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Abstract

Korea Global Atmosphere Watch Center (KGAWC), which is located in Anmyeondo and, belongs to the Korea
Meteorological Administration (KMA), measures sulfur hexafluoride (SFg) in every hour since 2007. In this study,

Sk, observed in 2007 are discussed.

A gas chromatograph-electron capture detector (GC-ECD) with pre-cooled device is applied during the observa-
tion, and produced data are qualified by means of periodic calibration with SFg standard gas made by Korea Research

Ingtitute of Standard and Science (KRISS).

Sk, has been greatly paid attention since Kyoto protocol because of its high global warming potential (GWP) with
22,200 times of CO, in the period of 100 years. It is a man-made compound and has been usually used for gasinsula-
tion since 1970s and for etching process in the information technol ogy-based industry since 1990.

Average mixing ratio of SF; in 2007 was 6.65 pmol/mol at Anmyeondo. According to the GAW report published
in 2008, average mixing ratio of SF, in the atmosphere is continuously growing. At present, the average mixing ratio
of Sk in the atmosphere is known to be approximately 6.25 pmol/mol at global observatory. SF; value in Anmyeondo
shows 0.40 pmol/mol greater than that of the Mauna L oa observatory in 2007.
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Table 1. Chemically reactive greenhouse gases and their precursors: abundances, trends, budgets, lifetimes, and
GWPs (IPCC, 2001).

Abundance®ppt  Trend ppt/yr®  Annual emission Life-time

Chemical species Formula 100-yr GWP°
1998 1750 1990s late 90s (yr)

Methane CH, (ppb) 1745 700 7.0 600 Tg 8.4/12° 23
Nitrous oxide N,O (ppb) 314 270 0.8 16.4 TgN 120/114° 296
Perfluoromethane CF, 80 40 1.0 ~15Gg > 50000 5700
Perfluoroethane C,Fs 30 0 0.08 ~2Gg 10000 11900
Sulphur hexafluoride ~ SFg 42 0 0.24 ~6Gg 3200 22200
HFC-23 CHF; 14 0 0.55 ~7Gg 260 12000
HFC-134a CF,CH,F 75 0 20 ~25Gg 138 1300
HFC-152a CH;CHF, 0.5 0 0.1 ~4Gg 1.40 120
Important greenhouse halocarbons under Montreal Protocol and its Amendments
CFC-11 CFCly 268 0 -14 45 4600
CFC-12 CF.Cl, 533 0 44 100 10600
CFC-13 CRCl 4 0 0.1 640 14000
CFC-113 CF,CICFCI, 84 0 0.0 85 6000
CFC-114 CF,CICF.CI 15 0 <05 300 9800
CFC-115 CF,CF.Cl 7 0 0.4 1700 7200
Carbon tetrachloride  CCl, 102 0 -10 35 1800
Methyl chloroform CH4CCl, 69 0 -14 4.8 140
HCFC-22 CHF.CI 132 0 5 11.9 1700
HCFC-141b CH4CFCl, 10 0 2 9.3 700
HCFC-142b CH4CF,Cl 11 0 1 19 2400
Halon-1211 CF,CIBr 38 0 0.2 11 1300
Halon-1301 CF;Br 25 0 0.1 65 6900
Halon-2402 CF,BrCF,Br 0.45 0 ~0 <20
Other chemically active gases dirctly or indirectly affecting radiative forcing
Tropospheric ozone 0;(DU) 34 25 ? see text 0.01~0.05 -
Tropospheric NO, NO+NO, 5~999 ? ? ~52TgN <0.01~0.03 -
Carbon monoxide CO (pph)¢ 80 ? 6 ~2800Tg 0.08~0.25 d
Stratospheric water H,O (ppm) 3~6 3~5 ? see text 1~6 -

3All abundances are tropospheric molar mixing ratios in ppt (10*%) and trends are in ppt/yr unless superseded by units on line (ppb=10"°, ppm=10").
Where possible, the 1998 values are global, annual averages and the trends are calculated for 1996 to 1998.

bGWPs are from Chapter 6 of this report and refer to the 100-year horizon values.

“Species with chemical feedbacks that change the duration of the atmospheric response; global mean atmospheric lifetime(LT) is given first followed by
perturbation lifetime (PT). Values are taken from the SAR (Schimel et al., 1996; Prather et al., 1995) updated with WM 098 (Kurylo and Rodriguez, 1999;
Prinn and Zander, 1999) and new OH-scaling, see text. Uncertainties in lifetimes have not changed substantially since the SAR.

dCO trend is very sensitive to the time period chosen. The value listed for 1996 to 1998, +6 ppblyr, is driven by a large increase during 1998. For the
period 1991 to 1999, the CO trend was —0.6 ppb/yr. CO is an indirect greenhouse gas: for comparison with CH,, see this chapter; for GWP, see Chapter 6.
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Fig. 1. Location of KGAWC in Anmyeondo.
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Table 2. Efficiency evaluation of 10 nmol/mol SF4 standard
gas by GC-ECD.

No. MKO0714 MK0722 MKO0714

1 10626.6 10852.8 10621.3

2 10622.9 10861.3 10638.8

3 10616.5 10852.1 10625.5

4 10607.0 10842.5 10620.9

5 10608.5 10841.3 10620.1

6 10608.1 10842.2 10618.4
Average 10618.0 10848.7 10624.2
Standard deviation 5.6 8.0 75
%RSD 0.05 0.07 0.07
Sensitivity 1121.2 1120.7 1121.9
Concentration 9.47 9.68 9.47
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Fig. 4. Analysis Diagram of the monitoring greenhouse gases at KGAWC (The inlet height is 86 m MSL).
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Table 3. The result of measurement reproducibility.

KRISS Sample CMDL
standard gas standard gas

1 56836.7 32487.9 25996.1

2 56755.1 32660.4 25801.5

3 56928.1 32414.6 25819.9

4 56946.6 32375.7 -
Average 56866.6 32484.7 25872.5
Standard deviation 88.52 126.1 107.4
%RSD 0.16 0.39 0.42
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Cylinder number YAO01092 PC6081 ALMXO067912

iz
At

971 & 2007 SE33 HT

Ay
o,

A3}

7, 7] F SR =
Mz ZHd £05%c]He] ANAAFS
et 2E]ar o]wWe] F&3HAE 0.015 pmol/mol o]
ek wetA d7)s= aF0] SKRE
A}g-8te] GC-ECD= =A% W +0.5% ojuje] =)
23 (k=1)= /1S & 4 Aok

FE2AAE o)galAl FHH Sk BA Al ¢F 0.02
pmol/mol®] ZHZ&3HAE Yepigich wety w53
A% ol g el Mol of 2009 A=
&gk =7t A E s

= FEN| &l w2 GC-ECDe] zt= wi®
5 17] $]8] Cylinder Number PC6081&- A}-g-3}ef o}

%<l <F 6 pmol/mole]

e Belg o 5 g

[e]
FEAEE

A}

-
ru

2 zAe 2As stu 2A|7H 53 103 15
B, 208, 0% o2 da)ste) A AE 1% 6
o] vheh st

=273} GC-ECDel|A4] pmol/mol 4~5&2] SF:=
ZA)7be) wEkA 7hxe] W3k} R?=0.9998872] Ab

HAE AL vzd el HAE depe
A 5HA7te] oI5 o B 7H=e) pek
2 dL 4= glor) 71 A zb w= 7)7]9) drifty}
Y 5 Qoma, HeAzk el 4h3 e

A= EA7he s oF d=d), 7+ A7k 2] 7F
=9 7 w9 HE3HAE v B3-S o 108 A=
sE3te] BA At s 9k

oeke s RSl §9, A8 E, BT, 2
A, A% gk A% 5o Age Agen sYHE
= Alelste] W7 F SR AEAE 7R 4

gt

2.2.5 7}~ IZOIET=O| B U HE
GC-ECDZ o]g43}ed SFeE EA ) slolM &3}

20000

16000
2
S 12000
B
g 800

4000 y=1.1876799x%+537.3958370x — 18.1644330
R?=0.9998887
0 i i
0 5 0 15 20 25 30 35

Enrichment time

Fig. 6. The Sensitivity of SFs depended on the enrichment
time by GC-ECD.
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Item Condition
Detector/Temp ECD/375°C
Column Activated alumina F1 4 m, 80/100, 1/8”ss
Oven temp 35°C—180°C
Sample glow 100 mL/min
Valve temp 100°C
Carrier gas/Flow CH, 5%/Ar 95%/28 mL/min (aux4:39 psi)
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Fig. 7. Test of reproducibility.
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Table 5. Statistics on the measurement.

Site Factor Data
Total number 5,518
Hourly average 7.77 pmol/mol
Anmyeondo Standard deviation 4.09 pmol/mol
Maximum 53.03 pmol/mol
Minimum 4.58 pmol/mol
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Fig. 8. Frequency of Atmospheric SFg concentration clas-
sified.

%2007 43 24 A% R 54 9

2t 10pmol/mol o] Ake] =71 AA| A=) 10% o]
e AA s Aoz ekt
SFe7} 10pmol/mol o]4}e] 1swHb == A}
o BAE dolus] dAste] Fgol 22
Tz e usteh vlmel AHeE F de
KGAWCS] 40m Z+Ze} Abchel] A% A}E7
Z] (AWS; Auto Weather System) 2] A7+ L&
#3495 (23) 9).
T3 9o B oF 4 glxe] Aoz Fapo

HEE 52 5% ALY $As M | SR 1

e

L el

)

O,

Q‘t_fﬂr-lm
o o o

]
]

i
-

£

Table 6. Frequency of Atmospheric SFg concentration

classified.
Condition Number Percent
6.700 under 3,028 54.89
6.7~9.999 1,889 34.25
10~14.999 355 6.44
15~19.999 138 2.50
20~24.999 48 0.87
25~29.999 30 0.54
30~34.999 9 0.16
35~39.999 7 0.13
40~ 44.999 4 0.07
45 over 8 0.15
Total 5,518 100
Mode 6.156 pmol/mol

e SF; 2007 vsWD

Fig. 9. Distribution of Atmospheric SFg concentration
and Wind direction.
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KGAWC in 2007.
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Fig. 11. Time series of hourly Atmospheric SFs concentra-
tion at KGAWC in 2007.
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Fig. 12. Time series of daily mean Atmospheric SFg con-
centration at KGAWC in 2007.
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Table 7. Monthly mean concentration of atmospheric SFg

in 2007. (unit: pmol/moal)
Month Before QA/QC After QA/QC
Jan 6.77 -
Feb 7.01 -
Mar 6.99 6.37
Apr 6.39 6.34
May 6.46 6.34
Jun 7.68 6.80
Jul 7.04 6.66
Aug 6.66 6.39
Sep 9.13 6.78
Oct 9.09 7.06
Nov 8.42 6.86
Dec 10.31 6.91
Annua 7.77 6.65

QA/QC: Quality Assurance/Quality Control

Table 8. Seasonal mean concentration of atmospheric

SFg in 2007. (unit : pmol/mol)

Season Before QA/QC After QA/QC
Winter 8.95 6.91
Spring 6.60 6.35
Summer 7.04 6.62
Autumn 8.86 6.90
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Fig. 13. Selected daily averages of Atmospheric SFg con-
centration at KGAWC.

The symbol “ @ denotes that the data from the station has been updated in the last 365 days.

Fig. 14. Global atmosphere watch network of SFg observation (WDCGG).
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Fig. 15. Distribution of atmospheric SFg concentrations at
anmyeondo in 2007 (a) and schauinland in Germany
in 2007 (b) provided by WDCGG.
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Fig. 16. Distribution of atmospheric SF; concentrations at
Mauna Loa in Hawaii (a) and South Pole in Antarc-
tica (b) (WDCGG).
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Table 9. Atmospheric SFg concentrations at mauna loa in
Hawaii, South Pole in antarctica, schauinsland in
Germany and KGAWC (WDCGG).

(Unit: pmol/mol)

Month Regional station Global station
o KGAWC Schauvinsand Maunaloa South pole

Jan - 6.43 6.10 5.86
Feb - 6.50 6.13 5.87
Mar 6.37 6.74 6.10 5.90
Apr 6.34 7.10 - 5.93
May 6.34 6.65 6.17 594
Jun 6.80 6.67 6.19 5.97
Jul 6.66 6.63 6.21 6.00
Aug 6.39 6.94 6.27 6.02
Sep 6.78 6.81 6.34 6.04
Oct 7.06 7.42 6.40 6.07
Nov 6.86 6.91 6.38 6.08
Dec 6.91 6.69 6.42 6.10
Annual 6.65 6.79 6.25 5.98
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