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A, Korea), ZW A4S ARR ¢ HHIHE(SGC-PC, AB5EY . Korea)sh QA THEN-GC, 4HHe,
Korea) ¥ EEh(peat)® 982 @& RUBATOSCP, 24AAY, Korea)E AFESIAT. B8 ATe ¥W
W
t

s g
A2 dAgst 2EA vt gde of X FAd o d2xT FyE SAsY xdAdS ALt
8=, ©]& Hl BET4 (Brunauer-Emmett-Teller equation)< ©]&3l=  Autosorb-iQ 2ST/MP(QuantachromeA},
florida, USA)& o]-&3te] ZAsIlar, 1 A3 F4 xWAH o] = 13 o] SGC-PC B SGC-PV7F =4 vrebstth
(£ 1). =gk, o]F o]&3te] M9 28 #2438 43 = 29 #Zo] 74 AF HF3& SGC-PW 2 SGC-GW7t

= e THE 2).

ok, F7HAF (mesopore)S> FAH HA FER H £ UF
P =

ar

=7 7]« (nitrogen absorption and mercury
porosimetry technique)< ©]83l 1 ¥HH A e, & g = o] &nt viEl-zoly-&
At} (Barrett-Joyner-Halenda, BJH)®el wa} AF=E3k3ia, TS vlMAF (micropore)s WX WIS o]&
(density functional theory, DFT)oll ¢l EA&gom, = Axs ¥ 3, = 4 @ % 59 o] AA As &
WAL SGC-PC Z SGC-PW7F =A YeE (% 3), TAE> SGC-PV 2 SGC-GV7F =4 Yelem (= 4), v
M A& SGC-PW, SGC-PC 2 SGC-GW7F =41 YEFFTHE 5).

<A 1> AT H7F € whby Mg dol#td(pyrazine) F F/NAE ITF B4
<AAld 1> ANAIE 59 S 7|8 27 HAUMs § Ax 2 [ VRS AT

TAHCE, AlFoA ) TR FVE(EFAN HERE, AFAE, =) AEE AT J WE AR
S 57 o' L, Zh AV|E AR HE <A Do JiAE 5Fe] ST AVIE AR T iR 0.5 %

4 WS

<1-1> So|g}A (pyrazine) 7 F7IAHE E4

ol gt 7 | E-S B43517] $5}e], solid phase microextraction (SPME)W RS AM&35le] V| ES
Z3ct. ARE3 SPME fiber® 50/30 ym divinylbenzene/carboxen/polydimethylsiloxane(DVB/CAR/PDMS)
fiber(Supleco, Bellefonte, PA, USA)E AH&&FIaL, 715 20 mLE 50 mL 22 vial o ©& 5, PTFE / Red
rubber septum(Supleco, Bellefonte, PA, USA) o2 FLT2 L&k, SPMERY FAZS BEXxALe #F 1

3 2.

# 1
HE =4 & & =& =4
A 30 C 30 € 250 ¢
A7t 30 min 10 min 5 min
Stirting 5% 400 rpm 400 rpm

A 71 W o FE3T FUIHES BAE] 9ste], GC-MS(Gas Chromatograph-Mass spectrophotometry)Z
AR 7171%  model 6890A(Agilent Technologies, PaloAlto, CA, USA)°l mass selective
detector(model 5975C, Agilent Technologies, Palo Alto, CA, USA)S zsle] AL&3litE.  AdoM Abgw
GC-NSe] =7& & 29} ).
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X* 2
GC-MS system 6890N GC 5975 MS (Agilent)
Column HP-5MS U.I. (30m x 0.25mm Ld. x 0.25um film)
Inlet temperature 250 C
Oven temperature 40 °C (6min) p 3 C/min, 140 C P 60 C/min, 200 C
Detector temperature 250 C
Split ratio splitless
Mass scan range 35-350 m/z
Flow rate (He) 0.8 mL/min, constant flow
Ionization energy 70 eV

Z} 3da] AEo] AAL GC-MS Wiley7 library(Agilent Technologies, Palo Alto, CA, USA)E ©]
S Y8l 1,000 ppm(w/v, in paraffin oil) p-cymene 0.3 mLS WH¥FEZ(internal
standard, 1.S.)2 Al=o] 7}ste] AL&3Fqth. A7k GC-MS total ion chromatogram “ollA] peak area
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bxAe )& 77 200 rpm, 400 rpm R 600 rpme 2 Ste] FU|HRE FE
GC-MS9F & WAoo s spelgpxlfe] dhebd Ak A9, = 89F o] rpme] 20001t 40021 4Rt} 6002
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<A 2> AT U 9wy wE Wz A (Benzo(a)pyrene) TFF 4

47 <A 10 ANE 5E BB AV1BA 22 A2k R g | Mzl g3 B

2-1> A8 A=

271 A 19 Z7E A=Y Az FFE Fol7] skl 10 ppm Wl o] FHH VS TE
1/2000) 2]4ste] HF sk 500 ppb(w/w) WM==I = o F7]5(1,000 g)& R"HEaL, °l& TA] 1/100M) 24
3te] 5 ppb(w/w) WZEI A F FA71F(3.000 g)S AT H, o5 A 3F o] WA g T A A}
§3}3lth.  Benzo(a)pyrenes =% 99 %(Supleco, Bellefonte, PA, USA)Ql AlEFS A3, &

grade 3 W E-2(J.T Baker, Phillipsburg, NJ, USA)& AF&3&}3AT}.

22> AG§Y 2A

AbeE EFE AL Benzo(a)pyreneo] i, Wi FEFEZHL Benzo(a)pyrene-d125 A& on, Axg Wygo=

= liquid/liquid FZHS A3

TFAHoR, A7) Add <2-1>o & AFF AFE 10 g& 2o} Benzo(a)pyrene-d12S 200 pLE H7}sta 3
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A 100 nLE el BB Dol §713 NN-CHEES ofrlol5-R(9:1) 50 nlE ¥ol 1Y F 434
O F, SEe] BE NN-UWMEES ofvlel=-B(9:1) E£FNAS tE BAZU/(IDY $1 F, 4
B ofel

| NN-tHEXEE ofufo]E-& £33} 25 nlA S Wil 919 22 S 23] whEste] NN-UHEEE
olE-& (9:1) EFY TS FHZUII(I)l FAT. A7]el 1% FAUER &9 100 nL¥ F4F 50 mL& P>
F Y T AXste AFom Fold dFS BAAYUI(D)e] &AL, 5ol 88 NN-UdExs O}H}
: 5 nlg Wi X", AR, BYs7E 23] §HEste] AAES 9o oz v (D)ol
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p

Ak, 27D T/ 4 2 =
AEE BFFAVEF oF 15 g& 28 X (150mm @ X< 100 circles)S AM&&lo] &5oludl 3 35T 4
S A AehEFst APEAS FE3T
3 AAZ 9ol AYIFtEYAE vg gEEEdE 10 ol 2 A 20 nlE 29 2-39% 9 £rE &
A A F433E 57 AL o] FFEFA|] f9] FEHENS 1 al/Ee £ JHga, oo it 5 nLe} &)
b/ E2EdE (3:1) £ 15 a2 77t AHos §EA1 F o] NS 40 ToAN Hasss 5 3
FES HUEFREME o A%ES 200 pl7t H=F stal ol & 0.45 m HWEH] dHE oHst] AFAEHES
A 33T

<2-3> Wzxd FgF =

o,

A7) Ao <2-2>¢l o APLAL 3

mﬂ

Ag )

HE

Rk A= gEske] Alxskar GC-NSell el wlxv] e

GC-MSD o] ¥z =z AHL HP-5MS U.I. Column (30 m x 0.25 mm 1.d., 0.25 pm, Agilent Technologie,

*}%3}9}5}, ovena=E 100 TollA 1083F FA8 F 60 C/89] HEE 280 C7HA 2%E A5AA
1087 A8 & 310 CollA 108%F post run 3t¥ct. Jlgle] 7FAEE helium 7}AE 1.5 ml/nin® Z8F
Hom oju GC inlet?) 2%+ 320 To]al Ionization energy: 70 eV ©]™, splitless mode® A& 1 pLE
Fativk.  serE e 2 33 2.

Z 3
32 o= Quantitative ion Qualitative ion 1 Qualitative ion 2
s e (m/z) (m/z) (m/z)
Benzo(a)pyrene 252 253 250
Benzo(a)pyrene—d12 264 265 k60

AHFFAREEENANA oW REE2AY YERSEZ digh da™n [AJ/AlE YHEo=2 3, neEZde =
EE XFo2 3o HAHF3AS AAdsta, AlgEde I3 WAY [Aw/Asmns] & Yo didste] Wlzg e =

)

o,

o] BaA /A R u)

s =

o
o

o] A7 1.7 nm WA 10.0 nm I 7] mAAMZY FxHA 2 g
S Rt (= 9).

ob2], wyk &Hioof wel wWlxdd A ARE glsty] fJste], SGC-PW v e Alsel o] uwt
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S5 orpmE ZH7F 200, 400 2 60002 dhal 2 W AZhe AFle] <1-1>°] SPMESE FUSHA SFglon, Wlx9]
1 wAsha S A7 3 ald Aol fle diEad vladk A rpmol ¥& E WlE2VE ol
wol gads &9 5 Addw (= 10).
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EH2
=& M= 2u (ml/g)
8
7
6
5
4
3
2
: H B
0
OSC-P SAM-GC SGC-PC SGC-GW SGC-PW
W<1.0nm ®1.0-1.7nm ®1.7-2.0nm 1 2.0-5.0nm
W 5.0-10.0nm M 10.0-30.0nm 7 30.0-50.0nm [ >50.0nm
E=[3
[ =7 Mz o= ]
Sger (M?/g)
2.00E+03
1.80E+03

1.60E+03
1.40E+03

1.20E+03
1.00E+03
8.00E+02
6.00E+02
4.00E+02
2.00E+02 .
0.00E+00

OSsc-P SAM-GC SGC-PC SGC-GW SGC-PW
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%))
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[DIHIMI =]
Sper (M?/g)

SAM-GC

SGC-PC
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CONTROL OSC-P SAM-GC SGC-PC SGC-GW SGC-PW
m Pyrazine m 2-methyl pyrazine m 2,5-dimethyl-Pyrazine
1 2,6-dimethyl-pyrazine M ethyl-pyrazine M 2,4-dimethyl pyrazine
M 2,3-dimethyl-pyrazine M ethenyl-pyrazine M 2-ethyl-6-methyl-pyrazine
M 2-ethyl-5-methyl-pyrazine =~ Etrimethyl-Pyrazine W 2-ethyl-3-methyl-pyrazine
i 2-ethenyl-6-methyl-pyrazine m2-Acetylpyrazine 1 3-ethyl-2,5-dimethyl-pyrazine

. 2-ethyl-3,5-dimethyl-Pyrazine M 2,3-Dimethyl-5-ethylpyrazine W 2-Acetyl-3-methylpyrazine

EH7

O r N W b U1 O N 0 W
ones uagAxg/uoque)

OSC-P  SAM-GC SGC-PC SGC-GW SGC-PW
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m 3
2
1
0
CONTROL 200RPM 400RPM 600RPM
M Pyrazine B 2-methyl pyrazine W 2,5-dimethyl-Pyrazine
11 2,6-dimethyl-pyrazine M ethyl-pyrazine M 2,4-dimethyl pyrazine
W 2,3-dimethyl-pyrazine m ethenyl-pyrazine M 2-ethyl-6-methyl-pyrazine
M 2-ethyl-5-methyl-pyrazine M trimethyl-Pyrazine M 2-ethyl-3-methyl-pyrazine

m 2-ethenyl-6-methyl-pyrazine m 2-Acetylpyrazine

k1
N2

Concentration (ppb)
N ]
w v

Fed
o «
P

m 3-ethyl-2,5-dimethyl-pyrazine

2-ethyl-3,5-dimethyl-Pyrazine W 2,3-Dimethyl-5-ethylpyrazine W 2-Acetyl-3-methylpyrazine

4
w o «
PR

= )
= N
P

CONTROL OSC-P

SAM-GC  SGC-PC  SGC-GW SGC-PW

m 1.7nm-10.0nm ——C/Oratio

9
400 r8a
350 L 7.8

cl g

T 300 L6

5 250 -5 8

€ 200 La%

=

£ 150 33

3 100 - L 28
50 - L1

0 )

0sC-P SAM-GC  SGC-PC  SGC-GW  SGC-PW
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Concentration (ppb)

3.5
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1.5
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CONTROL

200RPM

400RPM
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