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Abstract

Characteristics and advantages of the thermal desorption-comprehensive two dimensional gas chromatography-
time of flight mass spectrometry (TD-GCxGC-TOFMS) were discussed and the organic compound’s analysis result
was shown for the ambient PM, 5 sample collected in Seoul, Korea. Over 10,000 individual organic compounds were
separated from about 70 g of aerosols in a single procedure with no sample pre-treatment. Among them, around 300
compounds were identified and classified based on the mass fragmentation patterns and GCxGC retention times.
Several aliphatic compounds groups such as alkanes, alkenes, cycloalkanes, alkanoic acids, and alkan-2-ones were
identified as well as 72 PAH compounds including alkyl substituted compounds and 8 hopanes. In Seoul aerosol,
numerous oxidized aromatic compounds including major components of secondary organic aerosols were observed.
The inventory of organic compounds in PM, 5 of Seoul, Korea suggested that organic aerosol were constituted by the
compounds of primary source emission as well as the formation of secondary organic aerosols.
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1. M £

W7] Ak 2ZA B AAk, U194 59
771423 EC (44} gh4, elemental carbon)$t OC
(8784, organic carbon)2 FEEHE ebAAE(eh
A A, 28|32 2 s 4 ¢ oh(Seinfeld and
Pankow, 2003). At =41 W F<F 7)Aol B
QT B AAE ofo] o)BY Fo WEY 2
YolelAe) Jagel dal olalE B 4 Wik B
Qlal= wAWA A% ¥wo] 20~90%E XA sk
9l.o1} (Kanakidou et al., 2005), k4 Y =}ol| "’H*ﬂ"i
T EC% 0Ce] & F=o] A Hat a7 &
AAEGE W g A FAsHs 1,0004 &"]
e N fIARES 25 F SA dF dF
L n) &3t AR ojt)

A A7) Al ¥z f7IAE B4 w3
AT o8 QoA AFPH T gtk Saxena et al.
(1995)8) Aol Slah 7] YA FASH 47
Qyge) 5 9 b9 Aol @} <)
o] eebalet. ol d7] A welae} ojiel 7
2 A 2319 cloud condensation nuclei (CCN)oj| %
FaFE 71X)7) Wl AEg 715 WIS <S5
A Al EEshE ould frIAAEEe] |
Ao F5Ade dvhd vbeAE setsof T =

FARE FEE Tt B719 oA &
e F7HA717] Wiel 715 el & Q%L v
A 71] o} (Seinfeld and Pankow, 2003).

71489 AR, olg Bol CiRhERSe
(PAHs, polycyclic aromatic hydrocarbons) %2} A
o weky, we WPleA BAES IA oo
97| ARl wzpel N 43 A AH=A} 2
7hele 77t gl o] F(NRC, 1998), 2T A7
Aspel] ek YAEE F 1A% 3] 9A 9
A% Z7hsh FRAol Ak AFAFE el
o} (Urch et al., 2004). ool & s}e], A A oJ8) A
Agol $714%5 il AAA e WAE et
Haab Fs) A A4 A SRS
B E= AFES A8 Fojo}(Hiyoshi et al., 2005;
Xia et al., 2004; Welthagen et al., 2003; Helmig et al.,
1992).

wat ozl 7] siAtell EAjE $714482

A

B b

24, mx AL oet 2 FRe st 9E S
7l WEel, f7148E B4 7] 4Rk F2 7]
o] 289 1 odxE A= ¥ =29
"ol 2 o, uAHAZ} (1) FTFAEARel A
HEHL A, ARAEAA EIREA, (2) A7
Sl wWEE Al A ez AA A =]
A, 3) &Y AAA, A7) FollA F23hgell
ofs AR ALAL @) FAHA A, AA ol
Sl 9g ZdA TR 4 dvbd &2IH A
wA) A2 S Y £ dE Aeld, o) dA
o 1A% BEAME 53 o= A= st
o} (Eiguren-Fernandez et al., 2008; Cheng et al., 2006;
Fine et al., 2004; Hamilton et al., 2004; Schauer and
Cass, 2000).

olgjgt dF-Ee] o]FJA)7] M A7) A
o FE3l= f714RES] E AR ¥4l 71EH
o ojfo)xof g} A, 8 {7 A
o BAsA Aoz FR7F Aekste, rAA
W A=z £F0gm’ B pgm’)o2 A7) o
Fol] miAzRE] $IIHES FE B oHE
ol Foll Ao Q47 Ay g WA YA
We) 1004 29 7144 4 % AFsisle] 3l
o} (Zheng et al., 2002). 3-A] 2k o] AL SiA}el] &3}
= AA /71382 10~40%7te] FHE Aoz F
25 71 ¢)Jt}(Seinfeld and Pandis, 2006). =&}, 2o
M PAHs 5 2 272 #3814 f714%el A
5 % AR} ARelAR @Dy 520
o] Fofell W = AR Aol

a2 HEAQ ﬂ]"ii&‘ W $71AE BAubEe
-n-7]~9-UH-E— o] &3} 22 (Solvent Extraction, SE)3}

3 pAzagvte -GN 7] (GC-MS)E £
3= Aol} (Cheng er al., 2006; Schauer and Cass,
2000). 3}A] 5k, °] M"“ﬂi Mzt x5 Aamst
AAdslT, 1,000 £o] W o8] ojAAAE %3
sk glom §ixket %736}71] H3UE s
&+ 93 ByshA] Xatx, Aty AU A
2w Ed HRE Fusl= ¥ 47} 9lo}(Weltha-
gen et al., 2003). A, 2 AT M= 71E9] 24
el BqAE F537] A Mz B
Thermal desorption (TD) &%} two dimensional
gas chromatography-time-of-flight-mass spectrometry
(GCxGC-TOFMS)2 o]&3}te A]-& ulM|H Al #
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Z3e §71EES BAMEGIY A 53xes
2Agets A7l EAAAe =%l TD-GCxGC-
TOFMS7} 7] oflol2&s 2 B33k mjAelA
F718EE AN B P gk Jr)s o
7}= 31 ¢)e} (Welthagen et al., 2003).

¥ APl e Mg 97 FollA 20039 3L HE]
2005\ 4972 AFHT PMys AlB & AR A}
o] P 2004 1Y 199 AFHg PM,s £H
A#E WwA Al 2 B 3)e, TD-GCxGC-TOFMS
o] A& A MBI A€ PM, sl 231 §7)
e FF7E Feolstnal v o] AE Eds
A€ PMpsoll 23 47145859 55& AAsln
Stoz A=lojof & ofoj2E W] f7IHE BA o
TFoll A AAE = 9lg Rez 7=

2. A %

o

A
1

Ao

2.1 A2 A Z4a o
2 A7 93 AR AP= AL 2T o
Foll AAF Meddtm nAgEY SAH (A A

ot

Zl

17m)el| A =8 3t5iet. Al8 16.7L min~'9] f-Fo]
253 URG Cyclone & Filter pack (2-Channel sys-
tem)& AR8-3te] 24417k FF AH A o] A&
Abe] 2L B3l AWUYAE AASEIL, PM,; o3}
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Fig. 1. Schematic diagram of the TD-GCxGC-TOFMS sys-
tem.
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o} JAkE ARl ZeolA sk HEHE A% A
ol 7] A Yol = AF Tx=9 OCEC $=%
A it AHE $3ke} 500°CellA 84
Zb ol T A HElE ARgsisTh AR A
W2 OC, EC ¥4 w12 Kim er al. 2007))] A A]
3l

2.2 N2 X7 o =4

PM, 7} 3 E DEle] 0.84cm’el sidsE w3
& ZAer] W HExEFEZ Phenanthrene-d10-E 5ng 5
olgk & TD A|AHE (Gerstel Inc.)-& 93 Aztd o
7 6.0 mme 258 (Gerstel Inc.)ol] AF3d sl
Aart AHE FElREE AU (Gerstel Inc.)
of AAAZ F TD &= Zz ¢ 7FEsiach 2
1& 2 7o) A48 TD-GCxGC-TOFMSS] =
Aeg HelF 3 Qe & AFeA A3 GCxGC-
TOFMSE LECOA} AlEeo g GCxGCE: FHif 2
HBo] Wxw BAL Agilent 6890¢] 3, TOFMSE
Pegasus [Vo|th. TD &= Z2 7#¢] Z85H PM,;
2RE 23y P EEL GCxGC F+9) ol A2
® Cooled injection system (CIS) (Gerstel Inc.)el|A]
-60°C Al = $2F ey} CIS ez 2 T3] 7}
58] Axske 3UA GC ARes FUHch 2
AF A A3 TD R CIS 2% =2 8L 73 2
s} e} CIS £ 22 asle] shEel] ARtshe B
Aol GCXGCE 7hgateh o AFolA ALgd
GCxGC-TOFMS ¥4 zAe % 17 2th TDeA
QAN gulae] meHe E8E sk TD
9} CIS#|A] =% Solvent venting modeE -85}
=
GCxGCelA #e=lgl 7z JEEL 40~600u H4
A} BE Heko] 255 F]E (full scan mode)dte] 3,
A=z ~sley 3E &5 200 spectra/seco] T}
GCXGC-TOFMSSIA #2191 4459 HnE 4+,
BA8L7] 98 4]= LECO A}F2] ChromaTOF software
(version 3.32)2 Alg-3lgith 2t ARES] =AL 9
#) A= US National Institute of Standards and Techno-
logy (NIST)#} Willey, 78] 32 in-house PAC glo] B
22)& AF2-8}ed Similarity (S)#} Reverse (R)S] &%
o] E% 800 o]l AXEe] disjATt ¥4 oA
Helz AMA st o (Dalliige et al., 2002). S+ RE
NISTSI A% ko A Asdld B A%

Table 1. Parameters of the GCxGC-TOFMS system used

in this study.
GCxGC parameter
1. Columns characters
Inter
Phase Length diameter Location
(m)
(mm)
1* columnn | DB-5MS 30 0.25 GC oven
2" column | DB-17MS | 1.15 0.18 Secondary oven

II. Temperature program on first and secondary oven

350 reeee First oven 310
3009 -~ —— Secondary oven S

Temperature ("C)
(393
=3
S

5°C/min

0 10 20 30 40 30 6 70 8 9
GC running time (min)

L. Thermal Modulator parameter

Secondary
Temperature dimension Hot pulse | Cool time
offset (°C) separation time | time (sec) (sec)
(sec)
20 5 0.60 1.90
IV. Others
Carrier Carrier gas | Transfer line Flow fnlet
flow rate | temperature
gas (mL/min) c0) mode mode
He 1.3 300 Constant Solvent
vent
TOFMS parameter
Mass range | Acquisition rate | Electron Ton source
(u) (spectra/sec) |energy (V) | temperature (°C)
40~ 600 200 =70 225

E-9] mass fragmentation g1z} A Aded o
vzge) A\ A|E mass fragmentation €13} vl 23}
Qe A A=E FoHE 4 ok Sy AA
Aol EAF =E A A9 ES go]HE g
o] A ~w R vwsle] U H=FE Frishe
b, RE AA] g9 A ~9EH F golde
2o} EAlse A Ad e vaslold o o
2 =g vepdch A &3} gto|Hefe]e] Ak
s eHo| hEA dX|F 7§ Se} R HL =
¥ 999% 7IAAl B, A3 005
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Fig. 3. Two-dimensional (2D) GCxGC-TOFMS Analytical lon Chromatogram (AIC) of a Seoul PM, ; sample in 2D plot.

3. 4 =}
3.1 guts EN
3% 38 MeA 22T AZAFIA A ¥4

< FEEHA B S Q| 2004 1Y 299 &=
A PM, oA TD-GCxGC-TOFMSZ. F& 4 2
g F71AEE2] two dimensional (2D) analytical
ion chromatogram (AIC)& X &1 gl x22 3|
A 7" (DB-5MS, 27134l w2 Fa))ol gt A7
AZHe 2wsta, y&2 4 A (DB-17TMS, S4
of W ¥ehel dat AFAE ebich 23 3
o] ®AE A} GCxGC-TOFMSo|A £elsl
7+ e FzaEAE veRR. 20049 1Y 199
o 438 PM,;, OC,EC s =% 63.5ugm™>, 18.3 ug
m~, 3.93 ug me|gic). B EAo] A}8-3 PM,s A
FZ o T0pugelas, 7|4 Red A EES]
5 oF 10,0004 At 1 F A 29 =Y 2o
B]eA Se} R 25 800 o]l AEEL o
1,000 Zo|gjc} ¥} A Egk AR F28 9sle
H] SS9 R =% 800 o|4-& rIAvietxs 7 A¥-E
2] mass fragmentation €13} T}o]lB2]E]2] mass

71 A A5 A5z

fragmentation HE1E& =5 u|w, BASI T, TFA
27} Sl AEE Al 2EA8S ARARH
AaelM FAY AR AFAZE vmele] AR

I3 3o ®AIF ule} o] 2D AICE A¥-E
web =) A o thrlelaich RuA el M
column RTH$: 0.7~1.2 sec)dl] A= o alkanes,
alkenes, alkynesEo] H 23y, Ty oo (2™
column R. T $]: 1.0~ 1.8 sec)oll = alkenes, cycloalka-
nes ¥ ¥ oxidized alkanes (alkanoic acids and alkan-
2-ones)So] EAFHGT AWA o4 (2™ column R.T
W9 1.3~5.0sec)2 o8 oxidized aromatic com-
pounds2} PAHs, hopanesE-o] 2 %3}¢]t}

= /\]E.—E- 287 4ol glE o AHHY] o
dare el 2" o8 f714EEF o
‘H 7] A {713 EEE(VOCs)] F3lshat
Qlgh AbstA] {1 E-Eo| We] 2EE <] g

{mi_

o ox. e ol m e
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Aoz o gsgleh mebd, 2 A7l 41
$ES = A 23U 2R AEES
7711 Hlelelage Fdn o s
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2™ retention time (sec)

1% retention time (sec)

Fig. 4. GCxGC chromatogram of alkanes extracted by mass 57 in 2D plot.

2™ retention time (sec)

1 retention time (sec)

Fig. 5. GCxGC chromatogram of alkenes and cycloalkanes extracted by mass 55 in 2D plot.

3.2 77| 4 54

3.2.1 Alkanes, Alkenes, and Cycloalkanes

Alkanes& PM, 5 A4S dadql f714d o
2] 253} D4, 317)F-9] (meat cooking), A A7F2
Ad F AF-Ee dare el wfEH} (Sein-
feld and Pandis, 2006). Alkanes®] mass fragmentation
A AgHow CHyy' o8 Al2dE B
o} (Welthagen et al., 2003). Agf A4 =3 goldy
oA} ZA 3k alkanes?] FQ.o]2(mass to charge
ratio (m/z))2 57m/z3 71 m/izPvk 18 4= 19 3
o)A 57m/zE F%3F 2D F 2 nlx 13 o]t} TOFMS
+ 200spectra/sec?] W2 &x 7 g dlez s o

& % 97 el 7 JuEe] UL A WA
Agrdesy] Avg QG d& 4 U velA,
29 45k ol 7 JEES Faolow mzuie
a4 & FAY 4 U= & As
A EAE Alkanes® F2 CSHE C3471A)=2, ¢
100%F¢] AN

w3 A& PM,; ol Alkanes3} ©]Eo] Alke-
nes @ CycloalkanesE2] H27} 53] Ry} o
AEE HA] Alkanese} vpzbrbA| 2 of HE-0] Ut
ALelA wiEE e Aoz d#A At (Seinfeld and
Pandis, 2006). Alkene AE5-2 o] 59| o]FZ2 336
o Fol] mass fragmentation ¥l o] gFe] Alkane AlE-
ERt B8 Alkenes®] F2o]& =
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2™ retention time (sec)

1% retention time (sec)

Fig. 6. GCxGC chromatogram of n5 to ni6 alkanoic acids extracted by mass 60 in 2D plot.

2™ retention time (sec)

I* retention time (sec)

Fig. 7. GCxGC chromatogram of n5 to ni3 alkanon-2-ones extracted by mass 58 in 2D plot.

C,Hy 3 CHy,* 3ol 32, Cycloalkane AJ¥#-E-2
C.H,,* 3eje] o]-o] 7}slA vehdet. vlelr], mass
fragmentation H&l9HE ZalAME= o] F 2FE T
A7} o3} 13 5% Alkenes3} Cycloalkanes)
g®d o] 55mizE %3 2D FAzvtE RS
BelF1 gl Mg PM, ol A oF 505-9] Alkenes
3} Cycloalkanes©] 54 = %o}

3.2.2 Alkanoic acids and Alkan-2-one
Alkanoic acids ¥ 2] Alkanes @ Alkenes} w=}3
IR 2 of8] dale Yol HiEEHE Hoz o
#] glv}(Seinfeld and Pandis, 2006). Alkanoic acids-=-

P78 A A25W AS5E

Y-hydrogen®] zjuj=] wjFe] 60 m/ze}-&(CRR'C
(OH),"H9] 3 z=27} =) A& PM, 5 Yelx Alkanoic
acids®] Al d = FEEA Jepte (28 6). 13 6
oA HodZF upe}l o], GCxGCE AA F shi:
72 % AEEe 08 ¥ AEE 4 o9
2, 22 28718 vk AREY #2E A 9
gk 4~ gloh B d oA EA® Alkanoic acids:=
Etal 4 CS5RE Cl67FA] 9] & 12704+

A& PM, oA EA 3 alkan-2-ones &A= 574
Be 130712 & 97§93} Alkan-2-onesel] W3l o
A UL opA7A A duiA A gt aF T
alkan-2-oneA}¥-E2 F8 |23 58 mizz FE3
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Table 2. List of identified oxidized aromatic compounds in PM, .

Group Name Similarity Reverse Formula Weight SIN
Benzoic acids Benzoic acid 927 927 C7H602 122 933
Benzaldehydes 4-Methylbenzaldehyde 872 895 C8H80O 120 476

2,5-Dimethylbenzaldehyde 846 854 CI9H100 134 59
4-(1-Methylethyl)benzaldehyde 825 893 C10H120 148 336
4-Hydroxybenzaldehyde 855 889 C7H602 122 99
3-Methoxy-4-hydroxybenzaldehyde 918 927 C8H803 152 631
Phenols 2,4-Dimethylphenol 800 850 C8H100 122 234
3-Ethylphenol 885 889 C8HI100 122 832
2-Methoxy-4-methylphenol 821 846 C8H1002 138 510
1,2-Benzenediol 864 902 C6H602 110 350
4-Propylphenol 813 838 C9H120 136 253
4-(1-Methylethyl)phenol 941 941 C9HI120 136 45
5-Methyl-2-(1-methylethyl)phenol 806 850 Cl10H140 150 60
2,6-Dimethoxyphenol 871 874 CBH1003 154 485
2,4-bis(1, 1-dimethylethyl)-phenol 925 925 C14H220 206 1043
4-Nitrophenol 915 915 C6HSNO3 139 567
Nonylphenol 809 812 C15H240 220 266
Table 3. List of identified furans in PM, ;.

Name Similarity Reverse Formula Weight S/N
Methylpentylfuran 823 941 C10H200 156 757
2-Butyltetrahydrofuran 878 898 C8H160 128 461
2-Pentylfuran 855 862 C9H140 138 3784
2(5H)-furanone 937 937 C4H402 84 4091
5-methyl-2(3H)-furanone 894 894 C5H602 98 1506
3-Methyl-2(5H)-furanone 861 861 C5H602 98 706
5-Methyl-2(5H)-furanone 893 906 C5H602 98 1153
3-Methyldihydro-2(3H)-furanone 895 895 C5H802 100 183
5-Acetyldihydro-2(3H)-furanone 890 890 C6H803 128 18
5-Ethyldihydro-2(3H)-furanone 947 979 C6H1002 114 100
5-Butyldihydro-2(3H)-furanone 933 933 C8H1402 142 1156
5-Hexyldihydro-2(3H)-furanone 917 917 C10H1802 170 2200
5-Heptyldihydro-2(3H)-furanone 942 942 CI1H2002 184 1891
4-Hydroxydihydro-2(3H)-furanone 868 902 C4H603 102 21
4.4-Dimethyl-dihhydro-2(3H)-furanone 859 915 C6H1002 114 277
Dihydro-2,5-furandione 961 975 C4H403 100 1833
3-Methyldihydro-2,5-furandione 986 986 C5H603 114 879
5-Methyl-2-furancarboxaldehyde 860 879 C6H602 110 2848
2-Methylbenzofuran 872 886 C9HBO 132 827
1(3H)-Isobenzofuranone 904 910 C8H602 134 1076
5-Methyl-1(3H)-isobenzofuranone 853 872 CI9H8O2 148 355
4,5-Dimethyl-1(3H)-isobenzofuranone 811 907 CI10H1002 162 248
1,3-Isobenzofurandione 918 948 C8H403 148 72
4-Methyl-1,3-isobenzofurandione 913 915 CIH603 162 412
Dibenzofuran 956 956 CI12H8O 168 810
4-Phenyldibenzofuran 824 890 CI8HI20 244 13
Benzo[b]naphtho[2,3-d]furan 910 921 C16H100 218 872
alkan-2-oneAd ¥-52] 2D FARvEIHS HoFH 3.2.3 Oxidized aromatic compounds

alc}.

B g FeolA EAJ oxidized aromatic compounds

J. KOSAE Vol. 25, No. 5(2009)
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= Z 18Z0= =7 Benzoic acid®} Benzaldehyde,
Phenol 2§02 F8 Xgvh(& 2). o] FRE] o
B ede PAMez BiAA Qe ol A
E £ o3 toluened} xylene 5 VOCse] tj7] &
B33} whgol 93t ol f7llol2d 4EE2 o
A g} (Forstner et al., 1997). WAl o] Ars}
7] 2g5el b AT BHY Amsb AT WY
o] T3] vehdd AI719E ZAE W 2 ATl
Al A" oxidized aromatic compounds® w7} 33}
& Abgat 22 oake gl s Y Aoz
ol A=

3.2.4 Furans

A& PM, oA EA 3 Furans> & 273090}
(& 3). Furan Z1.$-2 = A Furan3} Furanel] A}3}7)7}
3h} -2 Furanone, & 7| ¥-2 Furandione® 2 1}
% 4 9ot Ak37) 71 -8 Furanone} Furandione-2-
oJ2 VOCsE= OHe| #3hs} ul-3ol SJshA 44
HelAE o)z} f7lellel 24 dzq FA B4l
©} (Hamilton et al., 2004; Forstner et al., 1997). o2}
Al, 2 AFo)A EAE FuransS ¢ A2l oxidized
aromatic compounds®} o Eo] 7] 33}t wl-go)
os] AAE o)zt f7ldlelzge] A AR Vs
EOES

3.2.5 Hopanes

Hopanes2 F2 AZ3} diddA wi&=H7] &
o 84 stpA R AFat A4 FA5)
+ d® 232 A8E7 ¢k (Seinfeld and Pandis,
2006; Schauer and Cass, 2000). 2 S oAM= & 832
2] hopane A¥-E& FA3AS 1d 82 hopaneft
9] F20]2<l 191 m/z2 323t Three dimensional
(3D) ZzulE 78S BFE

3.2.6 Polycyclic aromatic hydrocarbons (PAHS)
PAHs: M dge] 294 daoM AA=EE 7}
A dzde $714%8E F T EHol 2 A7l
A 7]1E9] EPACA A AR 1659 PAHs A%
Sjell W"7]e} o=7] Fo] H7}E oj2] PAHs A%
=2 =x3519vh. = A3 PAHs A B-S &= 72F0

2 7129 2 4F GAoldd 1632 PAH A3

E sl coF3t £72] PAH A E-Eo] PM,; <ol
Bx3= AL o4 5 9gic vgr)e} ey 52

ool )@ E)A] Al 25 A A S &

~eres s

Fig. 8. Three dimensional chromatogram of hopanes ex-
tracted by mass 191 in 2D plot (Circle areas indi-
cate 8 signals of hopane compounds).
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Fig. 9. The distribution of 15 and 2™ retention times for
72 PAH compounds in GCxGC.

5] #H71% PAHs E52 F2 A9 dis
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3.2.7 Polycyclic aromatic ketons (PAKs) and
quinones (PAQs)

PAKs¢} PAQs: A2t At =2 wjabaA],
E=E vlelemla dhel] o5 LAY A (Seinfeld
and Pandis, 2006), PAHs2] 7] 3 33}8} k-3¢ 9
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Table 4. List of identified PAKs and PAQs in PM,;.

Name Similarity Reverse Formula Weight S/N
1,2-Naphthoquinone 863 901 ) C10H602 158 340
3,4-Dihydro-2H- 1-benzopyran-2-one 920 920 C9H802 148 134
1,4-Naphthalenediol 861 869 C10H802 160 276
2-Methyl-1,4-Naphthoquinone 821 856 C11H802 172 147
3-Methyl-2H-1-Benzopyran-2-one 807 855 C10H802 160 87
Benzophenone 933 936 CI3H100 182 544
1(ZH)-Acenaphthylenone 923 926 C12H80O 168 1269
9H-Fluoren-9-one 879 879 C13H8O 180 1482
1H-Phenalen-1-one 943 943 C13H80 180 1236
Dibenzopyranone 924 924 C13H802 196 990
9,10-Anthraquinone 931 931 C14H802 208 1552
1,8-Naphthalic anhydride 857 880 C12H603 198 50
Cyclopenta(def)phenanthrenone 916 920 CI15H80 204 951
1-Methyl-9,10-anthraquinone 847 851 C15H1002 222 100
7H-Benz[de]anthracen-7-one 929 929 CI17H100 230 113

8 olxlx ez A= gk (Bunce ef al., 1997).
A& PM,sell Al & 48} o] % 19%2] PAKs ¥
PAQsE FAENAS 2 £, PAQs7} UAA 3]
Aol & HEolzl= dF A (Xia et al, 2004)7}
HEFAHA H7] F PAQsell W3t e A7t
ks Aex s gloh (Eiguren-Fernandez er al.,
2008). -2 PM, o= 9,10-Anthraquinone®} 7+-2-
%) 2] PAQs7H 4=

4, 2° 9 Ho

2 dFeNE 729 $71098d EAubERe
AR el TD-GCxGC-TOFMSE o]43te] A
€ PM,s o £E31= f714EE £5F S48
gletalg]e). TDo 98t f71A4 859 F23yL 7]
29] SExch FZAI7HS 508 ol wE:AZT ®
3, GCxGC-TOFMSoll &3t JauAe 7]|&o GC-
MS®EY gty Heledt Hejg ARE] 93 3
sl AP Agased YnE £ 4 97
el 7)o & 4 gdd A8 AREY A
7Vestelct w22 3Ey 3xE /L e
AEEE 28332 A8 X A4 glol
g wle) EAozm of 3004 Fo] P& UIHEES
A3t

A& PM,s Holle AHE3F Qd4and vlo]ems 4

A% YA 93 AP WETE Y alka-
nes# alkenes, cycloalkanes, PAHsE°] £235}91,
A5A 940 FHEA =2 Idelal hopanes® FA
ek w3 Mg PM, el M= o8] VOCse] 33lst
HEgel AAdERT ¢ A8 A4 U1 E
(oxidized aromatic compounds, furans, furanones,
furandiones, PAKs, PAQs)9] # 28 sl 4~ 9149
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