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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 1989 MMQAP measurement comparability improvement studies: 1) Round 
Robin XV Fat-Soluble Vitamins and Carotenoids in Human Serum, 2) Round Robin XVI 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 XVI 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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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, 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 RR15 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 RR15 in a more accessible format. 
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Round Robin XVI:  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 
XVI comparability study (hereafter referred to as RR16) received four lyophilized human serum test 
samples and one ethanolic solution of retinol, α-tocopherol, and trans-β-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, 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 RR16 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 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 
XVII comparability study (hereafter referred to as RR17) received five lyophilized human serum test 
samples and one ethanolic solution of retinol, α-tocopherol, and a complex mixture of β-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 1989.  
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 RR17 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 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: 
•	 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. 

•	 Datasheets. Page A2 reproduces the form. 

These items were attached to the shipping box. 
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REPORT ON NIST/NCI SAMPLES FROM LABORATORY # _________ 

DATE OF ANALYSIS _____________ 

RESULTS IN mg/L 

SAMPLE # ANALYTE Result 

SERUM 100 

VIAL # _____ 

RETINOL 

B-CAROTENE 
Trans Total 

A-TOCOPHEROL 

SERUM 101 

VIAL # _____ 

RETINOL 

B-CAROTENE 
Trans Total 

A-TOCOPHEROL 

SERUM 102 

VIAL # _____ 

RETINOL 

B-CAROTENE 
Trans Total 

A-TOCOPHEROL

 Reconstitute the Serum Sample with 1.00 mL water. 

Please return results by 6 February 1989. 

A2 
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The following twelve pages are the available components of the final report for RR15 as 
provided to all participants.  The original report consisted of: 
•	 An individualized cover letter and discussion.  The pages reproduced here are for 

participant FSV-BA. 
•	 Tables 1 to 3 list 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 interlaboratory precision over time for retinol,
 
α-tocopherol, and total β-carotene.
 

•	 Graphical presentations of the indiviual participant’s bias relative to an assigned 
value over time 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 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. 
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Personalized letters were sent to participants.

This block contained their formal name and address.


(Personal name), 

B2
 



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 retinal that 
were within 10% of the assigned value. Now 40% of the labs measure retinal 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%. In 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 ~-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 (µg/mL), upon 
reconstitution of the freeze-dried samples with 1.00 mL water, will be 
approximately: 

RETINOL a-TOCOPHEROL TOTAL 8-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 ~-tocopherol, 
all-trans ~-carotene and additional carotenoids. 
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The SRM should be available by May 1. We strongly reconunend 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, 

~~~ 
Chief 
Organic Analytical Research Division 
Center for Analytical Chemistry 

Enclosure 
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FIGURE B 

lnterlaboratory Precision vs Time 
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FIGURE C 

lnterlaboratory Precision vs Time 
Beta-Carotene 

Percent 

30 ... ..................... ... ..... . ............................ . .............. . 

20 ... ........................... ···························· 

10 . . . . . .. . . .. . . . . .. . . . . .. . . . . .. . . . ........ . 

4/80 10/88 4/87 1187 vea 7/U e1ea use 
Date 

• s SD Beta-carotene 
Oontroll NlllU»I• 

Pero ant 

ao ·········· ································································ 
x 

x 
20 . . ....................................... ,; .......... ... ................. . 

x 

x 

x 

10 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ··· ·· ·· .I(· ······ x· 

10/88 4/ 87 1/87 V88 1/U e1ee vae 
Date 

Oontrole Jn!IU»I• 
x s so Beta-carotene 

 

______________________________________________________________________________________________________ 
This publication is available free of charge from

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

T.IR
.7880-35

B10
 



 

______________________________________________________________________________________________________ 
This publication is available free of charge from

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

T.IR
.7880-35

FS
V
-B
A


 

B11
 



 

______________________________________________________________________________________________________ 
This publication is available free of charge from

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

T.IR
.7880-35

FS
V
-B
A


 

B12
 



 

______________________________________________________________________________________________________ 
This publication is available free of charge from

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

T.IR
.7880-35

FS
V
-B
A


 

B13
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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 γ-tocopherol and β-tocopherol is challenging, 
results reported as γ-tocopherol can be confidently assumed to be γ/β-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, α-tocopherol, and 
total β-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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Symbol 
italics 

n 
Min 

Mean 
Max 
SD 
CV 

Median 
eSD 

eCV 

≤x 
≥x 

Round Robin XV Laboratory Results 

Analytes Reported By One Laboratory 
Values in µg/mL 

Analyte Code 100 101 102 
γ/β-Tocopherol FSV-DE 2.163 2.218 2.860 

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 at or below the limit of quantification, x


 Concentration greater than or equal to x
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Round Robin XV Laboratory Results
 

%Bias Summary
 

Lab TR aT bC 
FSV-BA 2±1 -1±1 4±1 
FSV-BD -6±12 -11±3 
FSV-BE -2±7 2±3 
FSV-BF -1±2 1±1 0±5 
FSV-BG -1±1 -12±3 1±3 
FSV-BH -6±3 -5±1 0±2 
FSV-BI -6±5 -3±3 -2±3 
FSV-BL 8±7 -6±9 
FSV-BY -2±3 -5±1 1±1 
FSV-BZ 9±7 -5±36 
FSV-CA -2±3 3±2 
FSV-CJ 12±8 11±6 -5±7 
FSV-CK 13±6 7±1 -22±6 
FSV-CM -13±3 3±3 
FSV-CN -2±11 5±6 16±15 
FSV-CO 6±4 0±2 11±11 
FSV-CQ 2±17 1±7 -9±23 
FSV-CY -4±4 -1±3 -6±2 
FSV-DC 0±2 1±8 
FSV-DE 6±2 
FSV-DG -1±1 2±2 0±1 
FSV-DN 4±7 -3±1 -9±2 
FSV-DO 6±2 
FSV-DT -8±1 -16±5 
FSV-DY 1±4 -8±3 
FSV-DZ 10±6 11±9 
FSV-ED 5±2 3±1 2±5 
FSV-EF -4±3 2±4 
FSV-FE -1±1 -14±16 
FSV-FX -8±8 

NISTa 1±1 -3±4 -1±2 
NISTd 1±1 -5±2 11±29 

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 "Avg" 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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Appendix D.  Shipping Package Inserts for RR16 
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The following two items were attached to each package shipped to an RR16 participant: 
• Cover letter 
• Datasheet 
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REPORT ON NIST/NCI SAMPLES FROM LABORATORY # _________ 

DATE OF ANALYSIS _____________ 

RESULTS IN mg/L 

SAMPLE # ANALYTE Result 

SERUM 109 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 110 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 111 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 112 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 

SERUM 113 RETINOL 

VIAL # _____ B-CAROTENE 
All Trans 

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 ______________________________________________________________________________________________________ 
This publication is available free of charge from

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

T.IR
.7880-35

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, α-tocopherol, total β-carotene, and trans-β-carotene.  These tables do not 
report any NIST results nor participant results for other analytes. 

•	 Graphical presentations of interlaboratory precision over time for retinol,
 
α-tocopherol, and total β-carotene.
 

•	 Graphical presentations of the indiviual participant’s bias relative to an assigned 
value over time for retinol, α-tocopherol, and total β-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, 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 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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Personalized letters were sent to partiipants.
	
This block contained their formal name and address.
	

(Personall name): 
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Tabular Data for Interlaboratory Analyses 
of Retinol, α-Tocopherol and β-Carotene 
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Individual Laboratory Accuracy
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Time
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Blind Relicate Analyses of
 
“Control B”
 

Over Time
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Appendix F.  Updated “All-Lab Report” for RR16 ______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
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The following three pages are an updated version of an “All-Lab” report for RR16.  
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 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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Symbol 
italics 

n 
Min 

Mean 
Max 
SD 
CV 

Median 
eSD 

eCV 

nd 
nq 
≥x 

Round Robin XVI Laboratory Results 

Analytes Reported By One Laboratory 
Values in µg/mL 

Analyte Code 109 110 111 112 113 
FSV-DE 2.720 1.740 2.440 3.07 ndγ/β-Tocopherol 

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 detected (i.e., no detectable peak for analyte)
 
Detected but not quantitatively determined
 

Concentration greater than or equal to x
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Round Robin XVI Laboratory Results
 

%Bias Summary
 

Lab TR aT bC 
FSV-BA 4±2 5±1 4±9 
FSV-BD 6±5 9±7 
FSV-BE 9±3 0±2 
FSV-BF -5±3 -2±2 7±15 
FSV-BG 2±2 9±5 -10±13 
FSV-BH -2±4 1±1 3±6 
FSV-BI -1±3 -5±2 -16±3 
FSV-BL -8±1 3±2 
FSV-BX -12±7 
FSV-BY -4±2 0±4 5±7 
FSV-BZ 129±8 -7±3 
FSV-CA 2±4 0±3 
FSV-CJ 0±6 3±3 0±20 

FSV-CM -2±5 3±6 
FSV-CN 13±12 -7±4 27±33 
FSV-CO 1±1 0±3 4±7 
FSV-CQ 36±7 3±5 -17±22 
FSV-CS 2±12 -36±21 
FSV-CY -5±4 -3±3 -7±4 
FSV-DC -3±3 3±6 
FSV-DE 2±1 
FSV-DG -1±3 2±2 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 -6±5 -8±4 -9±7 

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 "Avg" 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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Appendix G.  Shipping Package Inserts for RR17 
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The following two items were attached to each package shipped to an RR17 participant: 
• Cover letter. 
• Datasheet. 
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PLEASE PROVIDE: Telephone Number: ________________; Telefax Number: __________________ 
Telegram Number: _________________ 
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REPORT ON NIST/NCI SAMPLES FROM LABORATORY # _________ 

RR XVII DATE OF ANALYSIS _____________ 

RESULTS IN µg/mL 

SAMPLE # ANALYTE RESULT 

SERUM 115 
RETINOL 

VIAL # ___ 
B-CAROTENE 

All Trans Total 

A-TOCOPHEROL 
SERUM 116 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 
SERUM 117 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 
SERUM 118 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 
SERUM 119 

RETINOL 
VIAL # ___ 

B-CAROTENE 
All Trans Total 

A-TOCOPHEROL 
SOLUTION 114 

RETINOL 
EtOH solution 
VIAL # ___ B-CAROTENE 

All Trans 

A-TOCOPHEROL
  Add 1.0 mL of Distilled water to samples 115-119. 
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Appendix H.  Final Report for RR17 ______________________________________________________________________________________________________ 
This publication is available free of charge from

: http://dx.doi.org/10.6028/N
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.7880-35

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: 
o	 Experienced participants who sent in results for both RR09 and RR17. 
o	 Experienced participants who sent in results for RR17 but had not 

participanted in RR09. 
o	 New participants who sent in results for RR17. 
o	 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, α-tocopherol, total β-carotene, and trans-β-carotene.  These tables do not 
report any NIST results nor participant results for other analytes. 

•	 Graphical presentations of interlaboratory precision over time for retinol,
 
α-tocopherol, and total β-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, α-tocopherol, and total β-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, α-tocopherol, and total β-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. 

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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This letter was sent to experienced participants who sent in results for RR17 
but had not participanted in RR09. 

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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This letter was sent to new participants who sent in results for RR17. 

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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This letter was sent to participants who did not send in results for RR17. 

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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Appendix I.  Updated “All-Lab Report” for RR17 ______________________________________________________________________________________________________ 
This publication is available free of charge from

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

T.IR
.7880-35

The following three pages are an updated version of an “All-Lab” report for RR17.  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 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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Symbol 
italics 

n 
Min 

Mean 
Max 
SD 
CV 

Median 
eSD 

eCV 

≥x 

Round Robin XVII 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 XVII Laboratory Results
 

%Bias Summary
 

Lab TR aT bC 
FSV-BA 6±3 5±1 7±17 
FSV-BD 4±3 -4±5 
FSV-BE -6±3 1±2 
FSV-BF 12±4 4±6 -2±6 
FSV-BG 11±7 -3±25 -5±12 
FSV-BH -5±4 1±2 -5±9 
FSV-BI 2±2 -5±2 -13±7 
FSV-BL 8±6 -6±9 
FSV-BY -3±3 -5±2 -9±10 
FSV-BZ 103±25 -11±4 
FSV-CA -5±2 0±1 
FSV-CJ 9±15 3±3 -7±6 

FSV-CM 12±13 5±2 
FSV-CN 2±5 -5±3 27±35 
FSV-CO -4±2 -1±1 -2±4 
FSV-CQ -6±6 5±13 -13±18 
FSV-CS 41±34 
FSV-CY -6±2 -6±3 -14±13 
FSV-DC 4±6 -5±11 
FSV-DE 4±1 
FSV-DG 1±6 1±3 1±2 
FSV-DH 0±3 9±3 1±5 
FSV-DN -8±9 1±4 6±6 
FSV-DO 7±18 -42±20 250±495 
FSV-DT -7±1 9±1 
FSV-DY 6±10 120±166 

FSV-DYa -12±15 45±111 
FSV-DZ -6±6 -3±8 
FSV-ED -2±3 2±2 -4±4 
FSV-EF -9±8 -6±8 
FSV-EO 15±5 15±7 
FSV-FA 6±9 33±53 
FSV-FV 23±50 

NISTa 4±6 -2±1 -18±5 

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 "Avg" 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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