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Analytical Method Validation
(Single Laboratory Validation)
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Measurement in Chemistry (

NIMT

o mstamaaiifemssaaisiiaulefiedlusdinarsaisy Chemical analytical

measurements are about measuring “something” in
“something”
— suyuastiudlinamesdsinaunia (Identifying and counting)

v Y
— dsuavesasnduwziu Jogm lvs ludananiaiee

How much there is of a specified substance (chemical element,

molecular species) in a simple, complex or very complex material
(water, sediment, soil, blood)

v A o R A s A =)
d ﬂ”lﬁ')ﬂﬂ@ﬂﬁg‘ﬂ'JuﬂTﬁﬂ'ﬁgcﬂ"IG]NiJﬂﬂﬂﬁgﬁQﬂLW@WTﬂﬁlﬂm

Measurement is set of operations having the object of determining a value
of a quantity

* wansnldanmsdtadsenaudigfaautas eI INNIAA1N luLuo U
Number and its unit including an uncertainty



Measurement in Chemistry <>
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ISO/IEC 17025 Clause 5.4.2

Aa oA 9 A

Y Yoy Axa o '
vievliianmsaeaasnlyIsnsnaas ANy luuasgIusenIlssma
TEAUNNNIA HIDIZALYTZMAND

Method published in international, regional or national
standards shall preferably be used

ISO/IEC 17025 Clause 5.4.4

Ao & Y Y & 1 Aax al o 1 Y
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The method developed shall have been validated appropriately
before use



Measurement in Chemistry

NIMT

auua

9 J Yo = = o Y ' A
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U

insesiionniasedldsums calibrated fremnnsgiuds metrological
traceability

o fnshimsnadendszaniamueunsesile (performance test)

e JindszRansommInageudleginlalumstnsizdilsedriu (routine
analysis of rock sample)
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Measurement in Chemistry <>
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o uagnlddedesariialmizadutaaiildnnisenn recycle (a new material
from a mineral recycling plant) welvvimsnaasu Tasgnmdesnisa
trueness gequazimua LOD (high level of trueness and the

detection limit)

v Aa J Y o ] dﬁ :d' 9 (Y] 1 a lg 9J
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Measurement in Chemistry
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a9 A a Lg Y 9
o lvaranainoy lanauuldiig
—  Faideamsvziaern lamnsaiald
What you expected to measure may not be measuring

—  MUMITUNIUMIIANNAITAIDOU

Measurement of the target measurand may be interfered by unknown
substances

—  mstalusreiisiauleenn luduuumFady

The response of the measurement may not be linear within the given
range
— onllannsamasdredafimuzay’ld

The suitable reference material may not be available

7
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Measurement in Chemistry
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Employ more complicated methodologies, increasing cost and time

8
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* I=A0910819)57
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AAANUERIUADNANITUATIZY Ma iDL

Are trained and qualified analyst, calibrated and verified
Instrument sufficient contribution to trust on the outcome?

Y 1 an Aq Yq ¥ A1 A A oA ¢ oJdA Y o
— Jatimsasrndeunisnadoni 1% linaminadouitinyononio unae aa ldm
minsrvaeun Ny 1F lduedTnaaeus el

check if the method give you results that can be trusted

Denote:
“Method Validation”

9
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Definition <
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‘Validation Is the confirmation by examination and provision
of objective evidence that the particular requirements for a
specific intended use are fulfilled’

YA A ] v o ] A A
msnsadeuany 1y lademsgudu Tasmsasandeunazdainvangmidluglsssuive
v 9
uaaanmruaiey Taamwiza1eg dmsums 1Fawinacl 13 Taamme aunsoussgua

Y Y = A
1dnsudu (gilovszneumstlszifiuay won. 17025-2548)

ISO/IEC 17025 clause 5.4.5.1
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Validation <
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Validation idsgneumenszurumsasinaeuiioga

an Aq Yq ¥ ! A 9 !
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How your method will respond if you are going to analyze
samples of a certain type

- Finamendlfiiuannsnliwansnageuis trueness, detection limits
waz UNncertainty muiidesns

If your method is capable to give you results of the request
level of trueness, detection limits and uncertainty

v v o = Y] 3 < a
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The linearity of the response of your instrument
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M3asaeUANu 1Y Iaveiinadouazuen 1HnI1UNIENATOUITADUTUDIADAIDEN
You3519819 lsnelaanzmanaasaazinseiioNiio

Validation tells you how the method you are going to use, under your
experirgental conditions, with your instruments and for your samples will
respon

! Y

any = g 1o & 3 axA A A

Inadevuiiden iy lusuiludeuiluisnldwamsnadeunangauavzdedlinams
| Y J

nadouinsNinglsezdenns 1Fuuegna

This is not necessarily the best in the world
But it should be fit for the intended purpose of the customer

12
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Definition 0
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‘Verification Is the confirmation by examination and
provision of evidence that specified requirements
have been met’
mymudeuauldldveditimeduduanuiiulawdesmuaiiszy 13y

ady
1IINAaaU

ISO/IEC 17025
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Why is Method Validation ()
Necessary?

Importance of analytical measurement

— Trading, supporting healthcare, checking the quality of
products

— The cost of carrying out the measurements is high and
additional costs arise from decisions made on the basis of
the results

The professional duty of the analytical chemist

— Method validation enables chemists to demonstrate that a
method is “fit for purpose”

— An analytical result must be sufficiently reliable that any
decision based on it can be taken with confidence

— Most of information required for evaluate uncertainty can
be obtained during validation of the method

14



Six Principles of Valid Analytical()
Measurement (VAM)

mauanudssmsvosgnat (Work to an agreed customer requirement)

155 naaoviildsumsnsnaeunnulfiduaz Ifaseaileniniuns calibrated uéa
(Use validated methods and calibrated equipment)

ganszvinnuansoweiies (Staff are qualified and competent)

Imshsumssemivanuansadunaila (Participate in independent
assessments of technical performance)

uszvudsznugamnuazmsaiuauaaniwig (Use sound quality assurance and
quality control practices)

wamsiaansaSeuiion ldnunavesailoun iudenansiall metrological

trace bility (Ensure comparability with measurements made in other
laboratories)

VAM, LGC, UK 15



Implication of Method Validation

Documented evidence
imstiufiananguiluenans

High degree of assurance
umsl¥msdsznunmnin

Specific process
finszuaumsivanu

Consistently

finuasi

Predetermined specifications

29 o Y ¥ Yy 9
Ndemvuan lasey 13udn

NIMT
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Publications on Validation <>
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IUPAC Technical Report (2002) (International Union of Pure
and Applied Chemistry)

NATA Technical Note 17 (National Association of Testing
Authorities)

ICH Guidelines (2005) (International Conference on
Harmonization)

Joint FAO / WHO Food Standards Programme (Food and
Agriculture Organization, World Health Organization)

USFDA Bioanalytical Method Validation Guidance for
Industry (2001) (Food and Drug Administration)

17



When i1s Method Validation <
Necessary?

9 o . A
AoNN1N1T validate 1o
- AEmsnadeun luleI5u1as31u (Non-standard methods)

axy d' 9 Aa oA Y] 2
- aﬁmﬁmﬁ@umwmﬂgmmﬁ‘wmuﬁum (Laboratory-
designed/develop methods)

gy 19 ¥ 1 Ao
- M3 IR T IULA 1FuenvouAenfvua Standard methods
used outside of their intended scope)

- M3vestazaauladIsunsgiu Amplifications and
modifications of standard methods)

18
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When is Method Validation (
Necessary?

Welinswasuulasueessnudismsnageui ilsdTunasgrunlasums
validated 1182 (validated non-standard methods):

9 o v KR I Y
— mmmmﬁuummﬂuwaﬂ@;m
The influence of such changes should be documented

— anaesriins validate Tvuauanuwuzay iinnunmsasunlasdana
NILNUABHANITNAADY

A new validation should be carried out, if appropriate

ISO/IEC 17025 clause 5.4.5.2, Note 3
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When is Method Validation ()
Necessary?

mMIasivaoun Nl lave st uile M veeUe UV VDT
extension of methods) 1u

— amenarsdaalmi (New analytes)
— Amszans ludanaelmi (New matrices)

— JianeHasissauanudududunng (Much lower
concentrations)
— IS uadmedatesunng (Much smaller test portions)

— uatldun 138anan'l1d (Use of the method in other

labs)

AOAC/FAO/IAEA/IUPAC 20



When i1s Method Validation ()
Necessary?

=< 9 =\ A A v A < 9 Ro I3 Y o
paudazumsasuudasiameuantoend N uaeInIng
9 Aas A
as1dounulF lauedds Tagisuan
— himsmuaeuilszaninmueaids (performance verification)

— disnamssh performance verification ‘siviwels e19
Tuiludewiimiasnnasuaiulylduesisonass (re-validation)

AOAC/FAO/IAEA/IUPAC

21



When is Method Validation <
Necessary?

Aiimsdeunlasael1d deer method validation

- @efimanlasunlasanzvesd dewims re-validate duildsumanszny
anmsildounlag
When method conditions are changed, the affected part of
the method must be re-validate

- ﬂmﬂ"éauuﬂaqm’%mﬁaﬁugm Tisniludesiims validate Tvai
Replacement of the basic equipment does not require
validation

- ndsmslaeuaiesiiondndoah system suitability checks gamaiildazis
vennaewiims re-validation wse'l

Pesticide residues, AOAC/FAO/IAEA/IUPAC 22



Workshop: When is method <>
validation necessary?

Yo 9 Y o Aa Jd A 1 A 9
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aualamaia GC-MS

A £ﬂl
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uadl A deviinms valldate 35naaevnse ly v lu?
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Workshop: When is method
validation necessary?

V1Y) (Y] 1 A d' a Jd 1 d' 9 1
uall B 1a5udregquziamaine ia e i enasinuuainanag uauad
v Aa YA A d A v asa Yo o 1
aaau 199z 1915 UATILHIAIINVITN I¥NUA 0819 INN

uadl B deviinms validate 53naaevnse i v lu?

NIMT

24



Workshop: When is method
validation necessary?

O

NIMT

ual C 194 AOAC method lumsaasizvivisualdsaululania

Wneg A amIziaenaegdlusgninmsasi collaborative trial

uail C devrnins validate 5nagevnse lu i1 lu?

25



Workshop: When is method <>
validation necessary?

9. Ly} a Jd - H
uad D 1atimsaauilasifiimsgdmiSuaans organochlorine #
Y A A Y v A A AAd 1 R Ao ! Yo Y
anaaluiie e TNz aunuIAToWeNNog BAITAING IAsUMTHALN

Tagao1uUNIATINGWHITIA

uat D dewininms validate 35naaevnse lu i1 lu?
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Summary

NIMT

e lnanesriims validate/revalidate 35naaou?

Ssnaaevinianniunlng New method developed for particular problem)
Sitedauumnmysulyansevensveva (Established method revised to
Incorporate improvements or extended to a new problem)
gﬁawamﬂmﬁﬁwmimuauﬂmmwuﬁﬂﬂﬁ’gﬁuﬂwﬁﬂﬁgﬂﬁﬂuuﬂmgﬁﬂﬁu (When quality
control indicates and established method is changing with time)
Sinageuiiun 18gmi I Fualsu sindinneiausunieniesiief1fuandieenlsnimu

(Established method used in a different laboratory, or with different
analyst or different instrumentation)

enaaslfifufsanuminfioniuvesitaesds (To demonstrate the equivalence
between two methods)
inswasuuaansesiiondn (Major instruments replaced)

T¥asuinsguane batch su (New batches of standards)

dehTanageuma i Idsumninasuanulfldinldenads (Used of validated method

after out-of use for a long time) 57
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NIMT

Basic Statistics Used in Method
Validation

AaAn &’ d' ' % Aad
aafTunugIunIFlumsnageunnulylnvesds

28



Analytical problems answered by()
statistics

How good is a set of analytical data?

Do the data obtained from the two methods
equivalent? Is one method more precise than the
other?

All the values In a set of data appear to be consistent
except one, should it be included or discarded?

From data It appears that measurement Y varies with
factor X, are they linearly related?

29



Statistical Terms

y

NIMT
Term Population Sample statistic
parameter
Mean (funda) v X
Standard deviation n n
. D (% —p)? 2 (X —x)2
(Avdaavusnasgiu) S = ke (Xi —x)
n n-1
Variance(manumisisiu) o2 s2
Relative standard c/p s/X

deviation (RSD) or
coefficient of
variance (CV)

Note that the coefficient of variation is RSD expressed as a %

30




Outliers-single points Grubbs’ test

msnaaev outliers

If data is normally distributed:

-Calculate mean and standard deviation of
data set (including suspect value)

-Calculate G
-Test G against G, , o5 from tables
-If G> G, o5 reject suspect point

-If G< G, o5 retain suspect point

G =

suspect

X

»

NIMT

~lOo|0(N|IOO||OW|S~|W

14

16




Outliers-single points Grubbs’ test: Example< )

NaCl in mg/L n=16

112
150
136
17
132
120
146 :>
139
133
133
122
130
160

143

127
134

112
117
120
122
127
130
132
133
133
134
136
139
143
146
150
160

-

X — X

suspect

G =

S

Mean, X =133.38 mg/L

Standard deviation, s = 12.55 mg/L

160-133.38]
G =
12.55

G=212
G16,0.05 =2.59
G< G16,0.05

Therefore retain the point!



Confidence Interval <)

NIMT

« A replicate sample analysis will give a mean value of the
result

* The confidence interval from analysis of a sample is a range
within which the true value for the “entire population”, u, Is
reasonably assumed to be found.

* The relationship to the experimentally determined mean, X,
with standard deviation, s, Is:
S

Jn

- t1s the value of the Student’s t-distribution at the desired
probability (e.g. 95%) and with n-1 degrees of freedom,
obtained from tables

,Ll=;it

33



Measurement Uncertainty <>

NIMT

Non-negative parameter characterizing the dispersion
of the quantity values being attributed to the

measurand based on the information used.
JCGM 200: 2008 (VIM, 2008)

34



Measurement Uncertainty

UNCERTAINTY is a RANGE or
DISPERSION.

The “true” value need not be
known for uncertainty

NIMT

ERROR is a DIFFERENCE between
measured and ‘true’ value.

The ‘true’ value must be known for
error estimation.

It is a measure of ‘accuracy’

Concentration Pb= 8.0 = 0.5 ng/L
Value lies between 7.5 and 8.5 pg/L

Error =- 0.3 pg/L

“True” value = 8.3 pg/L

b )
) "
8.0

—_

Uncertainty is 0.5 ug/L (95% confidence level)

35



Degrees of freedom, df ()

NIMT

* The number of degrees of freedom iIs the number
of variables minus the number of parameters
calculated from them

* For a set of repeated data points, df = n-1
(the mean Is the calculated parameter)

* For straight line graphs , df = n-2
( the slope and intercept are calculated
parameters)



NMINATO VUL INDY

o NIMT
* MINITNNAFIY
~ H,: auuagiunu luaa
~ H,: AUNATINANINAN
° MIMUIUMINATIUNIADA
~ AUNAY LALANINA, ¢
— ANRAY 21, ¢
— amanuudsidsou e, F
* MIMHUUAAINGA (critical value)
— NAMTNLATADNNIADST
— mmmmwﬁmm degrees of fI’GEdOm(mm@mw)

— ‘V]'i ﬂﬂﬂ’J"IﬂJLG])’?JﬂJ‘H T]L‘Viiﬂ 3BV
— NIINAFADULUY one tail ‘Viiﬁ] two tails



NMINATD VYT AN

" 91 MINAAIUNIADA > AINGA
" gouiU H,: AuNAFINAMINAN

" NINAFOUUIFIAY UTAIAIIUA

" 91 MInaaauNeann < AInge
" Tyjgousu H : auufgIuaua1g
" msnadeuiiodiA INuaaInIua1g
"
" msUasnnuais i ldnanefamsigan

= (Y]
MusHNU

NIMT



AINAY 1AZA1310M: mean and limit value

* MIMUUATUUATIY

X|

o X=H
L X# U Two tailed
, X<uor X>u Onetailed

* NSMUIUNMINATEUNNADN,

t

_ (X=ppn
S

* [58UMEVNUAIINGA Student’s ¢

— Degrees of freedom (Q9FDATY) =1 -

NIMT



manuudsdsiv 2 a1: two variances - F-test

B F-test
" IMUUATUNATIY
H s?=¢5?
0 1 2
H. 312 ” 322 Two tailed
H s?<s? or s?>s” One tailed
1 1 2 1 2
F -statistic
2
S
S === Arrange s, and s, so F > 1

NP

S

WSaUnNuUAINGAUDI F-test.
- Degrees of freedom (fz)flma’d %), V

- numerator, V3
- denominator, 15

NIMT



F-critical in Excel:avinga F <>

NIMT

For the 95% confidence interval

e F-critical : “ =FINV(0.05,df,,df,) ” ; give one-tailed to
answer
“is data set 2 more precise than set 1?”

e F-critical: “ =FINV(0.05/2,df,,df,) ” ; give two-tailed to
answer

“is there any difference in precision between data set 1
and data set 2”



Testing variances: é@oens <>

NIMT

= A proposed method for measuring chemical
oxygen demand was compared with the
standard method. A sewage effluent sample was
analyzed 8 times by each method with the
following results

— Standard method: mean =72, s 3.31 mg/L

— Proposed method: mean =72, s 1.51 mg/L

= |s the proposed method more precise?



Testing variances: Answer <)

NIMT

= We need to test whether the variance of the
standard method is significantly greater than
that of the proposed method.

= H, Is that 1t Is not significantly greater

= H, Is that It is significantly greater

- =(3.31)%/(1.51)°=4.8

F0.05°,7,7= 3-19

= Therefore as F > F-table reject H, and conclude
that at the 95% level the proposed method is
more precise.




O

The t-test: Two Means

e t(-test
— doya 2 ga NNasanNauulssiuliuanaisninmsh F-test

 Null and alternative hypotheses

Ho X1 - X2
H1 71 +* >T2 Two tailed
H X <X or X >X One tailed
1 1 2 1 2
t-statistic ( )
X, — X
t - : \/312 (nl _l) + S22(nz _1)

1 1 2 Spooled =
T Spooled n1+n2_2
nl n 2

Compare with critical value of Student’s t
degrees of freedom=n; +n, - 2

44



The t-test: Two Means ()

NIMT

f-test
— doya 2 3o NN15U11ANW5UTIUIANA1NINNTIN F-rest
%4 A 91 n v d' 1 o
— ;nsandeya 2 yalilasnanidszyinsn anulsdyaumng
(mama@uﬂamuﬂﬁﬂﬁ’swgé”a isfas F-test), Aatiuazaogly
aaslumamu t 1uaail

‘xl xz‘

\/ st /n, + 82 /n, Note: s/Vn is the standard
deviation of the mean

df = (2/’71"'32/”2)

S S

Compare with critical value of Student’s t

1 2
(degrees of freedom), 2 (n, - 1) n?(n, -1)



aaetnamsly t-test (two means) <>

NIMT

TumsulSeumeudsnmsia 2 3 5memdSua Tusen luiy ldnanisia

Turiv2e ppm fail
*75 spectrophotometry:
> Mean =28.0 ppm, s=0.3 ppm, n=10
*75 Fluorimetry:
> Mean =26.25 ppm, s=0.23 ppm, n=10

(o34

Y
9y o w
.ﬂﬂcﬂ@ﬁﬂcﬂ'ﬂ BN ﬁﬁiﬁﬂﬁ@@ﬂ%?ﬁ%‘}ﬂu@ﬂﬁm YA rI @11
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fedensly t-test (two means):AmaL <>

NIMT

Fooled standard deviation
G2 = (9% 032+ 9x
0.232)18
=00715 t-test. H; is that the population
5, = 0.267 means are equal:
(28.0 -26.25)

0.2674/1/10 +1/10
—14.7

=

t-critical
— Degrees of freedom, df =n +n,-2=10+10-2 =18
= Uoosas~ 21
— Therefore reject H



Paired-t-test ()

NIMT

csc:' =| Ay 1y, Ay " J v 1 1 asy
15 1unsansulSeumeudsnsda 2 35 1 umsias12Ha 108719 LAazIs

Y] Y, 1 ~ 1 Iy, n Y a d % Y, ' 1 Y,
79 N @]’J@EJN‘V]LL@]ﬂ@]NﬂHLLﬂ%UthlﬂﬁJﬂTﬁ’Jmﬁ"IgﬂC]ﬂ (MIDYWNNNU)

Y . 1 1 1
l¥msnagouuny paired-t-test Tasuonsinansvosuaaza

H 9 a J v 1 g’/ g}J a 1 1 1w
N1ANNMIIATIZHAPENUUAITURATINI MEeAN voIwaa MmNy 0



areenamsly palir -t-test <)

NIMT

o A d o 1 94 ~ 1 Y] Y, 1 X

NINITAUATISHAIDIWNUINUANAINNU 4 m@amﬁamﬂ?mm "lumm
9 9

”lﬁ’wauﬁmmu ﬁ]ﬂ%ﬂﬁ@ﬂ’)"ﬂ‘ﬁ“ﬂﬂﬁ@ﬂ 2’315141?7’%@@%1@1@%@81@

d %] o (<Y

WY ‘Viiﬁ]llll‘ﬂﬁ wmmmauu 95 %

Method A/ppm Method B/ppm
23 24

116 119

44 39

65 6/



Paired t-test; dnou

Method A/ppm Method B/ppm (A-B)= di /ppm
23 24 -1

116 119 -3

44 39 +5

65 67 -2

1) Calculate mean and standard deviation of differences mean

di bar=-0.25 ppm; s = 3.59 ppm

2) H, is that expected mean of the differences is zero.

Therefore calculate

t=1-0.25-0|\4/3.59 = 0.14

3) Test against t; o5 5 = 3.18.

AS t'CaI < t0.05”,3

accept H, that there is no difference

NIMT



Student t in Excel

o “=TINV(a, df) ” gives the two-tailed
Student t value at df degrees of freedom

o “=TINV(20a, df) ”gives the one-tailed student
t value at df degrees of freedom



Calibration and Regression ()

NIMT

* Regression analysis describes the relationship
between two variables (e.g. concentration and
response)

* The relationship between the two variables can be
used to predict future experiments

* Most often done with a technigue known as least
squares regression
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Calibration and Regression <)

o Typical calibration curve for dimethoate by LC-MS/MS
— At least 5 standard solutions whose concentrations span 20-

120% of expected concentration range
— 2-3 readings for each standard
Estimate
— The concentration of the unknown
— The standard deviation

NIMT

Concentration | Average Peak
ug/mL area
0.001 852
0.005 4152
0.010 8283
0.015 12412
0.020 16902
0.025 21000
0.030 24500
0.040 33902
0.050 42020
0.060 49023
0.080 67804
0.100 84040 >3




Peak area

Dimethoate Analysis by LC-MS/MS < )

90000.0
80000.0

70000.0
60000.0

50000.0
40000.0
30000.0
20000.0

10000.0

Slope = 840821.3 X
Intercept = -142.34
R-square = 0.9996

0.02 0.04 0.06 0.08 0.10 0.12

Concentration, ug/mL
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Linearity

Pearson correlation coefficient, r

3 - x)0i -y)]
=06 -2 [0y -)?]

—-1<r2>1

Coefficient of determination, r2

2 _ Z[(Xi_;)(yi_y)]
e -02 ]z -2l

r’ 1

NIMT
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Analysis of Variance (ANOVA)<>

NIMT

« ANOVA L‘ﬂmﬂ%mﬁ@ﬁiﬁumﬁuﬁEJULﬁEJ‘lJ A1 mean vesdoya 2 ya
Y08 W30NINN INonadeUNYAtoyaa AN ueg Nl Tsd A v o Ll
A difference in means can lead to spread in the results
of the combined data (increased variance)
* Two possible sources of variation:
— Random error or repeatability of measurement
— Variation due to the factor
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Analysis of Variance (ANOVA.‘)

NIMT

Factor (1ade). quantity that is being investigated
Effect (manszmu). how much the measurand changes as
the factor Is varied

One-way ANOVA: instances of the factor are varied
with replicate results for each instance

Between factors: includes the measurement variance
as well as differences between the instances of the
factor

Within factors: estimates measurement variance
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Analysis of Variance (AN()VA.()

NIMT

 ANOVA allows us to obtain a probability of finding
the observed data given that there is no effect of a
particular influence factor, I.e. observed variance
arises from random effects (null hypothesis)

e Compare the between and within factor variances

o EXxpectation that between factor variance > within
factor variance (i.e. the probability is one-tailed)
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Excel ANOVA Output

NIMT

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

Row 1 2 0.93 0.465 5E-05

Row 2 2 0.98 0.49 0.0008

Row 3 2 0.95 0.475 5E-05

Row 4 2 0.98 0.49 0.0002

Row 5 2 0.99 0.495 5E-05

Row 6 2 1 0.5 0.0002

Row 7 2 1.02 0.51 0.0002

Row 8 2 0.97 0.485 5E-05

Row 9 2 0.98 0.49 0.0002

Row 10 2 1.01 0.505 0.00125

ANOVA

Source of Variation __SS df MS E P-value E crit

Between Groups 0.003245 9 0.000361  1.182149  0.396424  3.020382
Within Groups  0.00305 10 0.000305
Total 0.006205 19
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Horwitz Equation <)

NIMT

« This equation was defined by Horwitz et al from a practical
consideration of a number of collaborative studies done by
AOAC over many years.

* Reproducibility, CVg
CVR — 2(1—0.5'09 C)
CV, = 2C 01505
R =
* Repeatability, CV,

CV, =0.66 x 21-0°109¢)

C = concentration of analyte in term of decimal fraction 60



Horwitz Equation <)

NIMT

Horwitz noted that values for RSD, (the repeatability
CV) were usually between half and two-thirds that of
RSDg. For this reason, repeatability acceptabilities

are proposed as the Horwitz values for RSDg x 0.67.
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Horwitz Ratio

NIMT

Acceptance criteria
e HorRat = Horwitz Ratio = RSDgps
R‘(\:’Dexpected
Reference HORRAT
AOAC <2
Codex, EU <2
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Key Performance Characteristics f(r)
Method Validation

o Confirmation of identity

» Specificity/Selectivity
 Linearity and working range
e Sensitivity

e Accuracy

Precision

Limit of detection (LOD)
Limit of quantitation (LOQ)
Ruggedness and Robustness
Measurement Uncertainty
Metrological Traceability
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Validation Parameters for Specif()

Tasks

NIMT

Key Major Major Traces- Traces-
performance | compounds- | compounds qualitative quantitative
characteristic quantitative and traces-

quantitative
LOD N N Y N
LOQ N Y N Y
Linearity Y Y N Y
Range Y Y N N
Precision Y Y N Y
Accuracy Y Y N Y
Specificity Y Y Y Y
Ruggedness Y Y N Y

From: Validation and Qualification in Analytical Laboratories by Ludwig Huber
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Confirmation of Identity <>

NIMT

Confirmation is an analytical process where a
measurement Is performed by more than one
technique, to confirm the presence of an analyte

A ¥y 3 A Yy an A
nmanagoumoudad Iimunamsnisaulagnasrawu laare snaaeuiit
Y 1 @ 9 a ' a : o
ldog Tagna ldaz 1dmaiianmanageuninnii 1 mallaiegudu

That the entity you are observing and measuring some
quantity is what you think it is!

-Speciation
-Interferences and impurities

CITAC/Eurachem Guide to Quality in Analytical ot
Chemistry: An Aid to Accreditation (2002)



Specificity/Selectivity

AN UWIZIDIZDY NIMT

e Specific: a method that produces a response for a target analyte only

» Selective: a method that provides responses for a number of chemical
entities that may or may not be distinguished from each other

- The ability to measure accurately an analyte in the presence of
Interferences (USP)

- Swnizidrednsiabersy lusinatudasaanaiiaedeie19sununsiaet Goneeetios 5
danan (Analyze at least five independent sources of control matrix to
assess interference effects)

a oA a 4 1
ANUAINT0UDIID MR IR NEINTaRs1 IR 1zd analytesldsdsgndes iazaunsouenaiw
1 9 ] 1
mwzzwdmsuasiaulasenanarsduiouduluaieds meldanzminaassnszy 13

How to improve selectivity

- Good sample preparation
- Selective instrument e.g. mass spectrometer vs. UV spectrometer
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Confirmation of Identity and
Selectivity/Specificity

NI

NIMT

U

=) J v 1 9 a 9 Qdd’ ) o 9 deé cﬁ
— AAITHAIDYNUASTITOINDIAIYITNNN Q‘V]'Iﬂﬁ@]ﬁ’)%ﬁﬁ]‘ﬂﬂﬁﬁﬂ%ﬂlﬂ UASIDOULND

~ & Ax
5aUNIUNaINNIETD9IT

Analyze samples and reference materials by candidate and other
Independent methods

a Jd o 1 ' 1 Y] 1 H v 1 a 4
— Anszdaedsiiogluainaa e asdeneramamssuniuasisiaulald

Analyze samples containing various suspected interferences in the
presence of the analyte of interest

9 3’, g v 9 A A
- ﬂ’]WCUﬂ'lﬁ3‘].]ﬂ'JCLl‘VNQ]JHGUuﬁ@uﬂ'ﬁﬁﬁ'J%'Jﬂﬂ’)f]l;ﬂi@qm@llagﬂﬁlﬁﬁ’]ﬂgﬂ\l’]m 219

o < 9 0 &Y, ax A a
EUTHJH@]@QVHﬂTﬁW@Juﬁljﬁﬂﬂﬁ@UlWNL@N

If detection or quantification is inhibited by the interferences, further

method development will be required
: 67
Eurachem Guide



Linearity and Working Range

NIMT

What is the range over which the calibration model
holds?

Working or measuring range is the set if values of measurands for which
the error of a measuring instrument is intended to lie within specified limits
(Eurachem Glossary A18)

Linear range is by inference the range of analytical concentrations over
WhIICh the method gives test results proportional to the concentration of the
analyte

(Eurachem Glossary Al12)

Glf’NﬂTﬁGl"]fﬂﬂ‘l/]ﬂiﬂﬂﬂﬁh%’)ﬁﬂ’ﬂuL"'UiJ"'U“L:l‘VIﬁuGlEU TaelszAuANNES (precision) ALY

(accuracy) wazanuiuzadu (hnearlty) mwmwmiunmaau Iﬂﬂ‘i/]?lll‘ﬂ lower level AoM
LOD Wif’) LOQ fT'JuﬂT upper level ﬂluaﬂﬂmﬂimmmwummm@auﬁummﬂmmﬁu%"lﬂmnﬂ
Uaaiieala
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Response

Linearity and Working Range()

NIMT

1.0
<€ ,
Working range

0.8 —

LO

02 l LlODI / 1

Linear range
A 4 : ' ' . -——-

0.4 0.6 0.8 1.0 1.2

Concentration



Linearity and Working Rangd)

1. 9IS NAITAY ﬂTEJZJW]ﬁﬁ"Iu’E]EJNu’E]fJ 6 mmmmuua LL‘UENﬂ aﬂmmmm

ﬂ’JﬁJ!ﬂJZJ"U"L! 1 ﬂiﬁ

Blank plus RMs or fortified sample blanks at various

concentrations (at least 6 conc. Plus blank), single
measurement at each concentration

- waeansszrieimsasuauesionu laifeunuanududuvesaIsNINTgIU
d Y 9 J Y A ' v I a
- MIEseNEIAITIUANNENTUa1 Iiaseuuaazviauennuiludase

Ao linuzahdiins@earewuy serial dilution a1 stock solution vaaGeniu

Different concentrations should be prepared

Independently, and not from aliquots of the same master
solution
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Linearity and Working Rang%)

NIMT

wion RMS w3e fortified sample blank faundududatuesiates 6 anunduduiioglugaed
SanuiluFadu iimstaa 3 hiudazanududu

at least 6 different concentrations within the linear range, 3 replicate
measurements at each conc.

T oA A Y o )
- Wﬂﬁ]@lﬂﬁ”l‘l/‘li$‘1"i’ﬂ\‘l‘1/]ﬂﬁ@]’ﬂ‘ﬂ?fl!ﬁ]ﬂ‘lfl’é]"lullﬂmfJ‘UﬂiJﬂ’Nm"UﬂJ"’IJH"'UENETW??JWH:@H!

- fwom e regression coefficient

- msaznasaa residues vesusazanududy

- m3nszaevesar residual ﬁJmmmjmam Juase Wlumstusuanuilusaduaes calibration
curve uavmnmsnszneiuuunTtedelaedrmiafumsuaaddifudnnudeaunan
ANuFuRUTIFuFY

Random distribution of residual about the straight line confirms linearity.
Systematic trends indicate non-linearity

- Snsuiludosnasans iy ludhodadu Linuehlf$isdsuiqens quadratic function

If non-linear curve is necessary, functions higher than quadratic are not

advised 71



Sensitivity 0

NIMT

The change in the response of a measuring instrument
divided by the corresponding change in the stimulus

ﬂ’ﬂllllil Ao sasundasueananisneUa eI AAI DIl ANITAeM T Fe L as

A g A v <3 1 =)
Yaaus ey uanuaunsa lumsuenanuuanaaueasuia analyte

No specification for sensitivity, consider the uncertainty of a result
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Accuracy

Do we get the right answer?

NIMT

Accuracy IS the quality of the result in terms of “Trueness” and “ Precision”
in relation to the requirements of its use

1 I~ 1 1 1 a { v
ﬂ’JHJLLlI‘L!L‘]J‘L!ﬂTLLﬁ'ﬂ\‘Iﬂ’JﬁJGlﬂﬁgI}L?‘IEJQi$‘I’i’J"IQNaﬂ?ﬁ%ﬂﬁ@ﬂllagﬂﬁ%}%‘]@ﬂﬁEJ’E)?JT]J

Trueness is the closeness of agreement between the average value obtained
from a large set of test results and accepted reference value

1A Y Aa A Y A 1 1 = Ay Y v
mmmm\‘mammiﬂamt’mzw’mmmaﬂmmwaﬂ"ﬁmamﬂ‘lﬂmﬂwmﬂmﬂu
A1919D94 NI U
Bias is the different between the expectation of the test results and an
accepted reference value

AN UL UADANNLANAITZHINANAINIDL MAINNISNATDUA LA
9 a d' Y]
DNPINYDUTU 73



Accuracy and Trueness

NIMT

1. Jane reagent blank uazenssndanasgiudieiinaseniidesnmsasivden
anwlyld (candidate method)

= 4 %}
- AUATIZH 10 6N

o 1 = S Y o v ' A AN Y o Yy a
- ﬂWH']ﬂ!ﬂ%ﬂaﬂ%ﬂﬂllﬂﬁ\‘]ﬂlla')uﬂl]lﬂ‘ﬁﬂacl_l@@ﬂ‘fllﬂlﬂﬂuﬂﬁﬂﬂqﬂﬂ1ﬂﬂ1i'}ﬂﬁ15@1\1@\1

UIATTIY

dld'yw Y o'9)oz|d'd|9la Y a
- uSeuisumian lavasnnuannuasaudnuanidlung1999ue9a1591999
asgu s lvimswa method bias

“Method’s Bias”

74



Accuracy and Trueness

NIMT

a 4 a Aaxy d' [)

aasizw reagent blank uag asdsanasgiudieiinageuidesnsiiinmsg
9 Aax Aan A = I ax a

asvaeua 1y ldueaisuazsou Formiluitdgugd

Analyze reagent blank and RM using candidate and independent method
preferably primary method

P 4 %I
- AUATIZH 10 K1
o ' A S Y o w ' A Ag v
- ﬂWH’Jﬂ!ﬂTmafJﬂl@QlLUﬁQﬂLlﬂ?HWhlﬂﬁﬂaU@@ﬂi]”lﬂﬂ”llﬂﬂﬂ‘l’lllﬂfl]"lﬂﬂ"lﬁ

IAE15019BININTTIN

Y
a o o

- Feumsuammsianlanndsnsgesazrildnsuar method

bias Weunuislguni

A9

“Method’s Bias” relative to independent/primary method
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Recovery 0

NIMT

The fraction of analyte added to a test sample (fortified or
spiked sample) prior to analysis, the unfortified and fortified
samples, percentage recover (%R) is calculated as follows:

% Recovery = (C;-C,)x100/C,

C,= concentration determined in fortified sample
C, = concentration determined in unfortified sample
C, = concentration of fortification

';mﬁwm matrlx blank, CRM w3ed0619d  fortified mﬂmﬁwau%m 2AU
mmmmumm (1 NA19 LAY q9) Nuaay sanututuliiimstaa 6 asa udaduia
A1 FeCoVery snaunms
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o

Recovery
NIMT
Analyte % Analyte ratio Unit Mean recovery
(%0)

100 1 100% 98-102
10 0.1 10% 98-102

1 0.01 1% 97-103
0.1 0.001 0.1% 95-105
0.01 0.0001 100 ppm 90-107
0.001 0.00001 10 ppm 80-110
0.0001 0.000001 1 ppm 80-110
0.00001 0.0000001 100 ppb 80-110
0.000001 0.00000001 10 ppb 60-115
0.0000001 0.000000001 1ppb 40-120

AOAC manual for the Peer-Verified Methods Program (November 1993) 77



Precision and Reproducibility

~

NIMT

Can we reproduce the result?
* Repeatability:

= o Y d =y v A A A % o v A o A I
Llﬂﬂlﬂﬂ?ﬂu HWIAIAITICHAULRYINU IATDINDIAYINU Llﬂ$ﬂ1ﬂ13ﬂﬂﬁﬂﬂﬂ181u')ulﬂﬂ')ﬂu?‘iﬁ'ﬂlﬂuﬂTﬁ
& ' ¥
ﬂﬂﬂ@ﬂ%?ﬂ”lﬂiﬂ“]f')\?ﬂﬁ?ﬁuc]

Same lab, same analyst, same instrument, relative short time span
In31ziareealudIna1Ie Med1etios 3 dIna1e dInaeas 6 Minaaey uazlurieanuTuTY
2-3 yaen iy udadua RSD (ICH)

At least 6 determinations of 3 different matrices at 2 or 3 different
concentrations the calculate the RSD (ICH)

9 9

o a Jd o o 9 & 9y 9 ' [ 1 9y 9 3
NINITAUATICHIET 9 leﬂl(lﬂﬂiﬂ‘llﬂqmﬂqG]f')\‘]ﬂ'lﬂllllsllllellu 15U LL‘]NHJL! 3 WWANUUVUUU €] a8 3 K1

At least 9 replicates covering the complete specified range e.g. 3
concentrations with 3 injections at each concentration (ICH)

shmsnadey 10 91 Tasa RSD @ildarsdesniil% (US EPA)
At least 10 injections with RSD <1% (US EPA)
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Repeatability Limit <>

NIMT

* 95% confidence interval on the difference
between duplicate results measured under
repeatability conditions

r=2/2s, =2.8s,



~

(

NIMT

Precision and Reproducibility

Analyte % Analyte Ratio Unit RSD (%)
100 1 100% 1.3
10 101 10% 1.8
1 10-2 1% 2.7
0.1 103 0.1% 3.7
0.01 104 100 ppm 5.3
0.001 10 10 ppm 7.3
0.0001 106 1 ppm 11
0.00001 107 100 ppb 15
0.000001 108 10 ppb 21
0.0000001 109 1 ppb 30

Expected % RSD, calculated from Horwitz’s equation = 0.66x2 (1-05109C)

AOAC manual for the Peer-Verified Methods Program (November 1993) 80



O

NIMT

~

Precision and Reproducibility

 Intermediate precision (ICH)
— The long term variability of the measurement process

— Comparing the results of a method run within a single lab
over a number of weeks

~ Ay Y an ' ~ X ' o @
L'].I%EJ‘]JW]EJ']JNﬁ‘VIUlﬂ%Wﬂ'J‘ﬁT]ﬂﬁ@‘]JGlNGH')QL'Jﬁ"ITIHTHGUH FFUN QY fﬁJﬂTﬂ
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Precision and Reproducibility

O

NIMT

~

 a1intermediate precision evazeulviuanuiaudiveswanis
9 owansda lauain

Wasuinadey

different operators

aentuneuuegs

Inconsistency working practice of the same operator
WasuaTeaiie

different instruments

Wasuumaesmaainieglnsaiariia

chemicals from different suppliers, columns from different
batches
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A
A

Precision and Reproducibility

NIMT

e Reproducibility (ICH)
- Precision obtained from different labs, different analysts,
different operational and environmental conditions

- Analyzing aliguots from homogeneous lots

uerasnnunlsliiuvesnamsnadouliolasudnagou ndsunieslionazag
9 Aa oA Y] 1 A < :i?ll = Y]
vealiiams TasmanadeudloganuanuiluiioneIny

“Inter-laboratory tests”
Reproducibility Limit

R =2+/2s5, =2.8s,
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Precision and Reproducibility

~

NIMT

Repeatability

Intermediate

Reproducibility

Precision
Instrument same different different
Batches of accessories e.g. columns same different different
Analyst same different different
Sample matrices same different different
Concentration same different different
Batches of material e.g. reagents Same different different
Environmental conditions Same different different
Laboratory same same different

84




Limit of Detection (LOD)

NIMT

What is the smallest concentration that can be detected?

(%

9

zd' 1') d' td' v zd' 1 4 o ! o td'
szauanududuidmnganaunsaIidyoaiuana I IngudngszauANMF N UN

2
U

q

pJ

ee

The smallest amount or concentration of an analyte that can be reliably
distinguished from zero with a specified level of confidence

(Y] Yy 9 :> d' (Y] 9 9 Qdd' o @ o 9 é (Y]
sEAuANUENTUMgaNa Tl laaedsnmasiimiasnaeunnuld e Feszau
ANUTUTUAINaNAILINN NN U e uRY s diu 14

The lowest value measured by a method that is greater than the
uncertainty associated with it (NATA technical Note 17, 2006)

1 2 o w o o = o < ! 1A

amlngiatinanmsasivianeszauanududunlidyaraniiv 3 mvesauiisau
s~ s A o a S s

wasgu (Standard deviation) vesuasa iievhimsinsgrnaledtunan 10

$198191 I0UINAN
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Limit of Detection (LOD)

MIMIVATINANITATIVIA

NIMT
1. wiSoumeduasd (sample blank) 10 va dasauduiurieag 1 n3s

mﬂuummmmmmmmumaEJ (mean ua mL‘]JENL‘]J‘L!‘JJ”I@]’?%TLAGIIE]\‘I?YJ"IZJLGIIM"IIH
standard deviation)

LOD = mean of sample blank value +3s

130 2. W uudedanuasa (sample blank)ﬁ fortified dreasfidosmssatiaiu

Wudude (lowest acceptable concentration) 10 vaa Sadvanaz 1 ase

nAduMUIUAURAY (Mean) uazAandouuuniaigiu standard deviation) ves
anuduvui fortified aq'ly

LOD = 0+3s
130 3. maammaﬂmmmﬂ (sample blank)m fortified mamﬁmmmmwmm

mmumq Iowest acceptable concentratlon 10 119 3afuInas 1 s
(

niusaAIRAe (Mean) uas mmmmummgm standard deviation) ves
anuduyui fortified aq'ly

LOD = mean of sample blank value +4.65s (derives from hypothesis testing)

(Eurachem Guide page 17-18) 865



Limit of Detection (LOD) ()

NIMT

e LOD determined from calibration curve
— Sy« IS the standard error of the regression
— b 1sthe slope of the linear calibration

B 3S,/x
CdI T b

Or

—2
¢, = JoosnoSyn 1 1, C From IUPAC
b m n > (-C)°




Limit of Detection (LOD) for Qualitative<

Measurement
o W w a d A
%ﬂﬂ1 ﬂmﬁmammmm‘mmwmmqmmw

Tnszdreduuuasni spiked dreasiidesmstafissauaiuududue fu
Sample blanks spiked with the analyte at a range of
concentration levels

v 1 >y 1 s - 3 A ! Yy 9
Jaswesdedrauasan SPIKed 10 ¢ Muaazanuduady

NIMT

Measure 10 independent replicates at each concentration level

fnalesiwudiasany (Y0 positive) vienlesiwudiaselinu (% negative)

A Yy 9
NS ANUVNUU

Y v v ¥
MntumIasinaaNududumgainamsialianu luduiene

determine, by inspection, the threshold concentration at which

the test becomes unreliable
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Limit of Detection (LOD) for Qualitative< )

Measurement NIMT
200 10 10/0
100 10 10/0
80 10 8/2
60 10 5/5

If the criteria is 100% positive:

cut-off (threshold) is 100 mg/kg =LOD

89



Limit of Quantitation (LOQ) <>

NIMT

What is the smallest concentration that can be measured with a
given measurement uncertainty?

anutudumgaiimSina 185 trueness uas repeatability fiseusuld

The lowest concentration of analyte that can be determined
with an acceptable level of repeatability precision and trueness
(Eurachem Guide)

anudutuvesasnaulanansomdsunalddreszauany luuiveuneousu'lda

The concentration of analytes that can be determined with an

acceptable uncertainty
(NATA technical Note 17)
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Limit of Quantitation (LOQ)(

A o w a NIMT
MIMIVANNANITHIYT VI

Y
1. wieudedrauuass (Sample blank) 10 vaa Jasnrududuainag 1 a5
Y ' v

9 ) 1 Yy 9 = L= Yy 9
ANMNUUATUIUATIANUVUVULIRAY (MEean) uazmmmmummgmmmmmmmu
standard deviation)

LOQ = mean sample blank value +5s (or 6s or 105s)

= Y] 1 I £ A = v 1 v A
2. wisugedanvasan fortified dreasnaulanszauanududuaiagdu f

9
Tadinean LOD sgauanuiuduaz 10 vaudiiaaianuduaduia 10 v ay
9
1 A543

suaa Standard deviation hudaganuiudu anuududiganannsn
wilSuna lauazlisanu lduiveuievenusulanea LOQ

LOQ = the lowest analyte conc. which can be
determined with acceptable uncertainty

(Eurachem Guide page 19)
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Robustness/Ruggedness ()

NIMT

When there are small changes in conditions do we get
the same answers?

Robustness of an analytical procedure is a measure of its
capability to remain unaffected by small, but deliberate
variations in method parameters and provided an indication of

Its reliability during normal usage
(Eurachem Glossary A25.2)

aAa S 3 wdys}c:’sd a A Aam A 1w T A oA

AITUANNUHUBDNIDIAITICU Ll]’L!@]'JslfﬂfﬁWi1!’[;N‘]J5$ﬁ‘ﬂ‘ﬁﬂTIN"Uf’J\‘]’J‘ﬁ')&ﬂﬁTgﬁ'J'lfNﬂ\‘]u%GIf@ﬂ@
YA = ~ Y, 1 aAa Jd
L!JJ'J"I%%Nﬂ']ﬁfﬂflcl,mﬂﬂle!LL‘]Jﬁ\W]’JLL‘]JﬁU'N@'(’JTQGlu’J‘ﬁ'JLﬂﬁ"IgVi
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Robustness/Ruggedness (

NIMT

e Ruggedness testing is an inter-laboratory study to study the
behavior of an analytical process, when small changes are
made In the environmental and/or operating conditions are
made, akin to likely to arise in different test environments

« Effects of minor changes

3 Aa A anAa I o Y a J A a YA = =

o Fulszansnnue AT IEHNG YNNI AT IEMIH YDA a9z M asunlag
< v . 9
AN oaUaIdN1NZLINADNNNAVU

(Eurachem Glossary A25.1)
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Robustness/Ruggedness ()

NIMT

szyalsnerninaniznualszansnImedIsnadel

o =] (Y] a Jd Al
MMsanyINavenuils Iagn1snsizyt RMs vise CRMSs
UsziunanssnuvoInlsa199

oY ax A S A = ~
5015995 UAT 12N aANANTENUKTONTE LUAILANADN TN
MUIT T



Robustness/Ruggedness (

NIMT

e flvsnndimanageu Human factors
— ﬂﬁ%ﬁﬂﬂ'l'iﬂjﬂqﬁﬂﬂ@ﬂﬁll
Control via education and on the job training
* {Javemanaiia Technical factors

— ANUAIAIVOIEITIAN

Stability of analytical solutions
— MSIATINAIDY

Sample preparation
— maninmaasunlasa PH gl uazonsms lna iludn
Influence of variation of pH, temperature, flow rate, etc
o iJasemaFaunnden Environmental factors
— gUNYN ANUAY A AT TUNIUANG

Temperature, pressure, humidity, pollution, contamination
95



Robustness/Ruggedness

Techniques used for ruggedness testing
— Significance testing, F-test

NIMT

» Are the sets of data significantly different?

Factorial design mngdwisulgdanuedalsiil luhu 5 daulsuazamnsatisuen
DaWanIENUFINUIEAUYDIAILS

» Allow investigation of the interaction of variables
e More economical when variables are less than 5

Plackett-Burman method design ansadamansznuninuaazaalsldeglugil
aavla Tagauuan lulinansenudenuuaznuvesaals

» Assumes interaction effects are negligible
» Calculate the effect of each factor on a measurable quantity

Youden-Steiner testing ensodanansznunnuaazaiuilsldedlusdavauld

TasauuaN luUHanT=NUBINULaZ AUV IR LS

» Assumes interaction effects are negligible
 Calculate the effect of each factor on a measurable quantity 96



Factorial Design of Experimen@

NIMT

Factorial design is an experiment design in which every level
of each variable is paired with every level of each other
variable

Number of Number of
factors (k) runs =2K
2 4
3 8
4 16
5 32

97
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22 Factorial Design of Experimen K)

NIMT

2? Factorial Experiment, 2 parameters, 4 experiments

(b) (ab)

(1) (a)
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22 Factorial Design of Experimen <>

NIMT

Parameters studied: A=pH
B = temperature

Coefficient: +1= changed condition
-1=normal condition

Experiment Factor
A B
1 {1} -1 -1
2 (a) +1 -1
3 (b) -1 +1
4 (ab) +1 +1 0




22 Factorial Design of Experimen <>

NIMT

Experimental A B AB
code

{1} -1 -1 +1

a +1 -1 -1

b -1 +1 -1

ab +1 +1 +1
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23 Factorial Design of Experimen <>

NIMT

2’ Factorial Experiment, 3 parameters, 8
experiments

be abc

ac

u;
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23 Factorial Design of Experimen <>

NIMT

m
X
o

Factor

AB

0| N[OOI B~ W[N] -
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Factorial Design of Experimen@

NIMT

Advantages
- Allows greater generalization of findings from data

- Allows for investigation of the interaction of
variables

- More economical than a one-way design when the
number of variables is less than 5
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Plackett-Burman Method Desi ‘)

NIMT

» Assumes interaction effects are negligible compared
to main effects within the method

e Calculates the effect of each factor on a measurable
guantity e.g. recovery

e Economical designs with the run number a multiple
of four (rather than a power of 2)

» Very efficient screening designs when only main
effects are of interest.

http.avww.itl nist gov/div898 handbookprisection3pri335.htm 104



Plackett-Burman Method Desi ‘)

NIMT

Generating factor
examining n parameters in k=n+1runs

no. of code (+1) = no. of code -1)+1
total code + 1 = no. of runs

Run =8 (+ + + -+ --)

Run =12 (+ + -+ + + - - -+ -)

Run =16 (+ + + + -+ -+ + - -+ - - -)

Run =20 (+ 4+ - -+ 4+ 4+ + -+ -+ ----++ -)

Run =24 (+ + + 4+ 4+ -4+ -+ + - -4+ ==+ -4 - - - )
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Plackett-Burman Method Desi ‘)

NIMT

[ factors, 8 experiments

Plackett-Burman Design Matrix
Exp no. A B C D E F G
1 +1 -1 -1 +1 -1 +1 +1
2 +1 +1 -1 -1 +1 -1 +1
3 +1 +1 +1 -1 -1 +1 -1
4 -1 +1 +1 +1 -1 -1 +1
5 +1 -1 +1 +1 +1 -1 -1
6 -1 +1 -1 +1 +1 +1 -1
7 -1 -1 +1 -1 +1 +1 +1
8 -1 -1 -1 -1 -1 -1 -1
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Youden-Steiner Test for Robustne&)

NIMT

[ different factors affecting a result if the
nominal values are slightly changed

27 =128 combinations possible but only 8
determinations are needed in Youden-Steiner

test
A B CDEFG
Alternative values
a,b,cdefd
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Youden-Steiner Test for Robustne&

NIMT

Factor Experiment no.
value 1 2 3 4 5 6 7 8
Aora A A A A a a a a
Borb B B b b B B b b
Corc C C C C C C C C
Dord D D d d d d D D
Eore E e E e e E e E
Forf F f f F F f f F
Gorg G g g G g G G g
Observed S t u % W X y Z
result
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Youden-Steiner Test for Robustne&)

NIMT

e Influence of each variable can be determined
by

" . SHU+HU+YV W+ X+Y+2Z
A-a'=( )- (-t

4 4 )

L L, SHT+W+X U+Vv+y+z
B-b'= () - (2

)

S+V+X+ y)_(t+u+w+z)

IIG_ II:
9"=( 1 1
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Youden-Steiner Test for Robustnegw)
o List[A-a], [B-b],.....[G-g] in the order of size
 Calculate the standard deviation, s, of all 7 differences
» Obtain acceptance criterion: +/2*s

o If[A-a]....[G-g]> .2*s :significant sensitive for
changes

e If[A-a]....[G-g]< +2*s :no significant sensitive
for changes, robust

J. Radioanal. Nucl. Chem. 278, 801-806, 2008
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Youden-Steiner Test for Robustness

NIMT

Factor Experiment no.
value 1 2 3 4 5 6 7 3
Aora A A A A a a a a
Borb B B b b B B b b
Corc C C C C C C C C
Dord D D d d d d D D
Eore E e E e e E e E
Forf F f f F F f f F
Gorg G g g G g G G g
Observed | 1880 | 20.58 19.90 18.03 19.50 19.16 19.88 19.85

result

% water distilled from phosphoric acid
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Youden-Steiner Test for Robustne&)

NIMT

Condition Factor % difference

Amount of water A, -0.20
Reaction time B,b -0.08
Distillation rate C,c 0.11
Distillation time D.,d 0.63
N-heptane E.e -0.07
Aniline Ff -0.83
Reagent G, -0.92
S 0.54
J2*s 0.76
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Measurement Uncertainty <)

NIMT

Contributions of measurement uncertainty including
- Overall long term precision

- Bias and its uncertainty, including the statistical
uncertainty involved in the bias measurements
and the reference material or method uncertainty

- Calibration uncertainties

- Any significant effects operating in addition to
those listed above
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Measurement Uncertainty <)

NIMT

Source of data for estimation of uncertainty
components obtained from method validation:

— Accuracy (bias, recovery)
— Precision (repeatability, reproducibility)
— Robustness/ruggedness
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Measurement Uncertainty <)

NIMT

4 Approaches
- Bottom-up method: the “GUM” approach
- Top-down method using results from an

Interlaboratory study by the harmonized
IUPAC/AOAC protocol or ISO 5725

- Estimation by applying the Horwitz formula
relating the relative standard deviation to
concentration

- The supplement GUM approach using Monte
Carlo calculation

115
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Measurement Uncertainty <)

NIMT

Bottom-up

— ldentify each source of uncertainty for the entire
measurement, step-by-step, and combine all
contributions

— Requires a complete measurement equation and
measuring process

— Complex and time consuming

— Homogenization and between-operator variability
are not taken into account

— High risk of under-estimation

116
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Uncertainty sources from analysis'

SN RPN

Sample concentration obtained from
calibration curve

Concentration of working standards
Sample volume

Precision

Sample weight

Recovery



Uncertainty from Method
Validation: Precision

Conc, mg/kg 10 50 200 400
Replicate Calculated conc
1 7.5 42 155 320
2 6.9 41 158 318
3 6.5 38 162 322
4 6.8 42 148 332
5 6.3 39 157 351
6 7.2 40 165 315
7 7.4 35 171 328
8 6.8 41 172 326
9 7.1 36 156 317
10 7.4 37 168 333
mean 6.99 39.1 161.2 326.2
J 0.40 2.51 7.76 10.71
%RSD 5.74% 6.43% 4.81% 3.28%

NIMT



Uncertainty from Method ()

Validation: Precision
RSD . — (n, —1)(RSD,)* +(n, —1)(RSD,)” + (n; —1)(RSD,)* + (n, —1)(RSD,)*
pocled (n,+n,+n,+n, —4)

RSD =5.2%=u

pooled prec



Uncertainty from Method ()
Validation: Recovery

°* Determination of organophosphate pesticides in

bread by GC
* EURACHEM Example A4
* Bias study
- The bias of the analytical procedure was investigated
during the in-house validation study using spiked samples.
- Mean recovery from 42 samples =90 % with s .4 =28 %
- The uncertainty in the spiked concentration is small and
can be neglected.



Uncertainty from Method
Validation: Recovery

° Mean Recovery =90 % C
obs

- Recovery factor (R) =0.900 Rm o C
ref

° Uncertainty from Recovery calculated from

Standard Deviation of Mean (SDM)

s 028
Vn o 42

Up =0.0432

NIMT



Uncertainty from Method ()
Validation: Recovery

* Check If Ris significant different from 1 by t-test
Hy: R=1
H : R#1

_1-R| _11-0.9

_ = =2.315
u,  0.0432

t...= 2.02, (df = 41; 95 %ClI)
- t>1,, accept H;
- Ris significant different from 1



Uncertainty from Method <)

Validation: Recovery
u u 2
— Cobs Cref
U = Rm\ C + C
obs ref
U, = standard uncertainty of the recovery factor
R = recovery factor
m ry
Cobs = observed concentration
UC ) = standard uncertainty of the observed concentration
obs
C = reference concentration

UC = standard uncertainty of the reference concentration



Uncertainty from Method ()
Validation: Recovery

In case R is insignificant different from -
(insignificant bias)
Assume R = 1, can neglect uncertainty form

recover and assume that the uncertainty
from recover is included in the uncertainty
from precision



Measurement Uncertainty <)

NIMT

Top-down

— Uncertainty Is the contribution of reproducibility
and bias obtained from interlaboratory comparison

— Human factor 1s included

— No Insight in individual sources of each
contribution

— Risk of over-estimation
— Useful for verification of bottom-up approach
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Measurement Uncertainty <)

NIMT

Bottom-up

— ldentify each source of uncertainty for the entire
measurement, step-by-step, and combine all
contributions

— Requires a complete measurement equation and
measuring process

— Complex and time consuming

— Homogenization and between-operator variability
are not taken into account

— High risk of under-estimation
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Measurement Uncertainty <)

NIMT

The Horwitz formula

— Based on review of greater than 10,000
Interlaboratory results published in J. AOAC
International

— Anticipated uncertainty
— No Insight of each contribution

— Horwitz uncertainty Is not just the uncertainty of
measurement, it reflects the uncertainty due to the

Inhomogeneity of the samples which increases at
the lower mass fractions
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Measurement Uncertainty —
Important Documents

NIMT

JCGM 100:2008 — Guide to the Expression of Uncertainty in Measurement — The
GUM (2008)

— Awvailable for free from the BIPM (www.bipm.org)

Eurachem Guide — Quantifying Uncertainty in Analytical Measurement (2000)
(http://lwww.eurachem.ul.pt/)

NATA Technical Note 33 - Guidelines for Estimating and Reporting Measurement
Uncertainty in Chemical Test Results

Nordtest Report — Handbook for Calculation of Measurement Uncertainty in
Environmental Laboratories (2004)

Eurolab Technical Report No. 1/2007 — Measurement Uncertainty Revisited:
Alternative approaches to uncertainty evaluation (2007)

http://www.measurementuncertainty.org/mu/examples/ 108



Metrological Traceability ()

NIMT

Property of a measurement result or of a quantity
value with associated measurement uncertainty ,
carried by a CRM

The result can be related to a reference through a
documented unbroken chain of calibrations

Not to a measurement method

Not to a measuring instrument

Not to a material
Not to a measurement institute

But always to a quantity value obtained by a
measurement procedure 129



Metrological Traceability <>

Pl

|
va ueg Reference Standard

value g Working Standard

amount content of X
compound in selution




Metrological Traceability

Inorganic element (E) in Matrices

J lwavcl;{lgﬂl : J
v

Lamo'.mt of slllbstanc,c:J Labsor].iancc:J { clcc,l:.ric,Ac,u'n:nt:

el @ 4 o

o
2 j A
= 1 f
’: - v
H measuring system? | | Frimar preparation
ﬁ coulometric prosedire I
8 titration system govetting conlomett.c
= lus talances ar titretion ard assignment of
= r mass fraction value to E -
,EO.D L1 s ululivcs E
[
*g mass fraction of primary g
Ein primsry calibrator E
calthrator 1 Jram Ml ) &
;§ {mgfkz) (16, NIST 3108) |2 | Q g
-_“;3 | mEASLring Sysien £ Secondary measurenent
g Diouble IDM3E provedire 2
= at AIMT L goverting IDLE
[=]
it
E v | feconaary
?ﬁfﬁf;ifn g calfraior 2
. 2 certified by KINT
calibrater " ” ; N B
(CLM, Le. 3 3 2
(mzke) Tl ) &
Ei‘;”&”if;fm 2 [ workdng mecsurement | —‘gu
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aIx?el:_sCa)rESfeICP-MS governing aralysis by .%n
i
prrpavation at end- M'S’ Gf A'AS’ é’
user’s laborstony ICP-CES. ICP-MS o
X £,
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wh(E]_y 4, [ E o E in sample g
[ A ul E i sumple 5 Cflines
{1k
END.USER"S MEASUREMENT  memmad

CALBRLTOR
MEASURNENT qoiANTEY - EEANURNW MEANTREMENT
[ S - AN SOFTR PROCEIRE
L.
"
MEASUREMENNT RESULT

NIMT
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Degree of Validation of a Metho )

Deqgree of external validation

1.

The method is externally

validated in a method-
performance study

The method is externally
validated but is used on a

new matrix or using new
Instrument(s)

Well established but not
tested method

NIMT

Recommended internal validation

1. Verification of trueness and
precision

2. Verification of trueness and
precision, possibly also
detection limit

3. Verification, possibly a more
extensive validation



Degree of Validation of a Methouk)

NIMT

Deqgree of external validation Recommended internal validation

4. The method is published in 4. Verification, possibly a more
the scientific literature and extensive validation
states importance

characterlistics 5 The method needs to be fully
5.  The method is published in validated

scientific literature without
presentation of
performance
characteristics

6. The method was internally 6. The method needs to be fully
developed validated




REPROooNoO WD

=0

Recommended Steps and Interna()
Validation Characteristics

Design a validation or protocol:
- The needs of the client
- What is analytical achievable
- Conditions of lab (environment, equipment)

Determine specificity and standard curve

Determine precision, expressed as repeatability and reproducibility
Determine trueness

Determine working range/measuring range

Determine detection limit

Determine limit of quantification/limit of determination

Determine robustness

Determine sensitivity

Evaluate the result from step2-8 against the protocol

Documented the work in a report



Validation Tools <)

NIMT

Blanks: reagent blanks and sample blanks
Fortified/Spiked samples

Incurred materials

Reference materials (RMs)

Certified reference materials (CRMs)
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Validation Tools 0

NIMT

Reagent blanks (solvent blanks)

— Reagents used during the analytical process (including solvents used
for extraction or dissolution) are analyzed in isolation in order to see
whether they contribute to the measurement signal. The measurement
signal arising from the analyte can then be corrected accordingly

— uuasdinlse ﬂaiumamim3J‘nﬂﬂmﬂwi%iumﬂmuﬁauﬂ13agﬂiwww Tagdsmanarsiauls
(analyte) ma%vmafaﬁamwmﬁusmmamu“lwammmmuaummmimumﬂm@llu

Sample blanks (matrix blanks)

— The matrices with no analyte. They are difficult to obtain but such
materials are necessary to give a realistic estimate of interferences that
would be encountered in the analysis of test samples

— Lmaaﬂmmaummumummmﬁ1°’°Vi‘mwmiﬂﬂumﬂmwmmamq (matrix) muaammm
Usannansiauly @nalyte) wiedi luszaud itonsvaeuMIsUMIUveIEsluAten T
ﬁ?ﬂﬁWﬁ%@QﬂﬁﬂﬂWﬁ
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Validation Tools <

NIMT

Fortified samples

— These are materials or solutions which have been fortified with the
analyte(s) of interest.

— The fortification is usually made by spiking. These materials or
solutions may already contain the analyte of interest

— Fortification with a known amount of analyte enables the increase in
response to the analyte to be measured and calculated in terms of the
amount added

dedniiau analyte asliimedindyanuan analyte wazilefinge recovery ms
fortify dnldnumsian analyte wivasll

Spiked samples
- Similar to the fortified sample but spiking does not
necessary have to be restricted to the analyte of interest

- ] - 1o o [} 1 gl} ]
anunineazaseny FOrtify uams spike a lusinammznu analyte wmmiu uavzswdens

duassaaug wu internal standard, avsfiasdoneziiudasuniudedis udu
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Validation Tools 0

NIMT

Incurred samples

The materials in which the analyte of interest may be essentially alien,
but has been introduced to the bulk at some point prior to the material

being sampled
The analyte is thus more closely bound in the matrix than it would be
by spiking
Herbicides in flour from cereal sprayed with herbicides during its
growth.
Growth promoters in meat derived from beast fed with feeds containing
the promoters
Active ingredients in pharmaceutical formulations added at the
formulation stage
dedudidl analyte Fusardszneumsssumaniemldifatundiendsfumsfianusssumi
wielsf analyte sususnaaniuniims fortify wsems spike

138



Validation Tools

NIMT

Reference materials (RMs)

— Any materials used as a basis for reference, and could include
laboratory reagents of known purity, industrial chemicals, or other
artifacts

— The property or analyte of interest needs to be stable and homogenous

— The material does not need to have the high degree of characterization,
traceability and certification more properly associated with certified
reference materials

wa &

o A ] ' = 3 { = [ ~ 2 1A A
TaavseminlinuaulianiliedaIonaieeds dnnuilwieReinumazmsouiiuedisaie 19

A =\

dmSumsdouiiounseiio 19 lumsdszdiuit fanse ldmuuamvesTagaieg

a o oI o Aa oA a 4 A
(‘Llfﬂllﬁ‘W‘VlﬂEJ’Jﬂ‘]J'i$‘U1lﬂmﬂTWﬁ@Q‘].I;]ll@]ﬂTi@%H’JﬂﬂTﬂ?ﬁ@]iﬂﬁuWﬂﬂ)
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Validation Tools

NIMT

Certified reference materials (CRMs)

The characterization of the parameter of interest in a certified reference
material is generally more strictly controlled than for a reference
material

The characterized value is certified with a stated uncertainty by a
recognized institution

Characterization is normally done using several different methods, so
that as far as possible,

Any bias in the characterization is reduced or even eliminated

’Jﬁﬂ’éﬂ\‘]ﬁ]\i‘ﬂlﬂﬂﬂi ﬂ”lﬂl!EJUGIiﬁ°1J§@Qﬂ16116{1ﬂﬂ!ﬁ'iJ'iJ@]’E]fJNﬁuﬂﬁiﬂﬁﬂ”lfJ’E]fJN NWHﬂ”I'iT]Ji@QTﬂfJ’J‘ﬁﬂ"Iﬁ
T]fTWiﬂﬁﬂﬁ'@“]Jﬂﬂ'UllﬂllﬂfNﬂTiﬂﬂﬂ@ﬂﬂﬂllﬁﬂﬂbh ‘Wiﬁ]lli ummm"lmmuaum ﬂ'iJﬂ’NiJL"])’E]iJu@ﬂiJ‘ﬂ
MU

a o oAl v a oA a 4 J
(118111?(‘1/\1‘1/1ﬂﬂﬁﬂﬂi%ﬂﬂﬂmﬂ1WﬁﬂﬁﬂaU@ﬂ"li@%i!’ﬂlfﬂﬁTﬁﬁiﬂ"liLlWVlﬂ)
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dsunowmnguay 7 va: R ()

« RM - Homogeneous
- Stable
- Specified properties value

e CRM - Homogeneous

-> Stable

- Specified property value

-> Certificate (acc. ISO Guide 31)
+ Uncertainty + Traceability

- Metrologically valid procedure
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Quality systems

Bias/
Recovery

Validation

Control
charts

I
i)

T
SI
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Measurement
uncertainty

_ TYPEA

(precision)

Type B

Fitness for
purpose

B. Hibbert
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