core Labs  (30:15-97)
NG 6.24 16.12 4.63 5.66 RIST
-1 0.87 1.20 0.5% 0.52 RS &.42 15,45 §.72 5.74%
RSO 14,0 T4 11,9 .2 5D 0.44 0.5%¢ 0.3¢9 0.61
{a)New Lobs (B:98-11%) PREVIOUS
AVG &.47 15.93 4.64 5.71 VALUE 6.28 16.59 &.62 5.84
0 0.87 2.54 D.49 0.78
RSD 13.5 16.6 15,0 13.7 + = Value removed for Core Lab Trimmed Average.
{biNew Labs (3:116-118) L= Late results not included in the statistics.
AVG .55 1402 §.35 5.1 (2) = participating for the third time.
80 2.23 3.06 1.14 2,02 (b} = participating for the first time,

RSD 40.2 218 26.3 39.3
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Table 3. Round Robin XXIv

Total Bete-Carotens Resuits % Gias from Trismed Core Leb Average
Sorum # Serum # Serum # Serum # Serum # Serum # Serum # Serum #
Leb # 160 161 162 1463 Leb # 160 161 1462 163
0.094 2.539 1.193  0.20% 3.9 14.8 11.2 §.2
0.078 2. 180 0.988 0.178 13,7 ~1.5 “T.9 8.7
+0.043 1.97¢9 1.074 (.181 -53,0 =10.5 0.1 *Ta1
0.092  2.29%% 1.001 0.182 1.7 3.7 8.7 “B.6
0.‘11 2:‘1‘ 1.'339 0'211 23.2 9-1 ‘is ﬂ-ﬂ
+0.130 2.341 1.203 0.199 43.8 5.8 12.1 2.1
0.086 +3.900 +1.760 0.255 4.9 76,3 B4 .1 20.9
0.09 +2.750 1.212 073 6.2 24.3 13.0 “11.2
0.092 2.300 1.030 0,190 1.7 4.0 4.0 2.5
0.080 2.457 1.069 D.190 =11.5 1.1 =3,3 +2.5
+0.052 1.85¢ +«0.779  0.18% ~42.5 ~f&.1 274 »B.1
0.084 2.300 1.024 0.183 7.1 4.0 ol 8,1
0.084 1.910 0.959 0.223 Tl <13.7 ~10.6 14.4
0.07% 2.160  +0.8%1 0.153 «12.6 2.4 20,7 215
0,169  2.293 1.153 0.225 20,5 3.7 7.5 15.5
°l091 "1-5‘0 1.m OAZ‘i 0-6 '30‘-‘ "71:2 un?
ﬂlm z-z?i 1 1035 0'159 ‘2;? 2-7 '3.5 '3.0
0.080 1.953 0.93%9  0.15% 1.7 “11.7 ~12.4 1.7
0.104 2. 144 1.165 0.201 15.0 “3.0 8.6 3.1
0.005 2.070 0.89%  0.182 5.1 8.4 ~18.6 b.b
+0.305  +2.873 +1,30% 0.186 2373 29.9 2.3 4.5
o-m +G-a§ 1&040 ﬂJW ‘aus 'mv‘ ‘3-} '255
0.081 1949 0.762  D.132 -10.% 11,9 -29.0 +32.3
0.165 1.788 0.958 0.173 83.6 -19.2 1.7 ~11.2
0.141 2.364 1.083 o0.22%9 55.9 6.9 1.0 17.5
0.034 .89 0.450 0.069 ~62.4 -59.8 ~58.1 -84 .5
0.114 1.96% 0.921 0.184 , 25,9 -11.2 14, % *5.4
0.106  2.23% 0.93%  0.178 7.2 1.0 »12.5 -B.7
0,038 1.682 0.851 0.104 ~58.0 2.0 <39.3 ~46.6
0.154 4.635% 1.1%7 0.125 9.9 109.5 5.9 “35.4
2.221 2.600 1.140 0.244 e .6 17.5 6.3 e8.2
0.073 2.180 0.710  0.150 «19.3 -1.5 «33.8 -~25.0
0,086 $.630 0.715 0.132 2.0 -26.3 ~33.3 ~-32.3
AVG (33} 0.100 2,205 1.016 0.183 Core Laba  ¢21;15-97)
S0 0.051 0.725 0.22¢ 0.039 TRIM AVG  0.090  2.212 1.0  0.195
RSD 51.2 3.9 22.8 21.5 1) 0.01c  0.20 0.085 005
RSO 1.0 9.1 1.9 12.9
Core Labs  (21;15-97)
AVG 0.098 2.22% 1.092 0.195 HIST
gb 0.051  0.453 0.196 p.025 AVG 0.078  2.179 1.048 0,191
RS0 51.6 2%.4 7.9 12.9 50 9.3 0.222 0082 0,013
(a)New Lobs (3;98-115) PREVIOUS
AVG 8117 2.23% 0.893 0.160 VALUE 0.09¢  2.338 1.145 0.202
80 0.061 1026 0.233 0.057
R5D 52.0 45.4 26.1 35.8 + = Value removed for Core Lab Trimmed Aversge.
{b)Nem Lobe (27116-%17) L= Late resulte not included in the statistics,
AVE 0.070 1.%05 0.713  0.141 () = participating for the third time.
s 0.005  0.380  0.00% 0.013 (b} = perticipating for the first time.
RS0 7.1 20.4 4.5 9.0 ,
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Teble 4. Round Robin XXIV

Trans-Beta-Carotens Results

Serum # Serum # Seruen #  Serum #

Lab # 160 161
0.083  2.352
0.086 2,140
0.0B0  2.276
0.043  1.554
0.080  2.093
0.073 1.690
0.030 o727
0.075 1.798
0113 3.883

KisT 0.072 1.900

AVG 0.073 2,041
50 0.03  0.797
RED .2 394

Yabie 6. Round Robin XXIv
Rotinyl Palmitate

Serum # Serum #
Leb # 160 161

0.010  0.024

0.020  0.035

0.1 0,081

0.040

0.715  0.020

AVG 0.082  0.052
50 0.054 0.027
Rsh 88.0 51.2

Tabie 7. Round Robin XXIv
Ganma-Tocopherol

Sorum # Serum #
teh # 160 161
1.70 4,09
1.60 3.80
1.30 3.60
1.57 3.61
1.9 31.8%
1.67 3.6
¥.45 3.45
*2.36 &7
1.75 3.73
1.88 3.5
1.78 3.68
1.77 3.28
*0.53 *{.18
1.40 3.3
1.38 3.4
*1.04 2.9

RIST 1.51 3.43

AVG 1.57 3.49

§0 Q.40 0.69
RSD 25.4 19.6
TRIMMED ‘

AVG 1.62 3.62
-33] Q.20 6.22
RSD 12.2 6.0

162

1.089
0.980
1.009
0.672
0.975
0.670
0,399
G.987
0.941
0947

0.857
0.215
2.8

Sorum #
162

€.008
0.026
0.041
0.025

0.0%7
&7.0

163

0.185
0.180
C.180
0,139
0.179
g.120
0.062
0.163
0.126
0,181

0,151
0.040
26.3

Serun #

&
(7]

s22 poee
hel FRES

Serum # -
163

3.”
3.40
3.20
3.2
3.71
3.28
3.y
1.41
3.24
3.67
3.45
3.81
*1.04
3.10

2.27
332

3.7
0.65
205

3.37
0024
7.0

B7

Table 5. Round Robin XXIV
Alpha-Carotene

Serum # Serum # seru;t # Serum #

Lab # 160 181 163
0.026 0.101 0.038 0.012
0,017 0.088 0.032 0,010
0.017 0.021
0.049  0.280  0.077
0.003 0.042 0.012
0.026  0.100 0,036 0,000
0.016 0.09 G.032  0.010
0,020 0.074 0,029 0.013
0.013  0.083 0,032  0.014
0.015 0,085 0,018 0,005
0.023  0.07%% 0,031 0.012
0.016  0.121  0.054 0.010
0.19% 0,09  0.03%  0.009
0.025 0.08 0,030  0.010
0.033 0,121 D0.046  0.035
0.021  0.093 0.02B  0.009
0,059 0.086 0.029 0,053
0.038  0.017  0.005
0.016  0.079 0.037 0,019
0.229 0.046
NIST 0,018 0,091 0,03 0,010
AVG 0.031  0.103 0.03¢  0.015
D 0.041 0,056 0.01% 0.092
RSD 133,86 547  41.0 B4

% Bins from Trimmed Lab Average

Serum # Serun # Sertum # Serum #

Lab # 150

4.8
1.4
~19.9
"3-3
zﬂrs
2.9
~10.6
60«2
7;8
15.8
9.7
9.1
'6713
~13.8
=14.9
-35.9

161

12.9
4.9
'016
-0.8
6.3
2.5
4.8
3.4
2.9
3.4
1.6
-9
~&7.4
'6-8
5.1
~19.7

162

8.1
2.2
2.2
&7
19.2

0.2

163

* = Value removed for the TRIMMED average,



Table 8. Round Robin XXIV

Lab #

NIsT

AV
5D
RS0

Lutein

1460

0.067
0.055
0.109
0.073
0174
0.042
0.091
0.045
0.030

0.072
0.078

0.040
51.9

Serum #  Serum #

181

0.085
0.079
0.138
0.093
0.196
0.081
0.147
0.043
0.045
0.182
0.079

01106
0.052
‘a!a

Tebie 10, Round Robin XXIv

ish #

NIST
AVE
RS0

Feaxenthin

150

0.010
0.019
0.015
0.01%

¢.038
0.019

0.911
61.4

Serum # Serum #

151

0.022
0.027
0.021
0.021
0.qro
0.036

0.033
0.01%
58.2

162

0.053
0.045
0.081
0.047
0.107
oim
0.082
0.026
0.029
0.114
0.049

0.062
0.030
8.0

Serum #
162

09.013
0.015
0.015
0.040
0.026

0.021
0.010
48.0

Serum # Serum #

163

Serum ¥
163

0.012
0.0
0.015
2.0
0.091
0.025

0.029

0.031
1%-5
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Table 9. Round Robin XXIV

Lab #

NIST

AVG
0
RED

Lycopens

Serum #
140

0.824
0,754
0.845
1.066
1.175
0.484
0.792
0. 183
1.2%
0.727
0.416
0.910
0.747
0542
0,804
0.646
0.621
0.375
0.5638

u Im
0.730

0.261
- 35.8

Serum #
161

0.319
0.347
0.372
0.352
0.563
0.210
0.351
0,146
0.415
0.290
0.17%

0.182
B.315

0.305
0.118
3a.B

Teble 11. Round Robin XXIV
Lutein + Zeaxanthin

Serun # Serum # Serum #

Lab #

AVG
s0
RSD

160

0.08C
0'127
0.095
8.057
&.050

G.020
32-7

151

0.110
0.166
0.131
0.076

0.124
0,038
1.3

Serum #
1

0.205
ulzm
¢.198
0.219
0.

0.120
0.181
0.064
0,195
0.143
0.111
0.“1
0.185
0.102
0.237
0.122
0,134
0.077
0.136
0.114
0.182

0.1
0.074
43.3

142

0.074
0.098
0.077
8.050

0.075
0.020
2.3

Serum #
163

0.168
0.166
0.142
0.148
0.265
g.102
0.181
0.058
0.204
0.127
0.0M
0.293
0.128
a.114
0.167
0,100
0.121
g.052
ﬂ.fﬁ
0.310
0.139

0,153
0.068
“c“

Serim #
163

0.065
0,085
0.067
0.050

0.067
0.014
21 .5



Teble 12. Round Robin XXIV

Lab #

AVG
R5D

N1ST

Sortm # Serm # Serum ¥ Serum #

Bete-Cryptokanthin

160 161
0.057 0.061
0.04¢4 0.063
0.124 b4
0.062  0.065
8051 0.03%
0.065 0.066
0.165  0.086
0.08% 0.110
2,037 0.058
0.094 0.062
07 0.0%0
0.239 0.15%
0.051 0.027
0,057 0.053
0.038 Q.037
0.082 f.072
0.05¢  0.034
71.% 7.0

162

0.042
0.042
0.054
0.041
0.022
Q.031
0.0&7
0.086
0.030
G.035
0.0568
0.103
0.018
0041

0-*06
0,046

0.023
49.5

163

0.034
0.031
Glm
0.035
0.021
2.031
0.063
0.052
0.024
0.034
0.050
0.05%
0.015
0.037
0.020
o'w
0.01%

§2.0

B9

Teble 13.Round Robin XXIV
+13 Cis-Bets-Carotene

Lab #

Serum# Serum ¥ Serum # Serum #

180
0.008

141
0.153

162
0.051

183
0.014



Appendix C. Representative “Individualized Report” for RR24

Each participant in RR24 received graphical summaries of their own measurement
performance for total retinol, a-tocopherol, and/or total B-carotene. In RR24, two sets of
graphs were prepared:

e “Percent Bias” relative to the “Trimmed Core Lab Average” for of the serum-
based samples distributed from 7/1987 through 1/92.

e “Blind Duplicate Performance”, documenting the history of the % Bias values for
just the sera distributed in RR24.

The following six pages constitute the individualized report for participant FSV-BA.
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Appendix D. Updated “All-Lab Report” for RR24

The following six pages are a modernized version of an “All-Lab” report for RR24. This
report has three parts:

e pages 1 thru 4 list results for all analytes reported by at least twice, counting both
participants and NIST analysts.

e page 5 provides a legend for pages 1 thru 4.

e page 6 summarizes each participants’ performance for total retinol, a- and v/B-
tocopherol, and total 3-carotene. These summaries are compatible with the
percent bias evaluation advice given in the RR24 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 Core Lab Average” used in the
original and detailed in Appendix B. These original reference values were
estimated from on-time results of the more experienced participants, with
subjective exclusion of results deemed non-representative.

To ensure confidentiality, the laboratory identifiers used in this “All-Lab Report” have
been altered from those used in RR24. 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.

Note: The “NIST” values in the Tables described in Appendix B are the average of the
NISTa, NISTDb, and NISTc results.
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Revised "All Lab Report"

Round Robin XXIV Laboratory Results

Total Retinol, ug/mL

Retinyl Palmitate, ug/mL

a-Tocopherol, uyg/mL  y/B-Tocopherol, ug/mL

Lab| 160 161 162 163 160 161 162 163/ 160 161 162 163 160 161 162 163
FSV-BA| 1.01 0.653 0.288 0.383 | 0.101 0.081 0.026 0.030 | 6.27 16.3 4.76 5.81 1.67 3.64 1.64 3.28
FSV-BD| 1.00 0.704 0.277 0.392 6.40 15.2 4.28 5.56
FSV-BE| 0.98 0.634 0.255 0.342 4.68 14.0 3.23 4.40
FSV-BF| 1.14 0.690 0.330 0.410 6.10 16.2 4.80 5.80| 1.30 3.60 1.60 3.20
FSV-BG| 0.97 0.618 0.273 0.359  0.020 0.035 0.008 0.031 | 5.23 14.3 3.99 4.94
FSV-BH| 0.96 0.631 0.257 0.334| nd 0.040 nd 0.026| 5.40 14.1 4.00 4.98 | 1.45 3.45 1.51 3.07
FSV-BI| 0.98 0.645 0.283 0.383| nd nd nd nd 574 16.1 4.36 5.56| 1.60 3.80 1.60 3.40
FSV-BJ| 1.02 0.646 0.293 0.376| nd nd nd nd 6.28 14.7 4.36 5.70| 1.88 3.75 1.77 3.67
FSV-BK| 1.03 0.682 0.304 0.385 6.41 15.7 4.57 5.58
FSV-BL| 0.99 0.715 0.301 0.428 6.98 16.3 4.91 7.07
FSV-BM| 0.97 0.648 0.289 0.381 6.10 16.1 4.50 5.60
FSV-BN| 1.09 0.735 0.305 0.375 7.20 18.2 5.27 6.03| 1.40 3.38 1.45 3.10
FSV-BO| 1.23 0.830 0.320 0.470 7.90 17.5 5.66 7.30
FSV-BP| 1.02 0.731 0.383 0.496 7.38 20.4 555 6.71
FSV-BS| 1.31 1.052 0.378 0.476
FSV-BX
FSV-BY 1.06 0.661 0.296 0.362| 0.010 0.024 nd nd 6.28 16.5 4.62 5.72|| 1.70 4.09 1.64 3.59
FSV-CA| 1.08 0.697 0.306 0.389 7.04 17.6 4.95 5.88
FSV-CB| 0.85 0.538 0.234 0.276 6.31 15.3 4.35 5.18
FSV-CH| 13.25 0.767 0.335 0.418 10.70 18.5 5.04 5.42
FSV-CJ 1.09 0.806 0.300 0.443 6.80 17.2 4.60 5.99
FSV-CK| 1.37 0.749 0.300 0.367 8.09 18.6 4.52 5.15| 2.36 4.47 1.82 3.41
FSV-CL| 1.06 0.753 0.363 0.425 6.66 17.2 496 5.85 0.53 1.18 0.54 1.04
FSV-CM 6.01 15.7 4.79 581
FSV-CO| 0.97 0.639 0.276 0.368 6.21 16.0 4.45 5.63
FSV-CP
FSV-CQ| 0.84 0.582 0.252 0.330 7.33 18.0 4.78 6.51
FSV-CS| 1.07 0.700 0.295 0.394
FSV-CT| 1.87 0.713 0.044 0.441
FSV-CU| 0.98 0.616 0.281 0.360 0.115 0.080 0.041 0.064 | 6.09 15.5 4.78 5.65
FSV-CV| 1.01 0.673 0.287 0.390 6.16 15.2 4.34 5.36| 1.78 3.68 1.73 3.45
FSV-CY| 1.02 0.738 0.310 0.426 6.29 15.8 4.58 5.34
FSV-DC| 1.07 0.691 0.302 0.407 6.70 16.2 5.13 6.16/ 1.96 3.85 1.95 3.71
FSV-DE 6.45 16.2 452 552/ 157 3.61 1.56 3.24
FSV-DL| 1.02 0.658 0.269 0.400
FSV-DM| 1.21 0.898 0.359 0.487 491 119 3.57 4.74
FSV-DS| 0.76 0.590 0.287 0.335 5.30 12.7 3.82 4.83
FSV-DW
FSV-DY| 0.94 0.622 0.289 0.379 6.57 16.4 6.62 6.37
FSV-EA| 1.04 0.650 0.289 0.383 7.20 15.5 5.00 6.70
FSV-EB| 1.01 0.698 0.287 0.405 6.21 155 4.48 5.48
FSV-EC| 1.04 0.646 0.286 0.395 6.80 15.9 5.15 6.57
FSV-EF| 0.89 0.610 0.300 0.380 6.21 16.2 4.83 556 1.75 3.73 2.04 3.24
FSV-ElI| 0.96 0.638 0.233 0.360 550 14.3 3.81 4.72| 1.38 3.44 1.28 3.07
FSV-EJ| 1.04 0.715 0.291 0.461 6.19 15.1 4.10 5.19  1.77 3.28 1.44 3.81
FSV-EN| 0.49 0.380 0.200 0.220 3.46 11.9 3.56 3.30| 1.04 2.91 1.08 2.27
FSV-EV| 1.06 0.726 0.293 0.390 6.83 17.6 4.82 5.75
FSV-EY| 1.09 0.682 0.332 0.398 6.76 17.3 5.07 6.37
FSV-FM| 0.98 0.640 0.271 0.368 6.59 14.6 4.60 5.73

n 43 44 44 44 4 5 3 4 41 42 42 42 16 16 16 16

Min 0.490 0.380 0.044 0.220 0.010 0.024 0.008 0.026 3.46 11.9 3.23 3.30 0.53 1.18 0.54 1.04

Mean 1.037 0.684 0.289 0.390 0.062 0.052 0.025 0.038 6.32 159 4.62 5.66 1.57 3.49 1.54 3.16

Max 1.870 1.052 0.383 0.496 0.115 0.081 0.041 0.064 8.09 20.4 6.62 7.30 2.36 4.47 2.04 3.81

SD 0.189 0.099 0.052 0.051 0.054 0.027 0.017 0.018 0.85 1.7 0.60 0.73 0.41 0.71 0.36 0.67

Ccv 10 9 13 10 47 33 41 27 11 8 9 10 17 16 17 18

NISTa| 0.905 0.599 0.279 0.336 592 159 4.28 5.13| 1.60 3.65 1.55 3.43
NISTb| 0.932 0.565 0.252 0.339 6.58 17.1 5.01 6.35/| 1.61 3.60 1.65 3.40
NISTc| 0.998 0.647 0.288 0.389 6.76 16.4 4.87 5.75|/1.32 3.05 1.36 3.14
Median 1.018 0.678 0.290 0.387 0.040 6.29 16.01 4.60 5.64 1.64 3.63 1.60 3.26
eSD 0.071 0.058 0.020 0.032 0.024 0.61 1.29 0.42 0.48 0.31 0.27 0.23 0.28
eCv 7 9 7 8 59 10 8 9 9 19 7 15 9
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Revised "All Lab Report"

Lab

Round Robin XXIV Laboratory Results

Total B-Carotene, ug/mL

trans-f-Carotene, ug/mL

Total cis-B-Carotene,

ug/mL

160

161

162

163

160 161

162

163

160

161

162

163

FSV-BA| 0.092 2.30 1.03 0.190

FSV-BD
FSV-BE
FSV-BF
FSV-BG
FSV-BH
FSV-BI
FSV-BJ
FSV-BK
FSV-BL
FSV-BM
FSV-BN
FSV-BO
FSV-BP
FSV-BS
FSV-BX
FSV-BY
FSV-CA
FSV-CB
FSV-CH
FSV-CJ
FSV-CK
FSV-CL
FSV-CM
FSV-CO
FSV-CP
FSV-CQ
FSV-CS
FSV-CT
FSV-CU
FSV-CV
FSV-CY
FSV-DC
FSV-DE
FSV-DL
FSV-DM
FSV-DS
FSV-DW
FSV-DY
FSV-EA
FSV-EB
FSV-EC
FSV-EF
FSV-EI
FSV-EJ
FSV-EN
FSV-EV
FSV-EY
FSV-FM
n

Min
Mean
Max

SD

cv

NISTa
NISTb
NISTc

Median
eSD
eCv

0.130
0.043
0.080
0.078
0.109

0.114
0.073
0.141
0.154
0.084
0.094

10.31
0.092
0.052
0.081

0.111
0.080
0.086

0.221
0.088
0.091
0.084
0.096

0.095
0.166
0.066
0.034
0.079

0.104
0.112

0.038
0.090

0.106

2.34
1.98
2.46
2.18
2.29

1.97
2.18
2.36
4.64
2.30
2.54

2.87
2.29
1.86
1.95

241
1.95
3.90

2.60
2.27
1.54
1.91
2.75

2.07
1.79
1.63
0.89
2.16

2.15
1.65

1.68
0.24

2.23

1.20
1.07
1.07
0.99
1.15

0.99
0.71
1.08
1.14
1.03
1.19

1.30
1.00
0.78
0.76

1.09
0.94
1.76

1.14
1.04
1.06
0.96
1.21

0.90
0.96
0.72
0.45
0.85

1.17
1.26

0.65
1.04

0.94

0.199
0.181
0.190
0.178
0.225

0.184
0.150
0.229
0.126
0.183
0.203

0.186
0.182
0.183
0.132

0.211
0.156
0.255

0.244
0.189
0.241
0.223
0.173

0.182
0.173
0.132
0.069
0.153

0.201
0.217

0.104
0.190

0.178

0.086 2.14 0.98 0.180

0.080 2.28

0.075 1.80

0.113 3.88

0.083 2.35

0.043 1.55
0.073 1.69

0.080 2.09

0.030 0.73

1.01

0.92

0.94

1.09

0.67
0.67

0.98

0.40

0.180

0.163

0.126

0.185

0.139
0.120

0.179

0.062

0.006 0.16 0.05

0.000

0.039

0.042

0.011

0.009
0.008

0.008

0.004

0.18

0.17

0.75

0.19

0.30
0.26

0.18

0.16

0.06

0.07

0.20

0.10

0.11
0.09

0.06

0.05

0.010

0.010

0.021

nd

0.018

0.044
0.012

0.010

0.007

33
0.034
0.096
0.221
0.037

17

34
0.24
2.19
4.64
0.73

16

34
0.45
1.02
1.76
0.23

13

34
0.069
0.183
0.255
0.039

15

0.030 0.73
0.074 2.06
0.113 3.88
0.024 0.84

22 22

0.40
0.85
1.09
0.22

20

0.062
0.148
0.185
0.041

22

0.000
0.014
0.042
0.015

37

0.16
0.26
0.75
0.19

25

0.05
0.09
0.20
0.05

24

0.007
0.017
0.044
0.012

27

0.090
0.065
0.080

2.40
1.96
2.18

112
1.02
1.01

0.204
0.190
0.179

0.063 1.62
0.081 2.18

0.86
1.03

0.189
0.172

0.002
nd

0.34
nd

0.15
nd

0.001
0.007

0.091
0.019
21

2.180
0.345
16

1.033
0.157
15

0.184
0.027
15

0.080 2.093
0.009 0.437
11 21

D3

0.941
0.101
11

0.163
0.033
20

0.008
0.004
56

0.181
0.027
15

0.066
0.024
36

0.011
0.004
34
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Revised "All Lab Report"

Round Robin XXIV Laboratory Results

Total a-Carotene, pg/mL

Total Lycopene, yg/mL  Total B-Cryptoxanthin, pg/mL

Lab] 160 161 162 163 160 161 162 163 160 161 162 163
FSV-BA 0.026 0.100 0.036 0.009 0.48 0.21 0.120 0.102/| 0.062 0.065 0.041 0.035
FSV-BD
FSV-BE
FSV-BF 0.049 0.280 0.077 nd
FSV-BG
FSV-BH 0.016 0.096 0.032 0.010| 0.79 0.35 0.181 0.161 0.031 0.035 0.022 0.021
FSV-BI 0.017 0.088 0.032 0.010| 0.75 0.35 0.200 0.166 0.046 0.063 0.042 0.031
FSV-BJ 0.023 0.074 0.031 0.012/ 0.42 0.18 0.111 0.091
FSV-BK
FSV-BL
FSV-BM
FSV-BN| 0.016 0.079 0.037 0.019| 0.64 0.27 0.136 0.125 0.037 0.053 0.041 0.037
FSV-BO
FSV-BP 0.039 0.086 0.029 0.053 0.62 0.28 0.134 0.121 | 0.239 0.155 0.103 0.065
FSV-BS nd 0.229 0.046 nd
FSV-BX 0.013 0.083 0.032 0.014 1.24 0.42 0.195 0.204 | 0.165 0.086 0.067 0.063
FSV-BY 0.026 0.101 0.038 0.012 0.82 0.34 0.205 0.168 0.057 0.061 0.042 0.034
FSV-CA 1.07 0.36 0.219 0.168
FSV-CB
FSV-CH
FSV-CJ 0.017 nd 0.021 nd 0.85 0.37 0.198 0.142 0.124 0.111 0.056 0.038
FSV-CK| 0.020 0.074 0.029 0.013| 0.18 0.15 0.064 0.068 0.065 0.066 0.031 0.031
FSV-CL| 0.021 0.093 0.028 0.009| 0.65 0.22 0.122 0.100 0.117 0.090 0.068 0.060
FSV-CM
FSV-CO
FSV-CP| 0.196 0.091 0.034 0.009| 0.75 0.28 0.165 0.128  0.037 0.058 0.030 0.026
FSV-CQ
FSV-CS
FSV-CT
FSV-CU
FSV-CV| 0.014 0.121 0.054 0.010/| 0.91 0.49 0.341 0.293
FSV-CY
FSV-DC 0.003 0.042 0.012 nd 1.18 0.56 0.344 0.265
FSV-DE
FSV-DL 0.025 0.084 0.030 0.010/| 0.64 0.22 0.102 0.114 0.094 0.062 0.035 0.034
FSV-DM
FSV-DS
FSV-DW 0.038 0.017 0.005| 0.32 0.11 0.077 0.052 0.031 0.027 0.018 0.015
FSV-DY| 0.015 0.086 0.018 <0.005/ 0.73 0.29 0.143 0.127  0.085 0.110 0.066 0.052
FSV-EA
FSV-EB
FSV-EC
FSV-EF
FSV-EI
FSV-EJ 0.033 0.121 0.046 0.038/| 0.81 0.48 0.237 0.167
FSV-EN
FSV-EV
FSV-EY
FSV-FM

n 18 19 20 15 19 19 19 19 14 14 14 14

Min 0.003 0.038 0.012 0.005 0.18 0.11 0.064 0.052 0.031 0.027 0.018 0.015

Mean 0.032 0.103 0.034 0.016 0.73 0.31 0.173 0.145 0.085 0.074 0.047 0.039

Max 0.196 0.280 0.077 0.053 1.24 0.56 0.344 0.293 0.239 0.155 0.103 0.065

SD 0.042 0.058 0.014 0.013 0.27 0.12 0.077 0.061 0.060 0.034 0.023 0.015

cv 22 21 19 24 22 22 22 21 25 22 22 24

NISTa

NISTb| 0.019 0.106 0.035 0.012/| 0.88 0.31 0.178 0.162 0.043 0.038 0.024 0.020

NISTc 0.017 0.076 0.034 0.009| 0.68 0.32 0.185 0.116  0.033 0.037 0.026 0.019

Median 0.021 0.088 0.032 0.010 0.747 0.290 0.165 0.128 0.064 0.064 0.042 0.035
eSD 0.008 0.018 0.007 0.003 0.162 0.108 0.064 0.055 0.042 0.024 0.020 0.009
eCV 40 20 21 30 22 37 39 43 67 38 47 25

D4
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Revised "All Lab Report"

Lab

Round Robin XXIV Laboratory Results

Total Lutein, ug/mL

Total Zeaxanthin, uyg/mL  Total Lutein&Zeaxanthin, ug/mL

160 161 162 163

160 161 162 163

160 161 162 163

FSV-BA
FSV-BD
FSV-BE
FSV-BF
FSV-BG
FSV-BH
FSV-BI
FSV-BJ
FSV-BK
FSV-BL
FSV-BM
FSV-BN
FSV-BO
FSV-BP
FSV-BS
FSV-BX
FSV-BY
FSV-CA
FSV-CB
FSV-CH
FSV-CJ
FSV-CK
FSV-CL
FSV-CM
FSV-CO
FSV-CP
FSV-CQ
FSV-CS
FSV-CT
FSV-CU
FSV-CV
FSV-CY
FSV-DC
FSV-DE
FSV-DL
FSV-DM
FSV-DS
FSV-DW
FSV-DY
FSV-EA
FSV-EB
FSV-EC
FSV-EF
FSV-EI
FSV-EJ
FSV-EN
FSV-EV
FSV-EY
FSV-FM
n

Min
Mean
Max

SD

CVv

NISTa
NISTb
NISTc

Median
eSD
eCVv

0.073 0.093 0.047 0.049
0.055 0.079 0.045 0.039

0.030 0.045 0.029 0.020

0.062 0.081 0.048 0.045
0.067 0.086 0.053 0.045

0.109 0.138 0.081 0.068
0.174 0.196 0.107 0.152

nd 0.182 0.114 0.310

0.045 0.043 0.026 0.027
0.091 0.147 0.082 0.093

0.019 0.027 0.019 0.021
0.010 0.022 0.013 0.012

0.011 0.021 0.015 0.011

0.015 0.021 0.015 0.015

nd 0.070 0.040 0.091

0.127 0.166 0.098 0.085

0.092 0.120 0.066 0.070
0.080 0.110 0.074 0.065

0.057 0.076 0.050 0.050

0.077 0.102 0.063 0.060

0.095 0.131 0.077 0.067

nd 0.252 0.154 0.401

9 10 10 10
0.030 0.043 0.026 0.020
0.078 0.109 0.063 0.085
0.174 0.196 0.114 0.310
0.043 0.054 0.031 0.088

25 27 27 28

4 5 5 5
0.010 0.021 0.013 0.011
0.014 0.032 0.020 0.030
0.019 0.070 0.040 0.091
0.004 0.021 0.011 0.034

22 30 28 38

6 7 7 7
0.057 0.076 0.050 0.050
0.088 0.137 0.083 0.114
0.127 0.252 0.154 0.401
0.023 0.058 0.035 0.127

18 23 22 32

0.078 0.080 0.051 0.043
0.067 0.078 0.047 0.039

0.053 0.041 0.033 0.033
0.023 0.030 0.019 0.017

0.131 0.121 0.084 0.076
0.090 0.108 0.066 0.056

0.067 0.090 0.051 0.047
0.033 0.067 0.034 0.030
49 75 68 65

0.013 0.022 0.015 0.015
0.004 0.001 0.003 0.006
29 7 20 40

D5

0.086 0.120 0.074 0.067
0.014 0.027 0.016 0.010
16 22 22 15
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Round Robin XXIV Laboratory Results

Legend
nd Not detected (i.e., not reported or reported as '0', 'not determined’, etc.)
<x Value less than x
I' Invalid sample, reason unknown
italics Value calculated from reported results

n Number of non-NIST laboratories reporting quantitative results
Min Minimum non-NIST reported value.
Mean Average over all non-NIST reported values.
Max Maximum non-NIST reported value.
SD Standard deviation over all non-NIST values.
CV Coefficient of Variation (% relative standard deviation): 100*SD/Mean

Median Median over all non-NIST reported values
eSD Robust estimate of SD based on the adjusted median absolute difference from the median (MADe)

eCV Robust estimate of CV, 100*eSD/Median

D6

Revised "All Lab Report" Page 5/6



Round Robin XXIV Laboratory Results
% Bias Summary

Lab TR ar g/bT bC Label [ Definition
FSV-BA -2+1 242 1+1 243 Lab | Participant code
FSV-BD 04 -3+4 TR | Total Retinol
FSV-BE -8+4 2347 aT | a-Tocopherol
FSV-BF 816 1+3  -6110 19+17 g/bT | g/b-Tocopherol
FSV-BG -7+2  -13#3 -15+26 bC | Total b-Carotene
FSV-BH -9+4  -13%1 -7+3 2110 % Bias| (Mean + SD) of individual serum biases
FSV-BI -3+2 -4+4 2+3 -546
FSV-BJ -243 -3+4 1045 1548 Mean| Average of (x;-Median;)/Median;
FSV-BK 212 0£2 SD| Standard deviation of (x;-Median;)/Median;
FSV-BL 4+6 11+10 Xi| Result for analyte in serum;
FSV-BM -3+2 -1+2 Median;| Median of non-NIST results in serum;
FSV-BN 415 12+4 -9+4 3+16
FSV-BO 19+6 229 -17+13| The original analysis listed % Bias for each result for
FSV-BP| 17£15 2115 23+23| each serum calculated relative to the "Trimmed Core
FSV-BS| 34+14 40+64| Lab Average" of that analyte in the serum. The
FSV-BX -1£5( summary values reported here are the (arithmetic mean
FSV-BY -1+5 1+2 7+5 11+6| + standard deviation) of each laboratory's reported
FSV-CA 4+3 8+3 results for the analyte estimated relative to each
FSV-CB| -2145 -4x4 serum's median value.
FSV-CH 12+4 7+10 20+16
FSV-CJ 1147 5+4 1+4
FSV-CK| 11+17 9+17 22+17 -21+18
FSV-CL 1249 6+2  -67+1 -19+9
FSV-CM 0+4
FSV-CO -5+1 -1+1 13+7
FSV-CP -12+2
FSV-CQ| -15+2 1246 46+38
FSV-CS 3+2
FSV-CT 5+69 51+62
FSV-CU -6+3 -1+3 1+3
FSV-CV 0+1 -4+2 6+3 1+25
FSV-CY 7+4 -2+2 -1+15
FSV-DC 442 75 1547 11+14
FSV-DE 0+2 -2+2
FSV-DL -2+4 -4+7
FSV-DM 25+6  -22+4 13+47
FSV-DS| -13+10 -17+3 -28+2
FSV-DW -60£3
FSV-DY -4+4  16+19 -12+48
FSV-EA -1+3  10+10
FSV-EB 2+3 -2+1 9+7
FSV-EC 0£3 9+7 10+23
FSV-EF -5+7 1+3 9+13
FSV-EI| -10+7 -14+3 -12+7 -40£15
FSV-EJ 7+8 -7+4 1+13 -22+45
FSV-EN| -42+9 -34+11 -30+7
