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Conformity assessment

https//www.youtube.com/watch?v=_Sjp58GUJwk&app=desktc

JCGM106provides a methodology for CA of a compone
concentration in a material or object with the specified
requirements. ThBayesian approach teat knowledge
aboutthe componentoncentratiorfthe measuranycan be
treated as a random variable and expressed in tern@dbf

Such pdfcombines prior knowledge of the measurand at
new information acquired durirthe measurement/testing
Theposterior pdfallows to estimate themeasurandalue
andthe associatetheasurement uncertainty (MU) asan
andSTD of thedistribution.


https://www.youtube.com/watch?v=_Sjp58GUJwk&app=desktop

Comparison of a result with tolerance limits

Comparinga measurement/test result wille specification,
regulation or legal (tolerancéinits of thematerial,one

should decide whether the testsohcentratiorconforms or
Nnot




Therisks due to measurement uncertainty

MU influencesthe decision and causes risks of two types
The probability of accepting thmaterial batch or lowwhen
it should have been rejected, is namethsumeds riskq
whereas the probability of falsely rejecting tredtchis the
doroduceds riska For aspecified batch (or lotihey are the
Gspecificconsumets riskband thedspecificproduceds riska

Therisks of CA of a batch randomlgirawn from a
populationof suchbatchesare thedylobalconsumets riskd
and thedjlobalproduceds riskg since they characterize the
materialproduction globally.




Conformity assessment risks

Producer’s & Consumer’s
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JointCommittee for Guides in Metrology. JCGM6:2012
Evaluation of Measurement Datd he Roleof MU in CA.

M. Darstmardi M. Mohammadj B. Naderi(2018 Optimizing
MU to reduce the risk and cost in CA. ACQUARB:1928



See not only the trees but also the forest

The forest iIs more than the trees



Total risk

WhenparticularCA risks areacceptable, the total
probability of a false decisiondtal consumeds risk or
produceds risk) on the conformity of thmaterialas a
whole might still be significant.

L. Pendrill H. Karlson N. Fischer, SDemeyerA. Allard.
EURAMET: A guide to decisioimaking andCA - A report
of the EMRP joint project NEM iniNovel mathematical
and statistical approachesuncertaintyevaluatiom, 2015

IUPAC project2016007-1-500. I. Kuselman, HPennecchi
R.da Silva, D.BHibbert(2017) Talantal64C:189-195
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Conformity assessment risks

Producer’s and/or consumer’s risks
relevant to each component ;
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Acceptance limits

Besideghe tolerance interval, a narrowssceptance
Intervalfor testresults can be applied with the purpose
decreasing the consunterisk by taking into account the
MU. In such a case, the decision rules (isrttaterial
conformingor not?) are based on comparing the meast
concentratiorvalues with the acceptanbmits.

In current practice, the decision rules are often based ¢
direct comparisonf the measuredoncentratiorvalues
with the specification or regulatory limits. The reason is
that these limits have already taken into accounite
and so the tolerance and the acceptance limits coincids



Total global risk: events and probabillities

A # : the testresultc,,, for componentl is in its acceptance
interval A;; U #

A # : the test result,, for componeng is in its acceptance
intervalA; 0 # .

A #: thebatchas a whole is accepted, # # ;0(#)

O# 0#)if# Al # are mutually independent

A" :the actual ¢rued concentratiore, of componentl is
notwithin its tolerance interval;; 0 "

A" :theactual concentration, of componen® is not
within its tolerance interval,; 0 "

A" : the material as a wholeii®t conforming” " * " ;

U U

U 0 11 0 n 1] n



Total global consumets risks

Particularrisksary 0 # " ,Y O# "

Y O#)Y O# Y Y'Y .

Thei-th particular globatisk'Y can be evaluated as an
Integral of the joint prior and likelihood (posterior) pdf,
described in JCGMO06. Theprobabilityd # of
acceptance of a measurement/test resultsttocomponent
IS calculatedby marginalization othis joint pdf.

Forexample, forY =0.05andP(#) =0.901=1, 2,
Y 21 (0.90 0.05 7 0.0% =0.09



Total specific consumes risk

Whena specifiedbatch istestedtotal specific riskY’
iO0 (" | ho ) that theactual concentratioof one or
both the components this batcharenot withinthe
tolerance intervalayhereaghetestresultso  andw  of
both the components anathin their acceptance limits.

Sinceparticular specific consumasrrisksfor thei-th
componentj =1, 2, are’Y 0(" |o ) described in
JCGM 106, the total specific risk Is:

Y Y Y YY.
E.g.forY 0.05Y 21 0.057 0.0%=0.10



Customscontrol of denaturedalcohols

r
Denatured Alcohol

_\

Highly flammable liquid and vapor. | RESPONSE
Causes serious eye irritation. May cause | ¢ jnnaled: Remove person to fresh air and keep
drowsiness or dizziness. comfortable for breathing. Call a doctor if you feel
PREVENTION
If in eyes: Rinse cautiously with water for several
Keep away from heat, sparks, and open minutes. Remove contact lenses, if present and
flames. — No smoking. Keep container easy to do. Continue rinsing. If eye irritation
persists: get medical attention

By EU Regulation1622013 aprocedure focompletely
denaturingalcohol (CDA) consistef addition of3 L of
Isopropyl alcohol (IPA)3 L of methyl ethyl ketone (MEK)
andl g of denatoniunbenzoate (DB)o 1 hL of EtOH.

Concentrations dttOH, IPA and MEKare tested using
GC-FID, andDB - usingHPLC-UV.
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Distribution of measurement results
the likelihood functions

The standard MU ig; =0.05L-hL-* for IPA, u, = 0.07
L-hL-1 for MEK, andu; =0.07g-hL* for DB as in the
methdsvalidation report bye. Aries et al. Euralenaturant
projecti Phase Il, Administrative Arrangement TAXUD
2014 DE-317, Geel Belgium, IRMM 016

Theu, value was appliedasSTD of the distribution oto |,
taken ashnormalone based othe validatiordata:

o &) ’p A@[ (@ oo)




Particular global risksR
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The standar®1U is u, = 0.05L-hL"! for IPA, u, = 0.07L-hL- for
MEK, andu; = 0.07g-hL! for DB. Greater MU lead® greaterrisk.
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Total global customs risk

1) Inthe case of control of IPA and MEK at the above
mentionecconditionsY 0.808<0.027+ 0.818x0.034
- 0.02/40.034=0.048 It is greater than each particular ri

2) Whenall thedenaturant$lPA, MEK andDB) are under
control at the same condition¥, 0.808<0.778<0.027
+0.818x0.778<0.034+ 0.818x0.808<0.0461
0.778<0.0270.03471 0.808<0.0240.0461
0.818x0.034x0.046+ 0.02/40.034x0.046= 0.066
Thisvalue Is greater than that calculatedha case of
controlof justIPA and MEK



Particular specific risks{ it -
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By dotted lines an example is showrhen® =@ =
3.10L-hL-*for IPAandMEK, andw =1.05g-hL'for DB
- the batch should be recognized as propéelyatured.



Total specific customs risk

In the example aboyéhere arestill the particularspecific
customgisks'’Y =0.014'Y =0.045 andY =0.138

1) If IPA and MEK only influence the decision on the batt
conformity,’Y =~ =0.014+ 0.0457 0.014x0.045= 0.059

2) Whenall the denaturants are taken into accoiht, =
0.014+ 0.045+ 0.13871 0.014x0.04571 0.014x0.138i
0.045<0.138+ 0.014x0.045<0.138=0.188

Thisvalue is caused mostly by DB, siri¥e is larger than
Y and’Y .Atthe same timeDB is the bitterest compoun
knownand some, variations danot change the terrible
bitter feeling of a person trying to drink CDA




Conformity assessment of concentration of
TSPM in ambient air from three stone quatrrie

F. Pennecchl,. KuselmanR. da Silva, D.BHibbert
(2018 Chemospher202:165176



Method of testing and nationalegulations

A measured TSPMoncentratiort,,,, mgm3, is an average
mass of particlewith diameterof 100nm or less collected
from the air drawn through a filter in a higlelume sampler
over the sampling periad proximity to thei-th quarry

Thetesting wasata distance of1-3) km froma quarryEach
test laste@4 hours for collection of particles from about
2000m3of air EPA 10-2.1, 1999. T,,, = 0.200mg m-3,

The distribution of the test/measurement restlisit the
actualconcentratiort, was found to be normal withTD
equalto SMUu, = 0.07c,,, and mean equal m.



Likelihood, prior and posterior pdfs

Thelikelihood functions ¢f the test/measurement resud{s
at actuak;) arenormal

VR p (0 W)

A @[D : ] 8
o) 0 Vg* o

496test results obtained during a yeare fitted success

fully by lognormaldistributions andisedasprior pdfs:

e p ad )
Tw) = \/CTA Q[E) 3 ]8

Theposterior pdf is
abgH ) A 1OADT A o)) Ad



Dependence of theotal specificrisk of under
estimation of the TSPMoncentration onc,

b)
‘ 0.6
- 05

F/\MR
1‘ —_— /_ﬁ I |
0.4

.1 ( - 0.4

b) quarries = 2 and3 are active onlyc,,, andc,, are inthe
range P.01Q 0.200 mg m3; c) all the three quarries are
active:c,,, andc,,, are as on the left plot, whitg,,= 0.194
mg m-3,
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Dependence of theotal specificrisk of over
estimationof the TSPMconcentration onc,
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b) quarries = 2 and3 are active onlyc,,, andc,, are in the
range 0.21Q 0.30Q mg n13; c) all the three quarries are
active:c,,, andc,,, are as on the left plot, whitg,,= 0.250
mg m-3,



Correlation of measurement/test results

|. Kuselman k. PennecchiR. da Silva D.B. Hibbert
(2017 Talantal74:789796
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Interdependence of the events

A number oftechniquesre usedo overcomecorrelations
betweermmeasurement/tesésults There are extraction of
analyteschromatographiseparationchemometrics
separatiorof spectrakignals;sampledigestion and
standarcadditions;and so onStill something may happer

In practice, but in general this kind of correlation should
negligible

Correlationof actual @rued valuesof concentrationsf
differentcomponentsnay be caused lstoichiometry, the
law of conservation aiass, and technological constrain
When sum ofassdractionsis 100%, the datare named
ccompositionaband theircorrelation-Gspurious
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A case studyf test results oNyQuil tablets

This cold/flu medication contains four active component
1) acetaminophemPAP) as a pain reliever and fever
reducer?) dextromethorphahydrobromidg DEX) as a
cough suppressar8) doxylaminesuccinate DOX) as an
antihistamine and hypnotic; adgl phenylephrindydro-
chloride(PE) as a nasalecongestant.

Thespecification limits for each componant 1to 4 are
95.0- 105.0% of the labeledmount.Testing isperformed
using HPLCsystemwith UV detectoraccordingo
USP<621>. RelativeMU wasu,, = 2.8 %. Thereforey, =
(u./100%) ¢, = 0.028c,,,, % of labeled amount.



Pearsorts correlation Coefn(:lentsr
of the test results

Component Index APAP DEX DOX PE

i j 1 2 3 4
APAP 1 1 0.107 0.125 0.177
DEX 2 1 0.311 0.404
DOX 3 1 0.539
PE 4 1

The twosided critical values af,,;, are0.195for the
level of confidenceP = 0.95 and0.254for P = 0.99



Correlation levels

Thereis no indication for systematic errors which could
cause correlation in the chemical analysis/testngbably
the root cause Is in the technological conditions.

Mote, the observed; arepositiveonly: treatecquantities
areexpressed in % of labeled amount of the componen
a tablet. There is no limitation of the sum of such value

To assess Influence of theserved correlatio(r;) onthe
total risk values, they are compared with those calculat
for independentest resultsr{= 0), and also with the value
obtained supposing muglronger correlatio(r;=0.7).
Thus, three levels of the correlation are studied.



Multivariate likelihood function

Thelikelihood functionis modelledoy a multivariate
normalpdf. Then the likelihood covariance matrix for tes

resultsc,, equal, for example, to the prior means- m,
was

PCMHPC WYL PH QP X

% TP CQRE Yo ad @ @ @8t ¢ p|X
TBOP L LH @ P ZE oL ayd® v gt

PH QP XXBTOP XPULORXDP X VX

where the diagonal elements are varianges (0.028c,,)?;
and thecovariancesirecov;, = r-u-u, 11 J. Jhevalues

uzandcov, , are in squareéb of labelecamount.
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Joint posterior function

Thejoint posterior functiorwas calculated as a multivariat
normalpdf having the followingparameters:

Y Y & Y Al A

W Y Y@ & Y @ h
whereY  andw are the posterior covariance mattri

and the vector of the posterior means, respectivalythe
vector of the prior mean valugs,| 1,, Ha, Uy)-

A. Gelmanet al. Bayesiaata Analysis3? edn, Charman
& Hall/CRC, Boca Raton2014
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. o . Z
Total specific risks{ - 1 - wy
'Y  wasevaluatedasthejoint posteriorfunctionof actual
valuesc, of a specific lot lying outside the multivariate

specification domain, when the vector of test resylis
obtained for the lot, is inside this domain.
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