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Target measurement uncertainty
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Selection measurement method

v

Equipment )—» Traceability Plan
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Method Validation
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Personnel )_’ :verification with the method characteristic ent
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sampling
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Handling the items

Estimation measurement uncertainty
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Internal Quality
Control
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Confirmation measurement uncertainty
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Fit for intended use

Claim measurement uncertainty
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Report
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Validation
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Interlaboratory Comparison
Proficiency Testing

Reference Material
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Accuracy
Precision

Repeatability
Intermediate Precision
Reproducibility
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Type of error Qualitative description Quantitative measure

ATAAAAEDY

l

g
v -l 1
= ATIIONABY arulawdes |
GER N . :
trueness bias i
system error i

x T
i ubids
v
ATLARIALATDY : w
. AUUNY mlsiniuay
NInLA _— -
accuracy uncertainty
(total) error
ATINARALAEDU 4 measures of spread
_ AL
wuuay — . r— (s, RSD...) under
> precision
random error specified conditions







(Result £+ MU)

T ZM

(Result £+ MU)

correction
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Aiiinla

Measured value

(AnanavaIiesufiRng) A187983
(Laboratory mean) aralousSosiivus Reference value
Total bias
=~ —mmmm e - -5

ANaITBIN BT IMSsUWisUNaSEN I RIS URNNS

Interlaboratory mean

AUloudesvadin
Method bias

AaAUlawBsIvRIiRIU URNS

Laboratory bias
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S

units

Rational procedure/method
Labl Lab2 Lab3 Lab4

A

J lab bias
Method bias

B

NO method bias ‘ |

Only results obtained by the same procedure can be compared.

Empirical method I

Labl Lab2 Lab3 Lab4

3.7 operationally defined measurand

lab bias
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CRMs a sub-set of RMs

Reference Material (RM)

Material, sufficiently homogeneous and stable with respect to oné

or more property values, which has been established to be fit for its
intended use in a measurement process.

Certified Reference Material (CRM)
Reference material characterized by a
metrological valid procedure for one or
more specified properties, accompanied
by a reference material certificate that
provides the value of the specified
property, its associated uncertainty, and a
statement of metrological traceability.

14
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Metrological Traceability
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Establishing Metrological Traceability
Traceability can be established by using a combination of:

- traceable standards to calibrate the
measuring equipment
- pure substance reference materials
- appropriate matrix certified reference material

- an accepted, closely defined procedure
- comparing results of a standard method

17



Pure CRM: Calibrate equipment
Matrix CRM:  Validate method

Metrological
> Traceability

MV

> Bias check

. (z1—x9) £

N i N FEEENPe
\/51/7114—82/712 \/Ul +UCRM
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MV

y = lPrecision check

Sd < \nosiniseeusy

mmm) Internal QC |

32
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Establishing Metrological Traceability

Rational Method Empirical Method

- traceable standards to calibrate the
measuring equipment - traceable standards to calibrate the
- pure substance reference materials measuring equipment

- appropriate matrix certified reference material

In-house method

- traceable standards to calibrate the measuring equipment
- pure substance reference materials

@8N
I appropriate matrix certified reference material

 an accepted, closely defined procedure

) comparing results of a standard method

20




SI or definitive method

calibration

|measuringsystem

umeasuringLystem

4

' Rational Method

Validation

Precision
Method bias
Lab bias

’ Measurement procedure

measuring system + method
1

l sample
Measurement result

| (y £ U) unit

 Empirical Method

1 1 !

Matrix CRM or PT/interlab
Validation

Precision
Lab bias

21
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Method validation
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AANHUTR S NUAAINUTNVAVDE

VAR AUBIN177 7921 (limit of detection, LOD)

IAATIAIRIN1TTALTNN0L (limit of quantitation, LOQ)

RIS (Sensitivity) .y - MSSAAI

v o ea . . = Linear ___
ANNANAUSITIAY (linearity) S 104 — L

1 o ) 1 & . “?- 0.8 -
TI9N19IAWIRTINNIT 1911 (working range) § ay
R LOQ
AINALNTY (selectivity & specificity) £ 0.4 Loo .
AN 589 (trueness) 02 “4-[/
q 0 T v T T ¥ T
AN (precision) 0 0.2 0.4 06 0.8 1.0
Quantity value (x;)/unit

AAMNANNY (ruggedness / robustness)

AH I KLARIRINNTTA (measurement uncertainty)
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Measurement Uncertainty
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eurolab

Eumopean Federafion of Matiomal Associations of
Measurement, Testing and Analytical Laboratories

Measurement uncertainty revisited:
Alternative approaches to uncertainty
evaluation
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Definition of the

Evaluation

of standard uncertainties

measurand,
List of uncertainty
components
v ¥
Intralaboratory Interaboratory
approach approach
Method
performance PT or

Mathematical
model?

Law of

UM

Modelling approach

uncertainty propagation

Organisation of

replicate measurements,

Method validation

Adding other

uncertainty contributions
e.g. uncertainty on the bias

Single laboratory
validation approach

Uncertainty on the bias

study?

Method accuracy
IS0 5725

Use of values
already published
.'_

and factors not taken
into account during
interlaboratory
study
ISO TS 21748

Interlaboratory
validation approach

method performance

Proficiency testing
IS0 Guide 43

+
ISO 13528

Vanability
+

Uncertainty on the bias
and factors not taken

into account during
interiaboratory

study

PT approach

Empirical approaches
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Modeling Approach

gasmamuumUSinaumanlusetisansdy

(conc. of sample - conc. of bLank)
Fe, mg/ke=

Cone of sample

sample weight

X volume of sample

1 ppm

0.5 ppm

pipette
Previous
pipett —=\ 7~ dilution

Reference

0 ppm
Previous

N
Y aixs

Reference

standard
<

volume

standard

X aixs

Residual standard

Previous
pipette
dilution
Reference
i i > -~ L
pipette Previous _iondard 5 o volume
PR e dilution PR
pipette dilution Reference—>
< volume
deviation Referenca‘a. volume standard
standard . 5 ppm
Ppm
Linearitw
Temperature >
m
effect o
temperature toleranc
“<— tolerance
Volume of

Linearity
Resolution

< % m
gross
ediate

Inter
Volume of

Resolution
repeatability

mass

FuAAnyliLiueuINRsFINTIY, U

- 2 2
Umass Uy100b1
i, =€ ( ) + +
mass

2
Vioont

Uy100sp

2z
Ustan dard
+ (
VlDOsp Cs tandard

2
ulc
L (1),

(ure-p)z
Cop X

X



Single Laboratory Validation Approach

5.1.2 wuInisandeyanisnslvaaualnuldlavesisarglanasujuanisine
(single laboratory validation approach) nsUsziiumalsuiuouvesn s inauwunmaiiiu
nslddoyasinnismsrsasuninugndas (trueness) Faldunainarniulauides aduiies
(precision) Fsldnainadiudsauuinasgiu uastadeiinansenuve s ililuiosUitinig Tae
vuaudeyenaansegeunnmeluos foRnside,

Msf KT IveIAUsTENaVYeIsA L hiutusuin A d D s uuInaTs
PNMIVAEBUANLIAEISERUNAN (intermediate precision) Armaleudssainszuaumsin ua

Yoyadue) MNEIT09 LU NANTENUNLARIINAIINAZOUAIIUAINUTDIID

Bias

-

Intermediate precision
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Interlaboratory Validation Approach

5.1.3 LL“L!TVE’Nﬁ]’]ﬂ"ﬁﬁ]&dﬁﬂﬁﬂ‘ﬂ'i]ﬁa"l.lﬂﬂﬁmﬂl%}lﬁ%aﬁ%fﬁjiﬂEJﬂ’l‘iL‘IJ%EJ‘ULEﬁEJ‘IJNa‘32:1&15’1»3

189UfjUAN3 (interlaboratory validation approach) unawadA1n U liuuaUraNMLLLINIgG

-"t?f 1 ﬂlldr-‘n r_tl- 97 o = =] 1 o oy QAT L]
UL ﬂﬂWWﬁWMWrIHLE] ﬂaﬁ‘a'LI'1ﬂ'ﬁﬁ?ﬁ“ﬁ&lﬂ‘ﬂﬂﬂﬂﬂ‘ﬁﬂﬂ?ﬂﬂiﬂU LWEJUNE??%W?'NWENUQUM ﬂ']‘ijﬂ AUt

MIUUIRNTEIU 1SO 5725 "Accuracy (trueness and precision) of measurement methods and

results" 11AIFIUTAINUAITNISUTELTUAIAI1UNIUL LA (repeatability) A1AUYINgla

(reproducibility) uazfranulaudesweisnaday 98191501y weaURURNsauNsaas1eazLden
P 4

Aanduluuae 3§7U 1SO 21748 "Guidance for the use of repeatability, reproducibility and

trueness estimates in measurement uncertainty estimation”

Table A.1 — Statistical results for calcium

Parameter P

6 000

Sample 2 n ny na W & CVr r SR CVR R
mg/kg mg/kg % mg/kg mg’kg % mg/kg
P1 12 0 24 51000 | 1413 2,9 4000 | 5654 10,9 | 16000 |
p2 12 2 22 292 000 | 6007 2,1 17000 | 16254 57 | 46000
P3 12 2 22 136000 [ 2120 1,6 12 367 9,0 35 000

-~

FalaWalatal

Sdr
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PT Approach

5.1.4 KUIMNNNINNITNAFDUANMUTIUYWBIURURNS (PT approach) wumatiiuy

N15U1A1EULTEAVUNINTFIUTENINANBIUNURANITIINAINTTUNITNA@D UAINT WY

2 = e = =1 = i W o e ' - o P T i
Wﬂﬂﬂﬂ"dﬁﬂ"ﬁ W‘iaﬂ'l'ﬂﬂ'iﬂﬂLWSUNﬁ'ﬁSWQWQWBQﬂﬂUﬂﬂTﬁ %ﬁﬁﬂ?ﬂ??ﬂiﬂﬂkﬂﬂﬂ“ﬂ]ﬂﬂ“ﬂﬂﬂﬂ{]Uﬁ]ﬂ"["a‘"ﬂ

AUIAAINAINIMUALLAINTTUN TNAgR UANUT N YIBIUURNNT (assigned value) viasUUmRns

mTIrilvaansiiuRINTIUAMINAGaUANNT MBI URNT adetay 6 ATe Tudai

LN

115199 5 93AUsznauvamlintusunmuliviuauraIrvinvue (assigned value)

JunBU

#9819

fuanardudsavunsguaelfiieuly
ﬂﬂuﬁ”rﬁwssw’haﬁawﬁtﬁnﬁ (Sp) uar U
vierfiRnnsiinsuusarTusunsummeaey
Aty f RS

MIMABUAIMTNNYWDHUAMS a¥ait 1

sp = 8.7 % warliuIuBW{UAMS = 23
WU juRn1g

wuewme : EIAlUIUNTUNITNAABUAIY
frurgveslfjuAnisidenlyan ‘robust
standard deviation’ asﬁaqgméfw 1.25 el

aenndeatu S, fiesunelimu ISO 13528

MuuA u(Cref) 183 MINAABUMINTIUTY

e fURn1s usazAsy

Su  8.1%
u(Cref) ==——=====18%

v Dy abi J2_3

dmdum u(Cref) 8n 5 adailndail
29 %, 1.7 %, 4.1 %, 3.0 % and 2.1 %

|
|
|
|

A3 5 93AUsEnavTawlintuauIInmM W LiniusuyeIR i MuA (assigned value) (ia)

JUnDY

M98

A u(Cref) NARAY

17U2UNITLTITIUNAFBUAIINTIUY
VoW{uRn: N = 6

Y| ucref
W(Cref) =% -26%

lumaitiin mmegeuanuinNgiBalfiRnn
(bias) BE7 +2 %, +7 %, -2 %, +3 %, +6 % uaz

° \‘; L4 - e 4 -
5 9 6 ATIVBIMBIUAUANS Amuloudes
+5 %

Quantify u(bias) components

o Z (bias, )2
RMS4ias = 4.6 %, Wid RMS,;,, = T

u (Cref) = 2.6 %

Convert components to standard

uncertainty u (x)

u (bias) = 4/ RMS,, 2 +u(Crefy

=Va6%+26*=53%
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rmethod

wvalidation

a ] o . !
dusaud 1 AmueAttasian
Fanasin wasAtealiudusu
= - i1
aauiula

(specify the measurand and

acceptable uncertainty)

= " = B

FuganizinFuwdiaaanisvesau

faazls saufansA s weneaa
Arralidudusunainisia

FanUAAUNEY
Tdnaaunns

A

v | = e pet)
SURADUY 2 LABNISVLWLITEY

(choosing a suitable method)

et o e B T
FEUDEE Z AR D UN TR U
E'l.ﬂ']'}zu?ﬁﬁﬂukkﬁxﬁﬂﬁ'l#ﬂﬂﬁﬂ']‘i'?fﬂ
NFLUIUMTIA FIMIFRTATTAUIN

pan1sim

measurement

uncertainty

i =t ar 2 ar e
dunaui 3 Jalndnisgeunduls
MIILIHIINEN

(metrological traceability)

Fevieaunsasunauls lsmuaansan
fuTtuezannseu JoRla

i+ al ar =l
dfusBuil 4 LR aNEEAE U
WD

{characteristic of method)

ASIADUAMANHLETRITE I
wBIMURATY | arunInussanalalng
Fonsiana T

x o o
TUABLN 5 UTziiiue
Auldudususainnsia

(measurement uncertainty)

Uszfusiruliwiususeantsina

HILWENTTINTT

L i
FURDUT 6 LERIATILLALINEEL
AudaauUszasd

{fit for purposs)

AsrAnUATLAEaRAdasA U MLNe
] =) 1
winlidiuldeudidriue feeviunay
WusivIadineasunazUiulss

Furaud 7 voauaT
(staterment)

s ooy O w,
FEUTDATININISUY 7 iizEauny

msldsnuingUszasAviola
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"h‘y‘“ 1dps, ’Z/:S

!

aad iz(* ;)’;&

fi

Y
%Qﬂﬁﬂ!ﬁﬂ]&l"mll@uuﬁuﬂﬁﬂllﬂﬁ Q‘I’iiJﬂ 10 LﬁEN ﬂ’f)

= KR dl < %3 1 v Y a =\ 6 o =
ATRANEN 1 N19vNUTunuan lusaatneasdusmeamanAanasnauinLaLTa Nt LalnInguss
= KR Qi = = (%4 1 a %4 6 1 dsj
ATRANEIT 2 NNINAZaUVIUSuNLanNNaanT UL U8t NNARA LI RN T
ATUANEN 3 NInagaundsunudaNuaatanuninszanglunausnanamniagmatia HPLC
R ~ ot ~ a o \ Y
NICUAN®T 4 NNINARALILTNI AT UIIUARIYINMNATIAUMNHN 103-105 °C Tusdatinein
= KR dl a QI v a
NINANHIN 5 N19UszRUNAUIALNLT INA
= K dl 1 YN o dl a v
NICUANET 6 NNIMANANTTANIINaTevian lansNguunRed
R ~ o 'y = o
NICUANET 7 NNIRAIANFANULINANTIBN)INDEN9ATIa TR
= KR dl o v ac] =
NINANEIN 8 N13aaNIANL I lauasdsaauLney
= K ai = 6 dgj
NIRANEN 9 NNINAZALERAFLAZLTATN

= A . a Y ax . P
N3UANEIN 10 N19NAdaLl Enterococci L‘NﬂMﬂ’]‘W sluur] Imﬂ'Jﬁﬂq?ﬂ?@QNquLﬂ@ﬂ?@\ﬂ
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NSOANEIN 4

NNSNAFDUUSUIUESLLYIUADYNINAUA

Naauundl 103-105 °C Tunae191n

36



FuAsuil 1 fvuadefianunin wazaranulaiwdusuiiseuiuld
mwmaauﬂ%mmm‘mmuaaaﬁ,ﬁwmﬁqmwgﬁ 103-105°C Tusodretn sromnaia

Gravimetric method #923l991u (working range) 10 - 500 me/L lagAmuaanauau (recovery)

aglutasiosar 85-115 daudonuuninssiudusing (RSD) lllAuesas 10 wazAinwlduiuey

YOI TIA AU pEay 27 YI5¥aumINUdpluSaeay 95
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YUADUN 2 LADNITNAFDUNMNUZEY

I5nedau Standard Methods for the Examination of Water and Wastewater, APHA,

AWWA & WEF, 24" ed., 2023, part 2540 D lagilswazidualunisnagaay sauaasluning 1

a

mnagauliinumsuYuaaEiaun figamigil 103-105 °C Tudagiai

v

annsraenIaImsngy Wiuwmshidesndt 20 §iddns S 3 AT NTRIFIDENUWIUYANTINTBY ABY) AUNTELAWNTDIDEN
° - - & ‘v ' o Y v v % R %
ilueuigamail 103-105 °C Wunmbivesndn 1 Falus seiipseda Tdlunudahwiniedoul

| :

ﬂwlﬂauﬁqmuqﬁ 103-105 °C \Wunanbitiosndn 1 42l

° » .&’ sl o -g \.I '0‘ @ \‘; o
dninlagamuiuviedananuiy Sauminasan 1 (mg)

: |

° > J - ¥ X g - Iv/ ¥ g o v 1 4 J v v '
aunT¥AYNIR Az logAANITUYTRARAANMALEIENATY Fuldmiin vhilaannndudedanemusudaiminedai 1 (mg)
A wiaasuulastiounit 0.5 mg FaminAsa 2 TuvinAninin B (mg)
< ¥ . L l
wivludeuaunitarldnu
o » J - > lg‘ ol Q‘; v : o '4
aunsranTkarininlogaA ML aRRAAMNTUBNATY FulAumnALN
- o v ' R LY & o v o 18 @
A wsawasuulauasni 0.5 mg FMUNATIN 2 UunAMUN A (mg)

afegvliansanmandaimssziveaglugag 0.25-200 mg

MIBNILUBNANIUID wide bore pipette l
AMUIUNALAYIIBNUNE




VUADUN 3 NISLEAIANEDUNAULALTILIRSINYI

3.1 nam5¥afilaaniail (Empirical method) §1983m1333R U5 n813994 (reference
procedure)
3.2 aauiisuiaTesiiolaemesuilifunisiusesruannsavie sl fURn LA
ISO/IEC 17025
_ pJestaluifih Aiflanvasiden 0.1 me WieAnd
- AOU gaunnil 103-105 °C
_ A30aui WU nszuenmaa (Cylinder) #iia to deliver Class A Thunurnnd1a (wide

bore pipette) Class B

YUADUN 4 NTINVINAMANBULANTNLEAENUAYDIITNAFDU
@mﬁﬂwmLawwmaﬁ%mﬂauﬁmmmﬁLLﬁmuaaﬂﬁwmﬁqmwQﬁ 103-105 °C Tughaensn

Usznaume anulauldes (bias) ANULHEs (precision) wazaiaaleanu (working range)
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Yunaun 5 n1susziiudiadliiuauYaINIsTIne
UIIANNTEUIUNITNIUaUAILT LAV ITENeday dnvauailaainnisinvinAusnyalzan

Uszluamauindusuvesnisialaeg 1ISO/GUM approach @9iidunausail

5.1 AMUUATIVILAAUTIA

Precision

(A-8B)

TS5, me/lL= > 1000

(

Sample volume ]

temperature

effect

tolerance

[

weight of filter+

dried residual

[ weight of filter J

sample volume

5.4 mursA1Au kikiuouR T IUTM
2 . 2 . _ 2 - 2
Upep umass(fti'ter) umass(f:ter+?‘eﬂdue) Uysp
X mass(filter) mass(filter + residue) Vep

- 1001 [(22) + (G) + (B + (22

= 0.82 mg/lL

5.6 N15971891UNE
VSN EUANTHYIUARENIVUA = Nan1svaaey T Aainnulinuusues (NSseaUAINu 1Wieau 95%)

Total Suspended Solid, mg/L = 10.0 £ 1.6 at 95% confidence level

40



Junauil 6 WERASANUMENTENAUINGUTTENA

nnnsmuaeumnldldvadiinadeunmnaouliinasuuaoeiaunfionmal 103 -
105 °C Tugheg1ei A11ATUIMIFIU Standard Methods for the Examination of Water and
Wastewater, APHA, AWWA & WEF, 24" ed., 2023, part 2540 D lag@in¥Anansasan sue s
16un aruloudesuazainuiiies lasanulowdesUszdiulusUuasiesasyasrnauau (Y%recovery)
uaza s sEiunndudonuunnsgIudimS (%RSD) wuhilAfesazuesanduulusias
92.13-101.49 Fovazvesdiudsauumnnsgiudusinslusiig 0.22-0.82 sasldsuvedidetludis 10-
500 fadniudiedns wazamuliutueuiosas 16 dseglunusinisuouiu Tngsmunriosazyas
AnduAueglutag 85-115 drulsawumpsgiudinsiiuiesay 10 wazmaubiwtusues

AsIaldiAusasay 20 AseauAEauSasay 95
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Junauil 7 LT HGET

wosU fuRnislaadiunsnsiaeuanulaldvesisnaaounimagauuinnaaswuIuaey
avue Agumail 103-105 °C Tushogath wuinudnvazanzuoitaonadestulimuned
muuald wazrensuzdiuma Iy LUUDUTDIHANTIAMIBLLING ISO/GUM approach donades

fuenanuliviusuidmuneniuuall uansitovedeuibvinaudensidnunuinguseasd
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1. Target measurement uncertainty

\ 4

2. Selection measurement method

v

Equipment )—b 3. Traceability Plan

¥

4. Method Validation

)—p e . ] . 4_‘ Environment
Personnel :verification with the method characteristic

w

sampling

w

Handling the items

5. Estimation measurement uncertainty

”

™~

Internal Quality
Control

External Quality

Control

6. Confirmation measurement uncertainty

 /

7. Fit for intended use

Claim measurement uncertainty

L ]
Report
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