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1 INTRODUCTION

1.1 Amino Acid Racemization

Amino Acid racemization (or epimerizatiéor molecules with two carbon centres) is a
diagenetic process that occurs naturally following protein synthesis. The process involves the slow
inter-conversion between the two chiral forms of amino acids; the building blocks of proteins, from
the LaevqL-form) in life to the Dextro (Borm). Conversion of the L to D form continugdil
equilibrium is reached, for most amino acids this is usually equal to 1. This process can take many
thousands of years, thus the D/L ratio value can be used as aratodof time. This technique has
been particularly successful in dating quaternary sedimanisg protein decomposition in fossil
biominerals such as shell. The unique mineral crystalline structure of shells trap original proteins,
with minimal loss ad free from contamination.

The rates of racemization for the 20 or so different amino acids, @aeyhighly temperature
dependent, matrix and species specific. Because the thermal history of a site is rarely known, it
becomes difficult to determine prese age estimates. For this reason, most research tends to apply
the technique as a relative stratigraphic tool within a defined locality using independently calibrated
material; the assumption being that if all sites share the same temperature histoyypbserved
D/L differences can be interpreted as relative age differences. Similarly, it becomes possible to use
D/L values as indicators of relative temperature differences between same age sites, if
independently dated using other appropriate technégu

The last 30 years has seen significant changes in the analysis of amino acid racemization. Early
research based on ieexchange liquid chromatography {LE) focused on the ratio between the D
and L form of isoleucine but as methods developed, it bezpossible to detect and measure
increasing numbers of amino acids, from six or seven using gas chromatography (GC) to ten or more
routinely determined today using revergdase HPLC (#dPLC). These advances have continued to
improve the precision in naine analysis and its acceptability as a valid dating method within the
geochronology communityAAR now requires mg sample sizes, is relatively fast and with
inexpensive preparation and analytical costs, is a useful screening method with the potential t
provide age estimates that go far beyond current radiocarbon timescales, covering the entire
quaternary period.

Nonetheless, AAR data is still often viewed dismissively. Important unaccounted differences
between AAR age estimates and other dating noeihhave been previously reporté¢d/ehmiller,
1992)with wide precision estimates for numerical ages up teb886 where the age equation was
not calibrated locallyimproving to 15% when it iMcCoy, 1987) More recently a value of 30%
representing 53142 years in Holocene shells has been reported following the removal of outliers
(Kosnik et al., 2008)

! Note; The more general tern#acemizatiowill be usedhroughout this reportto refer to both racemization and
epimerization.
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Clearly, the accuracy of numerical age estimates relies heavily on the accuracy otahnadyt.
Wehmiller and Mille(2000)in their review of aminostriigraphic dating methods, report intra
laboratory precision estimates for repeated instrumental determinations of the same hydrolysate of
2%, for multiple analyses of different fragments of the same material, betwes¥ 3vhilst for
multiple samples fronthe same sample location, betweerl®%. Previous intdaboratory studies
have focused on comparing individual laboratory precision estimates derived from replicate
instrumental measurement@Vehmiller, 1984) These studies have demonstrated the variability in
precision between different amino acids anmgbthods. Whilst most laboratories report CV% values
between 25%, there are often significant differences between laboratories that would result in
substantial numerical age differences of 25% or greater, and call for the need for a common working
standad with D/L reference values.

In spite of these efforts, there remains inconsistency in the use and expression of precision
estimates, ambiguity in the reporting of uncertainty, and an absence of any assessment of method
or laboratory bias, not least due the absence of a suitable reference material. It is with regard to
these issues that the current study has been undertaken and attempts to address.

Many laboratories continue to report uncertainty estimates as the CV of replicate instrumental
measuremens. Although analytical precision (i.e.; instrumental repeatability) is an important
component of the overall uncertainty budget, it is usually amongst one of the smallest contributions
and is often negligible compared to method and laboratory precisitimases. However,
determination of method/laboratory precision through method validation or iAtgvoratory
collaborative trail, are outside the scope of this report.

Experience within other industry sectors has demonstrated, through regular partaipat
proficiency tests, that analytical performance improves over time. It is now nearly thirty years since
the last interlaboratory study was carried out using powdered fossil matévis@hmiller, 1984)and
it is timely to coordinate a new intdaboratory study in support of current methodologies.

1.2 Proficiency Testing

It has long been widely appreciated that participation in ide#yoratory studesis a valuable
tool enabling method comparisons and developmeRtoficiencytesting (PT)is a specific type of
inter-laboratoryevaluationproviding an objective and formalizedaluation ofaccuracyagainst a
consensus valuenabling an objective comparison with other laboragésftiataandis an important
indicator of biasAccuracy and by inference, performance, is characterized by elenoéiioth
precision and trueness. A laboratoraybe inaccurate due to systematic bias effectgsxdom error
influencing poor repeatabilityor both. In the absence of Cewrtifi Reference Materials (CRMs) for
bias determination, participation in ag@ficiencytest can provide a valuable alternative for
laboratories.

Proficiencytesting is commonly encountered in sectors that rely heavily on regulation and
compliance such as medicine and public hedtilensicscience chemical and geochemical
analyticalservicesmanufacturingindustiies, calibration and engineering, food afekd industres
Today more than 1,300 PT schemes worldwide are listed on the"BRbkSte. Participation in such
a scheme is also a requirementasfalyticallaboratories seeking accreditation to 1ST7025(2005)

The regular analysis of an independent quality control matésiahs a valuablepart of external
quality control(EQC¥nabing comparability on a much wider scale with other labor&sranalysts

i European BoficiencyTesting Information Service; http://www.eptis.bam.de/en/about/what_is_eptis/index.htm
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and method® | & &4dzOKT Al A& Ly SaaSydralt(QBfSYySyid 27

programme, together with the use of validated methods and ing quality control (IQC)
procedures.

Whilst performance in individual rounds can identify unexpected error influences needing
investigation, dng term trendsare probably of greater value amdn be observed usingpntrol
charts(Thompson et al., 2006) he spread of results from a laboratory over a period of time should
0S O2YLXI GAOGE S ¢ bvinkvaliatoh df untdrtaingy Nthetadtd d@aation of the
differences between the laboratory values and the assigned values mg@gneans of evaluating
the standarduncertainty(Eurachem 200Q}kee Sectioh.2.2

Test materials left over after the end of aoficiencytest canalsoact as suitable matrix specific
reference materiain the absence o€RMs Becausehe value of the analyte has beeptdrmined
by a consensus, it has minimal bias associated withdta known uncertainty

1.2.1 Organisation

This report is organized in to a number of sections. The next section, Section 2, details how test
materials were prepared and distributed, and Sect®presents the homogeneity data and
discusses some of the issues encountered with the assessment of homogeneity for this test material.
A summary evaluation of submitted results is presented in Section 4. Values for peak area and peak
height together vith concentrations and D/L values are tabulated with individual laboratory
standard deviations, percentage relative standard deviations (RSD%) otherwise referred to as the
coefficient of variation (CV%), instrumental replicate standard uncertainty estgr{adaepresenting
precision from repeated measurements, (i.e.; instrumental repeatability) and the percentage relative
standard uncertainty (RSU%). Section 5 assesses the accuracy of the results compared to the
assigned value and calculates the relafregcentage bias as an indication of performance. The last
section, Section 6 then turns to the subject of measurement uncertainty and discusses the
requirement for bias estimation in addition to precision estimates for uncertainty determination.
The sectio demonstrates how proficiency test data can be used to derive indicative standard
uncertainty contributions and values for combined and expanded uncertainty estimates. Finally
method details as provided by the participants have been collated and togefittethe glossary of
terms and symbols used in this report, relevant statistical tables and references, make up the
Appendices at the end of the report.
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2 TEST MATERIALS
Opercula

2.1 Preparation

Thecalciticopercula test material was prepared froa® g bulk of individuaBithynia
tentaculataopercula,removed frompreviously collectedediment(28 July 2005gaken from aUK
Qdzk G SNy NBE &aAdS f 2 aoprixiBnRtely\5Km eastaydaieibbratighdin [ | v S =
CambridgeshireUnited KingdonfLangford et al., 2007, Penkman et al., 2007, Penkman et al.,.2008)

After deving and extractingufficientindividual operculathe material was cleaned. Large
pieces of extraneous matter that could be removiedm individual opercula, were removed atitk
bulk material waghen repeatedly washedin ultrapure waterusing a sonicatountil the water
remainedclear. The cleaned percula werehen lightly covered and left to air dfgr 48 hours
Following this, the bulk material was ground usirgjexile pestle and mortaandsievel, to
HR50> Yandwas thentumble-blended overnighbn a roller mixer Thepowderedopercula were
then bleachedvith intermittent shakingfor 48 hoursusingp n >t 2 F wmMu3> bl h/ f LISN Y
The bleach was removed and the powder washed with ultrapure waigp six times using\eortex
mixer followed bycentrifugationto pellet the solids in between washeA final wash with methanol
to remove any remaining water waarriedout before the material was again lightly covered and
left to air dry.

Individual20mgsub-samples of the cleaned, bleached andidd opercula powdemwere weighed
into sterile glass vialtabeled and stored at room temperature prior to distribution

2.2 Homogeneity

Ten randomly selected test materials were sampled to give 10 duplicatsamples (10 x a and
b), which were then analysed for total hydrolysable amino acids (THAA) using reverse phase HPLC
(rpHPLC) according to the standard metlfgdufman and Manley W.F., 1998e results, together
with their statistical evaluation, are gin in Sectior3.

2.3 Distribution

Participants were previously asked to notify the organizer with details of their proposed
analytical method and were sent the appropriate number of individual test materials necessary to
givesufficientbulk material required by the ddrent methods. Thsee using rplPLC were sent a
single individually numbereBOmgtest material, those using ieexchange HPLEIPLAE) were sent
three individual test material@0mgtotal) and those usingas chromatography3Q were sentten
individual test material$200mgtotal). Participantseceiving multiple test materialwere asked to
poolthe contentsto get the required quantity rather than simply having a larger sample sent
because of the risk of heterogeneity in largeib-samples. This way, a definedinimummeasure of
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homogeneity could be assured between individsalb-samples of a speciéd weight, whichwould
not be lostwhen pooled.

Test materials were dispatched to eight laboraésiocated around the world on 15 Julp10.

Due to the small number ofgeticipants in the study, additional sets of test materials were
provided to those laborateeswho had more than one instrument, those using more than one
method and those who had more than one member of staff available to carry out the analysis. As a
result this increased the possible number of sets of results up to twenty three.

2.4 Result Submission

Participants were asked to submit results and method information on electronic documents sent
following dispatch and no later than October 2010. The finabBetsults was submitted
mid-December but three participants were unable to return any results on this occdamip
instrumental difficultesor other commitments Atotal of fifteen sets of resulterere submitted

Whilst the original intention of tlsi study was to determinperformancefor only D/L amino acid
values, a number of laboratimsalsoasked to submitaw chromatogramdata. Consequentlya
results proforma was prepared enabling the submission of peak area and height data, together with
concentrations and D/L values. Participants were asked to indicate theiaprimeans of
determination,i.e.; using peak areas, heights or concentrations. Due taltiay in results being
submitted and theime required in assessing the data, the additional information has been
summarized andlabulated inSection4 but not evaluatedWhere more than one replicate vauwas
submitted,instrumental repeatabilitystandarduncertainty estimates have been @eminedand
plotted to demonstrate the effect of the expanded uncertainty at a 95% confidence level (2 std
deviations approximatelydn the mean valueWhere results wre submitted as the mean and
standard deviation, these values have been used for the calculation stahearduncertainty
directly.

One laboratory provided free amino acid data (FAA) but these have not been assessed or
tabulated on this occasiofn this reportonly data giverfor the total hydrolysable amino acid
fraction (THAA) have been evaluatednstrumental replicate measuremengsovided by individual
laboratorieshave been averageals necessario give a single value for eaamino acid in thdest
material suppkd. These are tabulateth Sectiorb, together with an evaluation of performance,
assessed as the relative percentage biasich are alsgpresentedas histogramat the end of the
section.

Each set of results was given a unique laboratory number. The analytical methods used by each
participant are summarised iippendix I.
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3 HOMOGENEITY
Opercula Test Material

3.1 General Procedure

The purpose of carrying out homogeneity testing, is to prove that any variation in composition
between individual test materials, characterized by the sampling standard deviation is
negligible compared to the variation in measurement determinations carried out by participants of
the proficiency test. Due to the time and expense of preparing homogeneous test materials and
carrying out the analysis, it is reasonable to start wite assumption that test materials are
homogeneous and by carrying out homogeneity testing we are looking for evidence of
heterogeneity, rather than vice versahe following procedure for the assessment of homogeneity
follows that given in the standard 193528:2005, and the 2006 IUPAC International Harmonized
Protocol (Thompson et al).

It is recommended that ten (and no fewer than seven) randomly selected prepared and
packaged test materials are selected at random using a random number generator. Eatdhisa
then individually homogenized and two separate portions are removed and labeled 1a and 1b; 2a &
HOTX®mMnl g mno S Gsamdple is thenPieparey drcording Rodhle apprapdzie
method and analysed in a random order under repeatabdlitgditions, (i.e.; at the same time or in
as short a time as possible, as a single batch on the same day by the same analyst on the same
instrument etc).

Resulting data should be scrutinized first for obviously anomalous values eg values greater or
lessthan 10 times the average. It is helpful to plot data in run order to identify trends, stability
issues or measurement problems. However, assuming no problems are identified the data should be
sorted and sutsamples repaired to undergo the following stigtical evaluation.

3.1.1 Statistical analysis.
a 5FdF FTNB AyAdGAlIffte &dzo2SOGSR G2 | / 20KNYyQa
¢CKS /20KNIyQa (Sad adliraidrad Aa RSIUSNNYAYSR oé
sum of squared differences;
. O
0 BO
Where; cia (KS /20KNlIyQa aidliAraaaros
O s the largest difference between duplicates, and

0 is the difference between each pair of duplicates.
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The Gvalue is then compared against tabulated critical values based on the required confidence
level ancthe degrees of freedomm-1, wheremis the number of duplicate pairs. df 6 |, the
LI ANJ Ad ARSYGAFTFASR Fa F /20KNlyQa 2dzif ASNJ I yR

b) Evaluation of Analytical Variance

Occasionally, genuine inhomogeneity between sampesissed due to large withisample
analytical variances, i.e.; between the two ssdimple values (eg; 1a & 1b). This can mask significant
betweensample differences (eg;-110). It is therefore recommended to evaluate the analytical
precision first to asure that the method is sufficiently precise to detect inhomogeneity.

Data are assessed using a emay ANOVA to estimate the analytical variance.
The analytical variance i 0"y whered "Y= within groups mean square.
Note howi is analogous to the repeatability standard deviationin Sectiord.1

Satisfactory analytical precision is assumed if the analytical deviation is less thérehatget
Gl f dzS F2NJ &l I )dRtheNdfickRiytdstFéam and Thompson, 2001)

ie; i 7T, ™

b23ST RdzS (2 G(KS 0aSyO0S 27 |y SkEdt&dedvade G+ NBSQ

F2 N K2 Y2 JByeénidaermined such that T

c) Evaluation of Sampling Variance.

The sampling variance i _— whered "Y= between groups mean square.
Or ad 1, if the above estimate is negative (Fearn & Thompson, 2001)

Note howi is analogous to the bateensample standard deviatiom, in Sectior4. 1.
Calculate the permissible sampling variance i ™

Calculate the critical valug)(for the testusing tabulated values for Bnd k (ISO 13528:2005,
Thompson et al; 2006, Fearn and Thompson; 2001).

G O Oi

Ifi &) the sampling variance has not exceeded the allowable fraction of the target
standard deviation. There i®revidence of inhomogeneity and the test has been passed.

3.2 Evaluation of Opercula Test Material Homogeneity Data

Ten test materials were selected at random from the bulk of previously prepared individual test
materials. Each test material was divided it subsamples and prepared according to the
standard procedure prior to hydrolysis for the total hydrolysed amino acids. The twenty individual
sub-samples where then randomized and analysed as a single batch under repeatability conditions
using reversephase HPLC.

During the analytical run, instrumental problems occurred. Investigations were carried out to
stabilize the pressure which extended the total run time by a number of days, and resulted in the
column finally being changed for the last fouatd points. The D/L results for each amino acid were
plotted in run order to identify trends or problems with the data and are showFiguire3.1.
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Data points obtained using the new column have been coloured yellow. The D/L results and
statistical evaluation are given irable3.1. Values identified as outliers were removed as a pair from
the evaluation. These have been coloured red in the tables. Figure 5.2 shows the paired D/L values
for each amino acid. Outliers that were removed from thatistical evaluation are shown as empty
symbols on the charts.

For all amino acids, results for the last four data points (4a, 9a, 7b and 2a) run on the new
column have been considered anomalous as they have not been analysed under true repeatability
condtions. Results for these data points show discrepancies with the earlier results for several
amino acids. Whilst this may be due to calibration issues, for glutamic acid, valine and possibly
serine, these observations are not present. This suggestattyadffset could also be due to
instability of the sample extracts whilst waiting the 3.5 days from the point of instrument failure and
investigation to restarting the analysis at ssample 4a.

From the time series plots it can also be seen thatsahple 7a gave anomalous results for all
amino acids. This may have been due to genuine inhomogeneity in the test materials or sample
preparation problems such as incomplete hydrolysis or contamination etc. Howevesasyile 7a
has already been removedrfevaluation purposes as it is paired with one of the last four anomalous
data points. For several amino acids it almost appears as if the analysis did not fully recover
following sample 7a and prior to replacing the column. It is possible that thesé#seould have
been affected by instrument instability during this phase before completely failing.

Due to the problems discussed above, the number of remaining pairs of data was reduced to six,
which is below the minimum recommended sample size. Ilgé#i@e run should have been repeated
but time did not permit this. Looking at the results for the first eleven individuaksuiples, there
is no indication of inhomogeneity. The only variation observed being indicative of the precision of
the measurenant procedure and the prior expectations for the different amino acids from previous
study. Having taken every precaution to ensure test materials were prepared homogeneously it was
considered acceptable to continue the assessment on the remaining Gaitical values were
extrapolated to accommodate a smaller data set.

I FdzZNIKSNJ / 20KNYyQa 2dzif ASNI 6a ARSYGAFTFASR F2N
were observed for arginine and alanine. In both casesssutple 3b can be seen to lietside the
general distribution of results iRigure3.1. Whilst it would have been statistically acceptable to
retain sample 3, especially considering the low nundfaesults remaining for evaluation, removal
of this pair in both cases made a noticeable difference and resulted in a target value for standard
deviation that better reflected the level of agreement for the remaining data.

In all cases, , the target sandard deviation (for sufficient homogeneity), was set as the
minimum value necessary to ensure fitndes-purpose, i.e.; tha; was at least twice the analytical
precision(repeatability) and that the allowable sampling variance was sufficient tonacmzate
the observed betweersample differences.
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Table 3.1: Homogeneity D/L Values for Opercula Test Material

sample id analyte
Asx D/L GIx D/L Ser D/L Arg D/L Ala D/L
replicate 1 replicate 2 replicate 1 replicate 2 replicate 1 replicate 2 replicate 1 replicate 2  replicate 1 replicate 2
1 0.582 0.584 0.168 0.167 0.667 0.665 0.726 0.726 0.260 0.264
2 0.570 0.584 0.169 0.173 0.659 0.668 0.911 0.794 0.287 0.257
3 0.584 0.573 0.168 0.167 0.662 0.671 0.755 1.295C 0.259 0.286 C
4 0.570 0.585 0.168 0.168 0.658 0.670 1.245 0.649 0.295 0.255
5 0.585 0.581 0.168 0.167 0.674 0.654 0.879 0.686 0.267 0.262
6 0.579 0.580 0.167 0.168 0.666 0.675 0.850 0.863 0.247 0.254
7 0.522 0.571 0.130 0.169 0.315 0.640 0.546 0.765 0.225 0.293
8 0.554 0.580C 0.167 0.168 0.655 0.666 0.744 0.895 0.250 0.252
9 0.570 0.579 0.170 0.167 0.656 0.652 0.777 0.755 0.290 0.259
10 0.580 0.578 0.165 0.165 0.640 0.649 0.850 0.695 0.261 0.250
mean,N 0.581 10 0.167 12 0.662 12 0.791 10 0.257 10
2NRAIAY 2F) GF N perception perception perception perception perception
abs.tar$ (i 3 RasRSD% 0.0077 1.33 0.0012 0.7 0.0163 2.46 0.1836 23.2 0.0096 3.75
San 0.0038 0.0006 0.0081 0.0917 0.0048
SanK h 0.4981 0.4997 0.4981 0.4992 0.4986
SainK 1 <0.5? yes yes yes yes yes
Sam 0.00E+00 8.01E07 5.41E05 0.00E+00 2.83E05
Cal 5.37E06 1.23E07 2.39E05 3.03E03 8.34E06
critical 3.97E05 8.09E07 1.56E04 2.26E02 6.19E05
ssam2<critical? ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT
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Table 3.1: Homogeneity D/L Values for Opercula Test Materigtontinued).

sample id analyte

Val D/L PheD/L D-Aile/L-lle Leu D/L

replicate 1 replicate 2 replicate 1 replicate 2  replicate 1 replicate 2 replicate 1 replicate 2

1 0.131 0.135 0.303 0.299 0.170 0.171 0.248 0.250
2 0.131 0.136 0.307 0.299 0.118 0.168 0.301 0.247
3 0.136 0.133 0.296 0.294 0.170 0.165 0.248 0.233
4 0.130 0.135 0.299 0.296 0.186 0.179 0.284 0.261
5 0.135 0.134 0.301 0.288 0.171 0.164 0.248 0.242
6 0.130 0.135 0.294 0.293 0.155 0.166 0.241 0.245
7 0.106 0.127 0.231 0.310 0.131 0.136 0.195 0.299
8 0.134 0.131 0.297 0.305 0.170 0.171 0.248 0.246
9 0.132 0.129 0.315 0.297 0.137 0.167 0.306 0.242
10 0.134 0.133 0.288 0.287 0.163 0.169 0.241 0.247
mean, N 0.133 12 0.296 12 0.167 12 0.245 12
origin of target sd’(,) perception perception perception perception
abs. target sd'(,) & as RSD% 0.0046 3.45 0.0093 3.16 0.0085 5.06 0.0103 4.2
San 0.0023 0.0047 0.0042 0.0051
San/ " 0.4990 0.4997 0.4995 0.4966
San! 1 <0.5? yes yes yes yes
Sam 0.00E+00 1.46E05 4.05E06 0.00E+00
Cal 1.91E06 7.85E06 6.44E06 9.51E06
critical 1.25E05 5.16E05 4.23E05 6.20E05

Ssar’<critical? ACCEPT ACCEPT ACCEPT ACCEPT
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Figure 3.1: HomogeneityAmino Acid D/L Values in Analytical Sequence Order

(Note;yellowdata points represent D/L values derived usingrfyglacementHPLC column)
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Figure 3.1: HomogeneityAmino Acid D/L Values in Analytical Sequence Ordédicontinued)

(Note; yellow data points represent D/L values derived using the replacement HPLC column)
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Figure 3.1: HomogeneityAmino Acid D/L Values in Analytical Sequence Ordefcontinued)
(Note; yellow data points represent D/L values derived using the replacement HPLC column)
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Figure 3.2: Homogeneity Amino Acid D/L Values; Paired Sukamples showing
Ouitliers.
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Figure 3.2: Homogeneity Amino Acid D/L Values; Paired Sukamples showing Outliers.
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Figure 3.2: Homogeneity Amino Acid D/L Values; Paired Sukamples showing Outliers.
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Figure 3.2: Homogeneity Amino Acid D/L Values; Paired Sukamples showing Outliers.
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Figure 3.2: Homogeneity Amino Acid D/L Values; Paired Sukamples showing Outliers.
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4 STATISTICAL EVALUATION;
Summary Statistics

4.1 PrecisionAnalysis

In keeping with the style of previously conducted irk@boratory comparisonéNehmiller,
1984, Wehmiller, 2010Q)participants were invited to submit peak information and concentration
data in addition to the D/L value data requested for the proficiency study. Consequently a
substantial quantity of information was captured. Due to time constraints it was not possible to
evaluate all of this additional data, although a comparison of L and D amino acid concentrations
would be enlightening.

Table4.1 summarises indicative values$ repeatability and reproducibility precision estimates
for each amino aciderived fromall participant€individualD/L valus. Estimates were calculated
usinga oneway analysis of variand&NOVA, allowing for unequal replicate numberi should be
noted that whereall data have been used in the evaluation of precision estimat@abie4.1, this
includes GC DI/L values derived from both peak area and height data where given, atti®ugh
laboratorysubsequently confirmed that in practice only peak area data would be used for
chronology building Results from the analysis mlative bias presented in Section 5, suggest
possible empirical differences between methods. Therefore, all rpHPLC data antBEHRIt& for B
alloisoleucine/tisoleucine, havalsobeen evaluated separatelilowever, because all HRLIE data
came fromthe same laboratory, reproducibilityy("Y'Q values should more correctly be interpreted
as an intralaboratory reproducibility or intermediate precision estimatasGC data were
submitted as average D/L values, it was not possible to determine cable®3C specifiprecision
estimates.

The repeatability standard deviatidn (Table4.1), is a measure of theverallwithin laboratory
precisionderived from alparticipating laboratoriesOn this occasion, this represents amer-
laboratory approximation of theinstrumental precision onlydue to random error effectsThis
reflectsthe variability that a single laboratory might be expected to achieve foraateli
measurements of the sameasple Typically, hismaybe slightlylarger than instrumentaprecision
estimates derived from a single laboratory (i.e. th& (or'Y "YI®) given in Tables 4@24.33) but
smaller than method repeatability which inclesl additional variability arising from the analysis of
different samples of the same material by a single laboratory, under repeatability conditions. Often
thei is more conveniently given as the relative repeatability standard deviation expressed as a
percentage, ¥ "Y© .

i is the overall intedaboratorybetween sample standard deviation, and indicates the level of
agreement between participants¥ is theinter-laboratory reproducibility standard deviation and
a measure of the overalprecision for any given amino acid the specified test materiali
incorporates both the within and between laboratory variabibiyd is a single measure of the
variability or uncertainty of the measurement procedwssociated with precisionSuch
determinations areanore commonlyused to assess data fromethod specificollaborative trials
(Horwitz, 1995, AOAC, 2000y 2 6 Y | &R A KYGE GliIILINR I OK (2 (BBCOSNI I Ay i
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Analytical Methods Committee, 1999he relative standard deviation oéproducibility (Y "Y® )
obtained from a collaborative trial may then bheed for the assessment ofgdiciencytest data as it
provides an external value for the target standard deviatiom; it describes how the data is
expected to behave under coitihns of best practice However,in the absence of eollaborative

trial, precision evaluatiolof the submitted PT results wiielp give anndication of the agreement
betweenlaboratories, albeit being slightly exaggerated due to additional methoati@mi between
participants. Note; in the case of empirical methods, PT data should be assessed against method
specific precision estimates).

All submitted results have been included in this evaluation without removal of outliers as would
otherwise be thecase with collaborative trail data. On this occasion it is the intention to observe the
behaviour of all submitted results rather than to define best practicehould be noted that these
values have not been used in the later performance evaluatioratrigiven for informatiomnd
indicative purposes onlyrurther details on the calculations &f, “Y and"Y can be found ifISO
5725, 1994, ISO 21748, 201@recision estimates are calculatasing ANOVA, thus;

i 0 ANEQ € G RWOIEN 6 Wi Q

OQOLWVQE GRMEN O QIVATME ¢ G ROIEN O O Q
€

OOAI EOC

P>
mh
)
p>N
o
o
(@]

Table4.1: Precision Estimates derivedEOT | 0 AOOE

amino acid no ofsets total no of mean S RS% S RS S RSR%
of results  replicates

(m) (N)

Asx D/talf 13 31 0569 00030 053 00242 425 00243  4.28
Asx D/krpHPLC 11 29 0564  0.0030 054 00134 237 00137 243
Glx D/kalf 13 31 0159 00008 051 00130 816 00130 8.18
Glx D/LrpHPLC 11 29 0457  0.0008 052 00098 621  0.0098 623
Ser D/krpHPLC 11 29 0656 00073 112 00090 137 00116 177
Arg D/LrpHPLC 9 17 0776 01515 1953 01551  19.99  0.2168  27.95
Ala D/L-alf* 13 31 0267  0.0054 201 00116 436 00128  4.80
Ala D/L:rpHPLC 11 29 0268 00054 201 00115 428 00127 472
val D/kalff 13 31 0135  0.0059 435 00085 631 00103  7.67
Val D/L:rpHPLC 11 29 0135 00059 433 00073 541  0.0094  6.93
Phe D/talf 13 31 0305  0.0158 520 00087  2.86 00181 5093
Phe D/krpHPLC 11 29 0306 00158 518 00086  2.82  0.0180 590
D-Aile/L-lle-all’ 15 35 0185  0.0252 1362 00587 3177 0.0639  34.57
D-Aile/L-lle -rpHPLC 11 29 094 00265  13.65  0.0616  31.70 0.0671 3451
D-Aile/L-lle -HPL@E 2 4 0137 00034 245 00021 155  0.0040  2.90

D-Aile/L-lle-GC Not determined
Leu D/kalP 10 26 0283 00234 828 00396  13.99 0.0460 16.26
Leu D/LrpHPLC 8 24 0289  0.0234 811 00350 1214 00421  14.60
TyrD/L-rpHPLC 5 10 0273 00061 224 00135 494 00148 542

a=rpHPL@nNd GC data ® =rpHPLCGC and HPLEdata
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4.2 Summary Statistics

Summary statistics are presented in Tabkles4.33 for rpHPL(Qeak areaand concentrations,
peakheight valuesor HPLGEand D/L values for all participantidividual laboratory replicate D/L
values as submitted, are also shown graphically against the assigned dedeiemined in Sectiob,
for comparison.It should be noted that GC data was submitted as the nidahn replicates with a
statedstandard deviations, and these have been displayed as the mean value with associated error
bars on the chartsData are pesented asubmitted on the result proforma for each of the total
hydrolysed amino acidécluding internal standard data provided by participants. Only one
laboratory reported data for the free amino acided thishasnot been included in this report
Calculationdhave beercarriedoutonS I OK f | GeB3ultd taigd/éhe ifsitumental precision
estimate aghe standard deviationi | andrelative standard deviationy "YI®, alsoknown as the
coefficientof variancep & hfor each amino acidyhere;

YY®E 0 d i of PTIT

Additionally the experimentalstandarddeviation(or standarderror or standarduncertainty) of
the mean(6 ¢f) andthe relative standard uncertaintyf the mean('Y "YBY), have been determined.
91 OK f I @danded @ndeRainty to 2 std deviations an approximated5%confidencelevel,

hasbeen evaluatedor each amino acidnddata arepresented in figures to illustrate the effect of
uncertainty on the mean valuef submitted replicate data

4.2.1 ExperimentalStandard Uncertainty of the Meaa of

Depending on information sources, there are various names used to destriki§ as
mentioned above. Standard uncertainty is always expressed as a standard deviation, thus either
experimental standard deviation or standard uncertainty of the mean would be acceptable. In this
report, 6 of will be referred to as thexperimental sandard uncertainty of the meaand reflects
the confidence in the mean of replicate values, i.e.; the larger the valoetloé greater the
confidence in the meadjas an estimate of the true value and the smaller the uncertaintilote;
The observedtmndard deviation of replicate instrumental measurementescribes the
distribution of data and is not the same as thecertainty estimate for the mean (Strictly
speaking this should be determined using independent repeated measurements and not eeplicat
measurements of the same sample).

Thus;
Experimentaktandard uncertaintypf the meanis obtained from; &6 of i Ve

. . oy 0 CF
Which,expressed as a percentage relative to the mean Y "YBY o pTT

It is important to appreciate thab of is the uncertaintyassociated with the mean of replicate
instrumental results only. tontributesto the biascomponent of the overall combined uncertainty
associated with the measurement systésee Figure 6.1jut isonly one component of the
uncertainty that should be reported with the mean of analytical resultéleasurement uncertainty
determination is discussettiis in more detailn Sectiorb later in thereport.

As a standat uncertainty 6 of represents a confidence level equivalént68% or 1 standard
deviation. This mearthat 68 percent of the meaof repeatedreplicate results will fall within
theselimits either side of the meadetermined by’ 0 &f . This gives little confiden@ssin nearly
one out of every three occasions, the mean is likely to fall outside of this ratm®ever, in pratice
it is often more helpfuto considera confidencénterval equivalent to 2 standard deviations or a
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95.4% probability level in experimental desi@rsually rounded to 95% for simplicityT his equates
to a 1 in 20 chance of falling outside ttenge 3 standard deviationgould beequivalent to 997%
confidenceor 1 in 300.

To determine thesextendedlimits of confidencean ExpandedUncertainty (U) is calculate thus;

Y o6d Q  wheres the coverage factor set according to the required confidence
level.

Expanded uncertainty imore usually determind following the combination of aihdividual
standard uncertainty componentss demonstrated isections. However, itmayalsobe helpfulto
observe theeffect o uncertainty on individuaélementsto aid method development or quality
improvements.

The coverage factgr, and its role in determining the Expanded uncertaiistygow consideredn
more detail below.

4.2.2 Setting the correct coverage factor fdExpandedJncertainty determination.

Theoretically,fianalyticalresults represerdgd an entirepopulationand the truevalue>and
standard dewvation ™ wereknown, it would bepossible to calculate the range of values within which
repeatedexperimentalmeansafof n measurementsvere likely to fall with a certaitevelof
confidence.As discussed aboverfmost general applications,2 standard deviation or
approximatelyd5% confidencéevelis usually acceptabldhusin this instancéQ ¢ (actuallyits
1.96 ) and the relevant confidence interval whefapprox)95% ofufvalues wouldie would be in
the range;

Ve VE

However in real terms, the true value afand™ cannot be knowrand the aim of experimental
investigations is to gehe best estimateof > from the sample mearyf Where the number of
replicate measurements is larges.; n=30 or more(Currell and Dowman, 2008)en the
distribution of mean values conforms with the expectation of normality. Howeveidoreasing
values ofn, the characteristic bell shaped curve of thermal distribution flattens and widens
reflecting thereduced confidence in the valudas the best estimate of and our uncertainty
estimate increases. Tanmpensate for the use of the sample standard deviatgnather than the
population standard deviatioh E=2 is replaced by the criticalvalueas a correction term The
value oft depends on the value ofand the required level of confiden@and can be read from any
two-tailed t-table in statistical textsThus forn=5(degrees of freedom=4) at 95% confidence level
(h=0.05) t=3.18 compared to the original valuelof2, or for a pair of replicatesi=2,df=1,t=12.7
and the expanded uncertainty becomes over six times larger otiaerwisepredicted ifk=2 Thus
the range in which the true valueswith 95% confidencéroadens andecomes;

C 0¢"

i O ks h — 0¢a O ps i —
of s h S of s h S
In practiceand often for simplicityather than inten{ laboratofescanoften be found to
overlookthis t-value correctiorby quoting expanded uncertainesderived fromthe more favorable

k=2.

RelativeExpanded unagaintiesof the submitted resultsising bothk=t s ¢nand the more
frequently useck=2have been calculated andilues expressed as a percentager each amino
acid data aregiven in tibles and presgted as two comparative figuredNote that where a single
replicate value is reported, no uncertainty estimation can be made.

The differences observad expanded uncertairiésbetween different amino acids for a single
laboratory highlights the ease or difficulty of analyesisl instument repeatability Acomparison of
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expanded uncertainésacross all laboratéesfor any individual amino acid also demonstrates the
effect ofdifferent methodsor evenusing different numbers of replicagdor the same method.

Whilst these effects armteresting to observe analytically, thegfect of the number of replicates
is an importaniracticalconsiderationDemands for quality and lower uncertainty estimates must
be balanced againshe extra cost and time incurred by increasing replicate numhetso mention
material availabilityand often it is financial and resourcenstraints that become deciding factors.

4.3 t-Distribution vs Normal Distribution

The relationship between thedigribution and the Norméor Gaussian distribution at
2 standard deviations (95% confidence) is shown betolRigured.1. It illustrates thet-distribution
deviation(red line) away from normal (black line) for leample numbergdegrees ofreedom
(n-1) between 1- 35where n ighe sample size)lhe t-value given on the-axisisused as the
correction term in the calculation of expanded uncertairityalues aregivenin Appendix3.

It can be clearly seen that for a pair if replicate values; (df = 1), there is a sigrifisdgation
from normal, introducing a correction factor more thafx larger(t-value = 12.7pn the standard
uncertainty estimate. Increasing the number of replicate values to n =3 (dfred2iceghe t-value
correction to 43, andfor n = 4 (df = 3}he t-valuecorrection become8.2. Thus the effect of
increasing the number of replicate valuiesm 2 to 3 will make a substantial reduction in the
expanded uncertainty estimate, whilst increasing the number of replicates from 3 to 4 will still make
animprovement,but the differencewill not be as significant Thelevelof benefit gainedby
increasiig the numbers breplicates gradually diminishemtil normality is achieved at about n = 25.

The contribution of a particular standard uncertainty esdie to the overall uncertainty budget,
should also be borne in mind. For example; the contribution of instrumental analytical precision is
likely to me much smaller than the contributioom method precision between different samples.

It therefore maka more sense to put time into increasing the number or individual santgdtsd
than spending the same time increasing the numbeinstrumental replicates, as there is more to
gainin reducing the expanded uncertainty.

Figure 4.1: Relationship betweenthe t-distribution and the Normal distribution at a
95% Confidence Levelfor low values ofn (degrees of freedom(n-1) between 1-35).
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Table4.2: Summary Statistics for L and Bspartic Acid / Asparagine Peak Area Data

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95%CL

L-Asx peak area @ b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 21681 21911 22843 23297 24257 24549 25623 25904 27040 27893 24500 10 2110.8 8.62 667.5 2.72 5.45 2.262 6.16
002 RP 3167 3216 3192 2 34.7 1.09 245 0.77 1.54 12.710 9.77
003 RP 3291 3291 1
004 IE
005 IE
006 GC
007 GC
008 RP 29046 28737 28892 2 218.5 0.76 154.5 0.53 1.07 12.710 6.80
009 RP 13699 13791 13745 2 65.5 0.48 46.3 0.34 0.67 12.710 4.28
010 RP 8102 8654 8378 2 390.7 4.66 276.2 3.30 6.59 12.710 41.91
011 RP 6586 6600 6593 2 9.6 0.15 6.8 0.10 0.21 12.710 131
012 RP 12134 12273 12203 2 98.4 0.81 69.6 0.57 1.14 12.710 7.25
013 RP 30202 30018 30110 2 130.2 0.43 92.0 0.31 0.61 12.710 3.88
014 RP 12373 12392 12382 2 13.9 0.11 9.8 0.08 0.16 12.710 1.01
015 RP 12589 12221 12405 2 260.0 2.10 183.8 1.48 2.96 12.710 18.84
D-Asx peak area @ b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=terr)
001 RP 11890 12030 12555 12752 13326 13500 14058 14211 14868 15335 13452 10 1167.6 8.68 369.2 2.74 5.49 2.262 6.21
002 RP 1758 1766 1762 2 5.8 0.33 4.1 0.23 0.46 12.710 2.94
003 RP 1879 1879 1
004 IE
005 IE
006 GC
007 GC
008 RP 16714 16566 16640 2 105.1 0.63 74.3 0.45 0.89 12.710 5.68
009 RP 7905 7941 7923 2 250 0.32 17.7 0.22 0.45 12.710 2.83
010 RP 4623 4945 4784 2 227.6 4.76 161.0 3.36 6.73 12.710 42.77
011 RP 3869 3781 3825 2 62.4 1.63 44.1 1.15 2.31 12.710 14.65
012 RP 7008 7085 7047 2 53.8 0.76 38.0 0.54 1.08 12.710 6.86
013 RP 17284 17192 17238 2 64.9 0.38 45.9 0.27 0.53 12.710 3.38
014 RP 7091 7049 7070 2 29.8 0.42 21.0 0.30 0.60 12.710 3.78
015 RP 7220 6926 7073 2 208.2 2,94 147.2 2.08 4.16 12.710 26.45
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Table4.3: Summary Statistics for L and Bspartic Acid / Asparagine Concentration Data (pM)

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-AsxConc a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 1273 1264 1235 1259 1266 1260 1260 1271 1256 1274 1262 10 11.3 0.89 3.6 0.28 0.57 2.262 0.64
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 1524 1517 1521 2 5.3 0.35 3.8 0.25 0.50 12.710 3.16
009 RP 1546 1652 1599 2 74.9 4.69 53.0 331 6.63 12.710 42.12
010 RP 1658 1630 1644 2 19.9 121 14.1 0.86 1.71 12.710 10.90
011 RP 1310 1412 1361 2 72.0 5.29 50.9 3.74 7.48 12.710 47.53
012 RP 1435 1591 1513 2 110.0 7.27 77.8 5.14 10.28 12.710 65.31
013 RP 980 980 980 2 0.1 0.01 0.1 0.01 0.02 12.710 0.10
014 RP 1206 1604 1405 2 281.8 20.06 199.3 14.18 28.36 12.710 180.25
015 RP 1312 1533 1422 2 155.9 10.96 110.2 7.75 15.50 12.710 98.50
D-AsxConc a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 698 694 679 689 696 693 692 697 691 700 693 10 6.1 0.88 1.9 0.28 0.56 2.262 0.63
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 877 874 876 2 2.0 0.23 14 0.16 0.32 12.710 2.04
009 RP 892 951 921 2 41.7 4.53 29.5 3.20 6.40 12.710 40.67
010 RP 946 931 939 2 10.5 112 7.4 0.79 1.58 12.710 10.04
011 RP 770 809 789 2 27.7 3.51 19.6 2.48 4.97 12.710 31.58
012 RP 829 918 874 2 63.1 7.22 44.6 511 10.22 12.710 64.92
013 RP 561 561 561 2 0.2 0.04 0.2 0.03 0.06 12.710 0.40
014 RP 691 913 802 2 156.6 19.53 110.8 13.81 27.62 12.710 175.55
015 RP 753 869 811 2 82.0 10.12 58.0 7.15 1431 12.710 90.93
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Table4.4: Summary Statistics for L and Bspartic Acid / Asparagine D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
D/L Asx a b c d e f g h i j mean n std dev CV% std u RSU% Exp Wo t critical Exp Wo
(k=2 (0.05,df) (K=t
001 RP 0548 0549 0550 0547 0549 0.550 0.549 0.549 0.550 0.550 0549 10 0.0008  0.15 0.0003  0.05 0.09 2.262 0.11
002 RP 0555 0.549 0552 2 0.0042 0.76 0.0030 054 1.08 12.710 6.83
003 RP 0571 0571 1
004 IE
005 IE
006" GG 0.650 0.650 1
007 GG~ 0.631 0631 5 0.0450 7.3 0.0201  3.19 6.38 2.777 8.86
008 RP 0575 0.576 0576 2  0.0007 0.12 0.0005  0.09 0.17 12.710 1.10
009 RP 0577 0576 0576 2  0.0009 0.16 0.0007  0.11 0.23 12.710 1.45
010 RP 0571 0571 0571 2 0.0005  0.10 0.0004  0.07 0.14 12.710 0.86
011 RP 0587 0573 0580 2 0.0103 1.78 0.0073  1.26 2.51 12.710 15.97
012 RP 0578 0577 0577 2 0.0003  0.04 0.0002  0.03 0.06 12.710 0.39
013 RP 0572 0573 0573 2 0.0003  0.06 0.0002  0.04 0.08 12.710 0.50
014 RP 0573 0.569 0571 2 0.0030 0.3 0.0022  0.38 0.75 12.710 479
015 RP 0574 0.567 0570 2 0.0048  0.85 0.0034  0.60 1.20 12.710 7.62

= submitted as the mean and standard deviation of n results.
GG= derived using peak area
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Figure 4.2: Distribution of D/L Valuessubmitted for Aspartic Acid / Asparagine
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Figure 4.3: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for
Aspartic Acid / Asparagine (value of ndisplayed).
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Figure 4.4: Experimental ExpandedUncertainty (k=t (0.05,d ) of the MeanD/L value for
Aspartic Acid / Asparagine (value of n displayed.
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Table4.5: Summary Statistics for L and lutamic Acid / Glutamine Peak Area Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-Glxpeak area a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 18568 18834 19993 20309 20852 20977 21899 22095 22910 23473 20991 10 1629.2 7.76 515.2 2.45 491 2.262 5.55
002 RP 2485 2517 2501 2 22.6 0.90 16.0 0.64 1.28 12.710 8.13
003 RP 2636 2636 1
004 IE
005 IE
006 GC
007 GC
008 RP 24048 23772 23910 2 195.3 0.82 138.1 0.58 1.15 12.710 7.34
009 RP 11024 10948 10986 2 53.4 0.49 37.7 0.34 0.69 12.710 4.37
010 RP 6490 6736 6613 2 174.2 2.63 123.1 1.86 3.72 12.710 23.67
011 RP 5251 5270 5260 2 13.0 0.25 9.2 0.17 0.35 12.710 2.22
012 RP 9525 9588 9556 2 44.5 0.47 315 0.33 0.66 12.710 4.19
013 RP 25859 25701 25780 2 111.9 0.43 79.1 0.31 0.61 12.710 3.90
014 RP 9965 9763 9864 2 142.8 1.45 101.0 1.02 2.05 12.710 13.01
015 RP 10440 10261 10350 2 127.0 1.23 89.8 0.87 1.73 12.710 11.02
D-Glxpeak area a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 2757 2790 3008 3062 3127 3146 3270 3294 3433 3511 3140 10 248.9 7.93 78.7 2,51 5.01 2.262 5.67
002 RP 352 349 351 2 21 0.59 15 0.42 0.83 12.710 5.29
003 RP 380 380 1
004 IE
005 IE
006 GC
007 GC
008 RP 3915 3878 3896 2 26.4 0.68 18.6 0.48 0.96 12.710 6.08
009 RP 1834 1806 1820 2 19.5 1.07 13.8 0.76 1.52 12.710 9.64
010 RP 1070 1111 1091 2 28.9 2.65 20.4 1.87 3.75 12.710 23.81
011 RP 871 873 872 2 1.6 0.18 11 0.13 0.26 12.710 1.66
012 RP 1585 1598 1592 2 9.2 0.58 6.5 0.41 0.82 12.710 5.21
013 RP 4292 4266 4279 2 18.3 0.43 13.0 0.30 0.61 12.710 3.85
014 RP 1633 1608 1620 2 171 1.05 12.1 0.75 1.49 12.710 9.47
015 RP 1707 1679 1693 2 19.8 1.17 14.0 0.83 1.65 12.710 10.51
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Table4.6: Summary Statistics for L and @lutamic Acid / Glutamine Concentration Data (pM)

Lab No method Submitted Replicate data StandardDeviation Uncertainty of Mean& Expanded Lat 95% CL
L-GIxConc a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 1090 1087 1081 1097 1088 1077 1077 1084 1064 1072 1082 10 9.6 0.89 3.0 0.28 0.56 2.262 0.64
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 1262 1255 1258 2 5.2 0.41 3.7 0.29 0.58 12.710 3.70
009 RP 1299 1369 1334 2 49.7 3.73 35.1 2.63 5.27 12.710 33.48
010 RP 1386 1324 1355 2 43.9 3.24 311 2.29 4.59 12.710 29.14
011 RP 1091 1177 1134 2 61.1 5.39 43.2 3.81 7.62 12.710 48.44
012 RP 1176 1298 1237 2 85.7 6.93 60.6 4.90 9.80 12.710 62.25
013 RP 876 876 876 2 0.1 0.01 0.1 0.01 0.02 12.710 0.12
014 RP 1014 1320 1167 2 216.2 18.52 152.8 13.10 26.20 12.710 166.49
015 RP 1136 1343 1240 2 146.6 11.82 103.7 8.36 16.72 12.710 106.27
D-GIix Conc a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 162 161 163 165 163 161 161 162 160 160 162 10 1.7 1.03 0.5 0.32 0.65 2.262 0.74
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 205 205 205 2 0.6 0.27 0.4 0.19 0.38 12.710 2.44
009 RP 216 226 221 2 6.9 3.14 4.9 2.22 4.44 12.710 28.21
010 RP 229 218 224 2 7.2 3.23 51 2.28 4.56 12.710 29.00
011 RP 181 195 188 2 10.0 5.33 7.1 3.77 7.53 12.710 47.88
012 RP 196 216 206 2 145 7.04 10.3 4.98 9.96 12.710 63.27
013 RP 145 145 145 2 0.0 0.01 0.0 0.01 0.01 12.710 0.07
014 RP 166 217 192 2 36.3 18.91 25.6 13.37 26.75 12.710 169.97
015 RP 186 220 203 2 24.1 11.88 17.0 8.40 16.80 12.710 106.77
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Table4.7: Summary Statistics for L and Blutamic Acid / Glutamine D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
D/L Gk a b c d e f g h i j mean n std dev CV% stdu RSU% Exp Wb t critical Exp Wb
(k=2 (0.05,df) (K=t
001 RP 0148 0148 0.150 0.151 0.150 0.150 0.149 0.149 0.150 0.150 0.150 10 0.0008  0.55 0.0003  0.17 0.35 2.262 0.39
002 RP  0.142 0.139 0.140 2 0.0021  1.49 0.0015  1.06 2.11 12.710 13.42
003 RP  0.144 0.144 1
004 IE
005 IE
006" GG =~ 0202 0202 1
007" GG 0174 0174 5 0.0260 1494 0.0116  6.68 13.37 2.777 18.55
008 RP 0163 0.163 0.163 2  0.0000  0.00 0.0000  0.00 0.00 12.710 0.00
009 RP  0.166 0.165 0.166 2  0.0010  0.59 0.0007  0.41 0.83 12.710 5.27
010 RP  0.165 0.165 0.165 2  0.0000  0.02 0.0000  0.01 0.02 12.710 0.14
011 RP  0.166 0.166 0.166 2 0.0001  0.06 0.0001  0.04 0.09 12.710 0.56
012 RP  0.166 0.167 0.167 2 0.0002 0.1 0.0001  0.08 0.16 12.710 1.02
013 RP  0.166 0.166 0.166 2  0.0000  0.01 0.0000  0.00 0.01 12.710 0.05
014 RP  0.164 0.165 0.164 2  0.0006  0.39 0.0005  0.28 0.56 12.710 3.54
015 RP 0.164 0.164 0.164 2 0.0001  0.06 0.0001  0.04 0.08 12.710 0.51

= submitted as the mean and standard deviation of n results.
GG= derived using peak area
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Figure 4.5: Distribution of D/L Values submitted for Glutamic Acid / Glutamine
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Figure 4.6: Experimental ExpandedUncertainty (k= 2) of the MeanD/L value for
Glutamic Acid / Glutamine (value of n displayed.
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Figure 4.7: Experimental ExpandedUncertainty (k=t (0.05,4r ) of the MeanD/L value

for Glutamic Acid / Glutamine (value of n displayed.
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Table4.8: Summary Statistics for L and [3erine Peak Area Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Uat 95% CL
L-Serpeak area a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
(k=2 (0.05,df) (K=t
001 RP 6542 6619 7164 7246 7521 7577 8007 7971 8341 8592 7558 10  685.1 9.06 216.7 2.87 5.73 2.262 6.48
002 RP 795 800 797 2 3.8 0.48 2.7 0.34 0.68 12.710 4.32
003 RP 838 838 1
004 IE
005 IE
006 GC
007 GC
008 RP 7440 7376 7408 2 44.8 0.61 31.7 0.43 0.86 12.710 5.44
009 RP 3691 3629 3660 2 44.3 1.21 313 0.85 1.71 12.710 10.87
010 RP 2171 2247 2209 2 53.4 2.42 37.7 1.71 3.42 12.710 21.71
011 RP 1752 1762 1757 2 7.1 0.40 5.0 0.29 0.57 12.710 3.63
012 RP 3199 3204 3202 2 35 0.11 2.5 0.08 0.15 12.710 0.98
013 RP 8679 8637 8658 2 29.6 0.34 21.0 0.24 0.48 12.710 3.08
014 RP 3292 3230 3261 2 43.9 1.35 31.0 0.95 1.90 12.710 12.09
015 RP 3624 3401 3513 2 1574 4.48 111.3 3.17 6.34 12.710 40.28
D-Serpeak area a b c d e f g h i j mean n  stddev CV% stdu RSU%
001 RP 4271 4331 4634 4730 4838 4927 5065 5147 5407 5529 4888 10  416.7 8.53 131.8 2.70 5.39 2.262 6.10
002 RP 524 531 528 2 4.4 0.83 3.1 0.59 1.18 12.710 7.49
003 RP 559 559 1
004 IE
005 IE
006 GC
007 GC
008 RP 4996 4971 4983 2 17.9 0.36 12.7 0.25 0.51 12.710 3.24
009 RP 2460 2394 2427 2 46.3 1.91 32.7 1.35 2.70 12.710 17.14
010 RP 1422 1420 1421 2 1.9 0.13 13 0.09 0.19 12.710 1.20
011 RP 1131 1165 1148 2 23.6 2.06 16.7 1.46 201 12.710 18.50
012 RP 2141 2128 2134 2 9.0 0.42 6.3 0.30 0.59 12.710 3.77
013 RP 5790 5775 5782 2 10.6 0.18 7.5 0.13 0.26 12.710 1.65
014 RP 2185 2089 2137 2 67.9 3.18 48.0 2.25 4.49 12.710 28.56
015 RP 2360 2239 2299 2 85.1 3.70 60.2 2.62 5.23 12.710 33.26
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Table4.9: Summary Statistics for L and [5erine Concentration Data (pM)

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-SerConc a b c d e f g h i j mean n std dev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 384 382 387 391 393 389 394 391 388 392 389 10 3.9 1.00 1.2 0.32 0.63 2.262 0.72
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 390 389 390 2 0.8 0.20 0.6 0.14 0.28 12.710 1.80
009 RP 432 451 442 2 133 3.00 9.4 212 4.25 12.710 26.98
010 RP 461 439 450 2 15.6 3.46 11.0 2.45 4.89 12.710 31.10
011 RP 362 391 377 2 20.9 5.55 14.8 3.92 7.84 12.710 49.85
012 RP 393 431 412 2 271 6.57 19.1 4.65 9.29 12.710 59.05
013 RP 292 293 292 2 0.2 0.08 0.2 0.06 0.11 12.710 0.71
014 RP 333 434 384 2 71.4 18.63 50.5 13.17 26.34 12.710 167.40
015 RP 392 443 417 2 35.8 8.58 25.3 6.07 12.14 12.710 77.15
D-SerConc a b c d e f g h i j mean n std dev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 251 250 250 256 253 253 249 253 251 252 252 10 18 0.73 0.6 0.23 0.46 2.262 0.52
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 262 262 262 2 0.1 0.04 0.1 0.03 0.06 12.710 0.40
009 RP 288 298 293 2 6.7 2.30 4.8 1.63 3.26 12.710 20.71
010 RP 302 277 290 2 17.4 6.01 12.3 4.25 8.50 12.710 53.99
011 RP 234 259 246 2 17.7 7.20 12.5 5.09 10.18 12.710 64.69
012 RP 263 286 275 2 16.6 6.04 11.7 4.27 8.55 12.710 54.31
013 RP 195 196 195 2 0.5 0.24 0.3 0.17 0.34 12.710 2.14
014 RP 221 281 251 2 42.2 16.82 29.8 11.90 23.79 12.710 151.19
015 RP 255 291 273 2 25.6 9.36 18.1 6.62 13.24 12.710 84.15
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Table4.10: Summary Statistics for L and Berine D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
D/L Serine a b c d e f g h i j mean n std dev CV% std u RSU%  Exp W t critical Exp Wo
(k=2 (0.05,df) (K=t
001 RP 0653 0654 0647 0653 0.643 0.650 0.633 0.646 0.648 0.643 0.647 10 0.0084  0.99 0.0020  0.31 0.63 2.262 0.71
002 RP  0.660 0.663 0662 2 0.0023 0.5 0.0017  0.25 0.50 12.710 3.17
003 RP  0.667 0.667 1
004 IE
005 IE
006 GC
007 GC
008 RP 0672 0.674 0673 2 00014 021 0.0010  0.15 0.30 12.710 1.89
009 RP  0.666 0.660 0663 2 0.0046  0.70 0.0033  0.49 0.99 12.710 6.27
010 RP 0655 0.632 0.644 2 0.0164 255 0.0116  1.80 3.61 12.710 22.91
011 RP  0.646 0.661 0653 2 0.0108 1.65 0.0076  1.17 2.34 12.710 14.87
012 RP  0.669 0.664 0.667 2 0.0035 0.3 0.0025  0.37 0.75 12.710 4.75
013 RP  0.667 0.669 0668 2 0.0011  0.16 0.0008  0.11 0.22 12.710 1.43
014 RP  0.664 0.647 0655 2 00120  1.83 0.0085  1.30 2.59 12.710 16.47
015 RP 0.651 0.658 0655 2 0.0051 0.78 0.0036  0.55 1.10 12.710 7.02
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Figure 4.8: Distribution of D/L Values submitted for Serine
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Figure 4.9: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for
Serine (value of n displayed.
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Figure 4.10: Experimental ExpandedUncertainty (k=t (0.05,4r ) of the MeanD/L value
for Serine (value of n displayed.
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Table4.11: Summary Statistics for L and Brginine Peak Area Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-Arg peak area a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP
002 RP 550 554 552 2 2.6 0.47 1.8 0.33 0.66 12.710 4.22
003 RP 584 584 1
004 IE
005 IE
006 GC
007 GC
008 RP
009 RP 2879 2695 2787 2 130.3 4.68 92.1 331 6.61 12.710 42.02
010 RP 1640 1702 1671 2 43.7 2.62 30.9 1.85 3.70 12.710 23.53
011 RP 1314 1295 1305 2 13.6 1.04 9.6 0.74 1.48 12.710 9.39
012 RP 2524 2412 2468 2 79.4 3.22 56.2 2.28 4.55 12.710 28.92
013 RP 6640 6629 6635 2 7.6 0.12 5.4 0.08 0.16 12.710 1.03
014 RP 2491 2318 2405 2 121.9 5.07 86.2 3.59 7.17 12.710 45.57
015 RP 2674 2559 2617 2 81.3 311 57.5 2.20 4.39 12.710 27.92
D-Arg peak area a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP
002 RP 533 548 540 2 10.1 1.87 7.1 1.32 2.64 12.710 16.78
003 RP 538 538 1
004 IE
005 IE
006 GC
007 GC
008 RP
009 RP 1921 2837 2379 2 648.0 27.24 458.2 19.26 38.52 12.710 244.81
010 RP 985 1687 1336 2 496.7 37.17 351.2 26.28 52.57 12.710 334.06
011 RP 793 947 870 2 108.9 12.51 77.0 8.84 17.69 12.710 112.39
012 RP 1559 1950 1755 2 276.6 15.76 195.6 11.15 22.29 12.710 141.68
013 RP 2197 2664 2430 2 330.2 13.59 233.5 9.61 19.21 12.710 12211
014 RP 2435 2129 2282 2 216.5 9.49 153.1 6.71 13.42 12.710 85.26
015 RP 2230 1976 2103 2 179.2 8.52 126.7 6.02 12.05 12.710 76.57
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Table4.12: Summary Statistics for L and [Brginine Concentration Data (pM)

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95% CL

L-Arg Conc a b d e f g mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo

k=2 (0.05,df)  (k=teri)

001 RP

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP

009 RP 332 330 331 2 15 0.47 11 0.33 0.66 12.710 4.18

010 RP 343 328 335 2 10.9 3.26 7.7 2.30 461 12.710 29.28

011 RP 267 283 275 2 11.3 4.10 8.0 2.90 5.80 12.710 36.84

012 RP 305 320 312 2 10.1 3.25 7.2 2.30 4.59 12.710 29.19

013 RP 220 221 221 2 0.7 0.31 0.5 0.22 0.43 12.710 2.75

014 RP 248 307 277 2 41.5 14.95 29.3 10.57 21.14 12.710 134.37

015 RP 285 328 306 2 30.5 9.95 21.6 7.04 14.08 12.710 89.47

D-Arg Conc a b d e f g mean n  stddev CV% stdu RSU%  Exp U% t critical Exp U%

(k=2) (0.05,df)  (K=terir)

001 RP

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP

009 RP 221 347 284 2 88.9 31.27 62.9 22.11 44.22 12.710 281.04

010 RP 206 325 265 2 84.0 31.64 59.4 22.37 44.75 12.710 284.37

011 RP 161 207 184 2 32.4 17.59 22.9 12.44 24.88 12.710 158.11

012 RP 189 258 223 2 49.4 2211 34.9 15.64 31.27 12.710 198.74

013 RP 73 89 81 2 11.3 14.00 8.0 9.90 19.80 12.710 125.85

014 RP 243 282 262 2 27.7 10.56 19.6 7.47 14.93 12.710 94.90

015 RP 238 253 245 2 11.2 4.55 7.9 3.21 6.43 12.710 40.86
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Table4.13: Summary Statistics for L and Brginine D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL

D/L Arg a b c d e f g h i j mean n std dev CV% stdu RSU% Exp Wb t critical Exp Wb
(k=2 (0.05,df) (K=t

001 RP

002 RP  0.969 0.988 0979 2 0.0137  1.40 0.0097  0.99 1.98 12.710 12.56

003 RP 0921 0921 1

004 IE

005 IE

006" GC

007 GC

008 RP

009 RP  0.667 1.053 0860 2 02727 3171  0.1928 22.42 44.85 12.710  285.02

010 RP  0.601 0.992 0796 2 0.2764 3472  0.1954 2455 49.10 12.710  312.05

011 RP  0.604 0.732 0668 2  0.0904 1354  0.0639  9.58 19.15 12.710  121.70

012 RP  0.618 0.809 0713 2 0.1350 1893  0.0955  13.39 26.78 12.710  170.17

013 RP 0331 0.402 0.366 2  0.0502 1370  0.0355  9.69 19.38 12.710  123.13

014 RP 0978 00918 0.948 2 0.0420  4.43 0.0297  3.13 6.26 12.710 39.79

015 RP 0.834 0.772 0.803 2 0.0435 542 0.0308  3.83 7.67 12.710 48.72

1= submitted as the mean and standard deviation of n results.
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Figure 4.11: Distribution of D/L Values submitted for Arginine
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Figure 4.12: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for

Arginine (value of n displayed.
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Figure 4.13: Experimental ExpandedUncertainty (k=t (0.05,4r ) of the Mean D/L value

for Arginine (value of n displayed.
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Table4.14. Summary Statistics for L and Blanine Peak Area Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-Alapeak area a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 18724 19072 19527 20375 21015 21279 21972 22557 24061 23843 21243 10 1878.7 8.84 594.1 2.80 5.59 2.262 6.33
002 RP 2389 2411 2400 2 15.6 0.65 11.0 0.46 0.92 12.710 5.85
003 RP 2463 2463 1
004 IE
005 IE
006 GC
007 GC
008 RP 23300 23205 23253 2 67.4 0.29 47.6 0.20 0.41 12.710 2.60
009 RP 10930 10525 10727 2 286.4 2.67 202.5 1.89 3.78 12.710 23.99
010 RP 6287 6570 6429 2 199.6 3.10 141.1 2.19 4.39 12.710 27.90
011 RP 5099 5050 5074 2 35.3 0.70 24.9 0.49 0.98 12.710 6.25
012 RP 9540 9337 9438 2 144.1 1.53 101.9 1.08 2.16 12.710 13.72
013 RP 24294 24297 24296 2 2.2 0.01 1.6 0.01 0.01 12.710 0.08
014 RP 9764 9435 9599 2 232.7 2.42 164.5 171 3.43 12.710 21.79
015 RP 10135 9829 9982 2 217.0 2.17 153.4 1.54 3.07 12.710 19.54
D-Ala peak area a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 5322 5326 5638 5642 5796 5933 6063 6228 6604 6628 5918 10 467.4 7.90 147.8 2.50 5.00 2.262 5.65
002 RP 659 650 654 2 6.1 0.93 4.3 0.66 131 12.710 8.34
003 RP 705 705 1
004 IE
005 IE
006 GC
007 GC
008 RP 6295 6287 6291 2 5.4 0.09 3.8 0.06 0.12 12.710 0.77
009 RP 3435 3264 3349 2 1211 3.62 85.6 2.56 511 12.710 32.50
010 RP 1918 1950 1934 2 22.9 1.18 16.2 0.84 1.68 12.710 10.65
011 RP 1605 1537 1571 2 48.1 3.06 34.0 2.16 4.33 12.710 27.49
012 RP 3004 2866 2935 2 97.5 3.32 69.0 2.35 4.70 12.710 29.87
013 RP 7286 7278 7282 2 5.2 0.07 3.7 0.05 0.10 12.710 0.64
014 RP 2978 2703 2840 2 194.4 6.84 137.5 4.84 9.68 12.710 61.52
015 RP 3112 2845 2979 2 189.2 6.35 133.8 4.49 8.98 12.710 57.08
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Table4.15: Summary Statistics for L and Blanine Concentration Data (pM)

Lab No method Submitted Replicate data StandardDeviation Uncertainty of Mean& Expanded Lat 95% CL
L-Ala Conc a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 1099 1101 1056 1101 1097 1092 1081 1107 1118 1089 1094 10 16.8 1.54 5.3 0.49 0.97 2.262 1.10
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 1223 1225 1224 2 14 0.12 1.0 0.08 0.16 12.710 1.04
009 RP 1190 1216 1203 2 18.5 1.54 131 1.09 2.18 12.710 13.86 o
010 RP 1241 1194 1217 2 33.7 2.77 23.9 1.96 3.92 12.710 2491 |~
011 RP 979 1042 1011 2 45.0 4.45 31.8 3.15 6.29 12.710 39.98 :
012 RP 1089 1168 1128 2 55.7 4.94 39.4 3.49 6.98 12.710 44.38 o
013 RP 760 765 763 2 3.3 0.43 2.3 0.30 0.61 12.710 3.86 S
014 RP 918 1179 1048 2 184.1 17.56 130.2 12.42 24.84 12.710 157.86 Lg)
015 RP 1019 1189 1104 2 120.2 10.88 85.0 7.70 15.39 12.710 97.81 g
D-Ala Conc a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 312 307 305 305 303 305 298 306 307 303 305 10 3.7 121 1.2 0.38 0.77 2.262 0.87
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 330 332 331 2 11 0.32 0.7 0.23 0.45 12.710 2.87
009 RP 317 320 318 2 1.9 0.59 1.3 0.42 0.84 12.710 5.35
010 RP 321 300 311 2 14.6 4.69 10.3 3.32 6.63 12.710 42.15
011 RP 261 269 265 2 5.5 2.09 3.9 1.48 2.95 12.710 18.75
012 RP 291 304 297 2 9.3 3.14 6.6 2.22 4.44 12.710 28.24
013 RP 193 194 194 2 0.7 0.35 0.5 0.25 0.49 12.710 3.14
014 RP 237 286 262 2 34.5 13.19 24.4 9.33 18.66 12.710 118.56
015 RP 265 292 278 2 18.7 6.72 13.2 4.75 9.50 12.710 60.37




Table4.16: Summary Statistics for L and Blanine D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
D/L Ala a b c d e f g h i j mean n std dev CV% stdu RSU% Exp Wb t critical Exp Wb
(k=2 (0.05,df) (K=t
001 RP 0284 0279 0289 0277 0276 0279 0.276 0.276 0274 0.278 0279 10 0.0044  1.58 0.0014  0.50 1.00 2.262 1.13
002 RP 0276 0.270 0273 2 0.0043 1.8 0.0030  1.12 2.23 12.710 14.19
003 RP  0.286 0.286 1
004 IE
005 IE
006" GG, 0.246 0.246 1
007 GG~ 0.265 0.265 7  0.0090  3.40 0.0034  1.28 2.57 2.447 3.14
008 RP 0270 0271 0271 2  0.0007  0.26 0.0005  0.18 0.37 12.710 2.35
009 RP 0266 0.263 0265 2 0.0025 0.95 0.0018  0.67 1.34 12.710 8.51
010 RP 0258 0.252 0255 2 0.0049  1.92 0.0035  1.36 2.71 12.710 17.25
011 RP  0.267 0.258 0262 2 0.0062  2.36 0.0044 167 3.34 12.710 21.24
012 RP  0.267 0.260 0263 2  0.0047  1.80 0.0033  1.27 2.54 12.710 16.15
013 RP 0254 0.254 0254 2 0.0002  0.08 0.0001  0.06 0.11 12.710 0.72
014 RP  0.258 0.243 0251 2 00111  4.42 0.0078  3.13 6.26 12.710 39.76
015 RP 0.260 0.245 0253 2 0.0106  4.18 0.0075  2.96 5.91 12.710 37.57

= submitted as the mean and standard deviation of n results.
GG= derived using peak area
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Figure 4.14: Distribution of D/L Values submitted for Alanine
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Figure 4.15: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for

Alanine (value of n displayed.
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Figure 4.16: Experimental ExpandedUncertainty (k=t (0.05.d4r ) of the MeanD/L value

for Alanine (value of n displayed.
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Table4.17: Summary Statistics for L and Maline Peak Area Height Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Uat 95% CL
L-Valpeak area a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=ten)
001 RP 13704 13998 13737 14595 15182 15652 16125 16533 17442 17819 15479 10 1495.9 9.66 473.1 3.06 6.11 2.262 6.91
002 RP 1726 1734 1730 2 5.3 0.31 3.7 0.22 0.43 12.710 2.75
003 RP 1777 1777 1
004 IE
005 IE
006 GC
007 GC
008 RP 16972 16874 16923 2 69.2 0.41 48.9 0.29 0.58 12.710 3.68
009 RP 8286 8337 8311 2 35.8 0.43 25.3 0.30 0.61 12.710 3.87
010 RP 4721 5059 4890 2 239.0 4.89 169.0 3.46 6.91 12.710 43.93
011 RP 3815 3821 3818 2 4.3 0.11 3.1 0.08 0.16 12.710 1.02
012 RP 7392 7400 7396 2 5.3 0.07 3.8 0.05 0.10 12.710 0.65
013 RP 16355 16155 16255 2 141.2 0.87 99.9 0.61 1.23 12.710 7.81
014 RP 7288 7158 7223 2 92.3 1.28 65.3 0.90 1.81 12.710 11.49
015 RP 7783 7715 7749 2 47.8 0.62 33.8 0.44 0.87 12.710 5.55
D-Valpeak area a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05df)  (k=ter)
001 RP 1815 1862 1931 2002 2080 2178 2243 2353 2475 2546 2148 10 2544 11.84 80.5 3.75 7.49 2.262 8.47
002 RP 242 246 244 2 2.3 0.96 1.7 0.68 1.35 12.710 8.60
003 RP 257 257 1
004 IE
005 IE
006 GC
007 GC
008 RP 2320 2314 2317 2 4.2 0.18 2.9 0.13 0.25 12.710 1.61
009 RP 1217 1202 1209 2 10.6 0.88 7.5 0.62 1.24 12.710 7.87
010 RP 649 678 663 2 205 3.10 14.5 2.19 4.38 12.710 27.82
011 RP 514 523 519 2 5.9 1.13 4.1 0.80 1.60 12.710 10.17
012 RP 1101 1007 1054 2 66.8 6.34 47.2 4.48 8.96 12.710 56.95
013 RP 2559 2537 2548 2 15.6 0.61 11.0 0.43 0.87 12.710 5.50
014 RP 1314 1069 1192 2 173.2 14.53 122.5 10.28 20.55 12.710 130.61
015 RP 1123 1046 1085 2 54.1 4.99 38.2 3.53 7.05 12.710 44.82
D+L Vapeakheight a b c d e f g h i j mean n std dev CV% std u RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=tew)
004 IE 15.13 15.16 15.15 2 0.0269 0.18 0.0190 0.13 0.25 12.710 1.59
005 IE 12.82 14.82 13.82 2 1.4086 10.19 0.9960 7.21 14.41 12.710 91.60
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Table4.18: Summary Statistics for L and Daline Concentration Data (pM)

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Wt 95% CL
L-ValConc a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=ten)
001 RP 805 808 743 789 792 803 793 811 810 814 797 10 20.9 2.63 6.6 0.83 1.66 2.262 1.88
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 891 891 891 2 0.0 0.00 0.0 0.00 0.01 12.710 0.04
009 RP 832 888 860 2 39.9 4.64 28.2 3.28 6.56 12.710 41.71
010 RP 859 847 853 2 8.4 0.99 6.0 0.70 1.40 12.710 8.88
011 RP 675 727 701 2 36.9 5.26 26.1 3.72 7.43 12.710 47.24
012 RP 778 853 816 2 53.3 6.53 37.7 4.62 9.24 12.710 58.72
013 RP 472 469 470 2 2.1 0.45 1.5 0.32 0.63 12.710 4.03
014 RP 632 824 728 2 136.1 18.69 96.2 13.22 26.43 12.710 167.99
015 RP 722 861 791 2 98.3 12.43 69.5 8.79 17.58 12.710 111.70
D-ValConc a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05df)  (k=ter)
001 RP 107 107 104 108 109 112 110 115 115 116 110 10 4.1 3.70 1.3 1.17 2.34 2.262 2.65
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 122 122 122 2 0.3 0.23 0.2 0.16 0.32 12.710 2.03
009 RP 110 115 113 2 3.8 3.34 2.7 2.36 4.72 12.710 29.98
010 RP 106 102 104 2 2.9 2.78 21 1.97 3.93 12.710 24.99
011 RP 82 90 86 2 5.4 6.27 3.8 4.44 8.87 12.710 56.38
012 RP 104 105 104 2 0.1 0.13 0.1 0.09 0.18 12.710 1.13
013 RP 67 66 66 2 0.1 0.19 0.1 0.14 0.27 12.710 1.72
014 RP 103 111 107 2 5.9 5.49 4.1 3.88 7.77 12.710 49.37
015 RP 94 105 99 2 8.0 8.08 5.7 5.71 11.43 12.710 72.62
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Table4.19: Summary Statistics for L and Maline D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Wt 95% CL
D/L Valine a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
(k=2 (0.05df)  (k=ter)
001 RP 0132 0.133 0141 0137 0137 0.139 0139 0.142 0.142 0.143 0139 10 0.0037 2.64 0.0012  0.84 1.67 2.262 1.89
002 RP 0140 0.142 0.141 2 0.0009  0.65 0.0006  0.46 0.92 12.710 5.85
003 RP  0.144 0.144 1
004 IE
005 IE
006" GG~ 0137 0137 1
007" GG~ 0.109 0109 9 0.0060 5.50 0.0020  1.83 3.67 2.306 4.23
008 RP 0137 0.137 0137 2 0.0000  0.00 0.0000  0.00 0.00 12.710 0.00
009 RP 0132 0.130 0131 2 0.0017 1.31 0.0012  0.92 1.85 12.710 11.74
010 RP 0124 0.121 0122 2 0.0022 1.79 0.0016  1.27 2.54 12.710 16.12
011 RP 0121 0.123 0122 2 0.0012  1.02 0.0009  0.72 1.44 12.710 9.15
012 RP 0134 0.123 0.128 2 0.0082  6.41 0.0058  4.53 9.06 12.710 57.59
013 RP 0141 0.141 0.141 2 0.0004 0.26 0.0003  0.18 0.36 12.710 2.31
014 RP 0162 0.135 0149 2 0.0197 1327 0.0139 938 18.76 12.710  119.23
015 RP 0130 0.122 0.126 2 0.0055  4.37 0.0039  3.09 6.18 12.710 39.28

1= submitted as the mean and standard deviation of n results.
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Figure 4.17: Distribution of D/L Values submitted for Valine
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Figure 4.18: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for
Valine (value of n displayed.
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for Valine (value of n displayed.
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Table4.20: Summary Statistics for L and Phenylalanine Peak Area Data

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95% CL

L-Phepeak area a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 4457 4557 4778 4827 4984 5093 5285 5337 5572 5668 5056 10 410.4 8.12 129.8 2.57 5.13 2.262 5.81
002 RP 570 577 573 2 54 0.94 3.8 0.67 1.33 12.710 8.48
003 RP 599 599 1
004 IE
005 IE
006 GC
007 GC
008 RP 4527 4521 4524 2 4.1 0.09 2.9 0.06 0.13 12.710 0.80
009 RP 2654 2657 2656 2 20 0.07 14 0.05 0.11 12.710 0.67
010 RP 1463 1569 1516 2 74.7 4.93 52.8 3.48 6.97 12.710 44.28
011 RP 1161 1158 1159 2 2.4 0.20 1.7 0.14 0.29 12.710 1.83
012 RP 2304 2257 2280 2 33.6 1.47 23.7 1.04 2.08 12.710 13.22
013 RP 5941 5910 5926 2 217 0.37 15.4 0.26 0.52 12.710 3.30 ~
014 RP 2305 2238 2271 2 47.4 2.09 335 1.48 2.95 12.710 18.76 1~
015 RP 2408 2322 2365 2 61.4 2.60 43.4 1.84 3.67 12.710 23.34 :
o
D-Phepeak area a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp W O
k=2 (0.05,df)  (k=ten) g
001 RP 1430 1482 1383 1434 1458 1540 1601 1679 1523 1492 1502 10 87.8 5.84 27.8 1.85 3.70 2.262 4.18 5
002 RP 171 172 171 2 0.9 0.54 0.7 0.38 0.76 12.710 4.82
003 RP 195 195 1
004 IE
005 IE
006 GC
007 GC
008 RP 1564 1548 1556 2 111 0.71 7.8 0.50 1.01 12.710 6.40
009 RP 821 815 818 2 3.7 0.45 2.6 0.32 0.64 12.710 4.04
010 RP 442 468 455 2 19.0 4.18 13.5 2.96 5.91 12.710 37.58
011 RP 356 352 354 2 2.7 0.77 1.9 0.54 1.09 12.710 6.90
012 RP 694 693 693 2 0.5 0.07 0.3 0.05 0.09 12.710 0.59
013 RP 1875 1851 1863 2 17.5 0.94 12.4 0.66 1.33 12.710 8.45
014 RP 762 641 702 2 85.7 12.21 60.6 8.64 17.27 12.710 109.77
015 RP 715 690 703 2 17.4 2.48 12.3 1.75 3.51 12.710 22.30




Table4.21: Summary Statistics for L and Phenylalanine Concentration Data (pM)

Lab No method Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95% CL

L-PheConc a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo

k=2 (0.05,df)  (k=teri)

001 RP 262 263 258 261 260 261 260 262 259 259 260 10 15 0.59 0.5 0.19 0.37 2.262 0.42

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP 238 239 238 2 0.8 0.32 0.5 0.22 0.45 12.710 2.83

009 RP 291 309 300 2 12.8 4.29 9.1 3.03 6.06 12.710 38.52

010 RP 291 287 289 2 2.7 0.95 1.9 0.67 1.34 12.710 8.52

011 RP 224 240 232 2 115 4.94 8.1 3.49 6.99 12.710 44.40

012 RP 265 284 274 2 13.7 4.99 9.7 3.53 7.06 12.710 44.87

013 RP 187 187 187 2 0.1 0.05 0.1 0.04 0.08 12.710 0.49

014 RP 218 281 250 2 44.7 17.90 31.6 12.65 25.31 12.710 160.83

015 RP 244 283 263 2 275 10.46 19.5 7.40 14.79 12.710 94.02

D-PheConc a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=terr)

001 RP 84 86 75 77 76 79 79 82 71 68 78 10 55 7.13 1.8 2.25 451 2.262 5.10

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP 82 82 82 2 0.3 0.31 0.2 0.22 0.44 12.710 2.76

009 RP 90 95 92 2 35 3.76 2.5 2.66 5.32 12.710 33.81

010 RP 88 86 87 2 15 1.69 1.0 1.20 2.40 12.710 15.23

011 RP 69 73 71 2 31 4.38 2.2 3.09 6.19 12.710 39.33

012 RP 80 87 83 2 5.3 6.40 3.8 4.52 9.05 12.710 57.48

013 RP 59 59 59 2 0.3 0.52 0.2 0.37 0.73 12.710 4.67

014 RP 72 81 76 2 6.0 7.83 4.2 5.53 11.07 12.710 70.35

015 RP 72 84 78 2 8.3 10.58 5.8 7.48 14.96 12.710 95.06
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Table4.22: Summary Statistics for L and Phenylalanine D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
D/L Phe a b c d e f g h i j mean n std dev CV% std u RSU% Exp Wo t critical Exp Wo
(k=2 (0.05,df) (K=t
001 RP 0321 0325 0289 0297 0.293 0.302 0.303 0.315 0.273 0.263 0.298 10 0.0197 6.61 0.0062  2.09 4.18 2.262 473
002 RP  0.300 0.298 0299 2 00012 041 0.0009  0.29 0.58 12.710 3.66
003 RP  0.326 0.326 1
004 IE
005 IE
006" GG, 0.297 0297 1
007 GG~ 0.280 0280 10 0.0300 10.71  0.0095  3.39 6.78 2.262 7.66
008 RP 0345 0.342 0.344 2 00021  0.62 0.0015 0.4 0.87 12.710 5.55
009 RP  0.309 0.307 0.308 2 0.0016 0.2 0.0011  0.37 0.74 12.710 471
010 RP 0302 0.299 0.300 2 0.0022 0.75 0.0016  0.53 1.06 12.710 6.71
011 RP 0306 0.304 0.305 2 0.0017 0.6 0.0012  0.40 0.80 12.710 5.08
012 RP 0301 0.307 0.304 2 0.0043 1.41 0.0030  0.99 1.99 12.710 12.63
013 RP 0316 0.313 0.314 2 0.0018 057 0.0013 041 0.81 12.710 5.15
014 RP 0331 0.286 0309 2 0.0313 1014  0.0221 717 14.34 12.710 91.13
015 RP 0297 0.297 0297 2 0.0003 0.12 0.0002  0.08 0.16 12.710 1.04

= submitted as the mean and standard deviation of n results.
GG= derived using peak area
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Figure 4.20: Distribution of D/L Values submitted for Phenylalanine
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Figure 4.21: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for
Phenylalanine (value of n displayed.
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Figure 4.22: Experimental ExpandedUncertainty (k=t (0.05.d4r ) of the MeanD/L value
for Phenylalanine (value of n displayed.
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Table4.23: Summary Statistics foiD-Alloisoleucine / L-Isoleucin e Peak Area Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-lle peak area a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 5332 5347 5356 5619 5840 6025 6218 6382 6640 6787 5955 10 543.7 9.13 171.9 2.89 5.77 2.262 6.53
002 RP 614 613 613 2 1.0 0.16 0.7 0.12 0.23 12.710 1.47
003 RP 649 649 1
004 IE
005 IE
006 GC
007 GC
008 RP 5716 5686 5701 2 21.3 0.37 15.0 0.26 0.53 12.710 3.35
009 RP 3239 3269 3254 2 21.3 0.65 15.0 0.46 0.92 12.710 5.87
010 RP 1822 1975 1899 2 108.0 5.69 76.4 4.02 8.05 12.710 51.14
011 RP 1454 1451 1452 2 2.2 0.15 15 0.11 0.21 12.710 1.34
012 RP 2890 2870 2880 2 14.2 0.49 101 0.35 0.70 12.710 4.44
013 RP 6665 6632 6648 2 23.7 0.36 16.7 0.25 0.50 12.710 3.20
014 RP 2929 2822 2875 2 76.0 2.64 53.7 1.87 3.74 12.710 23.76
015 RP 3017 2948 2982 2 49.1 1.65 34.7 1.16 2.33 12.710 14.79
D-Aile peak area a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP 722 733 650 704 599 763 771 815 841 849 744 10 80.7 10.84 25.5 3.43 6.86 2.262 7.76
002 RP 159 165 162 2 3.9 241 2.8 171 3.41 12.710 21.69
003 RP 166 166 1
004 IE
005 IE
006 GC
007 GC
008 RP 887 887 887 2 0.3 0.03 0.2 0.02 0.05 12.710 0.31
009 RP 620 896 758 2 195.4 25.79 138.2 18.24 36.48 12.710 231.81
010 RP 331 522 427 2 1351 31.67 95.5 22.39 44.78 12.710 284.59
011 RP 262 337 299 2 53.3 17.81 37.7 12.60 25.19 12.710 160.10
012 RP 514 649 581 2 95.6 16.44 67.6 11.62 23.25 12.710 147.75
013 RP 1934 1988 1961 2 37.9 1.93 26.8 1.37 2.73 12.710 17.36
014 RP 817 603 710 2 150.7 21.22 106.5 15.01 30.01 12.710 190.74
015 RP 761 672 717 2 62.7 8.75 443 6.19 12.37 12.710 78.62
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Table4.24: Summary Statistics foD-Alloisoleucine/ L-Isoleucin e Concentration Data (pM)

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95% CL

L-lle Conc a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo

k=2 (0.05,df)  (k=teri)

001 RP 313 309 289 304 305 309 306 313 309 310 307 10 6.8 2.22 2.1 0.70 1.40 2.262 1.59

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP 300 300 300 2 0.1 0.03 0.1 0.02 0.04 12.710 0.29

009 RP 337 361 349 2 17.0 4.86 12.0 3.44 6.88 12.710 43.71

010 RP 344 343 344 2 0.6 0.18 0.4 0.13 0.26 12.710 1.65

011 RP 267 287 277 2 13.8 4.99 9.8 3.53 7.06 12.710 44.88

012 RP 316 343 329 2 19.7 5.97 13.9 4.22 8.44 12.710 53.64

013 RP 200 200 200 2 0.1 0.07 0.1 0.05 0.09 12.710 0.59

014 RP 263 337 300 2 52.1 17.35 36.8 12.27 24.53 12.710 155.92

015 RP 290 341 316 2 36.0 11.41 255 8.07 16.13 12.710 102.53

D-Aile Conc a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=terr)

001 RP 42 42 35 38 31 39 38 40 39 39 38 10 3.3 8.55 1.0 2.70 5.41 2.262 6.12

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP 47 47 47 2 0.2 0.37 0.1 0.26 0.52 12.710 3.33

009 RP 65 99 82 2 24.4 29.84 17.3 21.10 42.20 12.710 268.19

010 RP 63 91 77 2 20.0 26.03 14.1 18.41 36.82 12.710 233.98

011 RP 48 67 57 2 131 22.85 9.3 16.16 32.32 12.710 205.38

012 RP 56 78 67 2 15.2 22.78 10.8 16.11 32.22 12.710 204.74

013 RP 58 60 59 2 14 2.35 1.0 1.66 3.33 12.710 21.14

014 RP 73 72 73 2 0.9 1.30 0.7 0.92 1.84 12.710 11.72

015 RP 73 78 76 2 33 4.32 2.3 3.05 6.11 12.710 38.80
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Table4.25: Summary Statistics foD-Alloisoleucine / L-Isoleucin e D/L Ratio Value

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95% CL

D/L Aile/lle a b c d e f g h i j mean n std dev CV% std u RSU%  Exp W t critical Exp Wo
k=2 (0.05,df) (k=terit)
001 RP 0.135 0.137 0.121 0.125 0.103 0.127 0.124 0.128 0.127 0.125 0.125 10 0.0093 7.47 0.0030 2.36 4.72 2.262 5.34
002 RP 0.259 0.269 0.264 2 0.0068 2.58 0.0048 1.82 3.64 12.710 23.16
003 RP 0.255 0.255 1
004 IE 0.136 0.133 0.135 2 0.0021 1.58 0.0015 1.12 2.23 12.710 14.17
005 IE 0.136 0.142 0.139 2 0.0042 3.05 0.0030 2.16 4.32 12.710 27.43
006! GG 0127 0127 1
007 GG 0.159 0.159 10 0.0140 8.81 0.0044 2.78 5.57 2.262 6.30
008 RP 0.155 0.156 0.156 2 0.0007 0.45 0.0005 0.32 0.64 12.710 4.09
009 RP 0.191 0.274 0.233 2 0.0585 25.16 0.0414 17.79 35.58 12.710 226.13
010 RP 0.182 0.264 0.223 2 0.0585 26.21 0.0413 18.53 37.07 12.710 235.58
011 RP 0.180 0.232 0.206 2 0.0370 17.96 0.0262 12.70 25.40 12.710 161.42
012 RP 0.178 0.226 0.202 2 0.0342 16.93 0.0242 11.97 23.94 12.710 152.13
013 RP 0.290 0.300 0.295 2 0.0067 2.29 0.0048 1.62 3.23 12.710 20.55
014 RP 0.279 0.214 0.246 2 0.0459 18.63 0.0325 13.17 26.35 12.710 167.45
015 RP 0.252 0.228 0.240 2 0.0171 7.11 0.0121 5.03 10.05 12.710 63.88

1= submitted as the mean and standard deviation of n results.
GG= derived using peak area



Figure 4.23: Distribution of D/L Values submitted for D-Alloisoleucine/ L-Isoleucin e
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Figure 4.24: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for
D-Alloisoleucine / L-Isoleucine (value of ndisplayed).

D/L Value

0.80

0.70 -

0.60 -

0.50 4

0.40 -

0.30 -

0.20 -

0.10 -

0.00

S

Laboratory Number

RP RP RP IE IE GC GC RP RP RP RP RP RP RP RP
— Replicate means
2
2 1 ‘ 4 + ;
- == ‘ 2 1 v
i == = i
10 2 ! : v
2 2 : i
10 1 - == v v v v
= =
- -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 4.25: Experimental ExpandedUncertainty (k=t (0.05.d4r ) of the MeanD/L value
for D-Alloisoleucine / L-Isoleucine (value of n displayed.
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Table4.26: Summary Statistics for L and Deucine Peak Area Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-Leu peak area a b c d e f g h i j mean n std dev CV% stdu RSU% Exp Wo t critical Exp Wb
k=2 (0.05,df) (K=terit)
001 RP 10403 10566 10978 11156 11753 11941 12299 12294 13164 13399 11795 10 1027.0 8.71 324.8 2.75 551 2.262 6.23
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 12700 12643 12671 2 39.9 0.32 28.2 0.22 0.45 12.710 2.83
009 RP 6229 6257 6243 2 19.9 0.32 141 0.23 0.45 12.710 2.87
010 RP 3528 3766 3647 2 168.6 4.62 119.2 3.27 6.54 12.710 41.55
011 RP 2820 2854 2837 2 24.3 0.86 17.2 0.61 1.21 12.710 7.69
012 RP 5452 5487 5469 2 24.7 0.45 17.4 0.32 0.64 12.710 4.05
013 RP 13484 13443 13464 2 29.4 0.22 20.8 0.15 0.31 12.710 1.96
014 RP 5685 5269 5477 2 294.1 5.37 208.0 3.80 7.59 12.710 48.26
015 RP 5810 5733 5771 2 54.2 0.94 38.3 0.66 1.33 12.710 8.44
D-Leu peak area a b c d e f g h i j mean n std dev CV% stdu RSU% Exp Wb t critical Exp Wb
(k=2 (0.05,df) (K=terit)
001 RP 3065 3252 2874 3148 3635 3635 4036 4100 4488 4719 3695 10 626.4 16.95 198.1 5.36 10.72 2.262 12.13
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 3050 2914 2982 2 96.0 3.22 67.9 2.28 4.55 12.710 28.93
009 RP 1841 1715 1778 2 89.3 5.02 63.1 3.55 7.10 12.710 4513
010 RP 1022 1043 1033 2 14.5 1.40 10.2 0.99 1.98 12.710 12.60
011 RP 5561 612 582 2 42.7 7.34 30.2 5.19 10.38 12.710 65.97
012 RP 1607 1584 1595 2 16.6 1.04 11.8 0.74 1.47 12.710 9.36
013 RP
014 RP 1945 1553 1749 2 277.3 15.85 196.0 11.21 22.42 12.710 142.48
015 RP 1719 1606 1663 2 80.1 4.82 56.6 341 6.81 12.710 43.30
D+L Leypeakheight a b c d e f g h i j mean n std dev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05df)  (k=ter)
004 IE 4.224 4.239 4.232 2 0.0106 0.25 0.0075 0.18 0.35 12.710 2.25
005 IE 3.259 3.781 3.520 2 0.3691 10.49 0.2610 7.41 14.83 12.710 94.24
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Table4.27: Summary Statistics for L and Deucine Concentration Data (pM)

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
L-LeuConc a b c d e f g h i j mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
(k=2 (0.05,d)  (k=tw)
001 RP 611 610 593 603 613 613 605 603 612 612 607 10 6.3 1.04 2.0 0.33 0.66 2.262 0.75
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 667 667 667 2 0.6 0.09 0.4 0.06 0.13 12.710 0.81
009 RP 870 927 898 2 40.7 453 28.8 3.20 6.41 12.710 40.71
010 RP 893 877 885 2 11.1 1.25 7.8 0.89 1.77 12.710 11.25
011 RP 694 756 725 2 435 6.00 30.7 4.24 8.48 12.710 53.90
012 RP 798 880 839 2 58.0 6.91 41.0 4.89 9.77 12.710 62.12
013 RP 541 543 542 2 1.1 0.20 0.8 0.14 0.29 12.710 1.82
014 RP 685 844 765 2 1121 1465 79.2 10.36 20.73 12.710 13171
015 RP 749 889 819 2 99.2 12.11 70.2 8.56 17.13 12.710  108.83
D-LeuConc a b c d e f g h i j mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo
k=2 (0.05,df)  (k=tw)
001 RP 180 188 155 170 190 187 199 201 209 215 189 10 179 9.48 5.7 3.00 6.00 2.262 6.78
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP 160 154 157 2 4.4 2.81 3.1 1.99 3.98 12.710 25.29
009 RP 257 254 256 2 2.1 0.81 15 0.57 1.15 12.710 7.30
010 RP 259 243 251 2 11.2 4.47 7.9 3.16 6.33 12.710 40.20
011 RP 136 162 149 2 18.5 12.46 13.1 8.81 17.62 12.710  111.98
012 RP 235 254 245 2 13.3 5.42 9.4 3.83 7.67 12.710 48.73
013 RP
014 RP 235 249 242 2 10.0 4.16 7.1 2.94 5.88 12.710 37.37

015 RP 222 249 235 2 19.4 8.25 13.7 5.83 11.67 12.710 74.14
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Table4.28: Summary Statistics for L and Deucine D/L Ratio Value

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Lat 95% CL
D/L Leu a b c d e f g h i j mean n std dev CV% stdu RSU% Exp Wo t critical Exp Wb
(k=2 (0.05,d)  (k=tw)
001 RP 0295 0308 0.262 028 0309 0.304 0.328 0.334 0.341 0.352 0.311 10 0.0278  8.93 0.0088  2.83 5.65 2.262 6.39
002 RP
003 RP
004 IE
005 IE
006" GG~ 0.216 0216 1
007" GG 0.207 0.207 10 0.0060  2.90 0.0019  0.92 1.83 2.262 2.07
008 RP 0240 0.231 0236 2 0.0084 270 0.0045  1.91 3.82 12.710 24.29
009 RP 0296 0.274 0285 2 0.0152  5.34 0.0108  3.78 7.55 12.710 48.00
010 RP 0290 0.277 0283 2 0.0091  3.22 0.0065  2.28 456 12.710 28.96
011 RP 0196 0.214 0205 2 0.0133  6.49 0.0094  4.59 9.17 12.710 58.29
012 RP  0.295 0.289 0292 2 0.0044  1.49 0.0031  1.06 2.11 12.710 13.41
013 RP
014 RP 0342 0.295 0.318 2 0.0335 1053  0.0237 745 14.89 12.710 94.63
015 RP  0.296 0.280 0288 2 00112  3.88 0.0079  2.74 5.49 12.710 34.87

= submitted as the mean and standard deviation of n results.
GG= derived using peak area
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Figure 4.26: Distribution of D/L Values submitted for Leucine
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Figure 4.27: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for

Leucine (value of n displayed.

D/L Value

0.70

0.60 -

0.50 -

0.40 -

0.30 -

0.20 -

0.10

0.00

RP RP RP IE IE GC GC RP RP RP RP RP RP RP RP
= Replicate mean:
10 %
% 2 2 2 - 2
=
v ¢ v ¥
2
1
10 + 2
= A
* —
v
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Laboratory Number

Figure 4.28: Experimental ExpandedUncertainty (k=t (0.05.d4r ) of the MeanD/L value

for Leucine (value of n displayed.
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Table4.29: Summary Statistics for L and Dyrosine Peak Area Data

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95% CL

L-Tyrpeak area a b d e f g mean n  stddev CV% std u RSU%  Exp Wo t critical Exp Wo
k=2 (0.05,df)  (k=teri)
001 RP
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP
009 RP 1607 1638 1622 2 22.4 1.38 15.8 0.98 1.95 12.710 12.40
010 RP 998 1064 1031 2 46.9 4.55 33.2 3.22 6.43 12.710 40.88
011 RP 771 753 762 2 12.2 1.61 8.7 1.14 2.27 12.710 14.43
012 RP 928 830 879 2 69.1 7.86 48.8 5.56 11.12 12.710 70.65
013 RP N~
014 RP 1053 992 1023 2 43.5 4.25 30.7 3.00 6.01 12.710 38.19 :
015 RP 1281 1209 1245 2 50.8 4.08 35.9 2.88 5.77 12.710 36.66 o%
D-Tyrpeak area a b d e f g mean n  stddev CV% stdu RSU%  Exp W t critical Exp Wo ,g
k=2 (0.05,df)  (k=teir)
o
001 RP
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP
009 RP 450 438 444 2 8.3 1.86 5.8 131 2.63 12.710 16.71
010 RP 284 287 285 2 2.8 0.98 2.0 0.69 1.39 12.710 8.81
011 RP 217 211 214 2 4.0 1.86 2.8 1.32 2.63 12.710 16.72
012 RP 264 237 251 2 195 7.79 13.8 5.51 11.02 12.710 70.01
013 RP
014 RP
015 RP 322 298 310 2 16.6 5.35 11.7 3.78 7.56 12.710 48.05




Table4.30: Summary Statistics for L and Dyrosine Concentration Data (pM)

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& Expanded Lat 95% CL

L-TyrConc a b d e f g mean n std dev CV% std u RSU%  Exp W t critical Exp Wo

k=2 (0.05,df) (k=terit)

001 RP

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP

009 RP 145 157 151 2 8.4 5.59 6.0 3.95 7.90 12.710 50.22

010 RP 163 160 161 2 21 1.33 15 0.94 1.88 12.710 11.92

011 RP 122 129 125 2 4.4 3.54 3.1 2.50 5.00 12.710 31.80 Q

012 RP 88 86 87 2 1.2 1.40 0.9 0.99 1.98 12.710 12.60 :‘

013 RP o

014 RP 82 102 92 2 145 15.76 10.3 11.15 22.29 12.710 141.68 ,‘2

015 RP 107 121 114 2 10.2 8.99 7.2 6.35 12.71 12.710 80.76 %

D-TyrConc a b d e f g mean n  std dev CV% std u RSU%  Exp Wo t critical Exp Wo g
k=2 (0.05,df) (k=teriv)

001 RP

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP

009 RP 41 42 41 2 1.0 2.35 0.7 1.66 3.33 12.710 21.14

010 RP 46 43 45 2 22 4.89 15 3.46 6.92 12.710 43.99

011 RP 34 36 35 2 1.2 3.28 0.8 2.32 4.64 12.710 29.51

012 RP 25 24 25 2 0.3 1.33 0.2 0.94 1.88 12.710 11.96

013 RP

014 RP

015 RP 27 30 28 2 2.2 7.72 15 5.46 10.92 12.710 69.40




Table4.31: Summary Statistics for L and Dyrosine D/L Ratio Value

Lab No method

Submitted Replicate data

Standard Deviation

Uncertainty of Mean& ExpandedJ at 95% CL

D/L Tyr a b d e f g h i j mean n std dev CV% std u RSU%  Exp W t critical Exp Wo
k=2 (0.05,df) (k=terit)

001 RP

002 RP

003 RP

004 IE

005 IE

006 GC

007 GC

008 RP

009 RP 0.280 0.268 0.274 2 0.0089 3.24 0.0063 2.29 4.58 12.710 29.10

010 RP 0.284 0.270 0.277 2 0.0099 3.57 0.0070 2.52 5.05 12.710 32.08

011 RP 0.281 0.280 0.281 2 0.0007 0.25 0.0005 0.18 0.36 12.710 2.29

012 RP 0.285 0.285 0.285 2 0.0002 0.07 0.0001 0.05 0.10 12.710 0.64

013 RP

014 RP

015 RP 0.251 0.247 0.249 2 0.0032 1.27 0.0022 0.90 1.79 12.710 11.40
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Figure 4.29: Distribution of D/L Values submitted for Tyrosine
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Figure 4.30: Experimental ExpandedUncertainty (k=2) of the MeanD/L value for
Tyrosine (value of n displayed.
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Figure 4.31: Experimental ExpandedUncertainty (k=t (0.05,.dr ) of the MeanD/L value
for Tyrosine (value of n displayed.
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Table4.32: Summary Statistics for L and DMethionine Peak Area Data

Lab No method Submitted Replicate data Standard Deviation Uncertainty of Mean& Expanded Wt 95% CL
L-Met peak a b c d e f g h i j mean n std dev CV% stdu RSU% Exp We(k=2) tcritical Exp Wo
area (005rdf) (kztcrit)

001 RP
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP
009 RP 428 340 384 2 62.3 16.23 44.1 11.48 560.1 428 340
010 RP 183 206 194 2 16.8 8.66 11.9 6.12 151.3 183 206
011 RP
012 RP 489 400 445 2 62.8 1411 44.4 9.98 564.1 489 400
013 RP 3230 3215 3223 2 10.5 0.33 7.5 0.23 94.7 3230 3215
014 RP 1355 1295 1325 2 42.5 3.21 30.0 2.27 381.9 1355 1295
015 RP 330 275 303 2 39.1 12.91 27.6 9.13 351.2 330 275
D-Met peakarea a b c d e f g h i j mean n  stddev CV% stdu RSU% Exp Wo(k=2) tcritical Exp Wo
(0.05,df)  (k=ten)
001 RP
002 RP
003 RP
004 IE
005 IE
006 GC
007 GC
008 RP
009 RP 121 66 94 2 39.2 41.82 27.7 29.57 352.4 121 66
010 RP 69 93 81 2 171 20.97 121 14.82 153.4 69 93
011 RP
012 RP
013 RP
014 RP 689 613 651 2 53.7 8.26 38.0 5.84 483.0 689 613

015 RP 163 138 150 2 17.9 11.91 12.7 8.42 160.9 163 138
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Table4.33: Summary Statistics foHPLC Internal Standards ; Peak Area/Height Data

Lab No method

Submitted Replicate data Standard Deviation

Uncertainty of Mean& Expanded LAt 95% CL

L-homoArginine a b c d e f g h i j mean n std dev CV% stdu RSU% Exp We(k=2) tcritical Exp Wo
peak area (0.05,df) (K=terir)

001 RP 5110 5199 5550 5552 5747 5844 6099 6115 6457 6570 5824 10 491.5 8.44 155.4 2.67 5.34 2.262 6.04

002 RP 461 468 465 2 4.6 0.99 3.2 0.70 1.39 12.710 8.86

003 RP 353 353 1

004 IE

005 IE

006 GC

007 GC

008 RP N

009 RP 1646 1551 1599 2 67.3 4.21 47.6 2.98 5.95 12.710 3784 1~

010 RP 908 986 947 2 55.6 5.87 39.3 4.15 8.31 12.710 52.79 :

011 RP 934 868 901 2 46.3 5.14 32.8 3.64 7.27 12.710 46.22 o

012 RP 1570 1433 1501 2 97.0 6.46 68.6 4.57 9.14 12.710 58.08 %

013 RP 2862 2845 2854 2 12.0 0.42 8.5 0.30 0.60 12.710 3.78 >

014 RP 958 721 839 2 167.4 19.95 118.4 14.10 28.21 12.710 179.26 ©

015 RP 891 741 816 2 106.4 13.04 75.2 9.22 18.44 12.710 11720 &
Norleucine a b c d e f g h i j m n std dev CV% std u RSU% Exp Wo t critical
peakheight e k=2 (0.05.df)

001 RP

002 RP

003 RP

004 IE 0.521 0.499 0.510 2 0.0156 3.05 0.0110 2.16 431 12.710 27.41

005 IE 0.416 0.461 0.439 2 0.0318 7.26 0.0225 5.13 10.26 12.710 65.22

006 GC

007 GC

008 RP

009 RP

010 RP

011 RP

012 RP

013 RP

014 RP

015

RP




5 STATISTICAL EVALUATION
Accuracy & Performance Analysis

5.1 Background to understanding Performance Evaluation

The purpose of this evaluatiaato provide a clear and independent statistical evaluation and
O2YLI NRazy 2F LIhmiideD¥ Ll yaA8® NB&Hz A HDG2NEQA SJI f d
competence is often restricted to intdaboratory precision evaluation of repeated analyses or the
evaluation of bias using ceiigfl reference material® / w a Bawsver, in the absence of a suitable,
matrix matchedCRM with a known value and uncertaingyaluation of methodand/or laboratory
bias can be impossible without the cooperation of additional laboiatEstimations of precision
may be excellemivhen takenin isolation but may give rise to uralistically small uncertairgs.

5.1.1 z-Scores

Participation in a mpficiencytest provides the opportunity tevaluateanalytical biady
O2YLI NAY3I |y AYRAGARdAzZ f 102N G2NRBQa NBadzZ G 3 A
Performancdstraditionally determined by the calculation @ z-score calculatedusing the
submitted result, a reference or assigned value and the target value for standard devigdiog a
procedure recommended in the IUPAC/ISO/AOAC International Harmonised Protocol for the
ProficiencyTesting of (Chemical) Analytical Labora&s(Thompson et al., 20063uch that;

o @

where of =themean ofLJt NIi A OA LI yefliChieresuls (@2sNplywier a single
reported result)

®  =the assigned value,
and o = the target standard deviation.

Note that; @ & is the calculation for bias.

Satisfactory performance is indicated &ghievng a zscore no greater than 2e.;u 1 g XXH @

The results of a typical chemical analysis will be normally distritaitedt the mean with a
known standard deviation. Approximatel$%® of datawill be expected tdie within 2 standard
deviations either side of the mean and.2% withint 3 standard deviations Thus, i isconsidered
Walk GAaThk OG0 2 NE-€ordieBg & (1 K&k WL ih OA &I NI WNAS & L-scoreF 2 f £ 2 5 &
liesoutside |z| >2 there is about a ith 20 chance that their result is in fact an acceptableutefrom
GKS SEGNBYS 2F (KS RAstareNgsausiielzR>8 the chande that théidk NI A O A LJI
result is actually acceptable is only about B0O0(Thompson et al., 2006, 1ISO 13528, 2005)
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5.1.2 TheTarget Standard DeviationAp

Thetarget standard deviation,( ) describes how the data is expected to perform for a given
analyte and / or test materlaeand determines the limits of satisfactory performance.

These values are often obtaineain collaborative trials as the reproducibility standard
deviation (Y "Y'® ), which describes best practice for a specdiimethod for a given matrix/analyte/
concentration(Thompson et al., 2006)

RS
S b = —QQ:; Cc
100
where RSR = Relative Standard Deviation of Reproducibility from collaborative
trial data, expressedsa%
and c = concentration, i.e. the assigned valug,, expressed in relevant

units.

In the absence of collaborative trial data, the Horwitz equatidarwitz et al., 1980, Horwitz,
1982, RSC Analytical Methods Committee, 2@04)idely accepted as a suitable predictive measure
for the target standard deviation in chemical analysimwever, the Horwitz functiois not
necessarily suited to every type dfiemicalanalysisand in the absence of a suitable alternatitiee
use of perception or fithesfr-purpose criteria may need to be employedking into consideration
any uncertainty in homogeneity of test materials

The distribution of submitted results and uncertainty of the assigned v@lu® (see section
5.3.1) should be small by comparison to the target standard deviatjpn). This ensures that the
data aresufficienty tight to give a measure of confidencetire assigned valye® , and that the
target value is not overly restrictive.

As a general rule, it can be assumed that participants will be hopiaghie\e a satisfactory
performance andichie\e fithessfor-purpose. It is therefore not an unreasonable expectation that
the distribution of submittedesults(i.e.; the standard deviation of the assigned valu®,should be
close to the limits ofatisfactory performance, , such that, , . The International Harmonized
Protocol(2006)states thatif, p&, U K Saboratoriesare having difficultychievng the
required reproducibility precision in results from a single population, or that two or more discrepant
populations may be represted in theresulE.

A furthercommentis madein the International Harmonised Protoaodncerning the uncertainty
of the assigned value to ensure isigfficienty small so as not to overly influence the calculation of
z-scores. It is recommended that & ™, Wwhich approximatesto & m®, asalso
recommended in ISO 13528005) (Note; The exact value chosen represents the appropriate order
of magnitude although the exact value is to some extent discretionary).

5.2 Inthe absence ofitnessfor-Purpose Criteria

To date, there has not been an intlaboratory collaborative triatarriedout according to
international guideline§AOAC, 2000, Horwitz, 1996)determine single method precision
parameers for amino acid racemization analysis on fossil material. The Horwitz equation requires
the measurement units to be expressed as a mass fradtenmg/Kg = 16, which is not
appropriate in the current study as D/L results are expressed asceamatiare thus dimensionless.
Therefore, in the absence of an external valoetarget standard deviationit was necessary to use
perception using fithesfor-purpose criteria.
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The target value chosen during homogeneity evaluat{pn) is an excellenindication of the
observed variation within test materiatésd reflects the uncertainty due to matrix plus taealytical
method used for their determinatiornThe relative value of expressed as a percentages.; the
RSD%s a more usefwalueandcan be used to set the minimum permissible value,far Whilst
aninter-laboratorycollaborative tral reproducibility standard deviatio(RS[R%)would also reflect
an additional laboratory component efriation in the absence oduchdata, it nonethe less makes
a good starting point for evaluating submitted reswdtsd provides a minimum fithedsr-purpose
target value

During the statistical evaluation of data, it was observed that for some amino acids in some test
materials provided in this sees of studies, the homogeneity target value was too wide compared to
the submitted data for the test, suggesting that theecision between different laboratoiesin
some instances was better than that observed between samples analysed by a single tabpra
under repeatability conditions for homogeneity!

5.2.1 Relative percentage bias

Whilst these observations were surprising, it posed some diffagih using objective fitness for
purpose criteria for the determination of the target values for standard até.

In order to overcome this problem and in the absence of independently determined
performance criteria, it was decided to present the data as an assessment of relati&opiasich
that;

YQa he Qb Q = pPTT

Satisfactory perfeamance was assessed as plus or minus twice the standard deviation of the
assigned value, representing 95% confidence limés,+ 2¢&

In this way it was possible 85 LINB & Sy & LJ- NyjiaphioallyLds yistognis in lsskndadzt G a
way to zscore charts, with the 2 std deviation satisfactory range being given as percentage values
rather than £2.

When calculating-gcores, he use ofa standard deviation, , as thedenominatoracts to
normalize results. This enables performance between different analytes or between different test
materials to be compared on a common scale, but requires the target vAludgo be scaled
appropriately to the individual analyte or matrixloweve, using the assigned valué) as the
denominator, and calculating the relative percentage bias, still permits a comparison between
analytes and test materials but on a common percentage sttaleproviding perhaps a slightly
more intuitive presentatia of observed biasor individual results.

Laboratory resultsvere calculated from the mean of submitted replicate data so as not to
dominate andunfairly influence the distribution by a single methashalystor single test material.
The distributions othe mean values are presented as dot plot&igure5.1. On this occasion,
performance has not been determined by the calculation-e€ares but rather an evaluatioof bias
has beercarriedout. Laboratory mean values and relative percentage bias for each aminaracid
given inTable5.1. andshown as histograms in Figure? §5.18.
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5.3 The Assigned Value3

Thereference orassigned value}E, isthe best estimate of the true concentration of each
analyte Depending on the nature of a test material, this can be done in a number of different ways,
for exampe the use of a reference value from a CetifReference Material, a consensus of expert
laboratories, or the consensus addubmittedresults

In determining the assigned value for a specific analyte, the robust mean is often used as the
best estimate in darge data set as it minimises the effect of ¢e$ and gives a fairer estimate of
central tendency. However, for small data sets such as here, whilst the robust mean may still be
preferable to the standard mean, the influence of extreme values mlstsignificant. In such
instances, the use of the median may be more suitable or even the mode.

5.3.1 The uncertainty of the Assigned valug @ .

When determining the appropriate measure of central tendency, the effect of the uncertainty of
the assignedialue 6 & on performance assessmeatso needs to be given consideration. If there
is too much uncertainty associated with the assigned valag eithermis too small or the
distribution of results is too large, then this can have an adverse impastdngeratingpbserved
bias For the robust mean and median:

”

Wa
Where m = the number of laboratory resultgsed to calculate the robust mean or
median
and & = the standard deviation of the robust mean or median absolute deviation

(SMAD). (Note this is not the same as tharget standard deviation
usedfor calculating zcoreso p)).

For the modep & ) istaken to be directly equivalent to the standard error of the mo(&EM).

5.4 Derivation of 8 for Amino Acids in Opercula Test Material

In this study all assigned values have been determined as the consensus of submitted data,
which due to the low numbers gdarticipants involved, equates to the consensus from expert
laboratoried

Whilst assessing the data, imany cases it became clear that the robust méalison, 2002b,
RSC Analytical Methods Committee, 1989, RSC Analytical Methods Committeeya298trpngly
influenced by extreme values resulting in a skewed distribution with a high or low end ls!
appearedargelyinfluenced by metho@nd on occasionby an individual laboratorwhere more
than one result was submittedsing the same methodyut carried outusing a different instrument
or analyst. In addition, whendetermining the modé&Ellison, 2002a, RSC Analytical Methods
Committee, 2006, Lowthian and Thompson, 20@2)ecame clear that due to the low numbers of
results, additional modes were idengtl due to only a couple of values and in some cases only a
single data point. Plots showing the modal distributions derived using the kernel density Excel add
in (Ellison, 2002a3re shown against each histogram for amino acids with eight or more data points.

In cases where there we two evenly matched modes or where a smaller second nveaie
predominated bydata usinga specific method such as GC, it would not be appropt@penalise
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theselaboratoriesby comparison against an assigned value determined from the primary or first

mode. There isngudgmentd SAy 3 YI RS | & (2 cdrécBdtefoteSd ould ¥ NI & dzf
not be appropriate to calculatperformancefor GC resultsisingan assigned value determined from

HPLC values if the GC data clustered differently. In situations such as this where the method may be
empirical, the mode should not be usedRegrettablysubmittedresultsby GGvere limited making it

difficult to know whether the observed differences are genuine method differences or simply

extreme values.

For these reasons, the median has been used amitt&t appropriatemeasure of central
tendencyfor allamino acids The median ignordake effect d outliersandassumes a normal
distribution placingdata symmetrically placed either side of the apidint. This allows for any
asymmetry arising from bimodality to be seirthe histogram$ut makes nqudgmentas to the
correct mode

Proficiencytests in principle tend not to be method prescriptive unless methods are known to be
empirical and produce different results. The extent of any such differences between GC and HPLC or
even between rpHPLC and HRE@r the analysis of amino acid raceuimn, have not been fully
established to date Therefore, i this poficiencytest, GC data have been included with HPLC values
andinitially evaluated against the same assigned value.

However, where GC data has been provided, for aspartic acid/aspaeglutamicacid/
glutamine,and phenylalanine, GC data can be setncontribute to high or low endvalues Whilst
in this test makrial GC results for alaninand valine, and possiblyalloisoleucine/isoleucine and
leucineappear to fall within the gewrral distribution of the data, for consistency with other test
materials in this series, rpHPLC results have also been evaluated separately for comparison.
Insufficient data prevented a separate evaluation for GC or HIFE@ethods individually.

The medias used to set the assigned values foaalino acidstogether withthe number of
laboratory resultsm, the standard deviation of the assigned vals#eandthe standard uncertainty
of the assigned valu@, @ , aregivenin Table5.2. Table5.3 then gives the percentage of
laboratories with mean vaks falling withint 2 standard deviations of the assigned value.

5.5 Interpreting Results- a word of caution

Cautionshould be exercised when evaluating the results from this studyilst\évery effort has
been made to provide a statistically sound and informative comparison and assessment of data,
results from all statistical evaluations should be treated for information only due tatisence of
external reference data and thencertanty surroundingassessment parameters.

The report indicates a number @suessuch as the level of agreement between HPLC andrGC
even between reverse phase HPLC andewchange HPLGethods and whether these approaches
should be considered empidt; such that the method defines the outputhis isuggested from
reaults of a number of amino acid#\ greater numbetrof laboratoiies submitting GC data may have
helped to answer this. Determination of method specific assigned values would therefwmide
truer estimates of biaand uncertainty ané more accurategerformanceevaluation

Obtaining & independent and externally derivgutecision estimate for théarget standard
deviationsuch aghe reproducibility standard deviatioobtainedfrom a mllaborative trial becomes
paramountfor the future. As an indicator of best practidbis would provideguideline uncertainty
estimates@a2 f 2y 3 & I I 02 Niednh\iBbished Mibids)Sdefine refaréndeli @ O2 Y
values forthe use ofanyremaining material in place of CRMshancing quality control processes
and permit the objective assessmentlall: NJi A @Adashiyfiturestudes
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Table5.1: Results andRelative Percentage Biakr Total Hydrolysed Amino Acidsan OperculaTest Material

Lab method Total Hydrolysed Amino Acid (THAA)
e Asx D/L (all) Asx D/L (rpHPLC) GlIx D/L (all) GIx D/L (rpHPLC)
assigned value  0.573 assigned value 0.572 assigned value 0.165 assigned value 0.164
result relative result relative result relative result relative
D/L bias % D/L bias % D/L bias % D/L bias %
001 RP 0.549 -4.1 0.549 -4.0 0.150 -9.3 0.150 -9.0
002 RP 0.552 -3.6 0.552 -34 0.140 -15.0 0.140 -14.6
003 RP 0.571 -0.3 0.571 -0.1 0.144 -12.7 0.144 -12.3
004 IE
005 IE
006 GC 0.650 135 0.202 22.5
007 GC 0.631 10.2 0.174 5.5
008 RP 0.576 0.5 0.576 0.7 0.163 -1.2 0.163 -0.8
009 RP 0.576 0.7 0.576 0.8 0.166 0.4 0.166 0.8
010 RP 0.571 -0.3 0.571 -0.1 0.165 0.0 0.165 0.4
011 RP 0.580 1.3 0.580 15 0.166 0.5 0.166 0.9
012 RP 0.577 0.9 0.577 1.0 0.167 1.0 0.167 14
013 RP 0.573 0.0 0.573 0.1 0.166 0.6 0.166 1.0
014 RP 0.571 -0.3 0.571 -0.1 0.164 -04 0.164 0.0
015 RP 0.570 -0.4 0.570 -0.3 0.164 -0.8 0.164 -0.4

Results showrarethe average of replicatealueswhere more than one value was givesr as submitted by participantsyhere a mean value was provided.
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Table5.1: Results andRelative Percentage Biafor Total Hydrolysed Amino Acidsn OperculaTest Material (continued)

Lab No. method Total Hydrolysed Amino Acid (THAA)
Ser D/L (rpHPLC) Arg D/L (rpHPLC) Ala D/L Ala D/L (rpHPLC)
assigned value  0.662 assigned value  0.803 assigned value 0.263 assigned value 0.264
result relative result relative result relative result relative
D/L bias % D/L bias % D/L bias % D/L bias %
001 RP 0.647 -2.2 0.279 5.8 0.279 55
002 RP 0.662 0.0 0.979 21.9 0.273 35 0.273 3.1
003 RP 0.667 0.8 0.921 14.7 0.286 8.6 0.286 8.2
004 IE
005 IE
006 GC 0.246 -6.6
007 GC 0.265 0.6
008 RP 0.673 1.7 0.271 2.7 0.271 2.3
009 RP 0.663 0.2 0.860 7.1 0.265 0.4 0.265 0.1
010 RP 0.644 -2.7 0.796 -0.9 0.255 -3.2 0.255 -3.5
011 RP 0.653 -1.3 0.668 -16.9 0.262 -0.4 0.262 -0.7
012 RP 0.667 0.8 0.713 -11.2 0.263 0.0 0.263 -0.3
013 RP 0.668 0.9 0.366 -54.4 0.254 -3.6 0.254 -3.9
014 RP 0.655 -1.0 0.948 18.0 0.251 -4.9 0.251 -5.2
015 RP 0.655 -1.0 0.803 0.0 0.253 -4.1 0.253 -4.4

Results showrarethe average of replicatealueswhere more than one value was givesr as submitted by participantsyhere a mean value was provided.
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Table5.1: Results andRelative Percentage Biafor Total Hydrolysed Amino Acidsn OperculaTest Material (continued)

Lab No. method

Total Hydrolysed Amino Acid (THAA)

Val D/L Val D/L (rpHPLC) Phe D/L Phe D/L (rpHPLC)
assigned value  0.137 assigned value  0.137 assigned value 0.304 assigned value 0.305
result relative result relative result relative result relative
D/L bias % D/L bias % D/L bias % D/L bias %
001 RP 0.139 1.1 0.139 1.1 0.298 -1.9 0.298 -2.3
002 RP 0.141 2.9 0.141 2.9 0.299 -1.7 0.141 -2.0
003 RP 0.144 51 0.144 51 0.326 7.2 0.144 6.8
004 IE
005 IE
006 GC 0.137 0.0 0.297 -2.3
007 GC 0.109 -20.4 0.280 -7.9
008 RP 0.137 0.0 0.137 0.0 0.344 13.0 0.344 12.6
009 RP 0.131 -4.3 0.131 -4.3 0.308 1.3 0.308 0.9
010 RP 0.122 -10.7 0.122 -10.7 0.300 -1.2 0.300 -1.6
011 RP 0.122 -10.7 0.122 -10.7 0.305 0.4 0.305 0.0
012 RP 0.128 -6.3 0.128 -6.3 0.304 0.0 0.304 -0.4
013 RP 0.141 3.1 0.141 3.1 0.314 34 0.314 3.0
014 RP 0.149 8.4 0.149 8.4 0.309 15 0.309 11
015 RP 0.126 -8.0 0.126 -8.0 0.297 -2.3 0.297 -2.6

Results showrarethe average of replicatealueswhere more than one value was givesr as submitted by participantsyhere a mean value wasovided.
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Table5.1: Results andRelative Percentage Biafor Total Hydrolysed Amino Acidsn OperculaTest Material (continued)

Lab No. method Total Hydrolysed Amino Acid (THAA)
D-Aile/L-lle (all) D-Aile/L-lle (rpHPLC) Leu D/L (all) Leu D/L (rpHPLC)
assigned value  0.206 assigned value  0.233 assigned value 0.284 assigned value 0.286
result relative result relative result relative result relative
D/L bias % D/L bias % D/L bias % D/L bias %
001 RP 0.125 -39.3 0.125 -46.2 0.311 9.7 0.311 8.8
002 RP 0.264 28.2 0.264 135
003 RP 0.255 23.8 0.255 9.6
004 IE 0.135 -34.7
005 IE 0.139 -32.5
006 GC 0.127 -38.4 0.216 -24.0
007 GC 0.159 -22.8 0.207 -27.1
008 RP 0.156 -24.5 0.156 -33.2 0.236 -17.1 0.236 -17.8
009 RP 0.233 12.9 0.233 0.0 0.285 0.3 0.285 -0.6
010 RP 0.223 8.3 0.223 -4.1 0.283 -0.3 0.283 -1.1
011 RP 0.206 0.0 0.206 -11.4 0.205 -27.8 0.205 -28.4
012 RP 0.202 -2.0 0.202 -13.2 0.292 2.7 0.292 1.8
013 RP 0.295 43.2 0.295 26.8
014 RP 0.246 19.5 0.246 5.9 0.318 12.1 0.318 11.2
015 RP 0.240 16.6 0.240 3.2 0.288 1.4 0.288 0.6

Results showrarethe average of replicatealueswhere more than one value was givesr as submitted by participantsyhere a mean value was provided.
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Table5.1: Results andRelative Percentage Biafor Total Hydrolysed Amino Acidsn
OperculaTest Material (continued)

Lab method Total Hydrolysed Amino
No. Acid (THAA)

Tyr D/L (rpHPLC)

assigned 0.277

value
result relative
D/L bias %

1 RP
2 RP
3 RP
4 IE
5 IE
6 GC
7 GC
8 RP
9 RP 0.274 -1.2
10 RP 0.277 0.0
11 RP 0.281 1.3
12 RP 0.285 2.9
13 RP
14 RP
15 RP 0.249 -10.1

Results showrarethe average of replicatealueswhere more than one value was
given oras submitted by participantsyhere a mean value was provided.
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Table5.2: Assigned ValuesStandard Deviationsand Standard Uncertaintes

analyte assigned value

Std uncertainty

m  Median (&) SMAD(,) RSD % of median (6 & ) RSU %

Asx D/L (alla) 13 0.573 0.0058 1.02 0.0016 0.28
Asx D/L (rpHPLC) 11 0.572 0.0067 1.17 0.0020 0.35
GlIx D/L (all®) 13 0.165 0.0024 1.47 0.0007 0.41
GIx D/L (rpHPLC) 11 0.164 0.0021 1.29 0.0006 0.39
Ser D/L (rpHPLC) 11 0.662 0.0093 1.41 0.0028 0.43
Arg DIL (rpHPLC) 9 0.803 0.1747  21.76 0.0582 7.25
Ala D/L (all*) 13 0.263 0.0136 5.15 0.0038 1.43
Ala D/L (rpHPLC) 11 0.264 0.0136 5.14 0.0041 1.55
Val D/L (all®) 13 0.137 0.0096 6.99 0.0027 1.94
Val D/L (rpHPLC) 11 0.137 0.0104 7.58 0.0031 2.28
Phe D/L (all®) 13 0.304 0.0087 2.87 0.0024 0.79
Phe D/L (rpHPLC) 11 0.305 0.0092 3.01 0.0028 0.91
D-Aile/L-lle (allb) 15 0.206 0.0726 35.21 0.0187 9.09
D-Aile/L-lle (rpHPLC) 11 0.233 0.0394 16.94 0.0119 511
Leu D/L (all®) 10 0.284 0.0458 16.12 0.0145 5.10
Leu D/L (rpHPLC) 8 0.286 0.0225 7.86 0.0080 2.78
Tyr DIL (rpHPLC) 5 0.277 0.0055 1.99 0.0025 0.89

4 =rpHPLGNd GC data ®=rpHPLCGC and HPHEdata

m = number of replicate mean values sMAD = median absolute deviation
CV% =oefficientof variation expressed as a percentage

RSU% = Relative standard uncertainty expressed as a percentage
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Table5.3: Satisfactory Performance(Percentage within 95% Confidence Interval)

analyte assigned value

Median (&)  Satisfactory m Total number of m  Percent satisfactory

Asx DIL (alla) 0.573 9 13 69%
Asx DIL (rpHPLC) 0.572 9 11 82%
GlIx D/L (all®) 0.165 8 13 62%
GlIx D/L (rpHPLC) 0.164 8 11 73%
Ser D/L (rpHPLC) 0.662 11 11 100%
Arg D/L (rpHPLC) 0.803 8 9 89%
Ala D/L (all®) 0.263 13 13 100%
Ala D/L (rpHPLC) 0.264 11 11 100%
Val D/L (all®) 0.137 12 13 92%
Val D/L (rpHPLC) 0.137 11 11 100%
Phe D/L (all?) 0.304 10 13 77%
Phe D/L (rpHPLC) 0.305 9 11 100%
D-Aile/L-lle (all’) 0.206 15 15 100%
D-Aile/L-lle (rpHPLC) 0.233 10 11 91%
Leu D/L (all®) 0.284 10 10 100%
Leu D/L (rpHPLC) 0.286 6 8 75%
Tyr D/L (rpHPLC) 0.277 4 5 80%

®=rpHPL@nd GC data °=rpHPLC,GCandHREGata Y I ydzYo SNJ 2F LI NLAOALI yiaQ N
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