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Abstract

Volatile organic compounds (VOCs) are representative air pollutants due to their detrimental effects on human
health and their role in formation of secondary organic aerosols. Assessments and monitoring programs of VOCs
using periodic grab sampling like Tedlar bags, canisters, and sorbent traps provide limited information, often with
delay times of days or weeks. Selected ion flow tube mass spectrometry (SIFT-MS) is an emerging analytical
technique for the real-time quantification of VOCs in air. It relies on chemical ionization of the VOCs molecules in
air introduced into helium carrier gas using H;O*, NO*, and O," precursor ions. Real-time monitoring method of
60 VOCs in the ambient air was developed using TO-15 standard gas mixture. Calibration curves, method
detection limit, and quantitation reproducibility of the target compounds were tested. Dynamic dilution system was
used to dilute standard gas from 0.174 ppbv to 100 ppbv, where calibration curves showed good linearity with r*>
0.95 in all target analytes. Limit of detection (LOD) all compounds were sub ppbv, and some halogenated compounds
showed pptv levels. Seven consecutive analyses of target compounds showed good repeatability with relative
standard deviation of less than 10%. One day monitoring of VOCs in ambient air was conducted in Geoje. Average
concentration of target VOCs in Geoje were relatively lower than other regions, among which formaldehyde
showed the highest concentration (15.4 £5.78 ppbv). SIFT-MS provided good temporal resolution data (1 data per
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3.2 minute), which can be used for identifying ephemeral short-term event. It is expected that SIFT-MS will be a

versatile monitoring platform for VOCs in ambient air.
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39 AR-7]3HHE (Volatile Organic Compounds,
VOCs)2 tj7] & Aa4teHE (NO)T §h-3sto] o&
(0= AAstaL, o &2 L3t AskA| 2 285t =
oA AR 2 221 PRI ARE BAEAI7I=
oEAZE dHA Ut BAo] 73t SF= AT S EA
Fo IFEHISAR 5 YR S IYEERE
24 glon, EARE st A7 =& Al 7
Z7189] A=olut A T3 22 Al et
‘SHE 0 71th(US EPA, 1999a).

FolAe di7|gd w2 E 9l vOCse &3
) _\?__5'__ A EE HjEES ojd ALY PE}(NIER,
2016). 2 5E7H2010~2014d) VOCs HjZTL 7
894,033 tono] T, REHZL 27187} 624%2
7 @A, AAEA (18.0%), EEO152H U (7.33%),
71ehi 29 (12.3%) &olth. tj7] % VOCs BE=
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US EPAOIA] AAIZE VOCs A5 2 242 HE
W Y AE, F2H 22 Q3 A S ol8sto] A
Fsta, BA47)7|2E= 7|AZZetE 28 9 (Gas Chro-
matography, GC)/ZA =4 7] (Mass Spectrometry, MS)
of @ga AUt RaE GOMSE F2 At
(Krol et al., 2010; Kumar and Viden, 2007; US EPA,
1999b, ¢). H7] % VOCs HFHE 3+ 229 Y
CECHICE REERE N E R B
2o 5% W9l A2 xofo) BB ofe} Ane

o713 A A 34 A A3 &

Wkt B 5o = o gt B3 GCE ©]

o e AAY BT 21 BA Azl ad) o
d AR5 ARt YAt o A7 ok

2 Al2AH 9 AARA glo] 7] & VOCsE
AR A4 2R 5 Y AHATE| LA
F47] (Selected Ion Flow Tube-Mass Spectrometry,
SIFT-MS)&} FAALA o] 2k A 7] (Proton Transfer
Reaction-Mass Spectrometry, PTR-MS) 5-¢| 7H&= 1
th(Krol et al., 2010; Moser et al., 2005; Smith and
Spanel, 2005). SIFTMSL: AHL o] &3 B24 1y
Al 3717 Hhgol e o 8 shety Belg 59 o
7 ol G AWA f7IBS YA A,
A BAT 4 9k A% B0tk UEY AR 5
Zglo] pptv 2714 AT HA0] 15 e Ao
ofst, Aok, 4B RN HEEE VOCs 4 5 o
g Bopold HEHT AUt 7] BHRIHE
AEAL W77k, B W SHER, A UR 3]0
A Ao &85 lth(Sharma er al., 2017; Pakanat
and Barringer, 2016; Dummer et al., 2011; Spanel and
Smith, 2011; Smith and Spanel, 2005). Z& o}& 7}k
A 7] & VOCs S4 ol gt 24 d+= vlnlgt &
ol

2 dFoA= SIFT-MSE o]-&3 tf7] F VOCs9
AAIZE BA7HEE A staiat skl o] & 3l 60
Z9] VOCs7} xgH FFA|FE 0|83} SIFT-MS
o] AR, WHEA, HETAE o] &3t AFELS
Brhstar, AA d7] § VOCsE &4t &4 F
VOCs9| AAIZE FAEA RS A AskaLat et

F

N

2. Mz % A

2.1 SHUY a1E=
AAIZE SAEA A sietE2 US EPACIA A%

3l Hazardous Air Pollutants (HAPs) 187%& & &8 dl
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2.2 2AYY % 717|152
WA 717184 Qe gy F9 Ak, fhsk 27

2 3FE sES vola2v 20k (microwave
plasma)2 ©]23}A|A 3719 Hh-g-o] 2 (H,0", NOT,
0,)& BT A WA A=A s~ Eof| A vt
SoleES AY ¥ ZEF Hol &AE 22 flow tube
2 FYEI 2H7pAe) FESH g3t st
W0l 22 Almet why 35HA B4 met A=
£ 4] 7}A] HFg-(main reaction: proton transfer,
charge transfer, dissociative charge transfer, associa-
tion)o] 3PH}. Flow tube WollA o] frFat 2&=9
el el fAHE Aol Lol S AR
of Agste] whgo]22 APTTh Aol 2ES A
T AT A A EE F8 dE71= SOt
SIFT-MSolA A dj4d2ktEe] Ay dS GC/
MSoA ARGE = AHEFHY 29 222 flo]
7Festth. A BAdAsE Age A8 54
Hhgol 23 AdoleS Adesta, Aol gt vk
ol &, =Y if ke £& s T AAZE

o2 B FEE AU 1),

+

[Al=y €y

R*k
o17] A A: I (ppbv), y: 7|7]1BA A% (ICF), P*: A4
O &, R*: BHgol& ki g &= Aolth,

7] & VOCs &4 HA t7] A8E A&Fd+
2 ZIAZITH(25 mL/min). A|&2& THA] flow tube]| A
37he) whgel2at whg F AE7)2 Soirbl e
A A 7%9] VOCs (ethylene, isobutane, benzene, tolu-
ene, tetrafluorobenzene, hexafluorobenzene, octafluoro-
toluene)7} S92} tuning standardE ©|-&3}o] ZHH|
A& B4 2R3 $A5HT VOCs B0 A
H SIFT-MSY] ¥ 272 % 13} 2t}
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Table 1. Operating conditions of SIFT-MS for VOCs anal-

ysis.

Parameter Value
Sample plate temperature 110°C
Inlet pipe temperature 110°C
Upstream pressure 1.60E-04 Torr
Flow tube pressure 140 mTorr
Flow tube temperature 120°C
Downstream pressure 1.00E-06 Torr
Source pressure 420.9 mTorr

Fig. 1. Dynamic dilution systems (1: N, gas, 2: standard
gas, 3: big hydrocarbon trap, 4: MFC#1, 5: MFC#2,
6: MFC#3, 7: mixing chamber, 8: Vent, 9: SIFT-MS).

2.3 SIFT-MS2| VOCs HEEHM "It WY

HFEA 71 f8ll SupelcoAle] TO-15 (F3 1
ppm) EE7IAE AMGSHATH EE7FA = Mass Flow
Controller (MFC, Bronkhorst High Tech B.V, Belgium)
£ o]83}o] 0.174 ppbvi-E] 0.5, 1,5, 10, 50, 100 ppbv
TER QAR AL N TR H2Q)E
ol-gahe] A4ratect.

OV HGY,

2
V,+V, @

o714 C: HFEE=(ppbv), C: EEF=E F& (ppbv),
Vi #E224 5 (mL/min), C;: 347} = (ppbv),
V,: 84714 G (mL/min)o|t}. S A7tA = 24T
Z22(99.9999% purity, MS Gas, Korea)E A3}
B34 EFW (Model BHT-4, Agilent, USA)S A X]3}
o] LHYS AASHA. 34 EE7FAE SIFT-MS
AmFTol 47 Astel EAsAHH 1.
AR e AR SRS 24 FES BASHE ARA
& Agein AT ARAORRY Pol ARAL

(coefficient of determination, )2 B7}5}ch. vHEA
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B7h= Sppbvoll A 73] ¥HE EAste] Z4H ZF St
E9 FFHUXE FHAo=E UE B2l A b

(Relative Standard Deviation, RSD)Z 3} ?l it
Z35HA| (limit of detection, LOD)= HIEHA| R E ﬁ]
NG T BZEAY 3ue] e B

=

2.4 7| & VOCs Hzk EA
b7] & ARRHE AAEE ARAY R Gl
%I—Eoﬂ/\-] /‘L__]/\] o].oﬂ\:]. k} (—)l 2:7(—];(]14_2 0]:Loﬂ god

=

W0 Gl FoHER 95X e e AgelA
Argo] RS W 4 9l Folal AN 6m &

ol 4 25 mLimin 9402 A% H2stc. 24
%(Pore size 0.45 um) YE|E ALl 27] & Y44+
AAT F SIFEMS AR FU72 ARE 795t
o ARAHE 96 AT HEE FRE AR
SIAI A 7|2 AAEHIL, 60°C 2820 Az
Aaz Y AEstech AR 20
6ARE 7U7HA) 3R A0 UAZE AL A
28 A4S 5 4568 AL LT S
A g S22 US EPAYA A% HAPs 24 5
IS Ao R SAsAL Yl 605 H71E7E
H=7F 2 25%S F716l0] 8589 VOCsE
43t

e HTOPv xR rui

l?l

T

NA
g
01)1

o

7| B E A5 7|AEA] (Vantage Pro2 Plus,
DAVIS Ltd, USA)E o|-&ste] #Fstqint. B+7]&
19.6°C, BH5% 822%, H+ &4 0.60m/sP o, F
rolle BAF, ofttol= dEFo] S48kt

3. 2t & nF
3.1 SIFT-MS2| VOCs ZAZEM T}
SIFT-MSE o| 83t AFEA B7IE Ha 244,

HHEA, AEIAE GotRthH(E 2). FAA49 HY

£ 87 FollA AEEHE VOCs 525 18ste] A4

Rt o] AFEL 1~100 ppby 9] W2 HF

O (Woo et al.,2015; Ye et al., 2014), AA] d|7] &

=% WOl 0. 1~10ppby $F 02 HZE QTHNIER,

2017). AA 7] & B 539 AEE YaME

o B2 5 WS ¢ Bavt ot 6059

o713 A A 34 A A3 &

VOCse| gt 3¢+ 4,
olE, T LFE 099, WHFE %ﬁH 2 0.98~099, &
2A3} &85 AE 0.95~0.99, Y7 0.98~0.998
2459t d2As e AR % 13-0g22g2a
o] 0952 thE VOCs H|3] A A= QYA 2%
St AALE HYlew O F 4RE 39 20 Y

A&, AI&H, o FA

T O “ ]/\—] H]—E%"é' —EH —] ?:’LE' %}:—9-
2 w0 AURS el /719 £4 a4 3
4sb7) $1at FR% axolth 2 BYEY WEAS

et A EEHAE o ZA| =R 2.62~2.92%,
HIEFEELSI R AR 2.97~7.20%, LAT 4.44~552%,
N AEF 3.96~6.06%, THLFE 3.61~624%, T2
Astetsl 4R 1.83~14.0%, AEF 3.10~13.9%, &
ZHF 5.10~10.1%, €A-EF+= 206~160%2 A=
Atk 2 F Sk OME, BERE, Z2uH=0] 9
247+ 10.1,13.9, 140, 16 0% 2 A o] T2 VOCs9
Hls] Aoz wrEAo] "ol Aoz YehdX|
ok 60£2] VOCs 25 US EPAS|A A1H= 30% ©]
U o] 023 v A8 1 HTH(US EPA, 1999b).
GC/MSE o|g3te] Zamoz 22%, FUAHRE
32%9 VOCsE 243 AoM AdEEdaes &
o] AL 30% 222 £ AU, YA
o] A% 10% ol = FASH A= Slch (Baek er al.,
2016). F2Hgo] 73§ vjFof w2 ohstel A st
Eo| Eegtsty EA, FHAQ o3-AA4; (break-
through) 5 A EAF 2 dolg 4= Y= A7 &4
2 ola] A EZA} ZHo] =& 2 9t} SIFLMS:
7] 3 VOCsE H=9] HAF 9 55 74 glo] £
Aato] AR 9] &0 gl B4z HEdlel A&H
o7 ZAsto] v A WHEAE Bt
R BAqAERIES] HESHAlE ppby iRt
2 2=
AL 0.11~
0.12 ppbv, AIEF 0.06~0.29 ppbv, L7AF 0.22 ppbv,
I LF 0.18~0.28 ppbv, S| AEF 0.16~0.38 ppbv,
HlEFEERSlR A2 0.09~0.16 ppby, AZHE 0.23~0.85
ppbv, G2 A S AF 0.14~0.55 ppby, I SH
138 ppbv 2220] it} US EPA (1999b)ol|A] A8}
050 ppbv &S HE wESF oY I EF F o
B8 (1.38ppbv) 3} SR ASerEE2 R F WY S2e}
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Table 3. Summary of VOCs concentrations in Geoje.

Aol

ol

A3 7 - 9o

(unit: ppbv)

Geoje
Group Compounds Daily Daytime Night time

Mean sd Mean s.d Mean sd
Benzene 0.31 0.18 0.34 0.17 0.29 0.18
Toluene 0.65 0.31 0.85 033 0.50 0.21
C2-benzene 0.31 0.26 0.39 0.32 0.25 0.19
Styrene 0.17 0.21 0.24 0.27 0.10 0.07
. C3-benzene 0.31 0.37 0.38 041 0.13 0.11
Aromatic Naphthalene 027 023 0.40 029 0.18 0.11
1-methyl naphthalene 0.96 0.61 1.38 0.72 0.66 0.21
Propylbenzene 051 0.32 0.68 0.36 0.38 0.21
Diethylbenzene 0.24 0.18 0.29 0.22 0.19 0.11
Cresol 0.15 0.11 0.19 0.14 0.11 0.07
Hexane 1.37 1.66 1.95 2.01 0.66 0.52
Alkane Heptane 0.49 0.60 0.78 0.79 0.26 0.19
Cyclohexane 0.72 0.73 1.00 0.87 0.39 0.30
Propene 0.12 0.15 0.14 0.16 0.03 0.02
Alkene 1 3-butadiene 0.15 0.17 0.19 022 0.12 0.11
Acetone 2.08 0.95 2.53 1.18 1.76 0.57
Ketone Butanone 0.15 0.16 0.20 0.19 0.08 007
Methyl isobutyl ketone 0.10 0.11 0.13 0.13 0.05 0.04
Methanol 7.69 1.98 7.73 1.00 7.67 2.46
2-propanol 0.12 0.10 0.14 0.12 0.09 0.07
Alcohol Ethanol 1.09 0.78 0.99 0.70 1.16 0.82
Isobutyl alcohol 0.40 0.26 0.53 0.32 0.30 0.13
Formaldehyde 154 5.78 209 4.15 114 2.65
Propanal 0.27 0.23 0.28 0.23 0.26 0.22
Acetaldehyde 3.04 1.36 3.85 1.34 2.38 0.96
Aldehyde Acrolein 1.26 0.86 1.49 0.97 1.06 0.68
Butanal 0.37 0.24 048 0.26 0.28 0.19
3-Methylbutanal 0.52 0.29 0.69 0.30 0.40 0.21

Pentanal 0.15 0.24 0.15 0.24 n.d
Carbonyl sulfide 2.03 0.88 2.54 1.03 1.67 0.51
Hydrogen sulfide 1.05 0.65 1.25 0.70 091 0.57
Methyl mercaptan 0.24 0.14 0.30 0.17 0.20 0.09
Sulfur Diethyl sulfide 0.44 035 0.61 0.40 029 021
Dimethyl sulfide 0.25 0.14 0.26 0.13 0.24 0.14
Dimethyl disulfide 0.10 0.08 0.13 0.10 0.08 0.04
Dimethylamine 1.13 0.72 1.52 0.95 0.85 0.22
Trimethylamine 0.87 0.51 1.16 0.67 0.67 0.20
Acrylamide 0.10 0.07 0.13 0.08 0.07 0.05
Amine N,N-dimethylformamide 0.21 0.19 0.30 0.25 0.14 0.07
Aniline 0.07 0.05 0.09 0.07 0.05 0.03
Ammonia 0.20 0.12 0.26 0.15 0.17 0.09
N,N-dimethylaniline 0.12 0.08 0.16 0.10 0.09 0.05
Formic acid 2.73 0.96 3.10 1.07 2.47 0.76
Acetic acid 2.73 1.50 3.82 1.66 1.95 0.64
. . Acrylic acid 1.19 0.65 1.59 0.69 0.90 0.44
Carboxylic acid Butanoic acid 0.55 034 0.77 042 039 0.11
Pentanoic acid 0.46 0.32 0.63 041 0.34 0.14
Propanoic acid 0.71 0.44 0.95 0.51 0.53 0.27
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Table 3. Continued. (unit: ppbv)
Geoje
Group Compounds Daily Daytime Night time
Mean s.d Mean s.d Mean s.d
Methyl acetate 0.79 0.60 1.11 0.79 0.56 0.20
Ethyl acetate 0.31 0.35 0.47 043 0.17 0.13
Vinyl acetate 0.29 0.25 0.29 0.25 0.25 0.06
Ester Methyl acrylate n.d n.d n.d
Methyl tert-butyl ether 0.75 0.39 0.99 0.36 0.57 0.31
Butyl acetate 0.66 0.60 1.00 0.76 041 0.23
1 4-dioxane 0.39 042 0.54 0.52 0.23 0.19
Tetrahydrofuran 0.53 0.34 0.73 0.38 0.39 0.21
Chlorine 0.64 044 0.88 0.50 0.46 0.27
Methyl chloride 243 1.03 2.57 0.99 2.32 1.05
Ethyl chloride;
1.1-dichloroethane 2.24 1.13 2.98 1.26 1.70 0.61
Vinyl chloride;
1 2-dichloroethane 2.40 1.71 3.69 1.97 149 0.50
Allyl chloride 0.17 0.10 0.18 0.11 0.17 0.09
Epoxide Methyl bromide 0.66 0.67 0.87 0.76 0.36 0.32
(E)-1,3-dichloropropene 043 0.51 0.49 0.53 0.10 0.07
Chlorobenzene 0.15 0.16 0.19 0.19 0.09 0.07
1.2-dichloropropane: 033 029 050 034 020 0.16
carbon disulfide
Benzyl chloride 0.31 0.23 041 0.26 0.23 0.15
Trichloroethylene 0.22 0.24 0.28 0.29 0.15 0.14
Trichloroethane
(111+1.12) 1.20 1.35 1.30 1.39 0.30 0.30
Methyl iodide 8.94 647 10.9 7.62 6.97 424
Dichlorobenzene 0.19 0.16 0.23 0.19 0.14 0.09
Carbon tetrachloride 0.69 0.75 1.03 091 0.37 0.34
Tetrachloroethylene 0.34 040 041 046 0.25 0.26
1,2 4-trichlorobenzene 0.25 0.26 0.33 0.31 0.15 0.12
1,2-dibromoethane 0.57 0.54 0.77 0.65 0.36 0.25
1,2-dibromo-3-chloropropane 0.60 042 0.70 0.48 0.50 0.32
Bromoform 0.37 0.34 048 041 0.22 0.12
Hexachlorobutadiene 0.27 0.34 0.30 0.38 0.22 0.26
Dimethylcarbamoyl chloride 0.14 0.12 0.18 0.15 0.11 0.07
Halogenated 2 A-dinitrotoluene swab 042 028 047 031 036 022
Ethylene glycol 0.50 0.39 0.64 048 0.39 0.26
Dichloroethylene (1,1 +1,2) 0.35 0.38 043 041 0.14 0.11
Chloroform +
Dichloromethane 2.33 1.22 2.88 1.60 1.94 0.59
+ Tetrachloroethane
Freon 11 0.68 0.37 0.87 047 0.54 0.17
Freon 12+ Freon 113 041 0.29 0.55 0.35 0.31 0.18
Freon 114 + Freon 113 1.35 0.75 1.35 0.75 n.d
222 7HF590. ARR DA =AH=H 85F9] EF 125~292%, WFZEsA 9.58~100%, LA
VOCs2| A&HEE 7t2EAF 98.1~100%, oF9lF & 521~23.8%, F2AHI} 4R 9.38~100%, =
82.3~100%, o ZAtO|EF 558~952%, 7 72.1~  TF 4.40~99.8% LT|sto]=EF 1.70~100%, o=

100%, &7+5 34.2~61.7%, &IE5F 28.5~100%, 7|

E& N.D.~100% Rt}
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A% AzA -3

VOCs ¥ B+ 5= wx+ L2 eseairt
7P =4 SAEAeH 4 . g

Astetslea®o] Pt T 29.6 ppby, GH|ske|=
2,210 ppby, ¥FLF 9.29 ppbv, 71 2EAAR 836
ppbv, FF 4.12 ppby, FFZEkS=AF7 3.88 ppby, o

2E|F 2.80 ppbv, oFHIF 2.70 ppbv, AIEF 2.34 ppbv,

o] ZAto]=F 0.92 ppbv, &7HRF 1.04 ppbv, LAF
0.21 ppbvE A =it}

NE EXEEE TEUYY ST} 1544578 ppbvE
7P =4 SR8EHUL, ofolLd3} mE (8.94+6.47
ppbv), ME-&(7.69+1.98 ppbv) £O.2 o5 EHS0
TS F 42.5%F AASHHT 58S
gsl=s ol ATl ZA|, FAAY Ft 15~20
ppbv ol leH, & AT FARE o itk (Sal-
thammer, 2013; Duan et al., 2012, 2008; Wang et al.,
2010; Pal et al., 2008; Bakeas et al., 2003).

71874 & 783 2952 BTEXE 2 A
A H R g es HErE Bast Sa% £4
t}(Breton et al., 2017; Bolden et al., 2015). 7L = A|A|
HAZIFA 15 EAd EEE AFE WAS Y
%% 0.98 ppbvE th7| A 7]EX] Q1 1.50 ppby o] 5F$iT}.
E298 0.65+0.31 ppby, C2-#IAL 0.31+£0.26 ppbv,
el Hdigh 0.59ppbvE F= Hi71E 7]
1 ppbv 0]3}%th(Baek and Kim, 1998). 1.3-FE}t]
o] A5 WA Zo] AARAZ|FAM AT 15
dEdE F2 AF w77ks, ARAE AR
=l A7)0 A wj& = ch(Silverman et al., 2012). Q4
tHo g t7] Fof wEA ZajEo] =A ® 2ol
dolli F2 F= FEO0E EAste A2 dHA
ATHATSDR, 2012).

T oyl —
23 mer-z-r{x‘w

3N AR HE

&5k A3 5k (Zhang et
al.,2017; Baek et al., 2015; Seo et al., 2014; Wang and
Zhao, 2008), TD-GC/MS, GC/MSZ £A43}7] wj&of
ANE AEste H A9 Algto]l A-th(Kim and
Kim, 2013; Krol, et al., 2010; Kumar and Viden, 2007).
7] § VOCs= 71°33H, 3 294d 522 s
FHoE WY 4 glo] YukA ARHAYY 2 2

Aoz oHlEASY egs uofsty] oHrt.
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A7 VOCs 5% 42 #iAld} 1,3-Fet]dle]
A STAT 6A] o|F FTHE St 7*101]*1 9A]
Atolo] HiF=E Heith EFA C2-HAY 5%
= AR "sF dehR] ket o2 dtel wh
29 g G EY YA Eo & B@itea Y
HAo W& EE Z7AZIttn BEuE vy gk
(Heeb et al., 2003). 12 Q13| ZA|7to= A3FS 7]

4> ot o

= rsL'

ol >
>

-

oki.u

-lo

AR FZAIZ s AR Q] 43S 718 5 Aok
*17“’1] e =M £5 AT Hoks uf, WA
1A it g Wk £2 Adizes &2 A
S 2 UePETH (I 3). SHAIRE ARt s W3k B
To 2 St PEY SEHI AR 2 #HEE 24
o, ofgtETh F3to) B B2 WIE Hiirh E74

A0S A TANEE AT &

A3 B2 OHtT P g BheAom 3
I usltaz A% grledel 447 AR B8
T3 Utk (Breton et al., 2017; Lee et al., 2011; Tiwari
et al., 2010). T2 EA]9] ZAXA 7] & T/BEF
T2 20~40 £Eo 2 BuH v glon AAXHY
T/B B 72 301427308 SAGE 4=
Ttk (Baek et al., 2015; Liu et al., 2015; Gee and Sol-
lars, 1998).
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