Key comparison CCQM-K4

MEASURAND: Amount-of-substance fraction of ethanol in air
NOMINAL VALUE: 120 pmol/mol
Xi: result of measurement carried out by laboratoryi
u;: combined standard uncertainty of x;
X grav- gravimetric value of the ethanol amount-of-substance fraction

in the cylinder received by laboratoryi
U grav: combined standard uncertainty of X; g4y
Labi X u; X i grav U grav Date of

/ (umol/mol) | /(umol/mol) | / (umol/mol) | /(umol/mol) measurement

BNM-LNE 121.40 1.35 120.59 0.05 Aug 99
NPL 120.50 0.50 120.49 0.05 Oct 99
VNIIM 124.70 0.35 120.67 0.05 Jun 99
NIST 121.50 0.60 120.48 0.05 Mar 99
NMi-VSL 120.80 0.60 120.84 0.05 May 99
NRCCRM 112.0 1.0 120.68 0.05 Jul 99
NMIJ 121.04 0.23 120.76 0.05 Apr 99
OMH 119.30 0.22 120.39 0.05 May 99
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Key comparison EUROMET.QM-K4

MEASURAND: Amount-of-substance fraction of ethanol in air
NOMINAL VALUE: 120 pmol/mol
X _EUR: result of measurement carried out by laboratory i
Ui _guRr: combined standard uncertainty of X; gur
X i grav-EUR: gravimetric value of the ethanol amount-of-substance fraction

in the cylinder received by laboratoryi
U grav-EUR: combined standard uncertainty of X; gray-gur
Lab i Xi-EUR Ui.Eur X i grav-EUR U grav-EUR Date of

/ (umol/mol) | /(umol/mol) | / (umol/mol) | /(umol/mol) measurement

BNM-LNE 119.10 0.60 120.04 0.05 Dec 00
NPL 119.08 0.25 118.99 0.05 Nov 00
VNIIM 118.60 0.60 118.52 0.05 Dec 00
CSIR-NML 119.20 0.78 118.99 0.05 Dec 00
IPQ 119.65 0.55 119.62 0.05 Nov 00
SMU 118.88 0.30 118.68 0.05 Apr 01

|:|CSIR-NML originally submitted an expanded uncertainty (k = 2) of 3.2 pmol/mol.

However, an error in the calculation of this uncertainty was identified some time
after the report had been submitted. Subsequently, CSIR-NML submitted an
amended report containing a corrected value of 1.56 umol/mol. This change in
the value of the uncertainty was approved in the 8th CCQM meeting held on

18 and 19 April 2002.
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Key comparison APMP.QM-K4

MEASURAND:
NOMINAL VALUE:

Amount-of-substance fraction of ethanol in air
120 pumol/mol

result of measurement carried out by laboratoryi

Xi-APMP:
Ui_apmp: combined standard uncertainty of X; _apwp
Xigrav-apmps  Qravimetric value of the ethanol amount-of-substance fraction

in the cylinder received by laboratoryi
Uigrav-apvps  COmMbined standard uncertainty of X gray-apmp
Lab i X i-APMP Ui_apmp Xi grav-APMP Ui grav-APMP Date of

/ (umol/mol) | / (umol/mol) | /(umol/mol) | /(umol/mol) | measurement

CMS/ITRI 121.27 1.76 121.15 0.184 Nov, Dec 00
KRISS 120.27 0.37 121.57 0.185 Jul, Aug, Nov 00
NMIJ 119.31 0.16 119.45 0.182 Jun 00
CSIR-NML 122.31 0.36 121.72 0.185 Dec 00

|:|CSIR-NML originally submitted an expanded uncertainty (k = 2) of 4.1 pmol/mol.
However, an error in the calculation of this uncertainty was identified some time
after the report had been submitted. Subsequently, CSIR-NML submitted an
amended report containing a corrected value of 0.72 umol/mol. This change in
the value of the uncertainty was approved in the CCQM Gas analysis working
group meeting held in October 2003.

The BIPM key comparison database, June 2011

3/14



Key comparison APMP.QM-K4.1

MEASURAND:
NOMINAL VALUE:

Xi-APMP1:
Ui.apmpi:

X'i grav-APMP1-

U grav-APMP1-

result of measurement carried out by laboratoryi
combined standard uncertainty of X; _apmpe1

gravimetric value of the ethanol amount-of-substance fraction

in the cylinder received by laboratoryi

combined standard uncertainty of X; gray-apmp1

Amount-of-substance fraction of ethanol in nitrogen
120 pmol/mol

Lab i Xi-APMP1 Ui_apmP1 X i grav-APMP1 U grav-APMP1 Date of

/ (umol/mol) | / (umol/mol) | /(umol/mol) | /(umol/mol) | measurement
CERI 110.20 0.187 110.21 0.08 Nov 05
KRISS 105.37 0.223 105.32 0.08 Apr 06
NIM 116.4 1.164 113.18 0.08 Jan, Feb 06
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Key comparison EURAMET.QM-K4.1

MEASURAND:
NOMINAL VALUE:

Amount-of-substance fraction of ethanol in nitrogen
120 pmol/mol

X EURL: result of measurement carried out by laboratory i
Ui _guri combined standard uncertainty of X gyr1
X i grav-EURL: gravimetric value of the ethanol amount-of-substance fraction

in the cylinder received by laboratoryi
U { grav-EURL combined standard uncertainty of X; gray-gur1
Lab i Xi-EURL Ui Eur1 Xi grav-EUR1 U grav-EUR1 Date of

/ (umol/mol) | /(umol/mol) | /(umol/mol) | /(umol/mol) | measurement

CEM 122.0 1.9 120.66 0.32 Nov 09
INMETRO 121.4 0.8 120.25 0.32 Sep 09
NMISA 120.79 0.49 120.45 0.32 Dec 09
NPL 120.6 0.2 120.79 0.32 Sep 09
VNIIM 119.04 0.25 120.36 0.32 Nov 09
VSL 120.65 0.42 120.66 0.32 Aug 09
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Key comparison CCQM-K4
MEASURAND: Amount-of-substance fraction of ethanol in air NOMINAL VALUE: 120 pmol/mol

Key comparison reference value: there is no single key comparison reference value for CCQM-K4
the value x4, is taken as the reference value for laboratoryi participant in CCQM-K4.

The degree of equivalence of laboratoryi participant in CCQM-K4 with respect to the reference value is given
by a pair of terms: D; = (X; - X;4rav) @and U, its expanded uncertainty (k = 2), both expressed in pmol/mol,
Ui = 2(“ i 2 +u igravz)llz-

The degree of equivalence between two laboratories i and j participant in CCQM-K4 is given by a pair of terms:
D, =D, -D; and U, its expanded uncertainty (k = 2), both expressed in umol/mol, U;; = (U;* + U; %"

Key comparison EUROMET.QM-K4
MEASURAND: Amount-of-substance fraction of ethanol in air NOMINAL VALUE: 120 pmol/mol
The gravimetric value X 4a-eur iS taken as reference value for laboratoryi participant in EUROMET.QM-K4.

The degree of equivalence of laboratoryi participant in EUROMET.QM-K4 with respect to the reference value is given

by a pair of terms: D; gyr = (X .gur - Xigrav-eur) @Nd U gyr, its expanded uncertainty (k = 2), both expressed in umol/mol,

7 2 212
Uieur=2(Uigur” + Uigrav-elr) -

Key comparison APMP.QM-K4
MEASURAND: Amount-of-substance fraction of ethanol in air NOMINAL VALUE: 120 pmol/mol
The gravimetric value X 4ray-apvp IS taken as reference value for laboratoryi participant in APMP.QM-K4.

The degree of equivalence of laboratoryi participant in APMP.QM-K4 with respect to the reference value is given

by a pair of terms: D; apwp = (Xi_apmp - X grav-apmp) @Nd U _apyp, its expanded uncertainty (k = 2), both expressed in pmol/mol,

7 2 20112
Ui.apmp = 2(Ujapmp” + Ui grav-apmp ) -
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Key comparison APMP.QM-K4.1
MEASURAND: Amount-of-substance fraction of ethanol in nitrogen NOMINAL VALUE: 120 pmol/mol
The gravimetric value X 4ay-apvp1 IS taken as reference value for laboratoryi participant in APMP.QM-K4.1

The degree of equivalence of laboratoryi participant in APMP.QM-K4.1 with respect to the reference value is given

by a pair of terms: D apup1 = (Xi-apmp1 = Xigrav-apmp1) @Nd U apup1, its expanded uncertainty (k = 2), both expressed in umol/mol,

7 2 2\1/2
Ui.apmp1 = 2(Ui_apmp1” * Ui grav-apvpr ) -

Key comparison EURAMET.QM-K4.1
MEASURAND: Amount-of-substance fraction of ethanol in nitrogen NOMINAL VALUE: 120 pmol/mol
The gravimetric value X 4a-eur: IS taken as reference value for laboratoryi participant in EURAMET.QM-K4.1

The degree of equivalence of laboratoryi participant in EURAMET.QM-K4.1 with respect to the reference value is given
by a pair of terms: D; gyr1 = (X -gur1 - Xigrav-eurt) @Nd U gyry, its expanded uncertainty (k = 2), both expressed in umol/mol.
U, _eur:1 is computed according to equation 8 of the EURAMET.QM-K4.1 Final Report.
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Linking EUROMET.QM-K4 to CCQM-K4

The range of gravimetric values of the standards used in both comparisons is very small, so both comparisons are
referred to the same nominal amount-of-substance fraction of 120 umol/mol.

The link between EUROMET.QM-K4 and CCQM-K4 is given by the gravimetric values delivered by NPL for both comparisons.
The laboratories common to both comparisons are the BNM-LNE, the NPL and the VNIIM. The result of VNIIM deviated

significantly from the reference value in CCQM-K4. The degrees of equivalence of BNM-LNE and NPL obtained in both
comparisons are given in the following table:

CCQM-K4 EUROMET.QM-K4
D; U; Di eur Ui eur
/ (umol/mol) / (umol/mol)
BNM-LNE 0.81 2.70 -0.94 1.20
NPL 0.01 1.00 0.09 0.51

Since the results from both BNM-LNE and NPL are comparable
with the gravimetric values within their claimed uncertainty in
both comparisons, they provide validation that the gravimetric
values act as valid reference values.

It follows that:

The degrees of equivalence with respect to the reference values obtained in EUROMET.QM-K4 are transferred to CCQM-K4
without correction: D; =D ggrand U; = U; gur.
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Linking APMP.QM-K4 to CCQM-K4

The range of gravimetric values of the standards used in both comparisons is very small, so both comparisons are
referred to the same nominal amount-of-substance fraction of 120 umol/mol.

The link between APMP.QM-K4 and CCQM-K4 is given by the gravimetric values delivered by NMIJ for APMP.QM-K4
and by NPL for CCQM-K4.

The laboratory common to both comparisons is NMIJ. The degrees of equivalence
of NMIJ in both comparisons are given in the following table:

CCQM-K4 APMP.QM-K4 Since the results from NMIJ are comparable with the gravimetric
D, U, Di.apwp Ui _apmp values within their claimed uncertainty in both comparisons, they provide
/ (umol/mol) / (umol/mol) validation that the gravimetric values act as valid reference values
INMID 0.28 | 0.47 -014 | 0.48 It follows that:

The degrees of equivalence with respect to the reference values obtained in APMP.QM-K4 are transferred to CCQM-K4
without correction: D; =D _apyp @and U; = U spup-

Linking APMP.QM-K4.1 to CCQM-K4

Discussion on the link is given on page 3 of the APMP.QM-K4.1 Final Report. CERI, which participated in CCQM-K4 in the name of NMIJ,
acts as the linking laboratory between key comparisons APMP.QM-K4.1 and CCQM.K4.

The degrees of equivalence with respect to the reference values obtained in APMP.QM-K4.1 are transferred to CCQM-K4
without correction: D; =D, _apupr @nd U; = U apwp1-

The degree of equivalence between two laboratoriesi and j, one and the other participant in any one of the four

comparisons CCQM-K4, EUROMET.QM-K4, APMP.QM-K4, and APMP.QM-K4.1 is given by a pair of terms
D, =D, -D; and U, its expanded uncertainty (k = 2), both expressed in umol/mol, U; = (U;? + U; %",
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Linking EURAMET.QM-K4.1 to CCQM-K4

The range of gravimetric values of the standards used in both comparisons is very small, so both comparisons are
referred to the same nominal amount-of-substance fraction of 120 umol/mol.

The link between EURAMET.QM-K4.1 and CCQM-K4 is given by the gravimetric values delivered by VSL for EURAMET.QM-K4.1 and NPL for
CCQM-KA4.

The laboratories common to both comparisons are NPL and VSL. Their degrees of equivalence
in both comparisons are given in the following table:

CCQM-K4 EURAMET.QM-K4.1 Since the results from both NPL and VSL are comparable
D; U; D eur Ui eur with the gravimetric values within their claimed uncertainties in
/ (umol/mol) / (umol/mol) both comparisons, they provide validation that the gravimetric
NPL 0.01 1.00 -0.19 0.75 values act as valid reference values.
VSL -0.04 1.20 -0.01 1.06 It follows that:

The degrees of equivalence with respect to the reference values obtained in EURAMET.QM-K4.1 are transferred to CCQM-K4
without correction: D; =D, gyrs @and U; = U, gyra-

These statements make it possible to extend the CCQM-K4 matrix of equivalence to the full matrix of equivalence involving all
participants in CCQM-K4, EUROMET.QM-K4, APMP.QM-K4, APMP.QM-K4.1, and EURAMET.QM-K4.1.

In the following the pair-wise degrees of equivalence are explicitely computed between CCQM-K4 and EUROMET.QM-K4, and inside

APMP.QM-K4 and APMP.QM-K4.1. No pair-wise degrees of equivalence involving EURAMET.QM-K4.1 participants have been
computed.
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Key comparisons CCQM-K4, EUROMET.QM-K4, APMP.QM-K4, APMP.QM-K4.1, and EURAMET.QM-K4.1

Degrees of equivalence relative to the key comparison reference values

Labi ﬂ

D; U
/ (umol/mol)
BNM-LNE 0.81 2.70
NPL 0.01 1.00
VNIIM 4.03 0.71 Participant in CCQM-K4 (1999)
NIST 1.02 1.20 Participant in EUROMET.QM-K4 (2000 - 2001)
NMi-VSL -0.04 1.20 Participant in APMP.QM-K4 (2000)
NRCCRM -8.68 2.00 Participant in APMP.QM-K4.1 (2005 - 2006)
NMIJ 0.28 0.47 Participant in EURAMET.QM-K4.1 (2009)
OMH -1.09 0.45
BNM-LNE -0.94 1.20
NPL 0.09 0.51
VNIIM 0.08 1.20
CSIR-NML 0.22 1.56
IPQ 0.03 1.09
SMU 0.20 0.61
CMSI/ITRI 0.12 3.54
KRISS -1.30 0.82
NMIJ -0.14 0.48
CSIR-NML 0.59 0.81
CERI -0.01 0.41
KRISS 0.05 0.47
NIM 3.22 2.33
CEM 1.34 3.85
INMETRO 1.15 1.72
NMISA 0.34 1.17
NPL -0.19 0.75
VNIIM -1.32 0.81
VSL -0.01 1.06
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Key comparisons CCQM-K4, EUROMET.QM-K4, APMP.QM-K4, and APMP.QM-K4.1: pair-wise degrees of equivalence

MEASURAND:

NOMINAL VALUE: 120 umol/mol

Amount-of-substance fraction of ethanol in air

Lab j —p
Lab i ﬂ BNM-LNE NPL VNIIM NIST NMi-VSL NRCCRM NMIJ OMH
Dj Uj Dj Uj Dj Uj Dj Uj Dj Uj Dj Uj Dj Uj Dj Uj
/ (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol)
BNM-LNE 0.80 | 288 | -3.22| 279 ]-021| 2.96 | 0.85 | 2.96 | 9.49 | 3.36 | 0.53 | 2.74 | 1.90 | 2.74
NPL -0.80 | 2.88 -402] 1.23]1-101]| 1.57] 0.05 | 1.57 ]| 869 | 224 ]-0.27| 1.11 | 1.10 | 1.10
VNIIM 322 | 279 ] 4.02 | 1.23 3.01 | 140 ] 4.07 | 1.40 | 12.71| 2.12 ] 3.75 | 0.85 ] 5.12 | 0.84
NIST 021|296 ] 1.01 | 1.57 | -3.01| 1.40 1.06 | 1.70 ] 9.70 | 2341 0.74 | 1.29 | 2.11 | 1.29
NMi-VSL ] -0.85| 2.96 | -0.05| 1.57 | -4.07 | 1.40 | -1.06 | 1.70 8.64 | 234 ]1-032]| 1.29 ] 1.05 | 1.29
NRCCRM | -9.49| 3.36 | -8.69 | 2.24 |-12.71]| 2.12 | -9.70 | 2.34 ] -8.64 | 2.34 -8.96 | 2.06 | -7.59 | 2.05
NMIJ -0.53| 2741 027 | 1.11 ] -3.75| 0.85]-0.74| 1.29 ] 0.32 | 1.29 | 8.96 | 2.06 1.37 | 0.65
OMH -1.90 [ 2.74 ] -1.10] 1.10 | -5.12 ] 0.84 | -2.11] 1.29 | -1.05]| 1.29 | 759 | 2.05 | -1.37 | 0.65
BNM-LNE -0.95[ 157 | -497] 1.40 | -1.96| 1.70 ] -090| 1.70 | 7.74 | 234 | -1.22| 1.29 ] 0.15 | 1.29
NPL -0.72 | 2.75 -394 087 ]-093| 1.31] 013 | 1.31 ] 877 | 2.07 | -0.19| 0.69 | 1.18 | 0.68
VNIIM -0.73 ] 2.96 | 0.07 | 1.56 -094] 170 ] 012 | 1.70 ] 876 | 2.341-0.20| 1.29 | 1.17 | 1.29
CSIR-NML | -0.59 | 3.11 | 022 | 1.85|-3.81| 1.71|-0.80| 1.97 ]| 026 | 1.97 | 890 | 2.54 | -0.06 | 1.63 | 1.31 | 1.62
IPQ -0.78 1 2921 0.02 | 1.49]1-400| 1.31 | -099| 1.63 | 0.07 | 1.63 ] 871 | 229 ]| -025| 1.20 | 1.12 | 1.19
SMU -0.61| 2771 019 | 1.17 ] -3.83| 093 ]-082| 135 0.24 | 1.35] 888 | 2.09 | -0.08 | 0.77 | 1.29 | 0.76
CMS/ITRI KRISS NMIJ CSIR-NML
Dj Uj Dj Uj Dj Uj Dj Uj
/ (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol)
CMS/ITRI 142 | 3.63 ] 0.26 | 3.57 | -0.47 | 3.63 No pair-wide degrees of equivalence
KRISS -1.42 | 3.63 -1.17 | 0.95 | -1.89 | 1.15 involving participants in EURAMET.QM-
NMIJ -0.26 | 3.57 | 1.17 | 0.95 -0.73 | 0.94 K4.1 have been computed.
CSIR-NML | 0.47 | 3.63 ] 1.89 [ 1.15 | 0.73 [ 0.94
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Key comparisons CCQM-K4, EUROMET.QM-K4, APMP.QM-K4, and APMP.QM-K4.1: pair-wise degrees of equivalence

MEASURAND:
NOMINAL VALUE:

No pair-wide degrees of equivalence
involving participants in EURAMET.QM-

Lab j —p
Lab i ﬂ BNM-LNE NPL VNIIM CSIR-NML IPQ SMU

Dj Uj Dj Uj Dj Uj Dj Uj Dj Uj Dj Uj

/ (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol) | / (umol/mol)
BNM-LNE 072 | 275] 0.73 | 296 | 059 | 3.11 ] 0.78 | 2.92 | 0.61 | 2.77
NPL 0.95 | 1.57 -0.07 | 1.56 ] -0.21| 1.85]-0.02| 1.49 ] -0.19| 1.17
VNIIM 497 | 140 | 3.94 | 0.87 3.81 | 171] 400 | 1.31] 3.83 | 0.93
NIST 196 | 1701 093 | 1.31 ] 094 | 1.70] 080 | 1.97] 099 | 1.63 ]| 0.82 | 1.35
NMi-VSL 090 | 1.70 ] -0.13| 1.31 | -0.12| 1.70 ] -0.26 | 1.97 | -0.07 | 1.63 | -0.24 | 1.35
NRCCRM | -7.74| 2.34 | -8.77| 2.07 | -8.76 | 2.34 ] -8.90| 2.54 ] -8.71| 2.29 | -8.88 | 2.09
NMIJ 12211291019 | 069] 020 | 1.29 ] 0.06 | 1.63 ] 0.25 | 1.20 | 0.08 | 0.77
OMH -0.15]| 1.29]1-1.18| 068 ] -1.17| 1.29 ] -1.31| 1.62 | -1.12| 1.19 | -1.29 | 0.76
BNM-LNE -1.03| 1.31 ] -1.02] 1.70 | -1.16 | 1.97 ] -0.97 | 1.63 | -1.14| 1.35
NPL 1.03 | 1.31 0.01 | 1.31]-0.13| 1.64 ] 0.06 | 1.20 | -0.11 | 0.79
VNIIM 1.02 | 1.70 ] -0.01 | 1.31 -0.14] 1.97 ] 0.05 | 1.63 ] -0.12| 1.35
CSIR-NML | 1.16 | 1.97 | 0.13 | 1.64 | 0.14 | 1.97 0.19 | 191 ] 0.02 | 1.68
IPQ 097 | 1.63]-0.06| 1.20 | -0.05| 1.63]-0.19| 1.91 -0.17 | 1.26
SMU 114 ] 135} 011 ] 0.79 ] 012 ] 1.35]-0.02| 1.68 | 0.17 | 1.26

CERI KRISS NIM

Dj Uj Dj Uj Dj Uj

/ (umol/mol) | / (umol/mol) | / (umol/mol)
CERI -0.06 [ 0.62 | -3.23 | 2.37
KRISS 0.06 | 0.62 -3.17 | 2.38
NIM 323 231N 3N /238
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CCQM-K4, EUR.QM-K4 and K4.1, APMP.QM-K4 and K4.1 Ethanol in air: 120 umol/mol
Degrees of equivalence [D; and expanded uncertainty (k =2) U;]
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Orange squares: participants in APMP.QM-K4.1 (2005 - 2006)
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BNM-LNE
NPL
VNIIM
NIST
NMi-VSL

NRCCRM -
NMIJ
OMH
BNM-LNE
NPL
VNIIM
CSIR-NML
IPQ
SMU
CMS/ITRI
KRISS
NMIJ
CSIR-NML
CERI
KRISS
NIM
CEM
INMETRO
NMISA
NPL
VNIIM
VSL

Note: CERI participated in CCQM-K4 and APMP.QM-K4 in the name of NMIJ
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