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Report of EUROMET Key Comparison EUROMET Project 580 ethanal in
air

Background

This key comparison involved primary standards of ethanol in air maintained at eight
laboratories. The nominal amount fraction of the standards used for the comparison was 120
pumol/mol which is typical of the levels used to calibrate evidential breath analysers in many
countries. Such standards fulfil the agreed OIML requirements for the calibration of
evidential breath-alcohol analysers and are able to provide a more accurate calibration at field
level than ethanol/water solution-based simulators which have a high sensitivity to variations
in the temperature of the solution.

The full affiliations of the eight participants are listed in Annex 1.

Conduct of the comparison

The National Physical Laboratory (UK) acted as pilot laboratory for this key comparison. A
set of primary standards of ethanol in air were prepared by NPL and one was distributed to
each participating laboratory. The standards were prepared using the procedure described in
Annex 2.

The participants measured the concentration of ethanol in the standard received with respect
to their own primary standards. The methods reported are described below. After the
completion of the comparison, each participant returned the standard to NPL where it was re-
analysed by comparison with primary standards that had been retained at NPL. These were
compared with primary standards maintained in NPL’s archive of primary standards. These
measurements showed no significant change in the ethanol amount fraction within the
estimated uncertainty of the gravimetric values. The uncertainty estimated by NPL for the
gravimetric value of the ethanol amount fraction was 0.1 pmol/mol (the derivation of this
valueis described in Annex 2).

Analysis methods used by participating laboratories

The methods used by each of the participating laboratories to analyse the standards are listed
in Table 1. Six laboratories used process gas analysers operating on the non-dispersive
infrared (NDIR) or infrared (IR) principles. One Laboratory used a process gas analyser with
FID detection while the remaining laboratory used gas chromatography with thermal
conductivity detection (TCD). Four of the participating laboratories used multi-point
calibrations, one laboratory used two calibration standards while the three remaining
laboratories each used a single calibration standard. The uncertainties reported for the
analysis by each participant include the uncertainty calculated for the comparison process
together with a contribution from the uncertainty of the reference standards used for the
comparison.
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Results

The results submitted by the eight participants are shown in Table 1. All of the uncertainties
represent 95% confidence intervals (expanded using a coverage factor k of 2). In Figure 1 the
results are plotted in terms of the difference between the analytical result and the gravimetric
value for the relevant standard.

All eight participants submitted results that were within 1% of the relevant reference value. In
all cases, the estimated uncertainty was larger than the deviation from the reference value.

CSIR-NML identified an error in the calculation of the analytical uncertainty following the
submission of their results. CSIR-NML subsequently submitted an amended report
containing the corrected value.

BAM and GUM were unable to submit results and withdrew from the comparison.

Key Comparison Reference Value, Degrees of Equivalence and Associated
Uncertainties

The comparison was performed by submitting different standards to each of the participating
laboratories. The pilot laboratory prepared all of these mixtures using the same methods and
materials (following the procedure described in Annex 2), so the individual gravimetric
values constitute the reference value for each standard. Since these gravimetric values vary
by small amounts that are of the same order of magnitude as the observed difference between
participants, the use of a single reference value would significantly compromise the accuracy
of the comparison.

In order to evaluate the differences between the participating national metrology institutes,
the difference between the gravimetric and analysed values has been taken to represent the
Degree of Equivalence with the Key Comparison Reference Vaue (KCRV):

D =X ~ Xigrav

where X =result of measurement carried out by laboratory i

Xigrav = gravimetric (reference) value for
standard analysed by laboratory i

The Degree of Equivalence between laboratoriesi and j istherefore given by:
Dij =D =D =(X —Xigrav) = (Xj = Xjgrav)

The uncertainties in each of these quantitiesis straightforward to calculate using the approach
advocated by the ISO “Guide to the Expression of Uncertainty in Measurement” for
uncorrelated variables:

2 _n2¢,2 2
Ui =2 (ui +uigrav)
and
2 _~n24,2 2 2 2
Uij =2 (ui +uigrav+uj +ujgrav)
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where U = combined uncertainty in measurement carried
out by laboratory i
Uigrav = COMbined uncertainty in gravimetric (reference) value
for standard analysed by laboratory i
Ui =expanded uncertainty in degree of equivalence for laboratory i
U; = expanded uncertainty in degree of equivalence
between laboratoriesi and |

The values calculated for the degrees of equivalence and their uncertainty are presented in the
format required for the KCDB Appendix B in Annex 3.

Summary

This key comparison demonstrates that the level of comparability between all 8 participants
Is adequate to meet the requirement for ethanol/air mixtures at this amount fraction.
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Annex 1- List of Participantsin EUROMET Project 580

Participant

Dr. Hans-Joachim Heine

Bundesanstalt fur Materialforschung und —prifung (BAM)

Abteilung |

Unter den Eichen 87
D-12200 BERLIN
Germany

phone: + 493081043434
fax . +493081041227
E-mail : hans-
joachim.heine@bam.de

Mme. Tatiana Mace
BNM-LNE

1, rue Gaston Boissier
75724 PARIS CEDEX 15
France

phone: + 33140433750
fax  :+ 33140433737
E-mail : tatiana.mace@lne.fr

Mrs. Angelique Botha

CSIR-NML

CSIR — National Metrology Laboratory
Building 4W, Room W14

P.O. Box 395

0001 Pretoria

South Africa

phone: + 27 12 841 3800
fax :+27128412131
E-mail : abotha@csir.co.za

Mr. Jacek Lipinski

Director of Physical Chemistry Division
Central Office of Measures (GUM)

2, Electroralna Street

00-139 Warszawa

Poland

phone: + 48 22 6209 431
fax  :+48 226208 378
E-mail :
physchem@gum.gov.pl

Dr. Isabel Castanheira

Instituto Portugués da Qualidade (1PQ)
Rue C aAv. Dostrés Vales, 2825
Monte de Caparica

Portugal

phone: + 35 112 948 179

fax :+35112948 188
E-malil :

| castanheira@mail.ipg.pt
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Participant

Dr. Martin J.T. Milton

National Physical Laboratory (NPL)
Environmenta Standards Section
TEDDINGTON

Middlesex TW11 OLW

England

phone: + 44-020-8943-6826
fax .+ 44-020-8943-6755
E-mail :
martin.milton@npl.co.uk

Dr. Stanislav Musil

Slovak Institute of Metrology (SMU)
Karloveska 63

742 55 BRATISLAVA

Slovak Republic

phone: + 421 7602 94522
fax :+ 421 7654 29592
E-mail : musil @smu.savba.sk

Mr. Lars Andersson

Breath Alcohol Control Unit

National Laboratory of Forensic Science (SKL)
Ekeby Bruk A32

SE - 752 25 UPPSALA

Sweden

phone: + 4618557704
fax :+ 4618557704
E-mail : ulf.ornemark@sp.se

Dr. Leonid Konopelko

D .I. Mendeleyev Ingtitute for Metrology (VNIIM)
19, Moskovsky Prospekt

198005 St- Petersburg

Russia

phone: + 78123151145
fax  :+78121130114
E-mail :
Ikonop@monitoring.spb.ru

Jari Knuuttila, MSc
Research Scientist

VTT Industrial Systems Risk Management
Medical Device Technology

P.O.Box 13052

FIN-33101

Tampere

FINLAND

phone: + 358-3-316 3321

fax :+ 358-3-316 3365
E-mail: jari knuuttila@vitt.fi
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Annex 2 - Preparation of ethanol in air standards at NPL

Cylinders and Valves

The ethanol/air gas mixtures used for this key comparison were contained in size AV
(approximate internal volume 10dm®) aluminium-alloy cylinders passivated by the British
Oxygen Company (BOC) using their proprietary “ Spectra-Seal” process. Tests carried out at
NPL and elsewhere have shown that moisture standards stored in these cylinders remain
stable for periods in excess of two years. The composition of gas standards of CO and CO,
and more reactive species such as NO or SO, aso remain stable for periods in excess of three
years.

The diaphragm valves used with these cylinders are manufactured by Ceodeux S.A.,
Luxembourg, and are made from stainless steel. Prior to assembly, these are thoroughly
cleaned using hydrocarbon and chlorinated-hydrocarbon free solvents. After filling, the
contents of the cylinders are released at controlled pressures using BOC “Spectrol 50S’
stainless-steel regulators.

Component Purity

The purity of the ethanol employed for the preparations has a direct effect on the accuracy of
the standards produced. The source material was Merck Chemicals “Aristar” grade, which is
specified to have a minimum assay of 99.7% with the largest quoted impurity being < 0.2%
water. The validity of this assay was confirmed by an independent analysis carried out by an
accredited laboratory. The ethanol was further distilled to remove any more volatile
compounds that may have been present.

The artificial air used in these standards was analysed by GC and a high-resolution FTIR to
measure the levels of impurities present. Some typical results are shown in Table 1.
Procedure

A direct gravimetric preparation procedure has been developed and validated by NPL which
enables traceable gaseous ethanol/air (or ethanol/nitrogen) standards to be prepared rapidly
and conveniently.

Instrumentation

Two high-precision balances are employed in the procedure:

* A single-pan microbalance (Sartorious Instruments) is used to weigh the ethanol
vapour. This has the following specifications:

Maximum capacity: 1609

Reproducibility: 0.01 mg
Sengitivity: 0.01 mg
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* A two-pan, equal-arm balance (Reverifications Ltd, UK) is used to weigh the balance
of air added. Thisis one of three used at NPL for the preparation of al primary gas
standards and has the following specifications:

Maximum capacity: 25Kkg
Reproducibility: 2mg
Sengitivity: 1mg

The ethanol vapour is weighed on the micro-balance in spherical containers designed and
manufactured at NPL. These are constructed from thin-walled stainless stedl, inert-gas
welded into the form of a sphere and electro-polished inside and out. The nomina volume is
1.2 dm® and the mass is approximately 130 grams. A lightweight high-vacuum bellows valve
isinert-gas welded to the sphere.

The spheres are filled with approximately 160 mg of pure ethanol vapour which is
approximately equal to the saturated vapour pressure at ambient temperature. Thus, as the
repeatability of the weighing process on the microbalance is specified at + 0.01 mg, the mass
of ethanol vapour can, in principle, be weighed with an accuracy of better than + 0.01%
(relative to its value).

Preparation procedure

Before use, a passivated aluminium cylinder and a stainless steel sphere are evacuated. The
preparation procedure then involves the following steps:

i.)  The aluminium cylinder is weighed (against an identical tare) on the two-pan precision
balance. After weighing, it is connected to a vacuum system.

li.) The evacuated stainless-steel sphere is filled with ethanol by equilibriation with a
distiled sample of the pure liquid. The temperature of the liquid ethanol is
thermostatically maintained below ambient in order to avoid condensation of the vapour
in the remainder of the apparatus.

iii.) The sphere (with ethanol vapour) is weighed on the microbalance. A tare sphere of
identical construction is weighed alternately, and the cycle is repeated several times.
The standard deviation achieved in practise between these sets of weighingsis typically
+ 0.05 mg.

iv.) The sphere containing ethanol vapour is then connected to the vacuum system and the
interconnecting pipework evacuated.

v.) The ethanol vapour in the sphere is then allowed to equilibrate through the evacuated
system into the aluminium cylinder. This results in approximately 80% of the ethanol
being transferred into the cylinder. The balance of the gas remains in the sphere with a
small quantity (approximately 4.7 cm®) remaining in the connecting pipework.

vi.) The sphere is then detached from the system and reweighed to determine, by
subtraction from the weight measured in (iii), the amount of ethanol removed.
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vii.) The auminium cylinder is then filled with synthetic air to the desired pressure
(approximately 50 bar). This filling procedure ensures that most of the small quantity
of ethanol vapour remaining in the connecting pipework isforced into the cylinder.

viii.) The aduminium cylinder is disconnected from the filling system and re-weighed on the
two-pan balance. The total mass of gasin the cylinder is then calculated by subtraction
of the weight obtained in (i).

Analysis of uncertainties
The amount fraction of ethanol in the standard (x) is calculated using the formula:

= W, /M,
W, /M, +W, /M,
where; We = mass of ethanol in standard
W, = mass of air in standard

Me = relative molecular mass of ethanol
M, = relative molecular mass of air

The masses of the components are determined from the balance readings as follows:

We =rh-n
and
We "'Wa = r4 - r3
where r= mass of sphere after expansion of ethanol vapour into cylinder

r,= mass of sphere with ethanol vapour at SVP following distillation
rs= mass of evacuated cylinder
r,= mass of cylinder after addition of ethanol and balance gas

Uncertainties in the mass of ethanol vapour

There are a number of sources of uncertainty in the procedure for weighing the ethanol with
the microbalance. These are summarised in Table 2 and discussed below.

(i) Uncertaintiesin an individual weighing

The mass of the sphere when filled with ethanol vapour (r;) and its mass after the
ethanol vapour has been removed (r,) are obtained from several sequentia weighings
against a tare. The repeatability of this weighing process has been determined to be
0.05 mg (one standard deviation). This value is significantly larger than the resolution
of the balance (x 0.01 mg). This is attributed to small variations that might arise from
placing and re-replacing the sphere on the balance, and from small changes in the
temperature of the sphere when transferring it to and from the ambient laboratory
environment.

(i)  Uncertainties due to the calibration of the microbalance
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(iii)

(iv)

(v)

The microbalance is calibrated using an appropriate set of Class E2 mass pieces
certified at NPL. The consequent uncertainty from this calibration does not exceed +
0.01 mg at 100mg or + 0.005 mg for masses less than 100mg.

Uncertainties due to differential buoyancy

Variations in the atmospheric conditions during the weighing procedure can, in
principle, give rise to an error in the measured mass of ethanol transferred into the
cylinder. The weighing procedure has been designed so that atmospheric variations
have an extremely small effect since the tare and sample spheres have nearly identical
volumes. We estimate that an upper limit for the difference in volume between two
spheres is 13 cm® (ie approximately 1% of the total volume). We estimate that the
maximum variations in ambient temperature, pressure and humidity observed might
give rise to amaximum weighing error of £ 0.03 mg. Since this estimate is based on the
maximum observed deviation of the influence parameters, it represents a worst-case
estimate which should be divided by the square root of 3 to represent the uncertainty
(withk=1).

Uncertainty arising from linear expansion of the sphere.

A further source of uncertainty is due to the expansion of the sphere when it is filled
with the ethanol vapour. We estimate that the fractional expansion of a sphere of this
construction is 0.0125 (at 10” Pa). Hence, the mass of air displaced when 160 mg of
ethanol is introduced is calculated to be 0.0lmg. Since no correction is made
systematically for this effect, we attribute an uncertainty of £ 0.01 mg.

Uncertainty arising from the transfer of ethanol vapour from sphere to cylinder.

The preparation procedure outlined above for the ethanol/air standards requires that the
ethanol vapour weighed in the sphere is transferred into the cylinder. The volume of
pipework between the sphere and the cylinder is 4.7 cm®. Most of the vapour in this
pipework is forced into the cylinder when the balance air is introduced. We estimate
that the residual amount of ethanol not transferred by this means into the cylinder is no
more than 10% of this volume which gives rise to an uncertainty of + 0.01 mg in the
mass of ethanol vapour transferred. This latter figure is considered to represent one
standard deviation (k = 1).

Uncertainties in the mass of balance gas

A number of uncertainties arise from the procedure for weighing the balance gas into the
aluminium cylinder. These are summarised in Table 2 and discussed below.

(i)

Uncertaintiesin an individual weighing
The mass of the evacuated cylinder (r3) and the mass of the cylinder with ethanol

vapour and balance gas (r4) are obtained from several sequential weighings against a
tare. The repeatability of this weighing process has been determined to be + 10 mg (one
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standard deviation). This value is significantly larger than the resolution of the balance
(= 1 mg).

(i) Uncertainties due to the standard masses with the two-pan balance

The two-pan balance is calibrated using an appropriate set of Class E2 mass pieces
certified at NPL. The consequent uncertainty caused by this calibration does not exceed
+ 0.05 mg for a 100g piece, and is not considered further.

(iii)  Uncertainties dueto differential buoyancy

Following the above procedure, we estimate that the contribution of differential
buoyancy to the mass of the aluminium cylinder due to changes in ambient conditions
islessthan 1 mg. We do not consider this uncertainty further.

(iv)  Uncertainty arising from linear expansion of the cylinder

A further source of uncertainty is due to the expansion of the cylinder when it is filled
with nitrogen. We calculate that the fractional expansion of an aluminium cylinder of
this construction is 0.002 at an interna pressure of 10’ Pa Hence, the mass of air
displaced when 600 g of balance nitrogen is introduced is calculated to be 70 mg. Since
no correction is made systematically for this effect, we attribute an uncertainty of + 70
mg.

Uncertainties arising from Gas Purity

As indicated in Table Al, the largest single impurity in the synthetic air used for these
standards is argon. This has a maximum concentration of 50 ppm, which contributes an
uncertainty of £0.005% to the amount fraction of the prepared standard. Table Al also
shows the concentration of a number of hydrocarbons present in this particular example.
They result in a total volume fraction of hydrocarbons (excluding ethanol) in the prepared
standards of <0.02 ppm. This hydrocarbon fraction is small compared with the target ethanol
fraction.

The largest impurity in the ethanol used to prepare the standards was found to be water at a
volume fraction < 0.2%. Since the ethanol was transferred into the sphere by distillation, we
estimate that the amount of water in the final standardsis at least 100 times below this level.
Other impurities in the ethanol, including carbonyl compounds, constitute about 38 ppm (by
volume), and therefore represent an insignificant contribution to the uncertainty in the
accuracy of the standards. The ethanol/air standards were also analysed for impurities after
preparation. At the time of this analysis, the fraction of acetaldehyde was found to be below
the detection limit of the GC-FID at 0.04 pmol/mol.

Total Uncertainty in the Amount Fraction of the Gravimetric Standards

The overal uncertainty in the amount fraction of the prepared standards arises from the
individual components discussed above. These are summarised in Table A2 . These lead to a
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combined uncertainty of 0.00051 (relative to value). The expanded uncertainty representing a
95% confidence interval is0.001 (using k = 2) or 0.1% (relative to value).

Table Al - Typical analysis of ‘Metrology Grade' Air used to prepare the Ethanol Standards

Consgtituent Amount Fraction
Oxygen 0.209
Nitrogen Balance

Argon <50 ppm
Xylene 0.005 ppm
Decane 0.004 ppm
Benzene 0.0015 ppm
Methyl benzene 0.001 ppm
Other hydrocarbons < 0.002 ppm
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Annex 4 —Link between theresults of EURO-QM-K4 and CCQM K4

The Mutual Recognition Arrangements (MRA) require that the results of a Key Comparison
carried out by a Regional Metrology Organisation (such as EUROMET) should be linked to
those of the corresponding key comparison carried out by the CCQM. In this caseg, it is
necessary to demonstrate the link between this comparison and CCQM-K4.

The two principles that we use in establishing thislink are:

* That the reference values in both EUROMET-QM-K4 and CCQM K4 are given
by the gravimetric value of the standards used for the comparison. Since the range
of gravimetric values is very small, both comparisons are referred to the same
nominal amount fraction of 120 umol/mol.

* That the “integrity” of the link between the two key comparisons must be
demonstrated by the participation of some laboratories in both key comparisons.

For convenience, we reproduce the results of CCQM K4 below.

Comparison of 120 ppm ethanol/air standards

CCOM-K4
6.0
-
4.0 — I
2.0 T
P ¢
0.0 t = t I } I } t § }
LNE NIST I\Ll V\LL NRCCRM NRLM OEH VNIIM

-2.0 =

-4.0

-6.0

-8.0

-10.0

Absolute Deviation from Reference Value [pmol/mol]
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Three laboratories participated in both comparisons: NPL (the pilot laboratory in both cases),
LNE and VNIIM. Since the results of VNIIM deviated significantly from the reference value,
their results cannot play a useful role in linking the comparisons. The results from NPL and
LNE in each comparison are shown below.

Degree of Uncertainty in degree of
Laboratory| equivalence equivalence Di/U;
D; (umol/mol) U; (umol/mol)
NPL 0.01 1.00 0.01
CCQM - K4 LNE 0.81 2.70 0.30
NPL 0.09 0.51 0.17
EURO - K4 LNE -0.94 1.20 -0.78

Since the results from both NPL and LNE are comparable with the reference value within
their claimed uncertainty in both compassions, they provide some validation that the
gravimetric values act as valid reference values. Hence, it is reasonable to conclude that the
degrees of equivalence of participants in CCQM-K4 are comparable with those from
EUROMET-QM-K4 .

Therefore, we propose that the results of EUROMET QM-K4 are entered into the
Appendix B database as being compar able with those of CCQM -K 4 without correction.
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