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WMO Global Atmosphere Watch (GAW)
Strategic Plan: 2008-2015

R10.2 Recommendations
= o a) A concerted effort to consolidate the NOAA,
CSIRO/AGAGE, EuroHydros and other calibration
activities is urgently needed to enable a collabor-
ative global network for hydrogen measurements.
These measurement groups are strongly

encouraged to establish a common calibration

scale. This scale should cover the range from 350-
1000 ppb. As part of this effort the existing scales need

to be harmonized ..

http://www.wmao.int/pages/prog/arep/gaw/gaw-reports.html



No global supplier of H, standard gases
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Cluestions about the Carbon
Cycle

Standard Reference Gases

The Carbon Cycle Greenhouse Gases Group [CCGG] is presently responsible for maintaining the World Meteorological Organization
[MO] mole fraction scales for CO2, CHA, and CO. With the mission of propagating this scale for data intercomparison, CCGG can fill
and calibrate compressed gas cylinders for use as standard reference gases by other laboratories for measurements of CO2, CH4,
CQ, and the stable isotopes of COZ (C13 and O18). Information abg

aodard reference gases are filled can be found here, CO2

requires 4-6 weeks to fill, and an additional 4-8 Weeks to calibrate. The normal turn-around time varies due to seasonal logistics and
calibration queue.

Aluminum cylinder filled.

CO2 WMO scale NDIR RANGE 250-500 FPM

CO2 WMO scale NDIR RANGE 500-3000 PP

CH4 RANGE 1500-2000 FFB

CORANGE 40-300 FPE

Stable Isotopes of COZ2 [C13 & 018]

NZ20 RANGE 100-360 PFB, SF6 RANGE 1-10 PPT
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H, mixing ratios unstable in AL150 type

cylinders
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Observed H, stability depending on cylinder

type
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Dependence of standard stability on alloy
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Registered International
Designation
No. " [Date By Si Fe Cu Mn Mg Cr Ni Zn Ti
6061 |1954 USA 0.40-0.8 0.7 0.15-040| 0.15 0.8-1.2 | 0.04-0.35 0.25 0.15
2001 |1979 FRANCE 0.20 0.20 52-6.0 |0.15-050|0.20-045| 0.10 0.05 0.10 0.20
7060 |1986 FRANCE 015 0.20 18-26 0.20 1.3-21 |0.15-025 6.1-7.5 0.05



H, Monitoring Networks
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http://agage.eas.gatech.edu/images/Data_figures/

EuroHydros calibration activities:
Standard preparation by precise mixing of H, in
air

TN

2. H,free air

moles H,= (344.6 ul * 99226 Pa) / (297.87 K * 8314.5 (Pa* L/K*mol))
moles air = 639.7 g / (28.965 g/mol)
= [H,] = 625.6 ppb



Preparation of standard gases by precise mixing of H,,
In air
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Interfering factors for accuracy of standards

RGA response dependent
on oxygen content of gas:

peak height decreases

wit increasing O,

Hydrogen depletion by
diffusion into Valcon E
polymer

— no H, depletion with

Valcon M rotor



H, [ppb]

Non-linearity of RGA response function
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H, [ppb]
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Accuracy limits from sensors and
balances

abs. uncertainty result rel. uncertainty
Pressure 0.15 mbar 1000 mbar 0.015%
Temperature 0.1-0.2K 295 K 0.05%
Volume 0.2 344 ul 0.06%
Mass 0.1-0.2 g 200-600g 0.02-0.1%

single mixtures uncertainty: 0.1 - 0.3 % (~no of dilutions)

air mass

pressure

GE Druck DP1 142  Greising GTF175 Mettler AT261 Sartorius 8201-0CE



Accuracy of transfer of mixing ratios

period of preparation of 50 reference
mixtures: Sept-Nov 2008

variability of repeated analyis of 13 EuroHydros calibration
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H; [ppb]

Stability of RGA response Sept-Nov
2008
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CSIR094 scale — MPI12009 scale

Manufacturer Vol [I] Press [bar] Material standard filling date H, [ppb] H, MPI2009

Essex 35 60 SS 26.04.2007 135 139
Graeven 50 25 SS 13.02.2007 273 290
Graeven 27 25 SS 07.02.2007 399 416
Essex 35 60 SS 22.08.2004 456 471
Essex 35 60 SS 04.08.2004 492 508
Linde 50 200 SS 10.06.2003 512 529
Linde 50 200 Alu 22.11.2004 562 581
Linde 50 200 SS 22.02.2007 604 622
Essex 35 60 SS 10.12.2005 664 685
Graeven 50 25 SS 15.02.2007 730 753
Graeven 27 25 SS 07.02.2007 824 853
Graeven 50 25 SS 09.02.2007 935 971
Graeven 27 25 SS 05.04.2006 1183 1219

difference @ 500 ppb = 16 ppb



(CSIRO,NOAA) - MPI [ppb H,]

Scale comparison with CSIR094 and
NOAA2008
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Summary

* most common cylinders for trace gas standards H, usually
not suitable for H, standards

+ steel cylinders do generally not cause H, drifts, cylinders of o
aluminium alloys appear promising

« procedure to prepare reference gas mixtures with adequate
accuracy

» scale difference to NOAA2008 = 7 ppb

» scale difference to CSIRO = 17 ppb

« offsets have been stable to NOAA in 2008-2009 and in variot
longterm intercomparison exercises with CSIRO

= preconditions for coming to a common calibration scale
now fulfilled
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