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Introduction

In recent years, concentrations of many atmospheric com-
ponents have undergone rapid changes especially in associ-
ation with human activities.1 Increases in concentrations of
greenhouse gases such as CO2, CH4, N2O, and Chlorofluoro-
carbons (CFCs) in the atmosphere are typical examples, which
have resulted from activities such as fossil fuel consumption,
agricultural revolutions, deforestation and refrigeration and
air conditioning industries. Considering the importance of
these changes on the global climate, much effort to continu-
ously monitor these gases has been expanded worldwide.2-4

An important operating mode of many continuous monitor-
ing stations is the collection of air samples in the field and
their delivery to laboratories for analysis. 

One frequently used method to collect air samples is the
filling of pre-evacuated sampling flasks with air samples up
to the ambient pressure.5 In order to analyze air samples with
a gas chromatography system (GC), however, a positive
pressure above the ambient pressure of the samples is
required to flush the injection loop with air samples before
sample injection into the system. A frequently used techni-
que is to connect a transfer pump between a sampling flask
and the injection loop of the GC system.6 Some researchers
fill up sampling flasks above ambient pressure with a pump
in order to utilize this “excess” pressure to flush the injection
loop.7 However, addition of the pump into the analysis
procedure can introduce the possibility of contamination and
also an excess usage of samples for the analysis. 

We have developed a simple interface system to introduce
air samples in flasks with sub-ambient pressure into the
injection loop and to pressurize the samples to ambient
pressure without any contamination prior to their injection
into GC for analysis. The system has been successfully used
to monitor the concentrations of CFC-12 and CFC-12, impor-
tant greenhouse gases and also ozone-depleting chemicals8,9

in background air samples collected at Gosan, Jeju Island. In
this paper, we describe the essential attributes of the inter-
face system.

Analytical Method

The schematic diagram of the interface system is shown in

Figure 1. It consists of a vacuum manifold with appropriate
vacuum gauges, a sampling bottle, the injection loop of the
GC system, and a three-way valve connecting the vacuum
line to the atmosphere. The principle of the step-wise opera-
tion is shown in Figure 2. The interface system including the
injection loop is first evacuated to vacuum (2a); a gas sample
is expanded from the sample flask into the pre-evacuated
injection loop by opening the sample valve (2b); then, the
sample in the injection loop under sub-atmospheric pressure
is pressurized to the ambient pressure avoiding any contami-
nation by introducing the ambient air from the back through
the 52 mL (1/8” O.D., 15 m) isolation coil by switching the
position of the three-way valve (2c). The sample in the
injection loop, then, can be injected into a GC system for
analysis. The long isolation coil is essential for preventing
any contamination of samples from intruding air.

Results and Discussion

System integration. This interface system was assembled

Figure 1. A schematic diagram of the interface manifold construct-
ed for the analysis of CFC-12, CFC-11 and N2O from flask
samples. The manifold was constructed to transfer air samples left
in the flask with sub-atmospheric pressure into the injection loop of
GC system.
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with an ECD-GC system (HP5890 Series II), which was
developed for analyzing CFC-11 and CFC-12 in the air
samples and is shown in Figure 3. A P-5 gas (a mixture gas
of Ar 95% and CH4 5%) at a flow rate of 25 mL/min was
used as a carrier gas for the GC system. CFC-11 and CFC-12
were separated from other components by passing gas
samples through two Porasil-C columns (a pre-column: 80/
100 mesh Porasil-C column, 18”× 1/8” O.D. and a main
column: 80/100 mesh Porasil-C column, 54”× 1/8” O.D.)
maintained at 32 oC. When both CFC-11 and CFC-12 passed

through the pre-column, the flow direction of the carrier gas
in the pre-column was reversed while the flow in the main
column was still maintaining the normal direction for the
further separation by switching the system into a back-
flushing mode in order to maintain the columns clean from
other long-residing CFC compounds present in the samples.
And the typical chromatogram for CFC-12 and CFC-11 are
shown in Figure 3. Details of the GC system is further
described elsewhere.10

Validation of the system. In order to validate the system
operation, the initial test was carried out with a CFC-free
clean air sample. The CFC-free clean air was prepared by
passing the ambient air through the liquid nitrogen trap at
−195.8 oC. The test was conducted using samples with
varying pressure in the manifold and the results are shown in
Figure 4. The figure clearly shows that the samples are not
contaminated at all with the ambient air during the
pressurizing step of the sample in the injection loop to the
ambient pressure as long as the initial sample pressure in the
manifold is over 200 mmHg above vacuum.

Precision and accuracy. The precision of the analysis
was determined by repeated measurement of standard air
samples of known concentration. The overall precision of
the analysis was 0.4% for CFC-12 and 1.0% for CFC-11,

Figure 2. A schematic diagram of the analytical method for CFC-
12 and CFC-11 measurements from flask samples. The interface
system including the injection loop is first evacuated to vacuum
(2a), a gas sample is expanded from the sample flask into the pre-
evacuated injection loop by opening the sample valve (2b), then,
the sample in the injection loop with sub-atmospheric pressure is
pressurized to the ambient pressure avoiding any contamination by
introducing the ambient air from the back through the 52 mL (1/8"
O.D., 15 m) isolation coil by switching the position of the three-
way valve (2c).

Figure 3. A schematic diagram of ECD-GC system with a typical
chromatogram. CFC-11 and CFC-12 were separated by two
Porasil-C columns (a pre-column: 80/100 mesh Porasil-C column,
18” × 1/8” O.D. and a main column: 80/100 mesh Porasil-C
column, 54”× 1/8” O.D.) maintained at 32 oC. When both CFC-11
and CFC-12 passed through the pre-column, the flow direction of
the carrier gas in the pre-column was reversed by switching the
system into a back-flushing mode in order to maintain the columns
clean from other long-residing CFC compounds present in the
samples.10
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respectively.
The standard for CFC-11 and CFC-12 used in the experi-

ment was prepared at the Scripps Institution of Oceano-
graphy, according to the scale used for global monitoring
program, AGAGE (Weiss, SIO 1995 scale).11 The concent-
ration of the CFC-11 and CFC-12 in the standard air was
267.17 pmole/mole and 523.53 pmole/mole, respectively. 

In the actual analysis, one standard air sample was analyz-
ed for every 4 air samples to keep the accuracy of the data
within the precision of the analysis.

Application: Gosan, Jeju Island. The system has been
used since 1995 to analyze CFC-11 and CFC-12 in 3-liter
flask samples, collected regularly once a week at Gosan,
Jeju Island, a background monitoring station in Korea. The
flasks with samples in the atmospheric pressure were first
analyzed for CO2 with an NDIR analyzer and the rest of the
samples in the flask with sub-atmospheric pressure were
analyzed for CFC-11 and CFC-12 with the GC system. The
CO2 results at the Gosan Station, shown in Figure 5, clearly
reveal that the air at the Jeju Island is typical of background

clean atmosphere characteristics. 
The CFC-11 and CFC-12 results are shown in Figure 6.

The global average concentrations in the Northern Hemis-

Figure 4. A graph showing an effect of pressure about concent-
rations of CFCs. It clearly shows that the samples are not
contaminated at all as long as the sample pressure in the manifold
is over 200 mmHg above vacuum.

Figure 5. Concentrations of atmospheric CO2 at Gosan Station,
Jeju Island.

Figure 6. Concentrations of CFC-12, CFC-11 from air samples
collected in 3-liter glass flasks at Gosan station (1995. 1.-2000. 3.).
The results clearly show that the concentrations in the area are
highly comparable to global average values for these gases in the
mid-latitude Northern Hemisphere.
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phere are also shown in the figure. The studies from global
monitoring networks show that the increase rate of CFC-11
and CFC-12 concentrations in the clean atmosphere has
been reduced markedly in recent years especially since the
initiation of global reduction campaign according to the
1987 Montreal Protocol.9 The results in Figure 6 show that
the concentrations in the atmosphere near Jeju Island highly
comparable to the global average values in the mid-latitude
Northern Hemisphere, further showing that Jeju Island may
serve as a background monitoring station in Korea.4

Conclusion

An interface for a GC system was developed in order to
analyze gas samples in sampling flasks with sub-atmos-
pheric pressure and was applied successfully to monitor
important greenhouse gases such as CFC-11 and CFC-12 at
Gosan, Jeju Island. This interface system can be applied to
any GC system and thus could be useful to monitor many
other important components in the atmosphere. 

Acknowledgment. We would like to express our sincere
appreciation to Prof. Ray Weiss at the Scripps Institution of
Oceanography for many useful discussions and also for help
in preparing standards for CFC measurements. We also
thank members of the Gosan High Altitude Radar Obser-
vation Station, Jeju Island, for collecting air samples during
the study. This work was supported in part by the Ministry of
Science and Technology Program (Research and Develop-
ment on Technology for Global Warming Monitoring and
Prediction), “The Development of a Greenhouse Obser-
vation System in Korea”. One of authors (Park, M.-K.) was

supported by the BK21 Program. 

References

  1. IPCC Third Assessment Report: Climate Change; Cam-
bridge University Press: 2001.

  2. Climate Monitoring and Diagnostics Laboratory Sum-
mary Report No. 25; U.S. Department of Commerce
National Oceanic and Atmospheric Administration Oce-
anic and Atmospheric Research: 1999.

  3. Jansen, H. G.; Meijer, H. A. J.; Plich, J. v.d.; Mook, W. G.
CIO Scientific Report 1995-1997; 1997.

  4. WMO WDCGG DATA REPORT; Japan Meteorological
Agency in co-operation with World Meteorological Orga-
nization: 2000.

  5. Keeling, C. D.; Harris, T. B.; Wilkins, E. M. J. Geophys.
Res. 1968, 73, 4511.

  6. Komhyr, W. D.; Gammon, R. H.; Harris, T. B.; Waterman,
L. S.; Conway, T. J.; Tayor, W. R.; Thoning, K. W. J. Geo-
phys. Res. 1985, 90, 5567. 

  7. Climate Monitoring and Diagnostics Laboratory HATS
flask sampling program; U.S. Department of Commerce
National Oceanic and Atmospheric Administration Oce-
anic and Atmospheric Research: 2001.

  8. Kim, K.-R.; Lee, G. Chemworld 1997, 37(7), 51.
  9. WMO Global Ozone Research and Monitoring Project-

Report No.44; Switzerland World Meteorological Organi-
zation: 1999.

10. Kim, K.-R.; Min, D.-H.; Park, M.-K.; Kim, E.-H.; Choi,
S.-H.; Cho, H.-M.; Nam, J.-C. Journal of Korea Air Pollu-
tion Research Association 1994, 10, 41.

11. Trivett, N.; Racki, M. WMO Manual 1995.


