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Hellenic Metrology Institute

E.I.M. – Thessaloniki, 1994

EIM was founded in 1994 as a legal entity 
under the Ministry of Industry and it is 
located in Thessaloniki.

EIM in 2013 merged with Accreditation 
Body (ESYD) and Standardization Body 
(ELOT) into the umbrella organization, 
National Quality Infrastructure System 
(NQIS).

EIM is supervised by the Ministry of 
Economy, Development & Tourism..

Hellenic Metrology Institute (EIM)
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Hellenic Metrology Institute (EIM)

EIM operates the National Laboratories of Greece responsible for the 
realization of the SI units by the respective national standards, in the 
following fields:

1.     Physical Measurements the Laboratories of Temperature & Humidity, 
Length & Dimensional Measurements, Acoustics & Vibrations.

2.     Mechanical Measurements the Laboratories of Mass, Volume, Flow, 
Force and Pressure.

3. Electrical Measurements the Laboratories of Electrical 
Measurements at High Frequencies, Low Frequencies and Time –
Frequency.

and has designated 
1. IRCL/GAEC-EIM in Athens, in the premises of the Greek Atomic 

Energy Commission (GAEC) for Nuclear Metrology, and

2.     EXHM/GCSL-EIM, in Athens, in the premises of the General 
Chemistry State Laboratories for Chemistry
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Hellenic Metrology Institute General State Chemical Laboratory

E.I.M. – Thessaloniki, 1994 G.C.S.L. – Athens, 1929

Εργαστήριο ΧΗμικής Μετρολογίας

CHemical Metrology Laboratory
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Hellenic Metrology Institute State Chemical Laboratory

E.I.M. – Thessaloniki, 1994 G.C.S.L. – Athens, 1929

EXHM was established by Greek 
law (N.3427/2005) in the 5th

Athens Chemical  Service, the 
newest GCSL division.

Its main responsibilities and its 
relationship to EIM are described 
in detail in Ministerial Decisions 
3001148/687 and 3001149/688.
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Chemical Metrology Service – Organization chart

GCSL – General Director

CMS – Head of Service

GCSL Quality Manager

CMS: Quality Manager

EIM Quality Manager

measurements, calibrations
reference materials

organization of
Proficiency 
Testing 
schemes
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EXHM – major operational milestones

• GCSL installations are renovated in 2005-6 to house EXHM 

• the lab was equipped between 2007-2008, partly by funding provided by
the 2000-2006 Framework Programme of the European Union (under the
"Competitiveness" action)

• was staffed in 2009

• has been providing calibration and testing services to customers since 
August 2010 as a GCSL section (5th Athens Chemical Service) 

• implemented a QMS according to ISO 17025 and ISO 17043 in 2010. 

• introduced ISO 17034 compliant clauses and procedures in 2011.

• accredited by ESYD as an interlaboratory testing provider since 2012.

• in 2013 the  QMS was submitted to EURAMET TC-Q and was accepted 
without any revision  

• accredited (March 2014) under flexible scope according to ISO/IEC 
17025 for tests and calibrations.

• obtained flexible accreditation scope as a PT provider since 2016

• applied for ISO 17034 accreditation in 2016
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MRA – Mutual Recognition Arrangement

purpose

⚫ to define the degree of equivalence 
between the measurement 
standards maintained by metrology 
institutes

⚫ ensure the equivalence of the 
calibration certificates issued and 
the reference materials produced 
by metrology institutes

⚫ the provision of a sound technical 
base for the development of 
agreements that support 
commercial and regulation policies 
between governments, organizations 
and/or social groups
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World-wide comparability of measurements

Consultative Committees
RMOs
BIPM

Key comparison database

MRA appendix C

Mutual Recognition Arrangement

National Metrology Institutes

national key calibration quality supplementary
measurement comparisons measurement systems comparisons to

standards capabilities      support calibrations

results submissions

degrees of calibration
equivalence measurement

  capabilities

Regional Metrology
Organizations

(RMOs)

Consultative Committees

MRA appendix B

J C R B
(Joint Committee of the RMOs

and the BIPM)
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Key comparisons

BIPM

NMI:

primary measurement systems + 

devices

primary reference materials

accredited calibration laboratories, 

reference laboratories

certified reference materials 

(CRMs)

chemical testing laboratories, 

which have to demonstrate their 

traceability

(ISO 17025, ISO 15189)

EURAMET
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Track D: development of analytical procedures

Track C: hot subjects – currents topics  

Track B: model 2 (reference materials)

Track A: model 1 (substances, calibration solutions, matrix materials)

categories of key comparisons
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Ε.ΧΗ.Μ. 

traceability
international system of units – (SI)

mol (mole) 
quantity of substance

SI

EXHM

accredited 
calibration 
laboratory

accredited 
testing 

laboratory

products/services
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Responsibilities of EXHM

a) Realization of the SI units by maintaining the national standards.

b) Dissemination of measurement traceability to the metrological 
system in Greece.

c) Support for the operation of the metrological system in Greece

d) Representation of Greece in international metrology 
organizations and agreements

e) Promotion of metrological knowledge

f) Operation of calibration laboratories

g) Technical Advisor of the Greek State in issues of metrology 
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Countless organic compounds

‘’
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Primary reference methods

❑ CCQM (1995) :  Primary Reference Methods

methods of the highest metrological accuracy, whose procedures can be 
described comprehensively and be fully understood, and a clear and 
complete uncertainty statement can be formulated in SI units

❑ isotope dilution mass spectrometry (IDMS)

❑ high resolution mass spectrometry (HRMS)

❑ nuclear magnetic resonance (NMR) spectrometry

❑ electrochemical methods (e.g. coulometry, voltammetry)

❑ thermochemical methods

❑ volumetric methods

❑ weighing methods

These methods are used for acquiring measurement results that are 
not related to a measurement standard for quantities of the same 
category (JCGM, 2008)
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Basic equipment
ICP-HRMS LC-MS/MS AM

FT-Raman

FT-IR

GC-IT-MS
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EXHM/ΓΧΚ-EIM: flexible accreditation scope
determination of elements and organic compounds with 
advanced spectrometric techniques 

Special techniques
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Chemical Metrology Service – Quality Management System

Ε.ΧΗ.Μ.

ISO/IEC 17025:2005
⚫ flexible scope
⚫ determination of organic 

compounds and elements with 
mass spectrometric techniques 
with emphasis on isotopic dilution

ISO 17034 (sic)
⚫ design and production of 

certified reference materials
(primary calibrators, calibration 
solutions, matrix materials for 
contaminants)

S.CHE.M.A.

ISO/IEC 17043:2010

⚫ proficiency testing schemes on:
foodstuffs
alcoholic drinks
environmental samples
industrial products
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EXHM/ΓΧΚ-EIM: accreditation scope
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ILAC P10 – policy for the traceability of measurement results
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ILAC P10 – policy for the traceability of measurement results
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traceability
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traceability
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Traceability chain

997 ± 3 mg/g
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BIPM-KCDB: key comparisons
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EXHM/ΓΧΚ-ΕΙΜ CMCs: melamine in milk powder
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EXHM/ΓΧΚ-EIM CMCs: melamine in milk powder
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Key comparisons: OAWG plan
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measurements: infinite combinations of «substances» and «substrates»

nutrients/metals
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year     comparison        subject                                                             analytical technique
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Key comparison CCQM-K55c: Determination of Valine Purity

two analytical pathways

to demonstrate capability in the estimation of
the purity of low molecular weight and high
polarity organic compounds and thus the ability
to produce primary calibrants for similar
materials

➢ structure-related impurities
➢ non-volatile components
➢ volatile components
➢ water

- quantitative 1H NMR (BAM)

purpose

- ‘mass balance’ approach (BIPM-NIST)
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a. mass balance approach 

- related structure impurities

experimental approach:   

- water content

- residual organic solvents / volatile matter 

- non-volatiles / inorganics

determination by standard additions of NIST 2389a

LC-MS/MS screening for residual amino acids (SIELC Primesep 100) 

ion chromatography for major anions/cations

HR-ICP-MS for other elements (after mw-assisted acid digestion)

Karl Fischer coulometric titration (oven)

headspace GC-MS
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a. mass balance approach 

leucine:      1.8 ± 0.3 mg/g

alanine:      2.6 ± 0.2 mg/g  

<0.1 mg/g

HR-ICP-MS for other elements 
(after mw-assisted acid digestion)

1.2 ± 0.5 mg/g

not observed (<LOD)

isoleucine:   1.9 ± 0.3 mg/g 

- related structure impurities: 6.3±0.4 mg/g

- water content

- residual organic solvents / volatile matter 

- non-volatiles / inorganics

alanine

leucineisoleucine

valine mass fraction = 992.5 ± 0.6 mg/g

Amount of Ala added (mg)
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a. mass balance approach 

uncertainty estimation   

- related structure impurities

- water content (KF titration)



EXHM/ΓΧΚ-ΕΙΜ: Chemical Metrology in Greece

CHEMICAL METROLOGY LABORATORY

General Chemical State Laboratory

Hel lenic Inst i tute of  Metrology

accurate weighing of sample and internal 
standard with uncertainties of 0.01%

in-house mass calibration with E1 class standard 
weights balance capable of 0.1 μg resolution

T1 and d1 determination for sample and IS in 
separate NMR experiments

the NMR spectra were recorded on a Bruker 500 
MHz Avance DRX spectrometer

determination of repeatability in six separate 
NMR experiments

b. qNMR approach: 1H NMR using maleic acid as IS

mass determination:

NMR experiment:
dilution in 99.99% D2O, T= 300 K
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b. qNMR approach 

valine mass fraction = 992.0±2.2 mg/g uncertainty estimation   

maleic acid 
(2H)

βΗ valine
(1H)

βΗ valine signal purity confirmed
with 1H–1H COSY experiment
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results : valine purity
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CCQM.K104: purity determination of avermectin Β1α

Analytical approach

to document the capability of purity
determination of organic compounds with high
molecular weight and low polarity and thus
characterize calibrants of similar structure

➢ structural related impurities
➢ non-volatiles
➢ volatile mater
➢ water

purpose

- Mass balance

Avermectin

συγκρίσεις Track A
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mass balance approach

- structural related impurities

experimental procedure:   

- water

- residual solvents – volatile material

- non volatiles / inorganics 

% composition via HPLC UV

HPLC-UV and LC-MS/MS for identification

ion chromatography for main anions/cations

HR-ICP-MS for other elements

Karl Fischer coulometric titration (oven)

GC-FID and/or GC-MS

CCQM.K104:  purity of avermectin Β1α
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ΑΒ1b :     26,2 ± 0,2 mg/g  

2,0 ± 0,4 mg/g

20,6 ± 1,0 mg/g

0,10 ± 0,07 mg/g

- Structural related impurities: 47,1 ± 0,3 mg/g

- water

- residual solvents / volatiles

- non volatiles / inorganics

mass fraction ΑΒ1α= 930,3±0,6 mg/g
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ΑA1a :      6,2 ± 0,1 mg/g  

ΑA2a :      4,2 ± 0,1 mg/g  

ΑA1b :      0,5 ± 0,1 mg/g  

ΑB2a :      1,6 ± 0,1 mg/g  
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CCQM.K104:  purity of avermectin Β1α
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structurally related impurities: 47,1±0,3 mg/g mass fraction ΑΒ1α= 930,3 ± 1,6 mg/g

Reference value ΑΒ1α= 929,0 ± 10,0 mg/g

CCQM.K104:  purity of avermectin Β1α
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International comparison on qNMR CCQM-P150 (ΝΜΙJ, LGC, NMIA)

qNMR comparison reference value : 999,69 mg/g

Reference value from mass balance : 999,64 ± 0,84 mg/g

Track D: development of analytical procedures
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measuring PAHs in tea – linking measurements to SI

or an odyssey in metrological traceability!
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Primary calibrant characterization: benzo[a]pyrene purity determination
with quantitative 1Η NMR

std
Std

std

s

s

Std

Std

s
A P

m

m

M

M

n

n

I

I
P =

model equation



EXHM/ΓΧΚ-ΕΙΜ: Chemical Metrology in Greece

CHEMICAL METROLOGY LABORATORY

General Chemical State Laboratory

Hel lenic Inst i tute of  Metrology

Calibration solutions preparation and characterization
isotope dilution at exact matching
measurement equation
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Typical chromatograms – K131 sample + IS  
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Typical chromatograms: EXHM calibrant + IS 
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evaluation of uncertainty (JCGM 100:2008)
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Example – CCQM K131  

all calibrants measured against NIST SRM 1647f via IDMS experiments

characterisation and uncertainty budget for B[a]A in EXHM calibrant

relative contributions
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CCQM-K131: PAHs in solutions
primary analytical method

q 1Η NMR

πρωτεύων βαθμονομητής
βενζο[α]πυρένιο

βαθμονόμηση
ισοτοπική αραίωση σε ακριβή αντιστοίχηση

Track comparisons: capability of characterizing calibration solutions
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CCQM-K95.1: PAHs in tea

primary characterization method
q 1Η NMR

primary calibrant
benzo[α]pyrene

secondary calibrant
benzο[α]pyrene calibration solution

measurement comparison
characterization

Track A comparisons: capability of characterizing matrix materials

calibration
isotope dilution at exact matching
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CCQM-K95.1: PAHs in tea
measurement comparison

equivalence

primary characterization method
q 1Η NMR

primary calibrant
benzo[α]pyrene

secondary calibrant
benzο[α]pyrene calibration solution

calibration
isotope dilution at exact matching
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Traceability in reference materials

0,13%

• primary method

• Primary calibrant

0,19%

• weighing and solution preparation

• secondary calibrants

1,24%

• measuring equipment calibration

• measurement at exact matching

2,23%

• analytical determination

• reference material characterization 

u
n
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Results

CCQM-K126 carbamazepine in surface water CCQM-K108 As in brown rice flour

CCQM-K103 melamine in milk powder
APMP-QMS6 clenbuterol in porcine meat
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Determination of metals

Track A comparisons: matrix materials

Zn in fishery products

Cd in meat

hexavalent Cr in water
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certified reference materials – uses

 trueness / recovery

 calibration

 quality control

 proficiency testing items



EXHM/ΓΧΚ-ΕΙΜ: Chemical Metrology in Greece

CHEMICAL METROLOGY LABORATORY

General Chemical State Laboratory

Hel lenic Inst i tute of  Metrology

Certified reference materials

 planning

 production

 quality control

 homogeneity

 stability

 characterisation

 uncertainty

 traceability

 certification report

 certificate
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reference materials – metrological characterization
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Hellenic CRMs
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RMs for the calibration of digital 
pycnometers and alcohol 
breathing test devices

RMs for the calibration of 
equipment used in mobile labs for 
fuel control

RMs for the calibration of 
UV/Vis spectrophotometers

Hellenic CRMs
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Proficiency testing

•Among the services provided by the Chemical Metrology Service (GCSL)-
GREECE are organization of interlaboratory proficiency testing schemes, 
under the SCHEMA logo (Scheme for CHEmical Measurement Assessment).

•more than 15 PTs per year in environmental, industrial and agro-food fields

• is included in the EPTIS database (www.eptis.bam.de)

Greece

Cyprus

Italy

Poland

UK

Turkey

Israel

Malta

Hong Kong
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The number of participating laboratories 
increases in each campaign, in 2017 had over 
than 400 participants from 40 countries 
worldwide. 

In SCHEMA PTs 30 08, migration of Cd & Pb from 
ceramics, more  than 50 laboratories participated, 
the majority of National Reference Laboratories 
(NRLs) across Europe.
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Participation in PTs: purposes and benefits

 documentation of technical competence

 comparative evaluation of performance

 traceability (calibration laboratories)

 benchmarking of measurement uncertainty

 training – gaining experience

 fulfilling the requirements of accreditation bodies

 pointing out, investigating and solving technical problems
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evaluation of performance (z-score)
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: target value of the standard deviation for 
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Evaluation using z-scores:

|z| ≤ 2, acceptable or satisfactory,

2<|z|≤3, questionable, triggers a warning signal

|z|>3, unacceptable/unsatisfactory, triggers corrective actions
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Proficiency testing
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2016-2017 PT programme
PT code substrate parameters dispatch

SCHEMA 24 06 sewage pH, total solids, COD, BOD5, Cr (VI), heavy metals, TSS, TDS 9th-10th 2016

SCHEMA 90 06 edible oils K232, K270, peroxide value, acidity, FAMEs, FAEs, wax 10th 2016

SCHEMA 12 07 spirit drinks alcoholic strength, volatile congeners, sugars 10th 2016

SCHEMA 50 07 fuels
density, flash point, CFPP, sulfur, moisture

kinematic viscosity, distillation characteristics, Pour Point
11th 2016

SCHEMA 51 08 solid fuels (1/2) calorific value, moisture, ash, VOCs, content (C, H, N, S) 12th 2016

SCHEMA 70 06 honey HMF, diastase, conductivity, moisture, sugars, thyme pollen 12th 2016

SCHEMA 13 07 wine
alcoholic strength, acidity (volatile & total), SO2 (free & total), 

pH
1st 2017

SCHEMA 21 08 potable water
anions: F-, Cl-, NO2

-,NO3
-, SO4

2- cations: Na+, K+, Ca2+, Mg2+

total hardness, pH, conductivity, alkalinity
1st 2017

SCHEMA 15 03 beer alcoholic strength, plato, density, fermentation parameters 2nd 2017

SCHEMA 91 04 virgin olive oil sensory evaluation 2nd 2017

SCHEMA 63 05 flour pesticide residues, acrylamide 3rd 2017

SCHEMA 60 05 dairy products moisture, fat, protein, ash, aflatoxin M1 3rd 2017

SCHEMA 200 01 spectrophotometry absorbance (AU), wavelength (nm) 3rd-4th 2017

SCHEMA 22 07 water heavy metals: e.g. As, Cd, Cr, Pb, Fe, Mn, Al, Ni, Cu 4th 2017

SCHEMA 92 02 olive oil phthalate esters 5th 2017

SCHEMA 80 04 foostuffs preservatives (sorbic, benzoic, etc) 5th 2017

SCHEMA 30 08 ceramics Pb and Cd migration 6th 2017

SCHEMA 62 05 fishery products histamine, heavy metals 6th 2017

SCHEMA 51 09 solid fuels (2/2) calorific value, moisture, ash, VOCs, content (C, H, N, S) 6th-7th 2017
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ΕΧΗΜ-UVVis-01: comparison in the calibration of UV/Vis spectrophotometers

 comparison protocol [ENT 27 01 6.09 01] 

 calibration results form [ENT 27 01 6.07 01] 

 uncertainty budget form [ENT 27 01 6.07 03] 

 performance data form [ENT 27 01 6.07 02] 

 traceability of measurement equipment form [ENT 27 01 6.05 02] 

 traceability of measurement form [ENT 27 01 6.05 01] 

 evaluation questionnaire [ENT 27 01 4.07 01] 

 hardware and software manuals (UV-Vis PE Lambda 650 spectrophotometer & UV WinLab) 

ΕΧΗΜ-UVVis-01: transfer standard

manufacturer:  Perkin Elmer 

model:    Lambda 650 

serial number:   650N7020802 

readability:   0, 1 mAU – 0,01 nm  
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calibrations

Εn score
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Uncertainty in calibration of spectrophotometers: wavelength

Uncertainty in calibration of spectrophotometers: absorbance
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EU: horse meat in the food chain (2013) – analytical case

 validation according to Commission Decision 657/2002

 analyte: phenylbutazone

 linearity with matrix-matched standards at five levels

 blank samples spiked at three levels (2,5 – 5 – 7,5 μg/kg)

 determination with LC-ID-MS/MS

 two non-compliant samples out of 36
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 analyte concentration in the sample

uncertainty

 recovery

 combined

analyte quantification with isotope dilution (ID-LC/MS-MS)
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ID-LC/MS-MS: uncertainty budget
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relative contribution of the uncertainty components

average  analyte recovery
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relative contribution of the uncertainty components
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EXHM and the mole metrology market

GCSL laboratories and IAPR

Public service labs (Ministry of Rural Development & Food) 

Public utility services (PPC, PEWS, etc)

Greek Army

University laboratories

Hospital and clinical laboratories 

Calibration laboratories

around 500 customers
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