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FUR U 1 FBE ek glol MEAsa, 0.5 FFE A8

rr

Aol Fb kA e

S

)

mm WA 10 nm 2719 MlF9 F 1WAl 250 m /g vvtolw Wl # A7t &
AS ASAZIER 250 m/g WA 450 m/g Q1 SAdero] wigAF
[e]

Bha/2be 3 gl 5.5 UK 97 W Ale] whgrsata 6 U4 97h HE glo] B v

& Fskglar,

& Aladtt

ob&el, 7] WA 2)9] wnte] 53 Wikl G- wwke] o3 Frt miwlsholal 60%s 2 B P
T WA BEel Aol A 7t 9ol 5% WA 6023 sk Alo] wigkHsta, o el st 402 WA
453 AAE A aabHor IR HESI MEIE A = lgs o & v, m, wwk
%7F 400 rpm PREelW aykel] ofgk g¥rt wWlEkal 800 rpm & ZFEHE gu] wlE Hi 2 284 A3t §
o 91& 27k glol, 400 rpm WA 800 rpmO.2 Sh= o] MERAFHE & S gUla, A Fl <Jshd 600
rpnO 2 40 A] 4583 wke o Ao PN HEsta WEvds Agste ¢ gles el

<AAd 1> G AT B4

7189 A ALgsr] 9 A 58S AlTolA Fulste] HARbE<Q MF(overall pores), wXHAE(20
A WA 500 A Z7]19] MF: mesopore) H TAAF(20 A T|wF 7] AlF: micropore)E A5}

& dRE 3 FDEAE(SGC-PY, A1F3tEES, Korea)d 7484 €H(SGC-GW, AlFs}eh&
A, Korea), T3 AAEL Yuz 3 B2 (SGC-PC, 21331834, Korea)d A4 &H(SAM-GC, AHd )
Korea) @ EEH(peat)Z 982 3 EUIAEH(0SC-P, 2AAHY, Korea)S AFE3FA T, Ak Ao TH A
dgst 2ZoA Havh gdet 1y
, ©°]2 ¥©} BET2 (Brunauer-Emmett-Teller equation)& ©]-83}= Autosorb-iQ 2ST/MP(QuantachromeA},
florida, USA)& °o]&3te] &4t x, o1 A7 F4 xHH o] = 17 o] SGC-PC F SGC-PV7} =A velskct
(% 1). w3, o]& o]&3te] Az #x& E4% 43 & 29 o] ¥4 AlF F3+= SGC-PV 2 SGC-GW7F =

A YERETHE 2).

w3k, Z=7hAF(mesopore)S FAH AL Fz 2 28 J)FSA7|<(nitrogen absorption and mercury
X! sk = oled, & dyox s o]&nl viEl-Foly-&

fr orle

porosimetry technique)< ©]&3te] 1 WA 4

At (Barrett-Joyner-Halenda, BJH)®Hel W} AH&3kia, TS vlMAF(micropore)< WX WIS o]E
(density functional theory, DFT)ell 2ol&] ®£A43l9 o, I Ades = 3, & 4 D = 59 o] A A
WAL SGC-PC E SGC-PW7F =A YE (% 3), TAE> SGC-PV 2 SGC-GV7F =4 YEloem (= 4), v
MA-ES SGC-PW, SGC-PC 2 SGC-GW7F =41 YEFSGTHE 5).

-
R

of!

<Agel > BA W7 L W] G ol (pyrazine)F F7IIR FF 24
<A ol ANE 5% BT A71gel 2t Ak | A 9 AR PR TSI

jm
FAHoR, AFlA Bl FA PNEEFAN FEINE, FFNE, B AFS 79 7 @7
2 5 Pom Jrm, 2 AVE AR U2 <AAd b ANE 5% BARE BAE AR F% o 0.5 4
A7 g,

<1-1> wo|&A (pyrazine)s F71AE 4

ol A F FV|AHES EA3517] 93}e], solid phase microextraction (SPME)HFH S Al&3le] AVAES *F
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=3ttt AFE3E SPME fiber™ 50/30 m divinylbenzene/carboxen/polydimethylsiloxane(DVB/CAR/PDMS)
fiber (Supleco, Bellefonte, PA, USA)E AFg3&}G 3, #7]|E 20 mLE 50 mL 22 vial o] ©& &, PTFE / Red
rubber septum(Supleco, Bellefonte, PA, USA)S. 2 FUF+Z HUH3Tt. SPMEH FAZ< B4 ¥ 1

3} 2,

I 1
=g =A BE =2 ErE ZA
eE 30 C 30 € 250 C
A7k 30 min 10 min 5 min
Stirting 5% 400 rpm 400 rpm

A7) "ol o8] FEI S|P ES A5 7] Yo, GC-MS(Gas Chromatograph-Mass spectrophotometry)=

AT, 7171 model 6890A(Agilent Technologies, PaloAlto, CA, USA)el mass selective

T

detector(model 5975C, Agilent Technologies, Palo Alto, CA, USA)S A2rate] Apgslgith. Ao AlgH
GC-MSe] A& ® 29 H}.

X* 2
GC-MS system 6890N GC 5975 MS (Agilent)
Column HP-5MS U.I. (30m x 0.25mm L.d. 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

715 el 7 3|k AdEo] AAL GC-MS Wiley7 library(Agilent Technologies, Palo Alto, CA, USA)E 9]
3R, AES s 1,000 ppm(w/v, in paraffin oil) p-cymene 0.3 mlg WHFFEZ(internal

standard, 1.S.)2 Al F7}ste] AL&3Fth. JZFah2 GC-MS total ion chromatogram “Joll A4 peak area of
compound/peak area of 1.S.2 ZAIMFEATE, 3, T ] X 4o 23 J&S 4517 Y38 Multilab
ESCA 2000(VG Microtech, Korea)E& AF&3te] BX 945 A&t 1 4y, e THE gdojgiili{ A&
o] I FHFS = 67 o] YEital, ol B4 Ay MFe FHy 2 ZAEe] g/t g vjgol ot

o gaEo] B vehde FAAE 6 L K 7).

[«

stele IR G714 £a

oeF B/1YRel FFS B

FAHOR, WNE Anol BT SCCPIE A7 H 37] APel <l-1>9) SPUEWeIA Wyt £ (LE 2 A
d R

2 )= 247} 200 rpm, 400 rpm 2 600 rpml. = o] IUIHES FE3
GC-MSe} 7Z& ®wralo =z wlo|ghzlFe ks BAs Axl, & 89 o] rpme] 2000]UF 4001 A L-H T} 600
ol Folgbd el kel 7 =A UEhY, Rk AT ES5E ] BRE fElgS 2139l
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<A 2> A A7 € 2yle] & W= A (Benzo(a)pyrene) T

ofi
e
>

7] <AAle 1ol JiAE 5F e BATE RUIECl A7 A7F H ek § Wzl ke 246k

<2-1> A8 A=

A7) Ao 19 FVE AR Wz FFE Eolr] skl 10 ppm WEIe] FHE HAVEFS w7
1/2008] 8Aste] HF % 500 ppb(w/w) WZE=T A - F7]1E5(1,000 g)& vHEIL, o] &
o] 5 ppb(w/w) W23 FF 715 (3.000 g)& A3 FH, ol& F2dA] sFF o] WA 3 & Ao AL
3199}, Benzo(a)pyrenee =% 99 %(Supleco, Bellefonte, PA, USA)Sl A|ES AME313aL, &vf= HPLC grade
23} v e&(J.T Baker, Phillipsburg, NJ, USA)& AM&-3}Sit).

>~
>

<2-2> NP 2A

AL2E BEFEE2EL Benzo(a)pyreneo] i, Wi EFE2 L Benzo(a)pyrene-d125 A&t om, AAg Wygo=
d

FEWS s

TAHoR, A7 AP <2-1>0 o8] A3 AR 10 g2 Zo} Benzo(a)pyrene-d12S 200 pulLES 78l
AF 100 mLE o] BAZGZI(1)e] &7l NN-UWEEE opwlol=-E(9:1) 50 mlE ¥ T
AABAT. 1, S5l e NN-tHEXEE olpfol=-5(9:1) NS T BAZANII(1) &7 F,
Aol NN-UHEEE ofufol=-& 3o 25 mLA S Y 99 e HAHS 23] wEste NN-UHEEE
ofufol =& (9:1) &N F& EAZAUZ|(I)l FHE. 7] 1% FHHEF &4 100 nL2 A4k 50 mL&

T liquid/liqui

o e

5

9o 9 Y T AAst ASsoR FEE dES gDl &A1, 3ol EElE NN-tHexE
ofmfo]=-5(9:1) ZFoll Ak 35 mls Wi XY, AR, BYHUIE 23] WEIIY AFS 9o HHZAYY]
(el gk, BNZ7|(MDel 7/ 40 nls 93 A3 4 T AAsle 252 W4 oL ol F3
Ao daEs FFEFNUEF oF 15 g ¥ X (150mm @ X 100 circles)S AFE3le] @4ombdt & 35
T &AM 53t APE&Hs FE33T

w3, FAE fst AEFFtEY A vE YEE2HE 10 ol 2 A5 20 nlE 29 2-39EY SEE {F
AA EA43st 7 ARESIGITE. o] FEE A 99 FHHE 1 al/EY 52 7, oA Ak 5 nle} g
cb/dEEREdE (3:1) EFY 156 al®E 247 SR EEAT § o] £EAS 40 ToA AhwFHe 7 3
FES USR] Ho A%ES 200 pl7t H%5 3aL ol & 0.45 m WEH EHZE A3l A FEHE
A 3k

o] <9-2>¢ °]aF A|FgHS FAgE A7}

o
)

ot AF 2 FESle] A Z3ka GC-MSell os) wlzy] 9o

GC-MSD ¢ A zHAo=z ZHA#L HP-oMS U.I. Column (30 m x 0.25 mm 1.d., 0.25 um, Agilent Technologie,
USA)& ARE3RlTE, oven ki 100 CollA 1027 418 $ 60 T/ HIER 280 CT7HA] 255 A5AA
10%3F 52138 F 310 CollA 10%3F post run 3Fth. 7Helo] 7F2Z+= helium 7F2E 1.5 ml/min2 859
o, o]u GC inletd =%+ 320 Co]il Ionization energy+ 70 eV ©]™, splitless mode® A% 1 ulLE
Tt gebrEE 1 37 2.
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0
OSC-P SAM-GC SGC-PC SGC-GW SGC-PW
m<1.0nm m1.0-1.7nm m1.7-2.0nm =2.0-5.0nm
W 5.0-10.0nm m10.0-30.0nm 1 30.0-50.0nm 1 >50.0nm
ERH2
= j=2 =0 (mli/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 ™ 2.0-5.0nm
M 5.0-10.0nm M 10.0-30.0nm ™ 30.0-50.0nm = >50.0nm
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1.20E+03
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6.00E+02
4.00E+02
2.00E+02
0.00E+00

1
g
HN

5.00E+02

4.00E+02

3.00E+02

2.00E+02

1.00E+02

0.00E+00

Osc-P

0scC-p

[

A ME H8HH

Sger (M?/g)

SAM-GC

SGC-PC

Sgsn (M?/g)

SAM-GC

SGC-PC
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EH5
[DIAIHI2]
Sorr (M?/8)
2.00E+03

1.50E+03

1.00E+03
5.00E+02 . .
0.00E+00

OSscC-P SAM-GC  SGC-PC  SGC-GW  SGC-PW

1
g
()

~

()}

Relative peak area
N w £~ (4

[y

0 I I I

CONTROL OSCP SAM-GC

W Pyrazine M 2-methyl pyrazine
11 2,6-dimethyl-pyrazine M ethyl-pyrazine
M 2,3-dimethyl-pyrazine m ethenyl-pyrazine

M 2-ethyl-5-methyl-pyrazine = B trimethyl-Pyrazine

M 2-ethenyl-6-methyl-pyrazine m2-Acetylpyrazine

SGC-PC SGC-GW  SGC-PW

m 2,5-dimethyl-Pyrazine
M 2,4-dimethyl pyrazine
MW 2-ethyl-6-methyl-pyrazine
M 2-ethyl-3-methyl-pyrazine

1 3-ethyl-2,5-dimethyl-pyrazine

2-ethyl-3,5-dimethyl-Pyrazine M 2,3-Dimethyl-5-ethylpyrazine W 2-Acetyl-3-methylpyrazine
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Relative peak area

(=
o

S = N W & U1 O N 0 ©

CONTROL

M Pyrazine
11 2,6-dimethyl-pyrazine
m 2,3-dimethyl-pyrazine

M 2-ethyl-5-methyl-pyrazine

200RPM

B 2-methyl pyrazine
M ethyl-pyrazine
m ethenyl-pyrazine

M trimethyl-Pyrazine

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

400RPM 600RPM

M 2,5-dimethyl-Pyrazine
M 2,4-dimethyl pyrazine
M 2-ethyl-6-methyl-pyrazine
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