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Classification and identification of organic aerosols in the atmosphere
over Seoul using two dimensional gas chromatography-time of flight
mass spectrometry (GCxGC/TOF-MS) data
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Abstract

To identify a variety of organic compounds in the ambient aerosols, the two-dimensional gas chromatography-time
of flight mass spectrometry (GCxGC) system (2DGC) has been applied. While 2DGC provides more peaks, the
amount of the generated data becomes huge. A two-step approach has been proposed to efficiently interpret the
organic aerosol analysis data. The two-dimensional 2DGC data were divided into 6 chemical groups depending on
their volatility and polarity. Using these classification standards, all the peaks were subject to both qualitative and
quantitative analyses and then classified into 8 classes. The aerosol samples collected in Seoul in summer 2013 and
winter 2014 were used as the test case. It was found that some chemical classes such as furanone showed seasonal
variation in the high polarity-volatile organic compounds (HP-VOC) group. Also, for some chemical classes,
qualitative and quantitative analyses showed different trends. Limitations of the proposed method are discussed.
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Table 1. List of identified compounds in HP-VOC (R.T.; min:sec).

Compound Class CAS Similarity Reverse Ist RT. 2nd R.T.
Furanones

*2(5H)-Furanone, 3,5,5-trimethyl- Furanone 50598-50-0 914 914 11:04.8 00:01.6
*2(3H)-Furanone, 5-ethyldihydro-5-methyl-  Furanone  2865-82-9 879 883 11:00.4 00:01.5
*2(3H)-Furanone, dihydro-5-methyl- Furanone  108-29-2 906 906 07:45.6 00:01.5
ON

*p-Nitrophenyl hexanoate ON 956-75-2 845 854 11:24.0 00:01.8
orvoc

Acetophenone OBD 98-86-2 889 912 10:26.7 00:01.5
PAH

Naphthalene PAH 91-20-3 802 862 13:28.1 00:01.5

*compound detected in only summer
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Fig. 1. Scheme of chemical separation group

(Adapted from Jeon (2017)).
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Table 2. List of identified compounds in LP-VOC (R.T.; min:sec)/

Compound Class CAS Similarity Reverse Ist RT. 2nd R.T.
Furanone

*2(5H)-Furanone, 5,5-dimethyl- Furanone 20019-64-1 868 870 07:43.8 00:01.3
ONs

Pyridine, 2,3,5-trimethyl- ON 695-98-7 814 854 08:37.7 00:01.1
Pyridine, 2,3,6-trimethyl- ON 1462-84-6 809 828 09:00.0 00:01.1
*Qctanenitrile ON 124-12-9 838 859 10:40.8 00:01.2
OVOCs

1-Hexanol, 2-ethyl- Alcohol 104-76-7 877 919 09:13.8 00:01.0
Camphenol, 6- Alcohol 3570-04-5 842 853 11:40.3 00:01.2
Octanal Aldehyde 124-13-0 958 961 08:51.6 00:01.0
*2-Octenal, (E)- Aldehyde  2548-87-0 896 896 10:12.0 00:01.1
Nonanal Aldehyde 124-19-6 916 917 11:01.2 00:01.1
*2-Nonenal, (E)- Aldehyde 18829-56-6 889 893 12:36.5 00:01.1
Heptanoic acid, methyl ester Ester 106-73-0 828 871 09:18.8 00:01.0
Octanoic acid, methyl ester Ester 111-11-5 883 897 11:41.7 00:01.1
Furan, 2-pentyl- OBD 3777-69-3 863 871 08:36.0 00:00.9
*2-n-Heptylfuran OBD 3777-71-7 843 854 13:24.0 00:01.0
*5-Hepten-2-one, 6-methyl- Ketone 110-93-0 892 895 08:26.4 00:01.0
*2-Nonanone Ketone 821-55-6 923 923 10:55.2 00:01.1
*2-Octanone Ketone 111-13-7 845 851 11:30.7 00:01.1
Nopinone Ketone 38651-65-9 888 892 12:02.4 00:01.4
**]-Butanol, 3-methoxy-, acetate Multi 4435-53-4 852 853 08:12.0 00:01.0
**2-Butoxyethyl acetate Multi 112-07-2 911 914 10:45.6 00:01.2
*3-Pentenoic acid, 4-methyl- OA 504-85-8 831 843 08:26.4 00:01.4
Benzaldehyde OBD 100-52-7 917 927 08:03.7 00:01.3
Benzoic acid, methyl ester OBD 93-58-3 912 918 11:07.7 00:01.4
VOCs

**Decane Alkane 124-18-5 890 898 08:16.8 00:00.8
*Benzene, butyl- BD 104-51-8 818 853 10:14.6 00:01.0
Benzene, pentyl- BD 538-68-1 883 888 12:38.3 00:01.1

*compound detected in only summer, **compound detected in only winter

Axk 77kol & AAISEI T AldehydeS} ketone> W w2t SEbgS FE F e FAskal SVOCIL
% alkane H=+= alkene©] radical@} 2] 3}&H-&-S 53 oA BEE F e JhsAdol Ak 1 g
ARE = AdF ez b &&7)e vl 7% furanone = &7 = A RE SkA EFE o]+ HP-VOC
o] E7|wjEel 3ol ZFsk AREoltt ofef whet o Al AAYE ARl o] TFA AE
F7}F 3}8ks- 0 2 2138}o] multi-generation compound H RoE FdEH vl R o Follvt A E
7} AAE & Qe AFEA] YR it &, 3§ t} (Figures 2(b), 3(b)). Al@ & S Z+= furanone®| ¢
WA o] Ast7] witel o] e Alxto] Al Follvt HEF3ow ovocstelA A AEE
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Fig. 2. Qualitative analysis pie chart (summer). (a) HP-VOC, (b) LP-VOC, (c) HP-SVOC, (d) LP-SVOC, (e)
HP-NVOC and (f) LP-NVOC.,

(a) (e)

PAH
50%

VOC
h -

VOoC
70%

voc
50%

Etc.
50%

ovoc
53%

Furanone [7]ON [ Etc.

voc [[[ovoc []PAH [B8 oxy-PAH [ PHTH
Fig. 3. Qualitative analysis pie chart (winter). (a) HP-VOC, (b) LP-VOC, (c) HP-SVOC, (d) LP-SVOC, (e)
HP-NVOC and (f) LP-NVOC.
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Table 3. List of identified compounds in HP-SVOC (R.T.; min:sec).

Compound Class CAS Similarity Reverse Ist R.T. 2nd R.T.
Furanone

*2(3H)-Furanone, 5-butyldihydro- Furanone 104-50-7 865 880 14:55.2 00:01.7
ONs

Pyridine, 3-(1-methyl-2-pyrrolidinyl)-, (S)- ON 54-11-5 896 896 16:54.8 00:01.5
Quinoline, 1,2-dihydro-2,2,4-trimethyl- ON 91-53-2 800 831 19:09.4  00:01.5
Dodecanamide ON 1120-16-7 892 913 31:55.1 00:01.6
Methenamine ON 100-97-0 893 893 14:17.2  00:01.7
Quinoline, 2,4-dimethyl- ON 1198-37-4 814 862 19:144  00:01.7
*Diethyltoluamide ON 134-62-3 912 921 21:49.7  00:01.7
Nicotyrine ON 487-19-4 809 827 19:57.0 00:01.9
OVOCs

;’_?i'i?;tert'bmyl'1'°"aSpir°(4’5)d°°a'6’9'diene'2’ Furan 82304-66-3 822 827 27:493  00:01.6
riifﬁ;ﬁ’egst:‘::aceﬁ“ acid, 3-oxo-2-pentyl-, Multi 24851987 828 833 23:144  00:01.5
Triacetin Multi 102-76-1 951 951 16:41.1 00:01.6
*13-Methylpentadec-14-ene-1,13-diol Multi 918876-20-7 808 816 33:30.5 00:01.6
Z-8-Methyl-9-tetradecenoic acid OA 887 888 37:04.7 00:01.5
*Benzaldehyde, 2,5-dimethyl- OBD 5779-94-2 884 894 14:07.2 00:01.5
Benzoic acid, 4-ethoxy-, ethyl ester OBD 23676-09-7 899 900 20:46.6 00:01.5
**Benzene, 1,2,3-trimethoxy-5-methyl- OBD 6443-69-2 815 823 18:02.4 00:01.6
Benzene, 1,1'-[oxybis(methylene)]bis- OBD 103-50-4 904 906 23:25.2 00:01.6
P fgﬁi@i‘; acid, 3-(4-methoxyphenyl)- OBD 5466-77-3 895 896 34:026  00:01.6
Benzyl Benzoate OBD 120-51-4 867 870 25:33.6 00:01.8
**]-Penten-3-one, 1-phenyl- OBD 3152-68-9 820 832 21:57.6 00:02.2
Oxy-PAH

**Benzo[b]naphtho[2,3-d]furan Oxy-PAH  243-42-5 866 878 31:33.6  00:02.0
9H-Fluoren-9-one Oxy-PAH  486-25-9 914 920 25:10.1 00:02.0
**](2H)-Acenaphthylenone Oxy-PAH  2235-15-6 852 878 23:39.6  00:02.0
9,10-Anthracenedione Oxy-PAH  84-65-1 885 897 29:10.2 00:02.2
**]H-Phenalen-1-one Oxy-PAH  548-39-0 852 855 28:03.2  00:02.4
Naphthalic anhydride Oxy-PAH  81-84-5 894 894 30:07.2  00:02.6
Phthalic anhydride Oxy-PAH  85-44-9 894 894 16.15 1.76
1,2-Naphthalic anhydride Oxy-PAH  5343-99-7 894 894 26.75 1.87
**Cyclopenta(def)phenanthrenone Oxy-PAH  5737-13-3 813 853 30:21.6 00:02.1
PAHs

**Phenanthrene, 4-methyl- PAH 832-64-4 857 891 28:02.0 00:01.8
**Phenanthrene, 1-methyl- PAH 832-69-9 844 864 28:25.5 00:01.9
**Naphthalene, 2-phenyl- PAH 612-94-2 836 863 29:09.6  00:01.9
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Compound Class CAS Similarity Reverse Ist R.T. 2nd R.T.
**]1H-Benzo[b]fluorene PAH 243-17-4 823 866 32:52.8 00:02.0
Pyrene PAH 129-00-0 836 883 31:06.0  00:02.1
**Benzo[ghi]fluoranthene PAH 203-12-3 833 847 35:28.8 00:02.3
** Anthracene PAH 120-12-7 809 934 26.11 1.72
Fluoranthene PAH 206-44-0 884 912 30.63 1.89
Retene PAH 483-65-8 836 845 32:504  00:01.8
PHTHs

::;zfenzenedicarboxylic acid, bis(2-ethylhexyl) PHTH 137-89-3 Q43 Q43 39:192  00:015
:)ig_::fﬁ;?;?;’;"g?;raCid’ PHTH 84-69-5 885 898 26:513  00:015
Z*eltfyﬁifflniﬁiif rboxylic acid, butyl PHTH 85-69-8 894 896 28216  00:01.6
*Phthalic acid, butyl nonyl ester PHTH 89-19-0 831 870 33:04.8 00:01.6
1,2-Benzenedicarboxylic acid PHTH 88-99-3 934 934 16:18.3 00:02.1
Dibutyl phthalate PHTH 84-74-2 917 917 28:36.0  00:01.6
Diisooctyl phthalate PHTH 27554-26-3 880 884 36:45.8 00:01.6
Diethyl Phthalate PHTH 84-66-2 899 904 21:52.8 00:01.7
Dimethyl phthalate PHTH 131-11-3 860 868 19:01.4  00:01.8
VOC

Biphenyl BD 92-52-4 904 913 17:53.0  00:01.6
Etc.

Triphenyl phosphate OopP 115-86-6 887 889 35:09.6  00:02.4
*2-Propanol, 1-chloro-, phosphate (3:1) OP 13674-84-5 825 826 25:48.0 00:01.7
Diphenyl sulfone oS 127-63-9 854 875 28:16.0  00:02.4
**D-Allose Sugar 2595-97-3 884 884 20:09.3 00:02.5

*compound detected in only summer, **compound detected in only winter

71 2t} Multifunctional speciesi= 27 ©]°4¢] 2F&-
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(1R)-, Benzaldehyde,
Benzoic acid, methyl ester”} “1Z1o]t} o529 53
< ®avt 1EE BolAu(eyclic) WS 1ol

9] AHE-E2L 2 retention

-

3-Pentenoic acid, 4-methyl-,

24717k Boldt Aolth AR, $YHe) 4
$ WAle] A7 Bl Aol 12% <o
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Table 4. List of identified compounds in LP-SVOC (R.T.; min:sec).
Compound Class CAS Similarity Reverse  Ist R.T. 2nd R.T.
oroc
**2-butyltetrahydro-furan Furan 1004-29-1 814 871 35:19.2  00:01.1
ONs
**3_Hexanone, 2,5-dimethyl-4-nitro- ON 828 848 15:57.6  00:01.2
Hexadecanenitrile ON 629-79-8 860 860 27:39.4  00:01.3
Oleanitrile ON 112-91-4 865 868 29:29.7  00:01.3
Hydroxylamine, O-decyl- ON 29812-79-1 866 876 19:52.8  00:00.9
*Hordenine ON 539-15-1 960 981 20:50.4  00:01.0
*Betaine ON 107-43-7 976 978 20:21.6  00:01.0
*Ethylamine,
2-((p-bromo-?methyl-?phenylbenzyl) ON 3565-72-8 912 987 22:21.6  00:01.0
oxy)-N,N-dimethyl-
Cyclohexanamine, N-cyclohexyl- ON 101-83-7 920 920 18:53.2  00:01.1
OVOCs
1-Octanol, 2-butyl- Alcohol  3913-02-8 864 868 18:19.8  00:00.9
2-Tridecen-1-ol, (E)- Alcohol  74962-98-4 910 918 24:26.4  00:01.1
(S)-(-)-1,2,4-Butanetriol Alcohol  42890-76-6 834 952 16:24.7  00:01.2
2,4,7,9-Tetramethyl-5-decyn-4,7-diol Alcohol  126-86-3 816 816 18:17.4  00:01.2
Cedrol Alcohol  77-53-2 838 842 22:46.2  00:01.3
Decanal Aldehyde 112-31-2 915 915 13:43.2  00:01.1
*2-Decenal, (E)- Aldehyde 3913-81-3 906 913 15:04.2  00:01.1
*2-Undecenal Aldehyde 2463-77-6 894 896 17:24.0  00:01.2
>-Isopropenyl-2-methylcyclopent-1-enec 540 de 829 832 13:427  00:01.4
arboxaldehyde
Pentadecanal- Aldehyde 2765-11-09 856 875 39:09.6  00:01.4
Nonanoic acid, methyl ester Ester 1731-84-6 892 894 14:04.8  00:01.1
Isopropyl myristate Ester 110-27-0 868 868 26:12.0  00:01.1
Undecanoic acid, methyl ester Ester 1731-86-8 836 841 20:41.1  00:01.1
Isopropyl palmitate Ester 142-91-6 842 843 29:38.4  00:01.1
Pentadecanole acid, 14-methyl-, methyl goe 5120.60.2 917 917 28:02.6  00:01.1
Hexadecanoic acid, ethyl ester Ester 628-97-7 837 839 29:09.6  00:01.1
Dodecyl acrylate Ester 2156-97-0 844 856 33:41.8  00:01.1
**Tridecanoic acid, methyl ester Ester 1731-88-0 918 918 27:48.0 00:01.1
Methyl stearate Ester 112-61-8 917 918 31:144 00:01.2
Hexanoic acid, 2-ethyl-, hexadecyl ester Ester 59130-69-7 847 845 35:57.6  00:01.2
Eicosanoic acid, methyl ester Ester 1120-28-1 830 834 34:07.2 00:01.2
9-Octadecenoic acid (Z)-, methyl ester Ester 112-62-9 894 898 30:50.4 00:01.2
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Compound Class CAS Similarity Reverse  Ist R.T. 2nd R.T.
Hexadecanoic acid, 13-methyl-, methyl per 6929040 848 854 36223 00:01.3
*Nonanoic acid, 2-oxo-, methyl ester  Ester 1931-63-1 857 864 16:16.8  00:01.3
Triacontanoic acid, methyl ester Ester 629-83-4 869 875 39:144  00:01.3
Octane, 1,1'-oxybis- Ether 629-82-3 878 883 25:04.6  00:01.0
4,8,12,16-Tetramethylheptadecan-4-olide Furan 96168-15-9 818 835 34:26.4 00:01.4
2-Undecanone, 6,10-dimethyl- Ketone 1604-34-8 861 861 26:31.2 00:01.1
g,’(f-l;ig()l],Cll-gitr;ni:?ha;?eitﬁ;}l)e._l’4_di0ne’ Ketone  719-22-2 843 846 19:33.9  00:01.2
Decanal dimethyl acetal Methoxy 7779-41-1 839 853 15:18.1  00:01.0
*Tetrahydropyranyl ether of citronellol Methoxy 71841-73-1 821 840 18:02.4  00:01.0
Propanoic acid, 2-methyl-,

1-(1,1-dimethylethyl)-2-methyl-1,3-propa Multi 903 908 21:53.2  00:01.1
nediyl ester

kk 1 1 _ -

3_5535’(?;‘;_‘5, ffﬁ?r’hie‘t‘l‘f;ﬁoyeln’tyl eior | Multi 918 925 17:22.4  00:01.2
1-Propanol, 2-(2-hydroxypropoxy)- Multi 106-62-7 861 868 14:28.0  00:01.2
gf’lll’;g‘;fx;‘f{‘_i’mﬁfﬁgﬁ;])%fggﬁleg;{grl' Multi 886 892 16:40.8  00:01.2
1-Propanol, 2-methoxy- Multi 1589-47-5 808 843 18:12.6  00:01.3
Ethanol, 2-(2-butoxyethoxy)-, acetate Multi 124-17-4 857 867 17:13.7  00:01.4
n-Hexadecanoic acid OA 57-10-3 888 888 28:32.5 00:01.3
Octadecanoic acid OA 57-11-4 878 878 31:44.3  00:01.3
trans-13-Octadecenoic acid OA 693-71-0 880 880 31:27.4 00:01.4
Tetradecanoic acid OA 544-63-8 856 857 25:12.0 00:01.4
Benzoic acid, 2-ethylhexyl ester OBD 850 856 24:22.77  00:01.3
*#2-Octyl benzoate OBD 94-50-8 841 850 24:02.4  00:01.3
Phenol, 2,4-bis(1,1-dimethylethyl)- OBD 96-76-4 807 848 20:15.2  00:01.3
*1-Octanone, 1-phenyl- OBD 1674-37-9 909 915 23:43.2  00:01.4
*n-Octyl phenyl ketone OBD 6008-36-2 843 893 25:38.4  00:01.4
Butylated Hydroxytoluene OBD 128-37-0 861 864 20:20.4  00:01.2
VOCs

Tridecane Alkane  629-50-5 898 912 13:31.8  00:00.8
Dodecane Alkane 112-40-3 940 941 13:33.8  00:00.8
Decane, 2,3,5,8-tetramethyl- Alkane 192823-15-7 883 889 17:28.9  00:00.9
Hexadecane Alkane 544-76-3 917 921 21:37.2  00:00.9
Undecane Alkane 1120-21-4 883 895 20:18.8  00:00.9
Nonane Alkane 111-84-2 853 867 17:43.8  00:00.9
Heptadecane Alkane  629-78-7 890 892 24:58.9  00:00.9
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Compound Class CAS Similarity Reverse  Ist R.T. 2nd R.T.
Heptadecane, 2,6-dimethyl- Alkane  54105-67-8 891 898 23:48.0  00:00.9
Nonadecane, 2-methyl- Alkane 1560-86-7 908 909 24:38.5  00:00.9
Eicosane Alkane 112-95-8 909 911 26:45.0  00:00.9
Nonadecane Alkane 629-92-5 908 913 27:33.1  00:00.9
Heneicosane Alkane 629-94-7 907 913 28:53.6  00:01.0
Pentadecane Alkane 629-62-9 891 902 30:25.8 00:01.0
Heptadecane, 2,6,10,14-tetramethyl- Alkane 18344-37-1 885 892 31:33.2  00:01.0
Dotriacontane Alkane 544-85-4 887 887 31:51.5  00:01.0
Tetradecane Alkane 629-59-4 914 918 30:48.3  00:01.0
Octadecane Alkane  593-45-3 886 892 32:28.3  00:01.1
Hexatriacontane Alkane  630-06-8 891 893 35:57.6  00:01.1
Tetratetracontane Alkane  7098-22-8 912 912 38:54.7 00:01.4
7-Hexadecene, (Z)- Alkene  35507-09-6 892 894 20:06.7  00:00.9
Cetene Alkene  629-73-2 898 903 29:32.2  00:01.0
1-Nonadecene Alkene 18435-45-5 846 853 32:16.7  00:01.0
10-Heneicosene (c,t) Alkene  95008-11-0 835 841 34:50.4 00:01.1
17-Pentatriacontene Alkene 6971-40-0 850 877 33:36.3  00:01.1
1-Docosene Alkene 1599-67-3 878 884 39:50.9  00:01.3
Benzene, hexyl- BD 1077-16-3 844 864 15:02.9  00:01.1
Benzene, heptyl- BD 1078-71-3 823 835 17:24.8  00:01.1
Cyclodocosane, ethyl- CA 801 807 35:56.3  00:01.1
Cyclopentane, 1-pentyl-2-propyl- CA 62199-51-3 865 866 33:57.6  00:01.1
g‘_’gyegf‘;l;én:y'fgrﬂgypﬁ?tyl'4‘ CcA 7225-68-5 805 805 37:57.9  00:01.1
n-Heptadecylcyclohexane CA 19781-73-8 811 816 40:07.2  00:01.2
Etc.

1-lodo-2-methylundecane Halogen 890 894 26:17.8  00:00.9
7-Phenyl-1-heptyl chloride Halogen 71434-47-4 854 886 19:38.5  00:01.1
Tributyl phosphate (0 126-73-8 819 864 23:04.8  00:01.4

*compound detected in only summer, **compound detected in only winter
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Table 5. List of identified compounds in HP-NVOC (R.T.; min:sec).

Compound Class CAS Similarity ~ Reverse Ist RT. 2nd R.T.
PAHs

**Benzo[k]fluoranthene PAH 207-08-9 828 874 40:10.6 00:02.9
**Perylene PAH 198-55-0 872 910 41:04.3 00:03.3
VOCs

2-methyloctacosane Alkane 1560-98-1 918 919 42:41.6 00:01.5
Dodecane, 2,6,10-trimethyl- Alkane 3891-98-3 873 882 44:16.5 00:01.6
**Qctadecane, 6-methyl- Alkane 10544-96-4 838 844 45:48.0 00:01.8
Squalene Alkene 111-02-4 880 882 40:11.3 00:01.5
Cyclohexane, nonadecyl- CA 22349-03-7 813 830 43:13.8 00:01.6
1-Cyclopentyleicosane CA 22331-38-0 815 824 42:58.5 00:01.6
Cyclohexane, eicosyl- CA 4443-55-4 885 890 44:10.0 00:01.8
Etc.

Sulfurous acid, butyl dodecyl ester oS 959095-65-9 906 913 44:02.4 00:01.6

**compound detected in only winter

phthalic acid®] o|AEZE o]& FTHOZ chain
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Table 6. List of identified compounds in LP-NVOC (R.T.; min:sec).

Compound Class CAS Similarity ~ Reverse Ist RT. 2nd R.T.
rvoc

Hentriacontane Alkane  630-04-6 911 913 41:08.6  00:01.4

Etc.

Sulfurous acid, butyl tridecyl ester (0N 910 910 41:29.0 00:01.3
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Fig. 4. Quantitative analysis pie chart (summer). (a) HP-VOC, (b) LP-VOC, (c) HP—SVOC, (d) LP—SVOC, (e)

HP—NVOC and (f) LP-NVOC.

88%

Etc. VOC PAH

74%

77%

vocC ovoc PAH oxy-PAH E&] PHTH Furanone [7] ON Etc.
ke E

oxy-PAH
6%
95%
voc
59.5%
39.0% 929

voc [[[ovoc []PAH [ oxy-PAH [E PHTH EFuranone [7]ON [f] Etc.

Fig. 5. Quantitative analysis pie chart (winter). (a) HP-VOC, (b) LP-VOC, (c) HP-SVOC, (d) LP—SVOC, (e)

HP-NVOC and (f) LP-NVOC.
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