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Gas Scale range
GO, NIES-09 340 — 450ppm
CH, NIES-94 1.2 — 2.5ppm
N,O NIES-96 250 — 400ppb
CO NIES—09 0 — 5000ppb
H, NIES-02 400 — 700ppb
SF, NIES-01 3-16ppb
Halocarbon testing Sub ppb
Isotopes NARCIS- I , NARCIS-II —8.5 per mil, 1.95 per mil
O, NIES-GPT/SRP35 0 — 180ppb
Oxygen trying

NO NIES-04 100ppm/200ppb
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NIES 95 CO, Scale

Pure COZmEI

Parent .
2 o

Daughter

Gravimetric 3-step dilution

320,330,340,350,360,370,380,390ppm
for atmospheric CO,

250,470ppm

for oceanic pC02 (Machida et al.[2009], WMO report 186.)

4th WMO Round Robin: 0Oct-25-2007 version

0_2_<---|>---|----|-->-|----|--<-|----|-III
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Grand- & &

Daughters
~350ppm

D
.

Differences from NOAA [ppm]
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0.3 |

—m=NIES 95 scale |

350
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355 360 365 370 375 380 385 390
C0, by NOAA [ppm]

Courtesy of Lingxi ZHOU




Reproducibility of Gravimetric 3-step Dilution

1.0

0.8 -

0.6 |

0.2

2

» Effect from water vapor and dust particles during weighing.
»Each ground daughter is not independent.

OOP

0.0 |

delta CO_ (Grav.-NIES95; ppm)
o
N

-0.2

320

340 360 380 400
CO2 In 95scale (ppm)




Dilution Method

100mL-flask

L
T

10L-cylinder

Wo

"

»Reduce the effect from water vapor and dust particles.
»Each ground daughter is independent.

8

Vacuum

N

Diluent air

Tohjima et al.[2006],WMO Report 168




Toward the New CO, Scale

10 of gravimetric one-step dilution cylinders
(in 2007)

460 —————

440 |

420 |

400 |

380 |

NDIR Response [ppm]

360 ©
340 [ o
1 0.05

T ¢ e e

[wdd]sjenpisal

005
340 360 380 400 420 440 460
Gravimetric value [ppm]
Good correlation in 8 independent cylinders.
-> Confirm reproducibility of gravimetric one-step dilution

—> Candidate for New CO, Scale.

250,340,360,380,390,400,410,430,450,530ppm
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CO, Drift in Aluminum Cylinders

One-step gravimetric

values were transferred
11 to old stable cylinders

L - just after manufactured.

one-step cylinder old cylinder
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ACO_ (ppm)

Stabillity of Old Cylinders

0.10 —
| ==msgpm== CPB29523 (340ppm)
—8— CPB29527 (360ppm)
==afudum= CPB29529 (380ppim)
- —— CPB29530 (390ppm)
0.05 | ] mmmmimmm= (CPB2953]1 (400ppm)
i —— CPB29532 (41 Oppm)
seesirmm= CPB29534 (430ppm)
—4— CPB29535 (450ppm)
0.00 | 8
-0.05 | =
We employed the values of one-step dilution cylinders
I as NIES 09 CO2 scale
-0.10 : ‘ '

2007/4 2007/6 2007/8 2007/10 2007/12 2008/2 2008/4

Date

Rather stable in these 12 months.
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A4—)LeRET NIES 09 CO, scale
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0.05 |

09 scale - 95 scale [ppm]

0.00 |
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320 340 360 380 400
NIES 95 scale [ppm]

Cge=8.9015 X 105C4:2+0.935031C+11.891
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watertrap

compressed air
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when comparison with other scale,

Isotope Effect on NDIR should be considered.
Tohjima et al.[2009],J.G.R.

One example of LI-COR filter.

L 0

g 1 — Filter Transmitatnce
‘Tcu 11077 - 12C1602
L { ——13C1602
> - 0.2
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17
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NDIR response of 13CO,

2500 - . - I - | ' ]
4012
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COz mole fraction (ppm)

Very small output for 13CO,-in-air gas 18



Apparent signal difference in different 613C

Apparent CO, difference between 813C=-32%0 and -8%o

AX® {ppm)

-0.02
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340

360

380
CO, (ppm)

400

Our NDIR for
standard gases

420

Tohjima et al.[2009],J.G.R.
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Difference between NIES 09 and NOAA-X2007

0.10 —
ﬁ ® Cucumber (Jan. 2008)

= O B Cucumber (Feb. 2009)
c -
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o 0.00 | . n
=
< § ®

_005 ! L ! [ ! [ ! R R R R ! L L ! !

360 370 380 390 400
NIES 09 COz2 scale [ppm]
Courtesy of Andrew Manning
+007ppm around 36Oppm and Armin Jordan

Compatible in 380-400ppm 20



Conclusion

Gravimetric CO,, CH,, N,O, SF,, CO and H,
Primary — Secondary — Working
Interaction from inner surface of the cylinder

One-step dilution method
—->NIES 09 CO, scale

Substantial Difference from other Scales

|Isotope Effect on NDIR
—>also on Cavity Ring-Down Spectroscopy
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