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Introduction
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In recent years, concentrations of many atmospheric corn by

ponents have undergone rapid changes especially in asso
ation with human activitiesIncreases in concentrations of
greenhouse gases such as, s, N2O, and Chlorofluoro-
carbons (CFCs) in the atmosphere are typical examples, whic
have resulted from activities such as fossil fuel consumptior
agricultural revolutions, deforestation and refrigeration anc
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One frequently used method to collect air samples is th ® ooty om (6C)
filling of pre-evacuated sampling flasks with air samples ug| t-—~—=——===mmmmmm e -
to the ambient pressutén order to analyze air samples with Figure 1. A schematic diagram of the interface manifold construct
a gas chromatography system (GC), however, a pOSitivedgL;oer fhes;nglygscofaggc-fz, SFC?lla Caen@SNfr(c))mcga:kuc

pressure above the ambient pressure of the samples gamples. The manifold was constructed to transfer air samples left
required to flush the injection loop with air samples beforein the flask with sub-atmospheric pressure into the injection léop o
sample injection into the system. A frequently used techniGC system.
que is to connect a transfer pump between a sampling flask
and the injection loop of the GC systéiBome researchers Figure 1. It consists of a vacuum manifold with appropriate
fill up sampling flasks above ambient pressure with a pumgacuum gauges, a sampling bottle, the injection loop of the
in order to utilize this “excess” pressure to flush the injectionGC system, and a three-way valve connecting the vacuum
loop.” However, addition of the pump into the analysis line to the atmosphere. The principle of the step-wise opera-
procedure can introduce the possibility of contamination andion is shown in Figure 2. The interface system including the
also an excess usage of samples for the analysis. injection loop is first evacuated to vacuum (2a); a gas sample
We have developed a simple interface system to introducs expanded from the sample flask into the pre-evacuated
air samples in flasks with sub-ambient pressure into thénjection loop by opening the sample valve (2b); then, the
injection loop and to pressurize the samples to ambiendample in the injection loop under sub-atmospheric pressure
pressure without any contamination prior to their injectionis pressurized to the ambient pressure avoiding any contami-
into GC for analysis. The system has been successfully usetion by introducing the ambient air from the back through
to monitor the concentrations of CFC-12 and CFC-12, importhe 52 mL (1/8” O.D., 15 m) isolation coil by switching the
tant greenhouse gases and also ozone-depleting chérticalposition of the three-way valve (2c). The sample in the
in background air samples collected at Gosan, Jeju Island. injection loop, then, can be injected into a GC system for
this paper, we describe the essential attributes of the inteanalysis. The long isolation coil is essential for preventing
face system. any contamination of samples from intruding air.

Analytical Method Results and Discussion

The schematic diagram of the interface system is shown in System integration This interface system was assembled
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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"x 1/8” O.D. and a main column: 80/100 mesh Porasil-C
o column, 54"x 1/8” O.D.) maintained at 3ZC. When both CFC-11

air inlet and CFC-12 passed through the pre-column, the flow direction o
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
sampleg?

through the pre-column, the flow direction of the carrier gas

<Vacuum> <Sample> <Air> h ; . .
1< 100 mlorr EE703 730 Torr EEE oMb, oir in the pre—column was rgyersed while the f_Iow in the main
(vacuum) (omb. pressure) column was still maintaining the normal direction for the
< 760 Torr further separation by switching the system into a back-

Figure 2. A schematic diagram of the analytical method for CFC- flushing mode in order to maintain the columns clean from
12 and CFC-11 measurements from flask samples. The interfacether long-residing CFC compounds present in the samples.
system including the injection loop is first evacuated to vacuumAnd the typical chromatogram for CFC-12 and CFC-11 are
(2a), agas.sgmple is expanded frpm the sample flask into the prehown in Figure 3. Details of the GC system is further
evacuated injection loop by opening the sample valve (2b), therﬁescribed elsewhet@.

the sample in the injection loop with sub-atmospheric pressure is o .
pressurized to the ambient pressure avoiding any contamination by Validation of the system In order to validate the system

introducing the ambient air from the back through the 52 mL (1/g8"0peration, the initial test was carried out with a CFC-free
0.D., 15 m) isolation coil by switching the position of the three- clean air sample. The CFC-free clean air was prepared by
way valve (2c). passing the ambient air through the liquid nitrogen trap at
-195.8 °C. The test was conducted using samples with
with an ECD-GC system (HP5890 Series 1), which wasvarying pressure in the manifold and the results are shown in
developed for analyzing CFC-11 and CFC-12 in the airFigure 4. The figure clearly shows that the samples are not
samples and is shown in Figure 3. A P-5 gas (a mixture gasontaminated at all with the ambient air during the
of Ar 95% and CH 5%) at a flow rate of 25 mL/min was pressurizing step of the sample in the injection loop to the
used as a carrier gas for the GC system. CFC-11 and CFC-ahbient pressure as long as the initial sample pressure in the
were separated from other components by passing gasanifold is over 200 mmHg above vacuum.
samples through two Porasil-C columns (a pre-column: 80/ Precision and accuracy The precision of the analysis
100 mesh Porasil-C column, 1871/8" O.D. and a main was determined by repeated measurement of standard air
column: 80/100 mesh Porasil-C column, 341/8” O.D.) samples of known concentratiohhe overall precision of
maintained at 32C. When both CFC-11 and CFC-12 passedthe analysis was 0.4% for CFC-12 and 1.0% for CFC-11,
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Figure 4. A graph showing an effect of pressure about concent
rations of CFCs. It clearly shows that the samples are no
contaminated at all as long as the sample pressure in the manifo
is over 200 mmHg above vacuum.

mole)

respectively.

The standard for CFC-11 and CFC-12 used in the exper =
ment was prepared at the Scripps Institution of Oceanc £
graphy, according to the scale used for global monitoringf"
program, AGAGE (Weiss, SIO 1995 scafeYhe concent-
ration of the CFC-11 and CFC-12 in the standard air wa:55
267.17 pmole/mole and 523.53 pmole/mole, respectively.

In the actual analysis, one standard air sample was analy
ed for every 4 air samples to keep the accuracy of the da -
within the precision of the analysis. 200 M Lt PP —— vou

Application: Gosan, Jeju Island The system has been
used since 1995 to analyze CFC-11 and CFC-12 in 3-"teFi ure 6. Concentrations of CFC-12, CFC-11 from air samples
fla_sk samples, collected regularly_ once a W_eek at Gosalcoglllected in 3-liter glass flasks at Gosén station (1995. 1.-2008. 3)).
Jeju Island, a background monitoring station in Korea. Therhe results clearly show that the concentrations in the area are
flasks with samples in the atmospheric pressure were firshighly comparable to global average values for these gases in the
analyzed for C@with an NDIR analyzer and the rest of the mid-latitude Northern Hemisphere.
samples in the flask with sub-atmospheric pressure were
analyzed for CFC-11 and CFC-12 with the GC system. Thelean atmosphere characteristics.

CO; results at the Gosan Station, shown in Figure 5, clearly The CFC-11 and CFC-12 results are shown in Figure 6.
reveal that the air at the Jeju Island is typical of backgroundhe global average concentrations in the Northern Hemis-
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phere are also shown in the figure. The studies from globalupported by the BK21 Program.

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 1
1987 Montreal ProtocdIThe results in Figure 6 show that

the concentrations in the atmosphere near Jeju Island highlyp.
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 Kérea. 3

Conclusion
4.

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 gt
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. 7.
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