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A simple modification to a commercially available gas chromatograph isotope ratio mass
spectrometer (GC/IRMS) allows rapid and precise determination of the stable isotopes (*°C and
180) of CO, at ambient CO, concentrations. A sample loop was inserted downstream of the GC
injection port and used to introduce small volumes of air samples into the GC/IRMS. This procedure
does not require a cryofocusing step and significantly reduces the analysis time. The precisions for
6C and 60 of CO, at ambient concentration were +0.164 and +0.247%,, respectively. This
modified GC/IRMS was used to test the effects of storage on the %0 and C isotopic ratios of CO, at
ambient concentrations in four container types. On average, the change in the "*C-CO, and *0-CO,
ratios of samples after one week of storage in glass vials equipped with butyl rubber stoppers (Bellco
Glass Inc.) were depleted by 0.12 and by 0.20%o, respectively. The *C ratios in aluminum canisters
(Scotty II and IV, Scott Specialty Gasses) after one month of storage were depleted, on average, by
0.73 and 2.04%o, respectively, while the "0 ratios were depleted by 0.38 and 1.20% for the Scotty II
and IV, respectively. After a month of storage in electropolished containers (Summa canisters,
Biospheric Research Corporation), the >C-CO, and *0O-CO, ratios were depleted, on average, by 0.26
and enriched by 0.30%o, respectively, close to the precision of measurements. Samples were collected
at a mature hardwood forest for CO, concentration determination and isotopic analysis. A
comparison of CO, concentrations determined with an infrared gas analyzer and from sample
voltages, determined on the GC/IRMS concurrent with the isotopic analysis, indicated that CO,
concentrations can be determined reliably with the GC/IRMS technique. The **C and '®O ratios of
nighttime ecosystem-respired CO,, determined from the intercept of Keeling plots, were —26.11%o

(V-PDB) and —8.81%0 (V-PDB-CO,), respectively. Copyright (- 2002 John Wiley & Sons, Ltd.
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The increase in atmospheric CO, concentrations is expected
to cause significant changes in the global biosphere.! CO,
concentrations are monitored across the globe,” and the
results have been used to provide information on carbon
exchange between the biosphere and the atmosphere.
Despite decades of monitoring, the global CO, budget is
still not balanced.** More recently, measurements of the
stable isotopes of CO; have provided constraints on the
global carbon budget” and new insights on carbon
exchange processes at the regional® and global scale.”®
Traditionally, measurements of the stable isotopes of CO,
involve collection of large sample volumes (2.5 L)” in glass
containers followed by cryogenic extraction once trans-
ported back to the laboratory. Large sample collection in
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glass containers in the field is cumbersome and cryogenic
extraction of CO; is time-consuming. These shortfalls have
hampered collection of large data sets that are required to
resolve ecosystem responses to environmental factors at high
spatial and temporal resolution levels.”'"

By a simple modification to a commercially available gas
chromatograph isotope ratio mass spectrometer (GC/IRMS),
we are able to analyze small sample volumes (~mL) for *C-
and '"*0O-CO; ratios and avoid the cryofocusing step. Efforts
have been undertaken in several laboratories to determine
suitable containers for collection and storage of air samples
and to minimize sample processing time.”"""'> We used our
modified GC/IRMS to test the effect of four container types
and storage time on the C- and '0O-CO, ratios. The
application and usefulness of this technique is demonstrated
at an Ameriflux site in North Carolina, USA. The procedure
used here allows large sample numbers to be collected in the
field and analyzed rapidly in the laboratory.

Copyright ¢ 2002 John Wiley & Sons, Ltd.
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Figure 1. Schematic view of the continuous-flow gas chromatograph/isotope ratio
mass spectrometer system for measurements of 4'3C and 680 of CO, at ambient

CO, concentrations.

METHODS

The *C and *®0 of CO, were determined with a GC/IRMS
(GC: Hewlett Packard 5890 series II, IRMS: Finnigan Delta S)
operating in continuous-flow mode. The layout of the
GC/IRMS is shown in Fig. 1. We inserted a stainless steel
sample loop (volume: 40 pL) attached to a six-port zero-dead
volume Valco valve downstream of the injection port (Fig. 1).
The injector port has a split ratio of 1:20 (5% of the sample is
routed to the capillary column). By inserting the sample loop
downstream of the injection port, we were able to maximize
the volume of a sample injected into the capillary column
without affecting the integrity of the sample peak. The GC
was equipped with a Chromopack (Raritan, NJ, USA)
Poroplot Q column (27.5 m long with a 2.5 m particle trap)
to separate N,O from CO, and was operated at an oven
temperature of 25°C. After separation by the GC the effluent
was routed by using two three-port zero-dead volume Valco
valves to bypass the oxidation and reduction furnaces and
directed to an open split interface via a Nafion drier (Fig. 1).
It was necessary to bypass the furnaces as the '*0 of CO, was
significantly affected. Transfer of the GC effluent from the
open split to the MS was through a deactivated glass
capillary. Background H,O has a significant effect on the
precision of measurements of 3"*C by interfering with the
mass 45 signal from HCOJ ions generated in the ion source.
Because of the stickiness of the H,O molecules in the ion
source region, the column effluent was diverted at all times

Copyright «* 2002 John Wiley & Sons, Ltd.

during processing of a sample except when the reference and
sample peaks were measured.

The sequence of a sample run is as follows: initially, three
injections of the reference gas are made. The second injection
provides a stable value against which the isotopic values of
samples are calculated. A sample is then loaded into the
sample loop and after 5s, which allows for pressure
equilibration to occur, the valve is manually switched to
inject mode. The sample loop is flushed with 5 mL of sample
to ensure that no residual from the previous samples is
present. Ultra-high purity helium (>99.9999%) is used to
transfer the sample from the sample loop at a flow rate of
2 mL/min. At 3.5 min following the injection and 45 s before
the CO, peak, the open split interface is switched from
directing pure He into the IRMS to sample effluent. Twenty
seconds after the CO, peak is integrated, the open split is
redirected to flow He into the IRMS. The next sample is then
loaded into the sample loop, and the sequence restarted.

Isotopic ratios data are expressed relative to a known
reference as o (%o) deviations:

5 (%0) = 1000 [(Re/Ret) — 1]

where Ry, is the measured *C and O isotopic ratios of the
sample and Ry; is the defined B¢ and O isotopic ratios of
the reference. The 3'°C and 6'%0 values are reported relative
to V-PDB and V-PDB-CO, (CO, liberated from V-PBD
standard after acidification; PDB =Pee Dee Belenite), re-
spectively.
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Repeated Analysis of the
Same Working Standard

Figure 2. Repeated analysis of the same working standard
(CO, concentration of 369 ppm). (A) Mean and standard
deviation of the sample voltage were 1.771 £ 0.014 V. (B)
Mean and standard deviation of the sample 4'3C-CO, were
—8.418%0 + 0.164. (C) Mean and standard deviation of the
sample 6'30-CO, were —1.112%» + 0.247.

Samples from a tank of ultra-pure air (scrubbed of water
vapor, Scott Marin Inc., Riverside, CA, USA) at a CO»
concentration of 369 ppm were loaded into four types of pre-
evacuated containers (<50 mTorr), and analyzed immedi-
ately for ’C and '"O-CO, as described below. The first type
of containers used were borosilicate glass vials (volume 0.12
L, Fisher Scientific, cat# 06-406) equipped with butyl rubber
stoppers (Bellco Glass, Inc., Vineland, NJ, USA, cat# 2048-
11800). The second and third types of containers used were
aluminum cylinders (Scotty Il and IV, Scott Specialty Gasses,
Plumsteadville, PA, USA) with volumes of 0.86 and 2.30 L,
respectively. The fourth type of containers used were 0.80-L

Copyright © 2002 John Wiley & Sons, Ltd.
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Figure 3. Mean (n = 3) and standard deviation of the (A) 6'3C-
CO, and (B) 6'®0-CO, ratios of CO, samples stored in glass
vials at day O (open circles) and day 7 (closed circles).

electropolished stainless steel canisters (Summa canisters,
Biospheric Research Corporation, Hillsboro, OR, USA). The
borosilicate glass vials were pressurized to 15 psi above
ambient, while the aluminum and stainless steel containers
were pressurized to 32 psi above ambient. Because previous
investigations with glass vials have shown significant
changes in the 3'0-CO, after a 24-h storage period,'” we
only tested the storage effect on CO, isotopic ratio in the
glass vials after 1 week. The storage effect on the CO;
isotopic ratios for the Scotty canisters were tested after 1
week and 1 month, while changes in the CO, isotopic ratios
in the Summa canisters were examined after 1 month of
storage.

The application of the modified GC/IRMS was tested with
canopy air samples collected on June 11, 2001, in a mature
hardwood forest in Durham, NC, USA. Nighttime samples
were collected at 0, 0.5, 2, 9, 20 and 40 m through PFT tubing
with a bellows pump to pressurize pre-evacuated Summa
canisters to 32 psi above ambient. An in-line magnesium
perchlorate trap was used to remove moisture, prior to
introducing the samples into the containers. Samples were
returned to the laboratory at the Florida State University and
analyzed for 3¢, 0-CO, and CO, concentrations. CO»
concentrations were determined on the IRMS from sample
voltage by using a calibration curve concentrations vs.
voltage, and compared to concentrations measured with an

Rapid Commun. Mass Spectrom. 2002; 16: 1398-1403
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Figure 4. Mean (n = 2) deviation for (A) 6'3C-CO, and (B)
3'80-CO;, ratios of CO, samples stored in Scotty Il containers
at day O (open bars), day 7 (medium hatch), and 30 days (fine
hatch).

infrared gas analyzer (LiCor 6200; Lincoln, NE, USA). The
C and 'O signatures of nighttime respired CO, were
determined from the intercept of regression of the isotopic
values against the reciprocal of their respective CO,
concentrations."

RESULTS AND DISCUSSION

The reproducibility of the voltage and the precision of the
measurements for °C and '®O were determined by multiple
injections of a working laboratory standard. The standard
deviations for the voltage and °C and O measurements
(n=21) were +0.014V, +0.164%. and +0.247%. (Fig. 2),
respectively, leading to 95% confidence intervals of +0.075%
and £0.113%o, similar to that obtained in a leading laboratory
40.041 and £0.056%0.° Ehleringer and Cook (1998), however,
used an automated gas condensing trap as a means of
introducing the CO, that had been frozen from the air
sample into the GC/IRMS.’ In our procedure, we do not use
a gas condensing device, which might be responsible for our
slightly lower precision.

The precision achieved with our procedure is much lower
than that achieved by on-line CO, extraction followed by
IRMS detection, which is in the order of 0.01%."* The 0.01%,
precision is required for global monitoring of atmospheric

Copyright «; 2002 John Wiley & Sons, Ltd.
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Figure 5. Mean (n = 2) deviation for (A) 6'3C-COQ, and (B)
8'80-CO, ratios of CO, samples stored in Scotty IV containers
at day 0 (open bars), day 7 (medium hatch), and 30 days (fine
hatch).

13C-CO,, which exhibits an annual change of ~0.02%,.5
Our precision is adequate for monitoring the stable isotopes
of CO,, for example, in forest canopies, where at nighttime a
range of a few%o in the 313C- and 8180-CO, are measured,”*™
(this study) far greater than the precision of our measure-
ments.

After 1 week of sample storage in glass vials (n=7), °C
ratios were depleted, on average, by —0.12%, with a range of
0.03 to —0.30%o (Fig. 3(A)). The variability for the '*O ratios
was greater than that for the "*C (mean = —0.2%o with a range
of 0.00 to —0.6%, Fig. 3(B)). Nelson'? used glass vials to store
samples at CO, concentrations of 0.5 and 1% in He, and
observed a significant drift after 1 day of storage for 4'°0
(=1.36%0). Nelson'? suggested that the glass, the septa, or
absorbed water on the glass surface altered the CO; isotopic
composition. Revesz and Coplen'' noted that the type of O-
ring used could affect the 'O isotopic ratios. Ehleringer and
Cook” used 100-mL glass containers to determine the *C
and 'O isotopic ratios of samples collected in the field. By
avoiding direct contact of the air sample with the O-ring they
were able to store the sample for up to 10-29 days with a
change of 0.06 and —0.18%. for >C and 'O, respectively.
Small-volume glass vials with the stoppers used in this
study can be especially useful for collecting samples from
soil chamber incubations used for determining the isotopic
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