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Dulezitost navaznosti @
NASA Mars Climate Orbiter Phrsses oot
+ Mise

— doletét a zlstat na ob&Zné draze Marsu
— provadét pozorovani béhem jednoho
“martanského” roku (asi 2 pozemské roky)

— poskytnout informace o cyklech vody,
oxidu uhli¢itého a prachu na Marsu

- Odstartovala v prosinci 1998 - k Marsu pfilétla v
2afi 1999

«  23. zafi 1999 vyhorely motory
« Sonda odletéla za Mars, ztrata kontaktu

= Co bylo spatné?

v Ulgrerzita 'Palackého
Metrologicka navaznost

vlastnost vysledku méfeni, pomoci niz maze byt vysledek
vztazen ke stanovené referenci pfes dokumentovany
nepreruseny fetézec kalibraci, z nichz kazda se podili
svym prispévkem na stanovené nejistoté méfeni

x Reference:
+ meéfici jednotka (SI), napF. kg, mol, ...
+ postup méfeni
+ standard (etalon) — CRM, Cista latka
x (Metrologickou) navaznosti neni:
+ navaznost dokumentu v dokumentaci
+ navaznost vzorku v laboratofi
+ navaznost pfistroje

x Navaznost je vlastnost vysledkul!
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Navaznost u méreni hmotnosti

Univerzita Palackého
v Olomouci

Prototyp 1 kg

6 kopii

...... Narodni etalony

Referencni etalony
kalibra¢nich laboratofi

Pracovni etalony
kalibracnich
laboratofi

ahy v laboratofich

Porovnatelné vysledky

s

Univerzita Palackého
v Olomouci

Navaznost méreni délky

Délka odpovidajici ur€itému poctu
vinovych délek |, stabilizovaného laseru

AN kalibrace 2

hodnota

I kaliorace 1

hodnota méfici pasmo

hodnot

9.10.2019
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Narodni
metrologicka
[ Primarni postup méreni laborator
Schéma 1
névaznosti Primarni referencni material - —
- v eferencni
ChemICkVCh R L .y 7 laboratof
— v s [ Referencni postup méreni
mereni 1
Certifikovany referen¢ni material
t Rutinni
laboratof

[PFenosové postupy méreni
A

Laboratorni referencni material

i

Rutinni analyzy

Univerzita Palackého
v Olomouci

Definujte méfenou veli¢inu
[~

il i

Zvolte reference a jednotky
L

Vyberte postup méieni
ok L

Validujte postup a vytvoite

rovniqi méfeni

J_ L
Zajistéte navaznost
parametru v rovnici méfeni

ovliviiujic
veliginy

ZvaZte navaznost dalich
Vyznamnigh veligin

J_ L

&

Setting standards
in analytical science

Strategie
zajisténi
navaznosti

Kalibrujte pistroj uréeny k 1
meéfeni oviiviujicich veliéin i

Zaznamenejte vysledek,
nejistotu a navaznost

9.10.2019
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Princip navaznosti

P — . Vysledek ya | ;‘ —_—

Vysledek y,;

1= 8gixg)

— I |
— Vysledek y2 ) =
RM 0

y2 = fa(X2) x

Vysledek y,

Y2 = gaxy)

- Laboratofe méfi nezname vzorky a ke kalibraci y;, = f(x;)

pouzivaji RM.

- Pokud jsou RM v obou laboratofich kalibrovany na CRM,
muzeme smysluplné porovnavat vysledky laboratofi y, a y,.

Univerzita Palackého
v Olomouci

Dulezitost metrologické navaznosti

Navaznost je kliCovy prvek modernich systémua zabezpeceni kvality,

neni to ,nadstandard®.

Navazné jsou pouze vysledky, které jsou ,ukotveny“ ke spole¢nému

zakladu (napf. SI)!

Navaznost zabezpeci porovnatelnost vysledku:
- mezi laboratofemi,

- mezi zemémi,

— mezi dneSnim a zitfejSim méfenim,...

Nejde se o zbyte€ny pozadavek ISO/IEC 17025. Je poZadovano, aby
laboratof stanovovala a udrzovala metrologickou navaznost svych

vysledkd pomoci dokumentovaného fetézce kalibraci.

9.10.2019
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Pr.:

stanoveni Kl v multivitaminovych tabletach

v

Univerzita Palackého
v Olomouci

Referenéni materialy (RM)
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RM - avod

- Zvlastnosti chemické analyzy se projevuji i v postaveni referencnich
materiald (RM) chemického slozeni.

- Slozity vztah mezi obsahem stanovované sloZky (analytu) a méfenym
analytickym signalem, jeho vyrazné ovliviiovani matrici vzorku i znacny
pocet riznych analytd jsou diivodem, pro¢ jsou RM v chemické analyze
nepostradatelné.

- V oblasti referencnich materialll nastrojem ,urcujicim pravidla®“, nejsou
technické normy, ale tzv. Pokyny ISO (ISO Guide):

- Pokyny fady 30+ (Pokyn ISO 30 — terminologie, ISO 31 — certifikat, 1ISO 33 —
spravné pozivani, ISO 35 — homogenita a stabilita)
— Pokyn ISO 80 — materialy pro rizeni kvality

— Pravni problémy s aplikaci Pokynu ISO 34 pfi akreditacich vedly k jeho
transformaci na normu ISO 17034, podle niz jsou nyni provadény akreditace
vyrobcu referenénich materialu.

Univerzita Palackého
v Olomouci

Typy RM chemického slozeni

- Cisté latky (s certifikovanym obsahem hlavni slozky, pfipadné

necistot).
- PF. Cu o vysoké cistoté pro Cu/Zn kalibraci na OES.

- Standardni roztoky a smési plyna (pfipravené gravimetricky).
- Pr. roztok olovnaté soli s certifikovanou hodnotou koncentrace Pb.

- Matricovy RM — pfipravené z realnych pfirodnich nebo
technickych materiala tak, aby co nejvice odpovidaly slozeni
vzorkd.

- P¥. cholesterol v krevnim séru.

- Fyzikalné-chemické standardy.

- Pr. benzoova kyselina s danym bodem tani.

9.10.2019
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Univerzita Palackého
v Olomouci

Terminy: RM a CRM (Pokyn ISO 30)

- 2 metrologické tfidy RM:
— Referenéni material (RM): material dostate¢né homogenni a stabilni

vhledem k jedné ¢i vice specifikovanym vlastnostem, u kterého se
stanovilo, Ze se hodi pro jeho zamyslené pouziti v méficim procesu

- Certifikovany referenéni material (CRM): referenni material
charakterizovany metrologicky platnym postupem pro jednu ¢i vice
specifikovanych vlastnosti, doprovazeny certifikatem referencniho
materialu, ktery poskytuje hodnotu specifikované vlastnosti, jeji
pfidruzenou nejistotu a prohlaseni o metrologické navaznosti

- Matricovy RM: referenéni material, ktery odpovida realnému
vzorku

Univerzita Palackého
v Olomouci

Terminy: QCM a kalibrator

- Material pro rizeni kvality (quality control material — QCM,
in-house RM, pracovni standard aj.) je dostatecné
homogenni material, ktery se pouziva pfi fizeni kvality —
zjiStovani a kontrole stavu statistické regulace analytického
systému kontrolnimi vzorky.

- Kalibrator je referencni material pouzity pro kalibraci
zafizeni nebo méficiho postupu.

- Termin kalibrator je Casto pouzivany v oblasti laboratorni
mediciny je shodny s terminem kalibra¢ni standard.

9.10.2019
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Certifikat RM/CRM

— Musi udavat:

technicky popis RM a jeho analytické a metrologické urceni,
certifikované hodnoty jednoznacné definovanych slozek, jejich
nejistoty,

homogenitu a stabilitu, dobu platnosti RM,

minimalni mnozstvi (odbér) vzorku, pro néjz udaje certifikatu plati,
zpusob zajisténi metrologické navaznosti uvadénych hodnot,

zpUsob a vstupy certifikace; metody, metodiku uréeni certifikovanych
hodnot, pouzitou statistiku,

zdroje, metodiku odhadu a statistické vyjadieni nejistoty,

navody k pouziti, pokyny pro skladovani a operativni uchovavani
apod.,

necertifikované, indikativni hodnoty a dalSi doplfujici informace,
pokud jsou pro pouziti relevantni,

biologicka a hygienicka rizika ev. zdravotni nezavadnost.

Univerzita Palackého
v Olomouci

Certifikat — Cista latka

Certificate of .
measurement E
p,p’-DDE
1,1-dichloro-2,2-bis(4-chlorophenyl)ethylene
Certified Reference Material LGC1110
Certified values

Certified value Uncertainty' Weight!

(mass %) {mass %) g}
Purity 896 04 0.002
Noles
1. The uncartainty quoted is the haif-wdth of the nberval, USEg 8 Coverage
tactor of 2, which gives a level of confidence of approximately 95 %

2. Waght taken for the homogenasty assessment

9.10.2019
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Certifikat — standardni roztok
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Univerzita Palackého
v Olomouci

Certifikat — standardni roztok

NAVAZNOST A ZABEZPECEN] JAKOSTI:

Nivaznost na jednotios 51 pro hmotmost (1 kgh je eajilséna postitim primémi litky s ovéfenym
cbuahem deklarvané hlavei slofky a gravimetrickym zplsobem peipeavy CRM/M. Tato nivarmost
Je peo kakdou vyrobenou kact] dile potvrrena idaji ziskanymi stmoveniim cenifikovandho analye

HOMOGENITA A STABILITA:

VMkmhIMka&&kaMWMIW&M

hbocki Tento fiaks j

frobeclt ‘x... seridld i testy -.mmmnvmlm
EN IS0 17034 ek

zpliscbem (viz 150 Guide 35) & se pomoci Wm:i\ND\M!

Phedpoiiad stabilty & 2 1 odvozend doba poutitelnost (doba Fivoemost) & exspirsdal thia (doba

.mmﬂmmm.,.,mmmtwm;mm:m;m
ummmmmnu[mmmmmmmmwmm

[SRM NIST, Trace CERT ssd).

Zpiach avfeni cenifikuvané bodnory knncentrace, jeji nefisioty a nivemosti pro konkréted CRM
e uvoden v Certifikitu CRM.

Zplsob ovifeni pfidélent hadnaty koncentrace. jeji nefistoty & nivaznonti pro konkrétnd RM je sveden
o RM

uﬂlumm%whkmnlmnlnpnqmﬂﬁnh*po

Jak Klasicke primired analytické talk nidkterd mstody
:kmmpwmw»mp_mwmmmr
techniia). U wile v roamezl teplot
-20 *C &2 +40 °C). Na zikiad? jeho visledkd se event. spravuji mlmlwrﬂu

wmaﬂlmw“_ Zjiltkni smtay slodeni (CIRM na drovni biizké nejistort jeho cenifikovand

CERTIFIKACE, CERTIFIKOVANE A PRIDELENE HODNOTY KONCENTRACH
AJEJICH NEJISTOTY:

Hodsoty keacentmel CRMRM jiou na sikladd gravi
pipravy podic 180 Guide 35 [7] — vm.wmwuxmmw
wlotky *deklarované dodavmiclem primamsi wjrobcem CRM.

hitky, experimentiin ovEfend
Centifikovand/plidtiend hodnota je vyjddiena v mpl pcbo g (m'v) a v mgkg nebo gkg (mm)
n plati pro teplotu 20,0 + 0,1 *C. Nejistot conifikovand/plidélené hodnoty je stanovena v soalsdu
& metodikemi IS0 8 EURACHEM [8,9]. Jeji bodnota je pro centifikovand hodnoty obvykle 0,2%
{rel) » pro pfidtlend hodnoty 0,5% (rel.), Vychiaf # diltich standasdaich nejistod jednotiivjch ko

Vyroboe referentnich materiddh v centifikovaném systému Heel kvality managenenbs
MMmlsoml[lummwmmmeExmlmm

Kontralni lsboratef virobos podle normy CSN s [12).

SKLADOVANI A NAVOD K POUZITI:

Tyt (CHRM musl sl poloze) ph teplovkel
¥ roame| § - NTthﬂnhkmdhwwklthwhndmﬂn
‘mitent) n dsltimi veditimi viivy. Vrobee zanstuje uvedenon
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podminck. Rariok nikdy nepipetsiic  labvidky a odlitou hummmefwwawmnu
; i ooy

(CIRM (obykle
5mummylawm:mmllmwmmluw}w
hodnoty jas uvedeny v Certifikity CRM! Identifs st RM. Ba Ce
lista a ra fthek (CJRM je utné marmamenat daturn, kdy byla lahev s (CJRM poprvé cseviosa a datum
exspirace, kien zivisi na délce exspiratl Ihity od prvaiho stevien sbvitiy a to v rime poutitelnossi
sortoku. Prinik plynd fize sitnami imavého HDPE obsly nebyl poznrovin. Dle skubenosti vjrobce

fhze d . ¢ gyt Nl

lve dfisledind chring irve).
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f,‘ﬁf\ National Institute of Standards & Terhnology

&
v Certificate of Analysis

C.el"tlfl!(at Standard Reference Material® 1577¢
matricovy CRM

Bovine Liver

Standard Reference Material (SRM) 1577c consists of liver tissue derived from healthy steers. The material was
collected and prepared under strict protocols designed to preserve the original composition. and to minimize
contamination. SRM 1577¢ is primarily infended for use in evaluating the accuracy of analytical methods for selected
elements and 25-hydroxyvitamin Ds in animal tissues and other biological materials. A unit of the SRM consists of
one bottle containing 20 g of freeze-dried liver powder.

Certified Mass Fraction Values: Certified mass fraction values for elements are provided in Table 1. A certified
mass fraction value for 25-hydroxyvitamin D; is provided in Table 2. The certified values for elements are based on
results from either a primary analytical technique carried out at NIST. or the combined results from two or more
chemically independent analytical techniques obtained at NIST and collaborating expert laboratories [1]. The certified
value for 25-hydroxyvitamin Ds is based on the combined results from NIST and collaborating expert laboratories. A
NIST certified value is a value for which NIST has the highest confidence in its accuracy in that all known of suspected
sources of bias have been investigated or taken mto account [1].

Reference Values: Reference mass fraction values for additional elements are provided in Table 3. Reference values
are non-certified values that are the best estimates of the true values. However. the values do not meet the NIST
criteria for certification and are provided with associated uncertainties that may reflect only measurement precision.
may not include all sources of uncertainty, or may reflect a lack of sufficient statistical agreement among multiple
analytical methods [1].

Information Values: Information mass fraction values for additi 1 in Table4. An
mformahonvalunscmdaed Iobeavahxthal mllbeofmmsla.ndusﬂoﬂrSRMm but for which insufficient

is available to assess ack y the uncertainty associated with the value, or is a value derived from a
limited m:mbez of analyses [1]. Information values camnot be used to establish metrological traceability.

Expirarion of Cemﬁcaunn The certification of SRM 1577¢ is valid, within the measurement uncertainty specified,
until 01 Ocrober 2028, provided the SRM is handled and stored in accordance with the instructions given in this
certificate (see Imucnons for Handling. Storage. and Use™). The certification is nullified if the SRM is damaged.
contaminated. or otherwise modified.

Certified Values for Elements: Ccrhﬁcd values were derived from the NIST analytical results and the results
provided by collaborating lab The y listed with each value is an expanded uncertainty. with
coverage factor 2 (approximately 95 % confidence). The reporting follows the JCGM Guide [4-6]. The measurands
are the total mass fraction of the elements listed in Table 1. The cemﬁ:dwlusmmﬂmlupcanv traceable to the SI-
derived unit for mass fraction as percent, mu per kal or milligrams per kilogram).

For each element, there is a NIST result with an uncertainty that is complete in terms of coverage of recognized sources
ofuncertainties. Except for the elements measured by a single NIST primary method. these results are combined with
results with similarly complete uncertainties from collaborating laboratories. and in certain cases several results
without complete uncertainties. The uncertainties of these results were augmented for probable bias on the basis of
the differences among the results obtained by different methods [4].

Table 1. Certified Mass Fraction Values for Elements (Dry-Mass Basis) in SRM 1577¢

Element Mass Fraction Element Mass Fraction
(%) (%)
Potassium (K)4+45 1023 + 0064 Sulfur (S)®-45 0749 + 0034
Sodium (Na)A2d 02033 =+ 0.0064
Mass Fraction Mass Fraction
(mg/kg) (ng'kg)
Calcium (Ca)A2Dd 131 + 10 Arsenic (As)© 196 + 14
Cobalt (Co)A=*) 0300 = 0018 Cadmium (Cd)“® 0700 = 14
Copper (Cu)**E28 2152+ 46 Chromium (Cr)# 53 + 14
Tron (Fey422) 19794 = 065 Lead (Pb)® 628 = 10
Magnesium (Mg)A2D9 620 + 42 Nickel (Ni)B*9 45 = 92
Manganese (Mn)A3>24 1046 = 047 Silver (Ag)A829 59 = 16
Molybdenum (Mo)A22CD40 330 + 013 Strontium (Sr)B*4 953 + 42
Selenium (Se)A5) 2031 = 0045 Vanadium (V)46 817 = 066
Zinc (Zn)ASDEN 1811 + 10

NOTE: Analytical techniques used for assignment of certified values; capital letters indicate that the method was used by NIST.
A mAA

®% [CP-MS

= e Certifikat
matricovy CRM

ID ICP-MS
® PGAA
) Pre-concentration pre-separation PNAA
®  SS.GFAAS
®  Alternate statistical method [7].

9.10.2019
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Table 3. Reference Mass Fraction Values for Elements (Dry-Mass Basis) in SRM 1577c

Element Mass Fraction Element Mass Fraction
) (nghkg)
Chlorine (CIfA% 0287 + 0013 Antimony (Sb)*® 313 £ 031
Hydrogen (H)™ 735 = 024 Cesium (Cs)A2) 217 = 14 = gn -
Nitrogen (N)® 1030 = 034 Mercury (Hp)® 536 + 017 Certlflkat
Phosphomus (P)C2 1175 £ 0027
. ’
M Frcon matricovy CRM
(mgkg)
Rubidinm (Rb)A2 353 + 11
NOTE: Auslyticaltechmiques used for assigument of reference values; capitl letters indicate that the method was wsed by NIST
INAA
® RNAA
€5 ICP-OES
® PGAA

NOTICE TO USERS: SRM 1577¢ ISINTENDED FOR RESEARCH USE; NOT FOR HUMAN CONSUMPTION.
Information Values: Information values are given to assist users m the assays
may be of mferest in method development and other investigations. These infonn INSTRUCTIONS FOR HANDLING. STORAGE. AND USE

that did not allow complete assessment of all sources of uncertainty. The measur
ot drreri e rerds it g Handling: This moterial was derived fom healthy steers. These animals were inspected by 2 Veierinary Medical

Officer and did not show signs of mfectious. contagious, andior communicable disease. Normal caution and care
Table 4. Infe tion Mass Fra V: for El Dry-M: ﬂhmmwwﬁﬁmmﬁUmmkmnfmdtm To
Element Mass Fraction Storage: The material should be stored in its original container at room temperature (10 °C o 30 °C). SRM 1577c

should not be exposed to intense sources of radiation. including ultraviolet light from lamps or sualight

Lithi ) /

SMO";“"S‘SX‘ ig "Eﬁ Use: Prior to remaval of test portions for analysis,the coatents of the bottle should be mixed. For elemental analysis.
ol m:mwmmdmmmwkmumomwv’ A " below. For of
® ICP-OES by a laboratory collaborating with NIST Ds. the sizeis 2 g. The mass fractions of elements in SRM 1577¢

are reported on 2 dry-mass basis. Desiccator drymg over CaS04 (¢ £ . Drierite) to stable mass (approxately 10 days)
is recommended priof 10 elemental analysis.

PREPARATION AND ANALYSIS?!

Sample Collection and Preparation: The liver m was collected and processed under observation of principles
for “true and sampling pr for human and marine mammal tissues of the
Nanional Biomonstonng Specimen Bank [3] mbwmmnsmwmslnmmummwm
Texas A&M University College of Vetennary Medicine. The supplier of this material has reported that this matenal
was produced under mcuﬂhnmﬂnﬁdﬂnldﬁm(hmﬂlv]rﬂlh\mmﬂs The ammals were
slaughtered for the puspose of teaching bovine anatomy and how 1o butcher The meat from these amimals was
prepared for retail under the supervision of a State of Texas meat ispector fo ascertain the bealth of the animals The
livers were excised whole, placed on a clean Teflon sheet. and mspected  Each liver was nnsed with HPLC-grade
‘water fo remove excess blood, bile, and any other extraneous matenial. The outer membrane and major blood vessels
were removed with titanium blade knives, and the tissue was cuf into portions of appraximately 10 car’; 120 kg of
fresh tissue was obtaned from thas process, frozen m clean Teflon bags. and then shipped to NIST. The tissue was
thawed and homogenized at NIST with a food processor equipped With titanmum blades. The resulting paste was
poured into glass trays. fozen. and Iyophilized The dry matenal was blended again in the food processor before
bemng jet-milled. The resulting fine powder was radiation sterilized and bottled.

Univerzita Palackého
v Olomouci

Pouziti RM

- RM se uplatiuji v analytické laboratofi ve dvou hlavnich smérech:

- K hodnoceni (stav analytického systému):
- testovani vychyleni (bias),

validace metody (pravdivost, preciznost),

vyhodnoceni nejistoty méreni,

posouzeni vykonu laboratofe (RM v PT).

- P¥i prenosu hodnot (zajiSténi navaznosti vysledku):
- kalibrace — pouzivani matricovych RM,
- zajisténi metrologické navaznosti vysledku,
- pfidéleni hodnot dal$im materialim.

9.10.2019
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Univerzita Palackého
v Olomouci

Pouziti RM — hodnoceni

- Test vychyleni — porovnani experimentdlné stanovené hodnoty x, s
certifikovanou hodnotou x.:

- Validace metody — obvykle hodnoceni pravdivosti (pfitomnost vychyleni)

ale i dalSich valida¢nich parametrd (napf. preciznost).
= pfednaska o validaci postupu méreni

- Vyhodnoceni nejistoty — data z opakovanych analyz CRM se daji vhodné

pouzit k vypoctu nejistot.
= prednaska o nejistoté méreni

- Posouzeni vykonu laboratofe — pravidelné analyzy ke sledovani

vykonnosti a stability pracovnich postupu.

v Ulgrerzita 'Palackého
Pouziti RM — prenos hodnot

- Kalibrace: pf. jednobodova, vicebodova.
- Obvykle se pouzivaji RM typu Cistych latek a standardnich roztoku
- Odstranéni matricnich vlivG: pouziti matricovych CRM ke kalibraci. Nejistota
certifikovanych hodnot matricovych CRM byva vysSi nez u CRM Cistych latek.
- Naklady na skalu matricovych CRM ke kalibraci zvySuji cenu analyzy.

- Je-li RM pouzit ke kalibraci, pak nelze stejny material pouzit k validaci ani k

verifikaci tohoto postupu méreni.
- Zajisténi navaznosti v chemii: RM pouzitych ke kalibraci metody méfeni a
definované primarni metody méreni.
- Primarni metody méreni: metody, jejichz pracovni postup mize byt Uplné popsan
a pochopen, pro néz mize byt udan kompletni vycet nejistot v jednotkach Sl a
Jejichz vysledky jsou tudiz pfijimany bez reference ke standardu mérené veliciny.
- P¥. primarnich metod: gravimetrie, volumetrie, coulometrie, izotopové zfedovani s
hmotnostni spektrometrii.
— Pridéleni hodnot — fedéni nebo miseni CRM pro uc&ely kalibrace. Hodnota
vlastnosti (hodnoty vlastnosti) nové pfipraveného materialu se odvijeji od
hodnoty (hodnot) CRM pouzitého pfi pfiprave.
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v Ul('l)irerzita _Palackého
RM - dalsi informace

- V/yroba RM je finan&né a asové naroéna. Casto trva vyroba
CRM nékolik let.

- Kritéria vybéru CRM:
- charakter (shoda) matrice,
- koncentracni uroven certifikovanych hodnot,
- velikost nejistoty certifikovanych hodnot (doporuéeni: nejistota u

CRM < tfetiné nejistoty postupu méfeni

- Uvadi-li certifikat nejmensi doporu¢enou navazku, pak je
nutno navazovat mnozstvi rovno nebo VétSi nez je
doporu¢ena hmotnost v certifikatu.

— Dostupnost RM/CRM:
- databaze COMAR (www.comar.bam.de),
- vyrobci (napf. NIST, LGC, BAM, SMU, Analytika s.r.0.).
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Univerzita Palackého
v Olomouci

Databaze COMAR
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