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Table 1. Sample data and calculations for five measurement cycles. These are the data from a single flask analysis. The flask was filled
from a NOAA/CMDL air mixture tank (CA04434) ([CO2] = 328.90 ppm) and run against our own primary NOAA/CMDL standard air
mixture tank (CA03893) ([CO2] = 365.13 ppm). The individual values of each sample measurement compared to its standard pair and
their respective (SDEV) values are shown in parentheses
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Figure 1. Description of the automated system.

a) Two-position 6-port valve controlling the flows of the system. Trapping position (solid lines)
and releasing position (dotted lines).

b) Pneumatically activated on/off microvalve controlling the flow of the NOAA/CMDL standard
air.

c) Pneumatically activated on/off microvalve controlling the flow of the sample air.
d) Pneumatically activated on/off microvalve controlling the vacuum.
e) Pneumatically activated on/off microvalve controlling the flow of compressed air to the

stainless steel non-rotating cylinder (i).
f) Ten-position valve controlling the sample flask to be analyzed.
g) Trapping loop 50 cm capillary tube (0.020” i.d., 1/32” o.d.).
h) Expansion chamber next to the pressure transducer (PT).
i) Stainless steel non-rotating cylinder that moves the trapping loop in and out of the liquid

nitrogen dewar (LN2).
j) 20-cm long Nafion drier with N2 as a drier in a countercurrent flow.

k) Gas chromatograph with a 25-m long capillary Poraplot Q column (10 �m i.d., 0.32 mm o.d.)
that separates CO2 from N2O at 40°C.

l) Delta S isotope ratio mass spectrometer with dual-inlet and continuous-flow setups.
PT) Pressure transducer (0–100 Torr) that measures the increase in pressure in the trapping

loop (g) and the expansion volume (h).
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Table 2. Test of accuracy. Results of CO2 concentration, �13C,
and �18O measurements of nine flasks filled from a NOAA
standard air tank (CAO 3893)
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Table 3. Determination of the accuracy of the system for
measuring CO2 concentration. Nine flasks were filled from three
different NOAA/CMDL standard air mixture tanks with different
CO2 concentrations. Flasks were analyzed using air from the
CA0389 tank as a standard
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Figure 2. Calculation of the standard deviation of a single
measurement of the isotope discrimination during
photosynthesis (C3 plant, � = 20�) by open flow gas
analysis9,10 as a function of the CO2 gradient. The errors of the
CO2 concentration, �18O and �13C used for these calculations
were 0.7 ppm and 0.05� for five replicates and 0.4 ppm and
0.3� for (the) ten replicates, respectively.

Figure 3. Diurnal changes in CO2 concentration, �13C, and
�18O of air samples collected above a tallgrass prairie canopy
in Oklahoma. The variations in CO2 concentration and �13C
primarily reflect variations in net photosynthesis (daytime) and
respiration interacting with a diurnally varying boundary layer.
The �18O of CO2 also reflects these processes, but with added
complications due to oxygen isotope exchanges with soil and
leaf water pools. This accounts for the phase lags between
�18O and both CO2 and �13C.
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