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CIPM Mutual Recognition Arrangement: CCQM GAWG Activities
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Traceability Chain for Gas Concentration Measurements
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NMls active in the CCQM Gas Analysis Working Group (GAWG)
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Bureau International des Poids et Mesures (BIPM)

The BIPM is an intergovernmental organization established by
the Metre Convention, through which Member States act
together on matters related to measurement science and
measurement standards.

www.bipm.org

The mission of the BIPM is to ensure and promote the global comparability of

measurements, including providing a coherent international system of units for:
» Scientific discovery and innovation,

* Industrial manufacturing and international trade,
» Sustaining the quality of life and the global environment.

BIPM Chemistry Department programme on:
International equivalence of gas standards for air quality and climate change monitoring

Coordinating comparisons of gas standards with the National Metrology Institutes and
Designated Institutes within the CCQM Gas Analysis Working Group
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International Gas Standard Comparisons coordinated by the
BIPM Chemistry Department within CCQM GAWG

Comparison Description Nominal mole fraction Year
ccQM-P28 Ozone (ground-level) 80 nmol/mol; 400 nmol/mol 2003
ccQM-P73 Nitrogen Monoxide 50 umol/mol 2006
BIPM.QM-K1 Ozone (ground-level) 80 nmol/mol; 400 nmol/mol 2007
CCQM-K74 Nitrogen Dioxide 10 pmol/mol 2009
CCQM-P110.B1 Nitrogen Dioxide : 10 pumol/mol 2009
CCQM-P110.B2 Spectroscopic Studies

ccQM-K82+ Methane 2000 nmol/mol 2012
CCQM-K90 Formaldehyde 2000 nmol/mol 2014
CCQM-K120.at Carbon dioxide 380 umol/mol — 480 pmol/mol 2016
CCQM-K120.bt Carbon dioxide 480 pmol/mol - 800 umol/mol 2016
CCQM-KXX** CO, isotope ratios 613C, 6180 (Pure CO,) 2019

www.bipm.org

Twith NIST

T with KRISS  ** with IAEA




BIPM-WMO joint activities

2010 WMO-BIPM workshop on
“Measurements Challenges for Global Observation

Report on the WMO-BIPM workshop on

Systems for Climate Change Monitoring”’
Signature of CIPM-MRA by WMO

MRA by the

Measurement Challenges
for Global Observation Systems

for Climate Change Monitoring

Traceability, Stability and Uncertainty

farch — 1 April 2010
D Headquarters

Wielgosz R., Calpini B., (Editors), Report on the WMO-BIPM workshop on Measurement
Challenges for Global Observation Systems for Climate Change Monitoring: Traceability,
Stability and Uncertainty, Rapport BIPM-2010/08, 100 pp

www.bipm.org


http://www.bipm.org/en/events/wmo-bipm_workshop/

Global comparisons related to air quality and greenhouse gases
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Ozone Reference
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GAW World Calibration Centre for Ozone
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BIPM.QM-K1
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Establishing Traceability for Atmospheric Ozone Measurements

Atmospheric Ozone Measurements

(Total Column, Stratospheric) (Surface ozone)
Satellite based Dobson and Brewer UV ozone FTIR based
measurement Spectrophotometers photometers systems
m
systems X T A
Ozone Standard
Gas Phase Reference
— ¥ T < Photometer
titration T
Absorption Absorption
Cross section Cross section
(V) (IR)
BAKI titration [ T
> Optical
measurements
of pure O;

Gravimetry Gravimetry Pressure
NO / NO, lodide Volume

Temperature

Gas standards ) standards




Surface Ozone Measurements

WoRLD MEeTEOROLOGICAL ORGANIZATION
GLoBAL ATmosPHERE WATCH GLoBAL NETWORK
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Improvements in demonstrated performance of Ozone Standards
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Improvements in demonstrated performance of Ozone Standards

Average Relative Standard Deviation (%)
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INSTITUTE OF PHYSICS PUBLISHING

METROLOGIA

Metrologia 43 (2006) 441450

A study of systematic biases and

doi:10.1088/0026-1394/43/5/016

measurement uncertainties in ozone mole
fraction measurements with the NIST

Standard Reference Photometer

J Viallon!, P Moussay', ] E Norris?, F R Guenther? and
R I Wielgosz!

! Bureau Intemational des Poids et Mesures, Pavillon de Breteuil, F-92310 Sevres, France

2 National Institute of Standards and Technology, Gaithersburg, MD, USA

Received 9 May 2006
Published 21 September 2006
Online at stacks.iop.org/Met/43/441
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Improvements in demonstrated performance of Ozone Standards
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New guidelines for surface ozone measurements

BIPM.QM-K1

Ozone at nominal mole fraction 420 nmol/mol

G uid E.l I n es fﬂr CU nti r‘l u Dus Measuremen‘ts D'I: Degrees of equivalence [D; and its expanded uncertainty (k = 2), U;
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WMO-No. 1110
Galbally I.E., Schultz M.G., Buchmann B., Gilge S., Guenther Sgonsigmulentiguel) ietworlowiginzhe CIPM-MRA

28 member states (on 54) & 2 international organizations (on 3)

F., Koide H., Ottmans S., Patrick L., Scheel H.-E., Smit H.,
Steinbacher M., Steinbrecht W., Tarasova O., Viallon J., Volz-
Thomas A., Weber M., Wielgosz R., Zellweger C., Guidelines
for continuous measurements of ozone in the troposphere,
GAW Report No. 209, 2013, 76 pp

Norris J.E., Choquette S.J., Viallon J., Moussay P., Wielgosz R., o
Guenther F.R., Temperature measurement and optical path-
length bias improvement modifications to National Institute of =~ 7o

Standards and Technology ozone reference standards, J. Air & . coviomn

Waste Manage. Assoc., 2013, 63(5), 565-574
Bureau
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T Poids et 15
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Updated on 2 April 2013



Differences in Reference Methods for Ozone

D/ pmol/mol
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CCQM-P28 Degrees of Equivalence, Ozone mole fraction:420nmol/mol
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Ozone cross-section a measurement challenge

Measure O, and other impurities, ., | Mass®
as O, will never be “pure” (max ~99%) i

0N

Pressure

Primary
pump

L, to be measured by Turb6 puire

interferometry —

5 cm long cell for
spectroscopic
measurement

Pressure

Gauge
Barat
0w ey | _In@) TR
Discharges Lopt Z(PI _ PI’) Na
O, 1158
grade
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BIPM facility for ozone cross section measurements

Frequency doubled argon-ion laser
with intensity stabilisation

Mass
spectrometer

Large range ¢
pressure®
gauge

IR R < (Baratron) for
g WISTRE ) P< 1 mbar

absorption By | . .o -

---------

CeII | : ‘l .' f SR® S S . | .l AR

...........

Ozone
W generator
SRl ¥ (high voltage

4—

SRR | discharges)

Temperature
controlled
cryostat
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Ozone absorption cross-section measurements

Aims/Deliverables:

Resolve differences between reference
methods

Status:

* pure ozone generation system purity > 98.1%

Scheme of the ozone cross-section

* evaporation-condensation cycle method measurement setup
* cross-section measurements completed
o 0
1400 - Tz & Secondments
P : GRS 2
. — O
o . KRISS pr. s. Lee,
o _ s o - SIEETIEEE KRISS, 2013
e =z 2
as] — oWy
g 1200 ‘I """"""""""""""""""""""""""""""""""""""""""""""""""""" @ i K. Tworek,
“ < T + LS T T . e
= ' 2 P v 1+ 3 5 | ¢ 3 : - - GUM, 2012
o 1 - 1 L = = -
p J» 8 8 .5
() | [~ m
~ 100l & o 3 d » & % 4 % P =
~ [ O o 5 2 5 £ 5 Yy £ T
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Viallon J., Lee S., Moussay P., Tworek K., Petersen M. and Wielgosz R., Accurate laser measurements of ozone absorption cross-sections in
the Hartley band, Atmos. Meas. Tech., 2015, 8, 1245-1257

20


http://www.atmos-meas-tech.net/8/1245/2015/amt-8-1245-2015.html

Gas Standards for long term monitoring of nitrogen oxides

WMD/TD - No. 1570

http://www.wmo.int/pages/prog
[arep/gaw/documents/Final_GA
W_195_TD_No_1570_web.pdf

Bureau
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+ Mesures

WMO/GAW Expert Workshop on Global
Long-term Measurements of Nitrogen Oxides and
Recommendations for GAW Nitrogen Oxides Network

(Hohenpeissenberg, Germany, 8-3 October 2009)

Table 2 - Data Quality Objectives (DQOs) for NO and NO; under differing conditions

Level

1 (basic)

2 (enhanced)

3 (high)

Site characteristics

Continental basic

Continental background

Pristine, marine
background, free
troposphere

Mean mixing ratio NO,

> 1 pph

0.1-1ppb

<0.1 ppb

Scope
(corresponding

time resolution)

long term monitoring, trends (1 hour)

source-receptor-relationship, transport processes (hour-minute)

photochemical process studies (minute)

Detection Limit NO: 50 ppt NO: 10 ppt NO: 1 ppt
(1 hour, 3-0) NO,:100 ppt NO2:20 ppt NO2:5 ppt
uncertainty NO: 40 ppt or 3% NO: 8 ppt or 3% NO: 1 ppt or 3%
(1 hour, 2-o)' NO,:80 ppt or 5% NO2:15 ppt or 5% NO2:3 ppt or 5%
uncertainty NO: 2.5% NO: 2.5% NO: 1 ppt or 2.5%
(1 month, 2-0)? NO,: 3% NO;: 3% NO,:3 ppt or 3%
data coverage 66%
suggested method CLD /PLC CLD/PLC CLD/PLC
alternative method CRDS, LIF ; DOAS ; CRDS, LIF : TDLAS LIF

(backup or QC reasons)

TDLAS

21




NO, standards and comparison (10ppm)

"CCQM GAWG key comparison on NO, and Spectroscopic Measurements

2006 Tropospheric NG, vertical column densities [10'® molecules / cm?)
K S

0.0

0.25

Figure 2.12: The percentage
composition of primary nitrogen
dioxide in NO, for all vehicle types
in London.
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BIPM dynamic gas
standard facility for NO,

The Air Quality Strategy for England,
Scotland, Wales and Northern Ireland

Objectives (for 2020) for particulate
matter (PM,,), nitrogen dioxide (NO,),
ozone (O;), and polycyclic aromatic
hydrocarbons (PAHs) are unlikely to be
achieved, without further measures

22



BIPM facility for NO, Standards

Flow Control System for Rubotherm
1. Zero air generator
Nitrogen Generator
Nitrogen Cylinders
molbloc (0-1000) mL/min
SAES Nitrogen purifier
Mass flow controller (0-100) mL/min

Mass flow controller (0-1000) mL/min

2.
3.
4.
5.
6.
7.

Rubotherm System (dynamic gas mixtures)
8.Magnetic suspension balance
9.NO, permeation tube

Flow Control System for NO, Gas Standards
10.Mass flow controller (0-1000) mL/min
11.Multi position valve (16-ports)

Rubotherm System
Flow Control System for Rubotherm :

Flow Control System for NO, Gas Standards 23



NO, Permeation Rate and Impurities

/:: i .Resolution: 2 l"lg;
\ o .. ~
Stability,3 days: ~ 0.5 ug;
« ‘ ;ka B M ino, @ \\\ e He
NO, — ~~—~ | ~

d, X Myo, M o, \\\ NO, permeation rate, P,
""" NG (5000-10000) ng/min
. U~ 2 ng/min

Xno2 - NO, mole fraction;

////////////////////////////////////////////////////////////////////////////////////
uuuuuuuuuuuuuuuuuuuuuuuu

P - NO, permeation rate;

Vm - molar volume of nitrogen; FTIR gas

Myo, - the molar mass of NO,; facility

q, - total flow of nitrogen;
Mynos - the molar mass of NO;; and

Xuno3 - HNO, mole fraction measured by FTIR.

Flores E., Idrees F., Moussay P., Viallon J., Wielgosz R.,
Highly Accurate Nitrogen Dioxide (NO,) in Nitrogen
Standards Based on Permeation, Anal. Chem., 2012,
84(23),10283-10290

pureau

Bureau International des Poids et Mesures



http://pubs.acs.org/doi/abs/10.1021/ac3024153

Purity and quantification of permeating gas: Analysis by FTIR

Infrared absorbance spectrum of a 150 umol mol
NO,/N, gas mixture generated using the small

0.20 ] NO, permeation device
0.18 -
0.16 -

" 0.14 -

S 012. HNO, Quantification of

PR ! HNO, without gas

© 0.10- NO, HNO

= _ HO 2 3 standards?

2 x ¢

2 0.081

o - | 0 .

e 0.06—_ | N,O, negligible
0.04 - N O impurity at lower
0.02 4 J‘ X 27 concentrations
0.00-

2000 1800 1600 1400 1200 1000
Wavenumber /cm™
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HNO; quantification using MALT

MALT calculation of HNO3 pmol/mol
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Uncertainty budget for the HNO; for mole fractions of (0.1-0.2) pmol/mol
U(Xo,) = /(0.020) +(0.017%,0, f +(0.05%,p00, f

/ | \
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CCQM-K74 International comparison of nitrogen dioxide in
nitrogen standards (2010)

CCQM-K74
0.20 -
. . i 0.18
* NO,/N,, nominal amount fraction 10 umol mol* o6
» Set of 17 transfer standards prepared by VSL g % o
< 0.12- 3
. . ) < . |
* Analysis using FTIR & UV absorption 8 0.101 o NO, HNO,
S 0.08] 2 s v
o 1 \4 Hzo
1.5- 2 0.06 ! \
] * 0.04]
] NO
1.0 . 0.021 e
1 0.00-
~ 0.54 . . . ; : r . ; . ,
= } { 2000 1800 1600 1400 1200 1000
€ (o0l 4 % % } ? ’ Wavenumber /cm™
5 ¢ .
3 ¢
= -0.51 }
a) 1 . . .
1.04 - SR _ Key issue : HNO; in cylinders
] 2 s 2= 2 E £ 2 2w 4= E = 2 i i i
1) EEEEEEEEEEZEZZ2EEZ:EE & in dynamic mixtures
T 500 -
= HNO, in cylinders measured by FTIR
©
S
\\C/ 250 ~+ Flores E., ViallonJ., Moussay P., Idrees F. and Wielgosz R.1.,
3 2012, Highly Accurate Nitrogen Dioxide (NO,) in Nitrogen
z Standards Based on Permeation, Analytical Chemistry
X
04
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Preparing for a repeat comparison CCQM-K74.2017

Generation of dynamic mixtures of HNO, in nitrogen by permeation

Generation of HNO;, bath 80°C
—NO2 by FTIR
0.8 —HNO3 by FTIR
H20 by CRDS
% 06 X _ _9m Vm _ Mpo2%no2 _ My20%H20
E N0 T gy Myos Munos Munos
£
-
S 04
0.2
0 [
3 s 5 2 2 2
5 g g S N Q
Time HNO, permeation [200-500] nmol mol~
. ~ o
Secondment of C. Pascale (METAS) 2014 Permeation rate ~ 30 % H,0

H,O accurate quantification is crucial

www.bipm.org 28



Preparing for a repeat comparison CCQM-K74.2017

Generation of dynamic mixtures of HNO; in nitrogen by permeation

Quantity Standard Uncertainty

am
v

m
v

M_HNO,
M_NO,
M_H,0

Xnoz Stability
Xnop Calibration
X0 Calibration
Xu0 SYstem

X0 Stability

9104 ng min!
22.40037 g mol?
4.8 L mint
63.0130 g mol*
46.0055 g mol*
18.0147 g mol?
0.0 ppb
19.80 ppb
749.79 ppb
50.0 ppb
0.0

8.3 ng min!
340:10° g mol*?
72.0:10° L min!
3.40-103 g mol?
2.80-103 g mol?
0.5-103 g mol?

3.00 ppb
0.0396 ppb
11.4 ppb
11.5 ppb
1.64 ppb

H,O quantification:
e CRDS analysis calibrated by NPL

e Contribution from the matrix (system)

Vm~ |M_HNO3 M.NO2
xH20std g \[ G M H20

xNOZ cal
xXH20sys

Quantity Value Standard
Uncertainty

x(HNO;) 456.1 nmol mol* 5.2 nmol mol?

www.bipm.org 29



Greenhouse gases: target uncertainties for primary
standards

Component Nominal Mole fraction | Primary Standard: target
standard uncertainty

co, 400 pmol/mol 0.025 umol/mol
CH, 2000 nmol/mol 0.5 nmol/mol
N,O 330 nmol/mol 0.025 nmol/mol

Based on primary standard contributing to less than 5% of
measurement uncertainty for monitoring, based on most
stringent data compatibility requirements

This means relative standard uncertainties:
< 0.007 % (for CO, and N,O) and
< 0.025 % (for CH,)

www.bipm.org 30



International comparison of methane in air standards
(2012)

Aims/Deliverables:

Demonstrate the degree of equivalence of national
methane in air gas standards in support of green
house gas monitoring (CCQM-K82, CH, in air)

Matrlx real air scrubbed of methane
3% 03 03

BIPM analytical instruments
i i i i i i under repeatability conditions

NPLE
NIST KRISS _ _ '

Analysis made by cavity ring

Matrix: Synthetic air (N,, oz Ar, CO,) é down spectroscopy and

b b 3 b b

i ' i i i' gas chromatography-flame

ionization detector
-

uuuuu

www.bipm.org
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CRDS measurements and matrix gas composition

Target mole fractions:

1800+£10 nmol/mol and 2200+10 nmol/mol.

Matrix composition

To minimize pressure broadening effects

¢ Sy

Component in Air Minimum mole fraction Maximum mole fraction
permitted within submitted permitted within submitted
cylinder cylinder
Nitrogen 0.77849 mol/mol 0.78317 mol/mol
Oxygen 0.20776 mol/mol 0.21111 mol/mol
Argon 8.865 mmol/mol 9.799 mmol/mol
Carbon Dioxide 360 pmol/mol 400 pmol/mol

www.bipm.org 32



Comparison of GC-GID and CRDS methods for methane

in air

Validation of method using NIST real air and synthetic air standards

2000.000

e

el

1950.000

1900.000

1850.000

Matrix composition adapted
to minimize broadening
effects

1800.000

1750.000

1700.000

BIPM CRDS response / nmol/mol

1650.000

/

1600.000
0.8000  0.8200

0.8400

0.8600  0.8800 0.9000 0.9200 0.94

BIPM GC-FID ratios to the

www.bipm.org

BIPM CRDS response / nmol/mol

9534

BIPM GC-

ios to

aaaaaaaaaa
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Validation of BIPM’s Measurements facilit
standards

vy with NIST

CRDS NIST Validation Cylinders

10.000

8.000

6.000

4.000

D (nmol/mol)

2.000 { A RA R{
1600’4""170'0 """ I}Db’""'ﬂﬁol"' 200072100 22002300

-2.000

-4.000

-6.000

-8.000

-10.000

Cylinder mole fraction/ nmol/mol

Methane standards made in whole and synthetic air compared by CRDS
and GC-FID for atmospheric monitoring applications

Analytical Chemistry,
2015, 87(6), 3272-3279

www.bipm.org
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http://pubs.acs.org/doi/abs/10.1021/ac5043076

Improvements in global compatibility of methane in air

D,/ (nmol mol™)

1 = CCQM-P41 part 1, 2003
150 + coordinated by VSL
100 - * CCQM-PA41 part 2,
i 2003, coordinated by VSL
50 4 4 CCQM-K82,2013
11 - 1 l coordinated by BIPM/NIST
0 fetafe 11 = ._-,_J,; e JI{{‘ g Kk e e e
l IJH] | X3 WMO DQO
50 - J J 885553333252 ,44
MNTZEETETZEZEZZTZ DO o o
SEz4Lh8s2asts Beho=2ZLa2=
$2832:3325¢ FEEEFEHE
2 g = =

www.bipm.org

Comparison results vs. Data
Compatibility Goals

DQO = + 2 nmol/mol

For CCQM-K82:

Smallest u(x) = 0.5 nmol/mol
O (ccamksz)= 1.17 nmol/mol

Negligible impact of standards

- when:

u(x), O (ccam- < DQO/4

u(x), 0 (ccam-kg < 0- 5 nmol/mol

35



Development for future improvements in CH, in air
standards

19
18

17 - [
g 16
T g Accurate measurements
= of CH, in balance gas at
= &
= T . m 1 nmol/mol levels
3 9] with u(x) < 0.1 nmol/mol
= 71 required
O 64
T 54 "
47
o 3 w
: 24 n
M 1_- n |

g

| | | | ! |

NIST NMIJ KRISS NPL NOAA VNIM VSL NIM
Trace CH, mole fractions in balance gas as reported by
participating laboratories in CCQM-K82

www.bipm.org 36



Measurement Challenges for CO, Standards and Comparisons

Comparison method Matrix Composition/ Purity
sotopic Composmon]ll[ Stability/Storage =
Target relative standard

uncertainty
<0.007 %

www.bipm.org




Preparing for the repeat CO, in air comparison (2016)

International comparison CCQM-K120 (2016): ambient level CO,

GC xCO,, 6=0.06 pmol mol™* &—.[‘

IRIS | «) Manometric system
xCO,, 6=0.07 umol mol']- s, ' xCO, %0.14 pmol mol™

6BC 0.2 %o
50 + 0.2 %o

FTIR
q xCO,, 6=0.02 umol mol™ |
L 51°C £0.5 %o \

Bureau
[ International des

T Poids et
4 Mesures




Potential biases due to matrix composition

* Influence of the matrix composition on the spectroscopy

* More pronounced for CO,
* For synthetic air standards this can be a major source of bias

Excess N. (ppm) Excess O, (ppm) Excess Ar (ppm)
0 4000 8000 12000 16000 20000 0 4000 12000 16000 20000 n.aun S00 1000 1500 2000 2500 3000
1 0.23 3 .
02 . 0.20 [
E -o04 ] 015 |
= ; 010 ¢
g 06 T :
2 ] 0.05 F
pa L F
% 0.0:0 :
-10 : 005 |
T ) S ol el 1] Y [ S S el 3 —ﬂ.1ﬂ:"'l" L NI
0785 0790 0795  0.800 0.210 0215 0220 0225 0230 0.0 00n 0.012
N, mole fraction O, mole fraction Ar mole fraction
Consistency with atmospheric air composition (major components) to 0.5 mmol/mol
Bureau H. Nara, H. Tanimoto, Y. Tohjima, H. Mukai, Y. Nojiri, K. Katsumata and C. W. Rella, Atmos. Meas. Tech., 5, 2689-2701, (2012).

International des

[ T Poids et
4 Mesures
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Accurate measurement of CO, (and CO, isotopologues)

Isotopes of CO, 6'3C (VPDB)
-50 -40 -30 -20 -10 0
M/z CO, Isotope | | /8\
44 12C160, Atmospheric CO, —
45 13cl602’ 12(:160170 ¢
26 120160180, B3CI6QUQ), Natural Gas Well
12C1702
47 13cl60180’ 12C170180,
13(:1702 /\
N\
48 13cl7(z?1’8(1)8’ lzcl802 K . ) w
49 0, ~— Blended with enriched 13CO,
Fossil Fuels 40
Bureau

|

International des

T

Poids et
+ Mesures

Isotope ratio measurements for

corrections to CO,

concentration measurements required at the £ 1 %o level

(aadA) 0g:9
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Accurate measurement of CO, (and CO, isotopologues) (by FTIR)

Absorbance

0.0075

0.0070

0.0065

0.0060

0.0085

0.0050

0.0045

0.0040

0.0035

0.0030

0.0025 -

N X'628*6@ JI_T .
X,627*40_0L_/\/\_/M

400 3500 3800 3mo 3800

Wavenumber/cm

Less intense bands
Less overlap

20 g 20
§,5 x'626*10 g
| X636%300 ~

AL /628*60 .

_|xX627%400

of isotopologue signals

More intense bands
but more overlap of
isotopologue signals

Bureau
International des
Poids et

4 Mesures

|

T

Nombre d'onde

(cm-1)
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Validation standards with a range of compositions

_ Fermentation
France
-20 %o to -10 %o

Mathane, CH,

(]
000

e _Natural gas well

- : Greece
CH, combustion <7 %o to -2 %o
Morocco

~ -40 %o ~ -8:%0

Clean Air
New Zealand

\

\
ARS. ARS i X(CO,)assigned. 5*;“:00 Honal d
o -6 Yo gra\/imetr\/ ! nerpc? lonal aes
(1e.rr;szf?ial plants ) aimiasphenic: G2 NP o *C assigned Poids et
¥ s, OO U0 W 4 Mesures
AN

T \
Max Planck Institute \b

/PDB by IRMS for Biogeochemistry O




CO, validation standards

Traceability of
isotope ratio delta
values to JRAS
standards and VPDB
scale

i

-
g

Max Planck Institute
for Biogeochemistry

Bureau
International des
T Poids et
4 Mesures

Traceability of mole fraction values to: NIST and NPL

0"3C | %o

-10

-20

-30

-40

-50

x(CO,) / (umol mol?)

350 450 550 650 750
. .
L 4 4
____________ s
>0 o L L L g L 4
_________ I
18 validation standards + measured by MPI-JENA

3 additional standards for the set to be provided by

NOAA in 2015 N




Traceability of stable isotope standard measurements
BIPM-IAEA Symposium 4 June 2013; IAEA Workshop on Stable Isotopes (3-5 Sept 2014)

Organization Quantity and types of standard Calibrated/Measurement
Instrument

i}f % Mass
S Spec.
. hEkErA
13 Mass
Max Planck Institute 6 C
for Biogeochemistry 6180 Spec.

CO, mole fraction Sy <t

Bureau | (6%3C, 6180)
1 Tln:’eé?d‘l’ﬁ"" “ ccam-K120
4 Mesures

CO, in real/synthetic air




Comparisons of CO, standards with FTIR

FTIR MALT+HITRAN 2004 response / ppm

800
700
600 —
500
] Equation y=a+b%
Weight No Weighting
400 — g{fegéﬁua\ Sum 0.07023
Adj. R-Square 1
Value Standard Errol
7 TR Intercept 0.03229 0.16623
Slope 1.00256 3.13692E- 1_
300 T T T T T T T T T T -
300 400 500 600 700 800
NIST / umol mol™
Bureau
International des
T Poids et
+ Mesures

Under repeatability
conditions with
U(XFTIR) =0.015 umol/mol




Non corrected FTIR response for isotopic effects

613C
(VPDB)
Y00

STDA  -35.685
STDB  -5.2494

6180
(VPDB)
%0

-34.478
-31.640

Bureau
1 International des

T Poids et
+ Mesures

Diff /(umol mol™)

-1.0

0.6
0.4 4
0.2 1

0.0

0.2 1
-0.4 4
-0.6 -

-0.8

|
400

CO, mole fraction / umol mol”

|
500
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Corrected FTIR response for isotopic effects

§13C 5180
(vPDB)  (VPDB)
%0 %0

STDA  -35.685 -34.478
STDB  -5.2494 -31.640

The correction is
~0.170 pmol mol*

Ten times the
measurement
repeatability

(0.015 pmol mol?)

Bureau
1 International des

T Poids et
+ Mesures

Diff /(umol mol™)

-1.0

0.8 -
0.6 -

0.4 -

0.0

0.2 -
0.4 -
0.6 -

-0.8

|
400

CO, mole fraction / umol mol”

|
500
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BIPM manometric facility for the CO, comparison (2016)

o Optimized volumes and wall thicknesses for pressure measurements
o Automated system for cryogens
o Residual Gas Analyser for meni

)S

E Air actuated
metallic valves

E Air actuated

glass valves

- Glass-metal
transition

— Glass line

w— S8 line, %'

flange

COy/ai

)
®
>
@ e 1+ Bair (Tair) Pair
\\ CDG lplranl l X — PC02 Va Tair RTair
CO2
i ! — a Pir Vot | Teoz Beoz (Tcoz) Peoz
| cr 1+
YO i RT 48
I M ol Scroll pump co2




Stability of CO, standards

0.4

0.1

Change in Amount Fraction of CO, {(nmol/mol)

0.3

0.2

0.008
NPLE -
Moo P tsbosery @ | 0,006
® 0. ° - 0.004
WMO DQOs . o 0 ° * 0.002
_,‘_9.'..;;__:_;_:_2_-_5,_:__'_'_2_:_'_!_0_!_'_es_u_-_f_'_e_-_ef_'_es_!f_-_. 0
0.002
10 Cylinder Pressure (MPa) 0_1'0'004
As pressure drops in
cylinder there is an
increase in CO, &
Bureau
International des
T Poids et
4 Mesures

NIST

Change in Amount Fraction of CH, {(nmol/mol})

1.0006

1.0002

0.9998

0.9994

0.9990

Pressure dependence of
CO, in gas cylinders

Daughter / Mother Ratio — 500 pmol/mol CO,/Air

® D35

......... Linear (D3-5)

Pressure (MPa)



Conclusions

Conclusions

e Sltraceable standards for long term atmospheric monitoring is a
challenging area, but considerable progress has been made

e Strong Collaboration between BIPM, National Metrology Institutes,
Designated Institutes, CCQOM-GAWG, WMO, WMO-GAW, and more
recently IAEA

* Leads to innovation and improved international agreement of
standards at very low levels of uncertainty
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