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Abstract 
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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 1988 MMQAP measurement comparability improvement studies: 1) Round 
Robin XII Fat-Soluble Vitamins and Carotenoids in Human Serum, 2) Round Robin XIII Fat-
Soluble Vitamins and Carotenoids in Human Serum, and 3) Round Robin XIV Fat-Soluble Vitamins 
and Carotenoids in Human Serum.  The materials for Round Robin XII were shipped to participants 
in January 1988; participants were requested to provide their measurement results by March 2, 1988. 
The materials for Round Robin XIII were shipped to participants in May 1988; participants were 
requested to provide their measurement results by July 1, 1988. The materials for Round Robin XIV 
were shipped to participants in August 1988; participants were requested to provide their 
measurement results by October 1, 1988. 
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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 XII:  Fat-Soluble Vitamins and Carotenoids in Human Serum 

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin 
XII comparability study (hereafter referred to as RR12) received five 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 1988.  The 
communication materials included in the sample shipment are described in Appendix A. 

Participants were requested to report values for retinol, α-tocopherol, and total and trans-β-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 RR12 is reproduced as Appendix B.  This report 
included: 
•	 An individualized letter that discussed the participant community’s results and a summary 

analysis of the individual participnt’s results. 
•	 Tabular presentations of all results and several summary values. 
•	 Graphical presentations of the community’s interlaboratory precision over time. 
•	 Graphical presentations of the individual participant’s results. 

Appendix C lists all of the measurement results reported for RR12 in a more accessible format. 
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Round Robin XIII:  Fat-Soluble Vitamins and Carotenoids in Human Serum 
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Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin 
XIII comparability study (hereafter referred to as RR13) received five 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 1988.  The 
communication materials included in the sample shipment are described in Appendix D. 

Participants were requested to report values for retinol, α-tocopherol, and total and trans-β-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 RR13 is reproduced as Appendix E.  This report 
included: 
•	 An individualized letter that discussed the participant community’s results and a summary 

analysis of the individual participnt’s results. 
•	 Tabular presentations of all results and several summary values. 
•	 Graphical presentations of the community’s interlaboratory precision over time. 
•	 Graphical presentations of the individual participant’s results. 

Appendix F lists all of the measurement results reported for RR13 in a more accessible format. 

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

Participants in the MMQAP Fat-Soluble Vitamins and Carotenoids in Human Serum Round Robin 
XIV comparability study (hereafter referred to as RR14) received five lyophilized human sera.  
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 1988.  The communication 
materials included in the sample shipment are described in Appendix G. 

Participants were requested to report values for retinol, α-tocopherol, and total and trans-β-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 RR14 is reproduced as Appendix H.  This report 
included: 
•	 An individualized letter that discussed the participant community’s results and a summary 

analysis of the individual participnt’s results. 
•	 Tabular presentations of all results and several summary values. 
•	 Graphical presentations of the community’s interlaboratory precision over time. 
•	 Graphical presentations of the individual participant’s results. 

Appendix I lists all of the measurement results reported for RR14 in a more accessible format. 

2 




 

 

  

   

 

References 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
IS

T.IR
.7880-36

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. 

3 




  
 
 

  
   

 

 
   

 
  

______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
IS

T.IR
.7880-36

Appendix A.  Shipping Package Inserts for RR12 

Two items were attached to each package shipped to an RR12 participant: 
•	 Cover letter.  The original letter has been lost.  It would have described the five 

lyophilized sample materials (sera 77 to 81) distributed for the study and stated that 
results were due in March 2, 1988. 

•	 Datasheet. Page A2 reproduces the form. 
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REPORT ON NBS/NCI SAMPLES FROM LABORATORY # _____ 

DATE OF ANALYSIS ________ 

RESULTS IN mg/L
================================================================ 
SAMPLE # ANALYTE Result 
================================================================ 
SERUM 77 

RETINOL 
VIAL # ____ -------------------------------------------------

All Trans Total 
B-CAROTENE 

A-TOCOPHEROL 
================================================================ 
SERUM 78 

RETINOL 
VIAL # ____ -------------------------------------------------

All Trans Total 
B-CAROTENE 

A-TOCOPHEROL 
================================================================ 
SERUM 79 

RETINOL 
VIAL # ____ -------------------------------------------------

All Trans Total 
B-CAROTENE 

A-TOCOPHEROL 
================================================================ 
SERUM 80 

RETINOL 
VIAL # ____ -------------------------------------------------

All Trans Total 
B-CAROTENE 

A-TOCOPHEROL 
================================================================ 
SERUM 81 

RETINOL 
VIAL # ____ -------------------------------------------------

All Trans Total 
B-CAROTENE 

A-TOCOPHEROL 
================================================================ 
RECONSTITUTE THE SERUM SAMPLE WITH 1.0 mL WATER. 
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The following sixteen pages are the final report for RR12 as provided to participants.  
The original report consisted of: 
•	 An individualized cover letter and discussion.  The pages reproduced here are for 

participant FSV-BA. 
•	 Four tables that list the reported results and several summary values for retinol, 

α-tocopherol, total β-carotene, and trans-β-carotene.  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 RR12 results where the original codes have been altered to ensure 
confidentiality.  Appendix C also provides more relevant summary statistics. 
(The labels “NBS A” and “NBS B” in these tables refer to NIST analysts NISTa 
and NISTd.) 

•	 For all participants, graphical presentations of % bias relative to the assigned 
value of all participants for retinol, α-tocopherol, total β-carotene, and trans­
β-carotene.  The laboratory codes originally below the horizontal axis have been 
deleted without replacement. 

•	 For all participants who had participated in Round Robin IX (May 1987), 
graphical calibration-style presentations of their results for Sera 62 to 66 relative 
to the assigned values for retinol, α-tocopherol, and total β-carotene.  The pages 
reproduced here are for participant FSV-BA. 
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April 11, 1988 

Dear 

UNITED STATES DEPARTMENT CF COMMERCE 
National Bureau of Standards 
Gaithersburg. Maryland 20899 

Enclosed is our statistical summary of the results from the fat-soluble 
vitamins component of RR-XII. Individual laboratory performance is judged 
against an assigned value derived from the laboratory grand average (33%) and 
two separate NBS measurement procedures (67%). Based on results from past 
round-robins and our assessment of the state of the art for fat-soluble 
vitamin measurement capabilities, 0-15% deviation from the assigned value is 
deemed acceptable performance; 16-30% r epresents marginal performance; >30% 
represents unacceptable performance. 

Results from this round-robin, however, indicate that laboratory performance 
has begun to improve, and that the performance guidelines cited above might be 
a bit conservative and not truly reflect the measurement capabilities that 
exist in many laboratories. For example, of the thirty-one labs that measured 
retinol in RR-XII, twenty reported results that were classified as being 
acceptable (0.15% deviation from the assigned value), nine of the thirty-one 
laborat ories reported values for all five samples that varied from the 
assigned values by sl0%. The performance of five laboratories was deemed to 
be unacceptable. 

For the twenty eight labs that measured alpha-tocopherol, fifteen reported 
results that were deemed acceptable, with eleven reporting r esults for all 
sample's that varied from the assigned value by ~10%. The performance of only 
one laboratory was classified as being unacceptable. 

For the twenty labs that provi ded data for "total beta-carotene", ten r eported 
results that were deemed acceptable. Four of the ten labs provided data that 
varied sl0% for all five samples. For the five labs that reported data f or 
all - trans beta carotene (the agent supposedly under investigation), one lab 
reported results that were deemed to be of unacceptable quality; the r emaining 
four reported results that were classified as being marginal . 

Your laboratory's overall performance in this round-robin was: 

ACCEPTABLE MARGINAL UNACCEPTABLE 

Retinal x 

a-Tocopherol x 

All-trans p-carotene x 

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

(Personal name), 
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Page 2 

Problems with the measurement and interlaboratory comparison of measurements 
of serum beta-carotene continue. We feel that this problem is due mainly to 
the fact that different reversed-phase columns provide different selectivity 
for carotenoids. Most commercial C-18 olumns ("monomerically bound") provide 
separations that combine the all-trans and cis isomers of beta-carotene into 
one peak. Data obtained from such columns should be reported as "total beta 
carotene". "Polymerically bound" C-18 columns allow separation of the all­
trans from the cis isomers, but the resolution of the cis isomers from other 
carotenoids is not consistent from manufacturer to manufacturer, or lot to lot 
for the same manufacturer. It is therefore possible to obtain a value for all 
trans beta-carotene, but obtaining values for total beta-carotene (by addition 
of responses for the all trans and the individual cis isomers) is complicated 
by the elution of other carotenoid compounds in the same region of the 
chromatogram .. Research is in progress at NBS to develop test mixtures that 
will allow labs to classify their columns, and gain better knowledge of what 
they are measuring and reporting. Additional NBS investigations are being 
directed toward the development of a phase specifically tailored for 
carotenoid separations. We expect to begin providing the test mixtures by 
this summer and carotenoid columns by early next year. 

As promised at last years workshop, we are now ready to distribute "Control 
Materials" with assigned concentration values for retinal, alpha-tocopherol, 
and total beta-carotene. These materials, and instructions for their use are 
being shipped to you under separate cover. 

Sincerely, 

Willie E. May, Ph.D. 
Chief 
Organic Analytical Research Division 
Center for Analytical Chemistry 

Enclosure 

cc R Schaffer 
H Pierson 
R Paule 
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The following three pages are a revised version of an “All-Lab” report for RR12.  This 
report has three parts: 
•	 Page 1 lists results for all analytes reported. 
•	 Page 2 provides the legend for page 1. 
•	 Page 3 summarizes each participants’ performance for retinol, α-tocopherol, total 

β-carotene, and trans-β-carotene.  These summaries are compatible with the 
percent bias evaluation advice given in the original RR12 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 “Assigned Value” 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 RR12.  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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Symbol 
italics 

n 
Min 

Mean 
Max 
SD 
CV 

Median 
eSD 

eCV 

≥x 

Round Robin XII Laboratory Results 

Table Legend 

Interpretation 
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 greater than or equal to x
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Round Robin XII Laboratory Results
 

%Bias Summary 

Lab TR aT bC t-bC Label
FSV-BA -5±7 26±9 27±7 22±7 Lab 
FSV-BD -9±7 5±11 TR 
FSV-BE 21±4 0±2 -42±2 aT
FSV-BF -9±6 5±1 44±16 52±18 bC
FSV-BG 6±3 -5±5 -3±16 t-bC
FSV-BH -9±3 -3±1 11±2 % Bias
FSV-BI 1±2 -5±1 -17±5 

FSV-BX -8±3 -13±7 -26±6 -37±6 Mean
FSV-BY -31±13 -7±4 SD
FSV-BZ -41±28 4±11 xi

FSV-CA 4±4 -7±4 Mediani

FSV-CJ 13±6 12±5 -10±6 

 Definition 
 Participant code 
 Total Retinol 
 a-Tocopherol 
 Total b-Carotene 
 Trans-b-Carotene 
 (Mean ± SD) of individual serum biases 

 Average of (xi-Mediani)/Mediani 

 Standard deviation of (xi-Mediani)/Mediani 

 Result for analyte in serumi 

 Median of non-NIST results in serumi 

The original analysis listed % Bias for each result for each FSV-CK -22±3 -20±5 -30±10 -36±10 
FSV-CL -9±6 -12±7 
FSV-CN 1±7 -35±2 
FSV-CO -4±2 1±4 
FSV-DC 10±3 
FSV-DE 6±3 
FSV-DG 5±2 17±3 
FSV-DH 3±4 -14±4 
FSV-DN -21±10 0±3 
FSV-DO 50±34 
FSV-DT 1±11 -2±6 
FSV-DZ 2±24 4±22 
FSV-ED 4±2 5±3 
FSV-EG -6±4 
FSV-EN -3±7 -2±6 
FSV-EO 0±4 
FSV-EP 1±3 -12±5 
FSV-EU 45±19 27±2 
FSV-EW 7±1 16±7 
FSV-FE 1±2 -15±4 
FSV-FI 15±4 

-24±6 serum calculated relative to the trimmed "Average" of that 
18±33 analyte in the serum.  The summary values reported here 

3±3 
1±3 

are the (arithmetic mean ± standard deviation) of each 
laboratory's reported results for the analyte estimated 
relative to each serum's median-based reference value. 

11±5 

7±5 

6±14 

-3±1 
-10±6 

8±2 0±0 

5±1 
48±21 

NISTa -7±2 8±6 -8±8 -26±8 
NISTd -9±3 -3±4 9±7 -16±8 
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Appendix D.  Shipping Package Inserts for RR13 

Two items were attached to each package shipped to an RR12 participant: 
•	 Cover letter. The original letter as attached to the packages has been lost, page D2 

reproduces the proof copy of the mail-merge letter form. 

•	 Datasheet. Page D3 reproduces the form. 

D1 
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Individualized letters were sent to study participants. The “^F1^” and “^F2^” 
were mail-merge commands for inserting a participant’s name and address. 

D2
 



 
  

         

   

   

   

   

 

   

 

 

To be included in the statistical analysis,
 
PLEASE submit results by July 1, 1988.  Thank you.
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REPORT ON NBS/NCI SAMPLES FROM LABORATORY # _________ 

DATE OF ANALYSIS _____________ 

RESULTS IN mg/L 

SAMPLE # ANALYTE Result 

SERUM 90 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 91 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 92 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 93 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 94 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans 

A-TOCOPHEROL 

Reconstitute the Serum Sample with 1.0 mL water. 

YES, I PLAN TO ATTEND THE Q.A. WORKSHOP THIS FALL ______ 

NO, I CANNOT ATTEND THE Q.A. WORKSHOP THIS FALL ______ 

THE FOLLOWING FALL TIME PERIOD IS INCONVENIENT FOR ME: 

D3 
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The following twenty pages are the final report for RR13 as provided to participants.  
This report consisted of: 
•	 An individualized cover letter and discussion.  The pages reproduced here are for 

participant FSV-BA. 
•	 Four tables that list the erported results and several summary values for retinol, 

α-tocopherol, total β-carotene, and trans-β-carotene. Due to the complex 
formatting used in the tables, the originally listed laboratory codes have been 
deleted without replacement.  However, Appendix F provides a complete listing 
of the RR13 results where the original codes have been altered to ensure 
confidentiality.  Appendix F also provides more relevant summary statistics. 
(The labels “NBS A” and “NBS B” in these tables refer to NIST analysts NISTa 
and NISTd.) 

•	 For all particpants, graphical presentations of their own measurements of the 
“Control B” material for retinol, α-tocopherol, and trans-β-carotene.  The pages 
reproduced here are for participant FSV-BA. 

•	 For all particpants, graphical presentations of their own measurements of the 
“Control D” material for retinol, α-tocopherol, total β-carotene, and trans­
β-carotene.  The pages reproduced here are for participant FSV-BA. 

•	 For all participants, graphical presentations of their own over-time bias relative to 
an assigned value for retinol, α-tocopherol, total β-carotene, and total β-carotene. 
The pages reproduced here are for participant FSV-BA. 
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Personalized letters were sent to participants.
­
This block contained their formal name and address.
­

(Personal name): 
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c Re ti nol Results for RRXIII 

Lab • Serua 90 Seru11 91 Seru• 92 SerU111 93 Seru• 94 

0.362 1.003 0.577 0.726 0.403 
0.396 0.990 0.574 0.732 0.415 
0.454 1.169 0.649 o. 973 0.493 
0.388 1.044 0.568 0.748 0.443 
0.446 1.154 0.640 0.827 0.471 
0.375 0.975 0.562 0.787 0.450 
0.401 1. 015 0.623 0.687 0.420 
0.412 1.054 0.590 o. 777 0.454 
0.367 1.096 o. 610 0.673 0.372 

NC 0.430 1.004 0.580 0.734 0.436 
0.472 1. 018 0.702 0.908 0.522 

NC 0.372 1.037 0.544 0.718 0.437 
0.421 1.155 0.650 0.959 0.487 
0.364 0.963 0.553 o. 771 0.408 

NC 0.436 1. 214 0.796 0.892 0.640 
0.400 1.090 0.600 0.780 0.430 
0.350 0.958 0.518 0.716 0.361 
0.385 1.058 0.575 o. 770 0.428 
0.369 0.958 0.449 0.766 0.410 
0.402 1. 010 0.625 0.761 o. 416 

L 0.346 0.927 0.564 0.744 0.375 
0.416 1. 037 0.610 0.712 0.437 

c 0.382 1.020 0.594 0.750 0.424 
0.430 1. 150 0.580 0.720 0.430 
0.380 0.880 0.530 0.650 0.420 
0.372 1.035 0,588 0.749 0.419 
0.450 0.920 0.560 0.700 0.470 
0.320 0.890 0.490 0.660 0.360 
0.388 0.914 0.517 0.823 0.452 
0.389 0.866 0.515 0.832 0.445 

LAB AVG 0.396 1.027 0.584 0.750 0.431 

SD 0.036 0.081 0.054 0.057 0.039 
Rel SD 9.2 7.B 9.3 7.6 9.0 

NBS AVG o. 377 1. 004 0.574 0.695 0.406 

Assigned (l. 383 1. 017 0.577 0.713 0.418 
Value +/-0.032 +/-0.032 +/-0.023 +/-0.068 +/-0.025 

NC = No Control Data. Results from labs with NC are not 
included in the Average. 

L = Late results not included in the Average. 

( Assigned Value is derived from the mean of the Laboratory 
Grand Average and two NBS methods. 
The Uncertainty is expressed as two standard 
deviations of the Assigned Value. 
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Retinal Results RRX II I 

7. Bi as fro• the Assigned Value. ( 
Lab I Seru• 90 Serum 91 Seru• 92 Serum 93 Serum 94 Rating 

-5.5 -1. 4 o.o 1.8 -3.5 AAA 
3.4 -2.6 -0.6 2.6 -0.6 AAA 

18.5 15.0 12.4 22.4 15.7 t1 
1. 3 2.7 -1. 6 4.9 6.1 AA 

16.4 13.5 10.9 15.9 12.8 t1 
-2.1 -4.1 -2.6 10.3 7.8 AA 
4.7 -0.2 7.9 -3.7 0.6 AA 
7.S 3.7 2.2 8.9 8.7 AA 

-4.2 7.8 5.7 -5.7 -10.9 A 
NC 12.2 -1. 3 0.5 2.9 4.4 A 

23.2 0. 1 21. 6 13.3 25.0 M 
NC -2.9 2.0 -s.e 0.7 4.6 AA 

9.9 13.6 12.6 20.4 16.6 t1 
-5.0 -5.3 -4.2 8. 1 -2.3 AA 

NC 13.B 19.4 37.9 25.0 53.3 u 
4.4 7.2 3.9 9.3 3.0 AA 

-B.6 -S.8 -10.3 0.4 -13.6 A 
0.5 4.1 -0.4 7.9 2.5 AA 

-3.7 -s.a -22.2 7.4 -1. B M 
4.9 -0.7 8,3 6.7 -0~4 AA 

L -9.7 -a.a -2.3 4.3 -10.2 AA c 8.6 2.0 5.7 -0.2 4.6 AA 
-0.3 0.3 1. l 5. 1 1. 5 AAA 
12.2 13. 1 o.s 0.9 3.0 A 
-0.8 -13.S -8.2 -8.9 0.6 A 
-2.9 1. B 1. 9 5.0 0.3 AAA 
17.S -9.S -3.0 -1. 9 12.6 H 

-16.S -12.s -15. 1 -7.S -13.8 " 1. 4 -1o.1 -10.4 15.4 8.2 H 
1. 6 -14.9 -10.0 16.6 6.7 l'I 

( 
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c Alph1-Tocopherol Results for RRXIII 

Lab I Serum 90 Serum 91 Seru• 92 S1tru11 93 Seru• 94 

6.85 9.42 5.91 4.60 5.91 
o.40 8.o9 5.45 4.54 5.64 
7.37 8. 73 S.59 4.75 5.62 
7.bb 1o.11 b.Ob 5.40 6.32 
6.94 9.49 6.08 4.88 6.13 
o.86 9.23 5.74 4.79 5.88 
6.13 8.39 5.75 4.79 6.62 

NC 7.84 9.84 b. 15 5.02 6.36 
7. 74 10.28 7.14 5.56 6.78 

NC 6.15 7.58 4.25 3.37 4.41 
6.50 8.84 S.51 4.72 5.35 
6.62 9.23 6.35 5.1:>2 5.51 
7. 11 9.30 5.88 4.80 s.80 

NC 8.30 10.55 6.95 5.00 7.35 
7.00 10.76 6.91 4.60 5.89 
1:1.20 7.14 4.58 4.09 5. 11 
9.47 10.57 6.67 5.40 b. 77 

L 6.41 9.39 6.35 5.99 5.85 
7.19 9.62 6.24 5.25 6.25 
6.95 9.25 5.65 4.90 S.80 
6.92 9.99 S.47 4.44 5.58 
6.90 10.40 1:1.00 5.90 6.SO c 7. 61 9.99 6.07 5. 11 6.18 
7.39 9.51 6.51 5.42 6.68 
6.81 9.97 5.35 4.72 5.84 
6.93 9.30 S.99 4.82 6.85 
7.17 7.82 S.03 S.07 6.10 
o.3s 7.82 4.71 4.93 6.0o 

LAB AVG 7. 02 9.37 5.99 4.9o o.05 

SD 0.54 0.81 0.59 0.44 0.50 
Rel SD 7.7 8.6 9.9 8.9 8.2 

NBS AVG 7.02 9.44 5.90 4.01 5.90 

Assigned 7.02 9.40 S.93 4.73 5.87 
Value +/-0.69 +/-0.55 +/-0,17 +/-0.39 +/-0.48 

NC "' No Control Data. Results fro• labs with NC are not 
included in the Average. 

L = Late results not included in the Average. 

Assigned Value is derived from the mean of the Laboratory 

c Grand Average and two NBS methods. 
Th'e Uncertainty is expressed as two standard 
deviations of the Assigned Valye. 
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Alpha-Tocopherol Results RRXIII 

7. Bias fro• the Assigned Value. ( 
Lab It Serum 90 Serum 91 Serum 92 Serum 93 Seru• 94 Rating 

-2.4 0.2 -0.3 -2.7 0.7 AAA 
-8.9 -1.b -0. 1 -4.0 -3.9 AA 
5.0 -7.1 -S.7 0.4 -4.2 AA 
9. 1 7.S 2.2 14.2 7.7 A 

-1. 1 1. 0 2.6 3.2 4.5 AAA 
-2.3 -1. 9 -3.2 1. 3 0.2 AAA 

-12.7 -10.7 -3.0 1. 3 12.9 A 
NC 11. 7 4.7 3.7 6. 1 9.4 A 

10.3 9.4 20.4 17.6 15.5 f1 
NC -12.4 -19.4 -29.4 -29.7 -24.9 " -7.4 -6.0 -7.0 -0.2 -9.9 AA 

-5.7 -1. 9 7. 1 18.9 -b. 1 H 
1. 3 -1. 1 -0.0 1. s -0.1 AAA 

NC 19.2 12.2 17.2 S.7 25.2 H 
-0.3 14.5 16.6 -2.7 0.4 H 

-11. 7 -24.0 -22.7 -13.5 -12.9 H 
20.6 12.4 12.5 14.3 15.4 M 

L -9.7 -0.1 7. 1 26.7 -0.3 " 2.4 2.3 5.3 11. 0 6.S A 
-1. 0 -1. b -4.7 3.b -1. 2 AAA 
-1. 4 -4.4 -7.7 -6. 1 -4.9 AA c -1. 7 10.6 14.7 24.8 10.8 H 
9.4 6.3 2.4 a.o 5.3 AA 
5.3 1. 2 9.9 14.b 13.9 A 

-3.0 -4.6 -9.7 -0.2 -o.s AA 
-1. 3 -1. 1 1. 0 1. 9 16.7 A 

2. 1 -16.9 -15. 1 7.2 3.9 M 
-9.5 -16.9 -20.5 4. 1 3.2 f1 

( 
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Total Beta Carotene Results for RRXIII 

Lab # Seru11 90 Seru11 91 Seru11 92 Serum 93 Seru• 94 

0.116 0.910 o. 977 0.359 0.213 
0.072 0.836 1. 111 •o. 200 0.176 
0.079 1.113 1.403 0.365 0.194 
0.071 0.962 1. 193 0.274 0.167 
0.078 0.999 1. 193 0.343 0.210 
0.089 1.034 1. 252 0.346 0.205 

NC 0.122 1.440 1. 830 0.475 0.282 
0.075 1. 004 1. 345 0.457 0.262 

NC 0.058 0.845 1.056 0.287 0.149 
0.089 0.950 1. 190 0.337 0.190 
0.061 0.904 0.982 0.253 0.145 
0.080 1.120 1. 410 0.360 0.200 
0.076 0.920 1. 133 0.346 0.192 
0.076 0.915 1.153 0.320 0.187 
0.097 0.928 1.183 0.328 0.202 
o. 103 1. 148 1. 453 0.440 0.228 
o. 119 1.099 1.385 0.327 0.271 

0.170* o.0eo l. 100 0.350 0.250 

LAB AVG 0.005 0.983 1. 216 0.343 0.206 

SD 0.017 0.095 0.147 0.052 0.034 
Rel SD 19.6 9.7 12. 1 1s.1 16.4 

NBS AVG 0.087 1. 119 1.333 0.330 0.224 

Assigned 0.086 1.0SO 1.294 0.334 0.215 
o. 043 Value +/-0,030 +/-0.139 +/-0.187 +/-0.128 

NC = No Control Data. Results from labs with NC are not 
included in the Average. 

* = Value not included in the Average. 

Assigned Value is derived from the mean of the Laboratory 
Grand Average and two NBS methods. 
The Uncertainty is expressed as two standard 
deviations of the Assigned Value. 

( 

( 

( 
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Total Beta Carotene Results RRXIII 

C' X Bias from the Assigned Value. 

Lab i Seru• 90 Serum 91 Seru• 92 Serum 93 Seru11 94 Rating 

34.7 -13.3 -24.S 7.3 -o.8 M 
-16.4 -20.4 -14.1 -13.9 -18.1 H 
-8.3 6.0 8.4 9. 1 -9.7 AA 

-17.S -8.4 -7.8 -18.1 -22.2 H 
-9.4 -4.9 -7.8 2.6 -2.2 AA 
3.4 -1.S -3.2 3.5 -4.6 AAA 

NC 41. 7 37.1 41. 4 42.0 31. 3 u 
-12.9 -4.4 4.0 36.6 22.0 11 

NC -32.6 -19.S -18.4 -14.2 -30.6 u 
3.4 -9.S -8.o o.8 -11. s A 

-29.2 -13.9 -24.1 -24.4 -32.S H 
-7.1 6.7 9.0 7.6 -6.9 AA 

-12.3 -12.4 -12.4 3.S -10.6 A 
-11. 7 -12.9 -10.9 -4.3 -12.9 A 

12.6 -11. 6 -8.6 -1. 9 -6.0 A 
19.0 9.3 12.3 31. 6 S.9 H 
38.2 4.7 7.0 -2.2 26.2 H 
97.4 -16.2 -15.0 4.7 16.4 t1 

(. 
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( 

(, 

Trans-Beta Carotene Results for RRXIII 

Lab I Serua 90 S•ru• 91 Seru11 92 Serum 93 Seru11 94 

0.074 0.876 1. 111 0.301 0.176 
0.830 0.980 0.250 0.170 

0.050 0.612 0.896 0.269 0.165 
0.058 0.645 0.965 0.225 0.141 

LAB AVG o. 061 0.741 0.988 0.261 0.163 

SD 0.012 0.132 0.090 0.032 0.016 
Rel SD 20.2 17.8 9. 1 12.3 9.5 

NBS AVG 0.079 1.036 1. 247 0.295 0.200 

Assigned 0.073 0.948 1.161 0.283 0.192 
Valu~ +/-0.032 +/-0.201 +/-0.275 +/-0.104 +/-0.041 

Assigned Value is derived from the mean of the Laboratory 
Grand Average and two NBS methods. 

Lab It 

The Uncertainty is expressed as two standard 
deviations of the Assigned Value. 

Trans-Beta Carotene Results RRXIII 

7. Bias from the Assigned Value. 

Serum 90 Serum 91 Serum 92 Serum 93 Serum 94 

2.0 -7.6 -4.3 6.2 -8.4 
-12.5 -15.6 -11. 8 -11. 5 

-31. 2 -35.5 -22.8 -5.1 -13. 9 
-19.9 -31.9 -16.9 -20.7 -26.B 

Rating 

AA 
A 
u 
11 
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Appendix F.  Updated “All-Lab Report” for RR13 ______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
IS

T.IR
.7880-36

The following three pages are an updated version of an “All-Lab” report for RR13.  This 
report has three parts: 
•	 Page 1 lists results for all analytes that were reported at least twice, counting both 

participants and NIST analysts. 
•	 Page 2 provides a legend for page 1. 
•	 Page 3 summarizes each participants’ performance for retinol, α-tocopherol, and 

total β-carotene.  These summaries are compatible with the percent bias 
evaluation advice given in the RR13 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 “Assigned Value” 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 RR13.  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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Symbol 
italics 

n 
Min 

Mean 
Max 
SD 
CV 

Median 
eSD 

eCV 

≥x 

Round Robin XIII Laboratory Results 

Table Legend 

Interpretation 
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 greater than or equal to x
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%Bias Summary 

TR aT bCLab Label
FSV-BA 
FSV-BD 
FSV-BE 
FSV-BF 
FSV-BG 
FSV-BH 
FSV-BI 

FSV-BX 
FSV-BY 
FSV-BZ 
FSV-CA 
FSV-CJ 
FSV-CL 
FSV-CN 
FSV-CO 
FSV-CQ 
FSV-CY 
FSV-DC 
FSV-DE 
FSV-DG 
FSV-DN 
FSV-DO 
FSV-DT 
FSV-DZ 
FSV-ED 
FSV-EF 
FSV-EG 
FSV-EN 
FSV-EO 
FSV-FE 
FSV-FI
 

FSV-GH
 
FSV-GI
 
NISTa 

2±4 14±5 -3±1 Lab 
-3±10 -3±9 TR 
27±15 15±8 aT
12±2 -7±3 3±6 bC
15±2 -3±5 10±9 % Bias
0±1 -1±3 28±9 

-1±2 -7±1 -10±3 Mean
4±8 -6±4 SD

-4±3 -2±3 9±25 xi

-8±5 11±8 Mediani

0±6 1±1 

 Definition 
 Participant code 
 Total Retinol 
 a-Tocopherol 
 Total b-Carotene 
 (Mean ± SD) of individual serum biases 

 Average of (xi-Mediani)/Mediani 

 Standard deviation of (xi-Mediani)/Mediani 

 Result for analyte in serumi 

 Median of non-NIST results in serumi 

The original analysis listed % Bias for each result for each 
serum calculated relative to the trimmed "Average" of that 

12±2 7±4 4±4 
-2±4 -23±8 -17±7 

analyte in the serum.  The summary values reported here 14±10 14±4 18±17 
are the (arithmetic mean ± standard deviation) of each 4±2 -2±1 8±5 
laboratory's reported results for the analyte estimated 

-18±9 relative to each serum's median-based reference value. 
1±11 -4±3 28±52
 
1±2 -18±9
 

-1±2
 
4±3 5±10 10±9
 
2±5 6±4 51±7
 
0±4
 

-4±4 2±9 
-7±5 4±11 
2±5 5±1 5±11 

-15±3 3±7 
1±2 -7±10
 

-9±5 -18±5
 
-7±9 -1±3
 
-1±3 8±4 25±22
 

5±3 
-1±9 -2±14 -26±9 

-2±10 -9±10 -27±6 
-3±5 2±3 -3±16 
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Appendix G.  Shipping Package Inserts for RR14 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
IS

T.IR
.7880-36

The following two items were attached to each package shipped to an RR14 participant: 
•	 Cover letter. The original letter as attached to the packages has been lost, page G2 

reproduces the proof copy of the mail-merge letter form. 

•	 Datasheet. Page G3 reproduces the form. 

G1 
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Individualized letters were sent to study participants. The “^F1^” and “^F2^” 
were mail-merge commands for inserting a participant’s name and address. 
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REPORT ON NBS/NCI SAMPLES FROM LABORATORY # _________ 

DATE OF ANALYSIS _____________ 

RESULTS IN mg/L 

SAMPLE # ANALYTE RESULT 

SERUM 95 
RETINOL 

VIAL # ___ 
B-CAROTENE 

All Trans Total 

A-TOCOPHEROL 
SERUM 96 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 
SERUM 97 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 
SERUM 98 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 
SERUM 98 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

Reconstitute the Serum Sample with 1.0 mL Water. 
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Appendix H.  Final Report for RR14 ______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
IS

T.IR
.7880-36

The following twelve pages are the the available components of the final report for RR14 
as provided to participants.  This report consisted of: 
•	 An individualized cover letter and discussion.  The original has been lost;
 

however, page H2 displays a draft of the discussion of the history of the
 
distributed samples.
 
o	 Sera 96, 97, and 99 had been distributed in RR12 but with instructions to 

reconstitute with 1.2 mL water rather than the 1.0 mL specified for RR14. 
o	 Sera 95 and 98 are duplicates of a material originally distributed in RR13. 

•	 Tables listing all of the participants’ results and several summary values for 
retinol, α-tocopherol, and total β-carotene.  These tables do not report any NIST 
results nor participant results for other analytes. 

•	 Graphical presentations of every experienced participant’s (volume-corrected) 
bias for all measurements of the four different sample materials, relative to an 
assigned value, for retinol, α-tocopherol, and total β-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 I provides a complete 
listing of the RR14 results where the original codes have been altered to ensure 
confidentiality.  Appendix I also provides more relevant summary statistics. 
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Appendix I.  Updated “All-Lab Report” for RR14 ______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
IS

T.IR
.7880-36

The following three pages are an updated version of an “All-Lab” report for RR14.  This 
report has three parts: 
•	 Page 1 lists results for all analytes that were reported at least twice, counting both 

participants and NIST analysts. 
•	 Page 2 lists values for all analytes reported by only once.  This page also provides 

a legend for page 1. 
•	 Page 3 summarizes each participants’ performance for total retinol, α-tocopherol, 

and total β-carotene.  These summaries are compatible with the percent bias 
evaluation advice given in the RR14 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 “Assigned Value” 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 RR14.  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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Symbol 
italics 

n 
Min 

Mean 
Max 
SD 
CV 

Median 
eSD 

eCV 

na 

Round Robin XIV Laboratory Results 

Table Legend 

Interpretation 
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 reported
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%Bias Summary
 

TR aT bCLab 
FSV-BA -1±5 -1±5 5±10 
FSV-BD -2±3 2±1 -13±5 
FSV-BE 11±2 -6±5 3±3 
FSV-BF 0±2 21±33 
FSV-BG -1±6 -2±2 1±8 
FSV-BH -13±8 -2±6 -5±5 

15±8FSV-BI 
-3±2 7±3FSV-BY 
1±2 -1±1 -3±8FSV-BZ 

-3±4 9±10FSV-CA 
FSV-CJ -1±11 -3±1 11±15 
FSV-CJ -3±2 -6±3 5±7 
FSV-CN 0±4 -14±1 
FSV-CO 1±2 
FSV-CY 18±7 -9±15 
FSV-DC 8±3 4±1 1±3 
FSV-DE 2±3 -5±4 
FSV-DG -7±22 -8±22 -4±4 
FSV-DN 24±39 48±43 
FSV-DO -8±9 4±3 3±7 
FSV-DT -6±5 -2±1 -2±5 
FSV-DZ -14±7 9±10 
FSV-ED -2±4 -6±6 4±4 
FSV-EF 0±3 -3±3 
FSV-EG -2±6 -1±5 -4±15 
FSV-GH 11±2 2±2 2±3 
FSV-GI 9±4 13±24 -6±6 

Label 
Lab Participant code 
TR Total Retinol 
aT a-Tocopherol 
bC Total b-Carotene 

% Bias  (Mean ± SD) of individual serum biases 

Mean  Average of (xi-Mediani)/Mediani 

SD  Standard deviation of (xi-Mediani)/Mediani 

xi  Result for analyte in serumi 

Mediani  Median of non-NIST results in serumi 

Definition 

The original analysis listed % Bias for each result for each 
serum calculated relative to the trimmed "Average" of that 
analyte in the serum. The summary values reported here 
are the (arithmetic mean ± standard deviation) of each 
laboratory's reported results for the analyte estimated 
relative to each serum's median-based reference value. 
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