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Resolution 3 of the 14th meeting of the CGPM (1971) :

Following proposals by the IUPAP, the IUPAC, and the ISO, the CIPM gave a definition 
of the mole in 1967 and confirmed it in 1969: 

•The mole is the amount of substance of a system which contains as many elementary 
entities as there are atoms in 0.012 kilogram of carbon 12; its symbol is "mol". 

•When the mole is used, the elementary entities must be specified and may be atoms, 
molecules, ions, electrons, other particles, or specified groups of such particles. 
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Definition
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The primary methods produce high quality 
results and are positioned at the top of the 
traceability chain.

Primary methods are used to validate 
secondary methods of analysis, and 
secondary methods are used to validate 
analytical methods used in routine 
laboratories.
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CCQM K 28  Tributyltin in sediment  2003
CCQM K 29  Anion calibration solutions  2003 – 2004
CCQM K 29.1  Anion calibration solutions  2005 
CCQM K 30 Lead in wine  2006 
CCQM K 31 Arsenic in shellfi sh  2002 – 2003
CCQM K 32 Surface analysis 2005
CCQM K 33 Minor elements in steel  2003 - 2004 
CCQM K 34 Assay of potassium hydrogen phthalate 2004
CCQM K 34.1 Assay of potassium hydrogen phthalate 2005
CCQM K 35 Low sulfur in fuel   2003
CCQM K 36.a Measurement of electrolytic conductivity 2005
CCQM K 36.b Measurement of electrolytic conductivity 2005
CCQM K 37 Volatile organic compounds in organic solvents 2004
CCQM K 38 PAHs in toluene solution 2004 – 2005
CCQM K 39 Chlorinated pesticides in solution 2004 – 2005
CCQM K 40 PCB congeners in solution 2004
CCQM K 41 H2S in Nitrogen 2004
CCQM K 42 Constituents of an aluminum alloy 2004 – 2005
CCQM K 43 Organo-mercury in salmon fish 2004 - 2005 
CCQM K 44 Trace metals in sewage sludge 2005 
CCQM K 45 Toxic metals in food 2005 
CCQM K 46 Ammonia in Nitrogen 2005
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DETAILED UNCERTAINTY BUDGET FOR MAJOR AND MINOR IONS IN STOCK COMBINED CALIBRATION STANDARDS -
INFLUENCE OF IMPURITIES IN CHEMICALS
Nataša Gros, MF Camões, Ricardo J. N. Bettencourt da Silva
Analytica Chimica Acta 659 (2010), pp. 85-92
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Traceability of measurements in chemistry
to the SI/Units

We need:
- reference substances with
sound purity statements;

- primary methods;

- CRM (…)
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Traceability of measurements in chemistry
to the SI/Units

Example: Determination of lead in fresh water

- lead alloy with content
traced to SI units;

- primary
methods;

- CRM (…)
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Traceability of measurements in chemistry
to the SI/Units

Example: Determination of pesticide residues in foo dstuffs

- pesticide standard with 
content traced to SI units;

- primary
methods;

- CRM (…)

Not possible considering 
state-of-art
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Traceability of measurements in chemistry
to the SI/Units

Example: Determination of pesticide residues in foo dstuffs

Short term solution:
Trace measurements to the used measurement 

procedure and reference substances:
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Sampling
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pH of 
buffer 1 
pH1 = 
7.123

secondary measurement 
procedure 2 governing cell 2

cell 2 with liquid 
junction at 
manufacturer’s 
laboratory

primary calibrator : 
calibrating buffer 1

pH of buffer 
and quantity 
value, y2

secondary calibrator: 
calibrating buffer 2

calibration

measurement procedure
governing glass electrode

glass pH 
electrode at end-
user’s laboratory 

sample

calibration

primary measurement 
procedure 1 governing Harned 
cell 1

Harned cell 1 
at NMI

metrological reference: definition of SI
coherent derived unit, i.e. 1 (one), for pH

uc(y2)

pH of sample and 
quantity value, 
ysample

uc(ysample)

uc,(pH1) = 
0.001

assi
gnment

ca
libra

tio
n hie

ra
rchy

m
e

tro
lo

g
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a
l t
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ce

a
bi

lit
y

ch
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in

measurement result
calibrator or sample measuring system

measurement procedure governing 
use ofmeasuring system

as
sig

nm
en

t

assi
gnment
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• What do we need a VIM for?

• What do we need translations for?

• Whom do we need translations to?
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www.NPL.co.uk
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Principles of Metrology

Informed 
Opinion

Common  
Sence

Collaborative Exercise
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Traceability of measurements in chemistry
to the SI/Units

Example: Determination of pesticide residues in foo dstuffs

Medium-long term solution:
Produce references traced to higher levels.
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