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Abstract: Atmospheric intermediate volatile organic compounds (IVOCs) are complex mixtures.
Due to the limited separation and identification capabilities of one-dimensional gas chromatography
('D-GC), a large portion of atmospheric IVOCs—which often elute as unresolved or complex peaks
—are categorized as an unspeciated complex mixture (UCM). This constrains the accurate ap-
portionment of atmospheric IVOCs. To address this problem, an alternative analytical method has

been developed utilizing thermal desorption-flow modulation comprehensive two-dimensional gas
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chromatography coupled with time-of-flight mass spectrometry (TD-FM GCxGC-TOF MS) to measure
atmospheric IVOCs. Analytical optimization focused on fill and flush time within a 3-second
modulation period, with optimal values determined as 2 870 ms and 130 ms, respectively, to
maximize separation efficiency and signal response. Compounds were separated on a ZB-5HT column
(20 mx0.18 mmx0.18 pm) as the first dimension, with a BP-50 column (5 mx0.25 mmx0.20 pm)
serving as the second dimension. Helium was employed as the carrier gas with column pressures
maintained at 254.4 kPa (first dimension) and 202.1 kPa (second dimension). The following
temperature program was used: 50 C for 10 min, then increased to 300 C at 10 C/min, with the
final temperature held for 20 min. The MS was operated in electron impact (EI, 70 eV) ionization
mode. Both the ion source and transfer line temperatures were set at 300 C. MS signals were re-
corded in full scan mode with a scan range of m/z 40 to m/z 800. During thermal desorption, the
desorption temperature was set at 320 C, and the cold trap temperature was maintained at -10 C
to capture desorbed targets. The secondary desorption flow rate was set at 16 mL/min. Under these
optimized conditions, the method demonstrated acceptable linearity, with correlation coefficients
ranging from 0.922 3 to 0.998 4, for 69 selected targets spanning 1 to 20 ng/tube, with method
detection limits (spiked at 1 ng/tube) between 0.010 7 and 0.410 1 ng/m’, with recoveries ranging
from 80.4% to 136.0%. Relative standard deviation values among replicate samples (n=7) spiked at
1 ng/tube, 3 ng/tube, and 10 ng/tube levels were around 4.5%-33.9%, 3.2%-19.9% and 3.5%-18.6%,
respectively. Application of the method to atmospheric IVOC samples collected from an urban site
of Shanghai, revealed total IVOCs mass concentrations of 8.6-61.1 wg/m’. Of these, mass con-
centrations of 853 individual species identified by the present method comprised 96.2% of total IVOCs.
Consequently, the newly developed method improved the identification rate for UCM. Importantly,
chlorinated IVOCs, and oxygenated IVOCs exhibited different

emission sources distinct from those routinely monitored compounds. Therefore, this study es-

the newly speciated aromatics,

tablished a reliable method for determining atmospheric IVOCs, offering strong data support for
precise source apportionment of complex IVOCs in the atmosphere. Additionally, this method can
be used to monitor IVOCs across various environmental metrics, thereby providing essential data
to support the management and control of these compounds.

Keywords: thermal desorption; flow modulation; comprehensive two-dimensional gas chroma-
tography (GCxGC) ; time-of-flight mass spectrometry (TOF-MS) ; intermediate volatility organic

compounds (IVOCs) ; ambient atmosphere
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Table 1 Standard sample specifications and suppliers of atmospheric intermediate volatile organic compounds (IVOCs)

Standard sample Solvent Mass concentration Supplier
n-Alkanes SM dichloromethane 500 pg/mL Sigma-Aldrich
i-Alkanes Std. dichloromethane 2000 pg/mL Sigma-Aldrich
Alkyl cycloalkanes Std. isooctane 1000 pg/mL AccuStandard
Alkenes Std. dichloromethane 1000 pg/mL Sigma-Aldrich
PAHs SM benzene-dichloromethane (1:1) 2000 pg/mL Sigma-Aldrich
Alkyl naphthalenes Std. benzene-dichloromethane (1:1) 1000 pg/mL Sigma-Aldrich
Tetralines Std. benzene-dichloromethane (1:1) 1000 pg/mL Sigma-Aldrich
Nitro-PAHs Std. chloroform 100 wg/mL Sigma-Aldrich
SRAs Std. chloroform 2000 pg/mL Sigma-Aldrich
Cl-IVOCs SM dichloromethane 2000 pg/mL AccuStandard
0O-IVOCs Std. dichloromethane 2000 pg/mL Sigma-Aldrich
PAHs IS acetonitrile 2000 pg/mL Sigma-Aldrich
C,,-dyg / 0.864 g/mL Sigma-Aldrich
Cs-dy, / 0.883 g/mL Sigma-Aldrich
Co-d,, / 0.904 g/mL Sigma-Aldrich
Hexane / HPLC, purity=99.7% Sigma-Aldrich

n-Alkanes SM: n-alkanes standard mixture; SM: standard mixture; i-Alkanes: iso-alkanes; Std.: standard; PAHs SM: polycyclic

aromatic hydrocarbons standard mixture; SRAs: single ring aromatics; Cl-IVOCs SM: chlorinated intermediate volatile organic com-

pounds standard mixture; O-IVOCs: oxygenated intermediate volatile organic compounds; PAHs IS: internal standard of polycyclic aro-

matic hydrocarbons; C,-d,;: dodecane-d, ; C -d;,: pentadecane-d,,; C ,-d, : nonadecane-d, ; HPLC: high performance liquid chroma-

tography grade.
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Fig. 1 Schematic diagrams of the working mechanism of the flow modulator
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Table 2 Compounds, abbreviations, quantitative ions (QI), retention times (RT), and reference internal standards (IS)

No. Compound Abbreviation QI (m/z) RT I /s RT 1 /s I
Alkanes
n-Alkanes
1 n-dodecane C, 57 1008.6 1.14 C,-dye
2 n-tridecane C, 57 1113.0 1.07 C,-dy
3 n-tetradecane C, 57 1203.0 1.13 C5-d,,
4 n-pentadecane Cs 57 1284.0 1.20 C5-d,,
5 n-hexadecane Ci 57 1360.2 1.30 C5-d,,
6 n-heptadecane C, 57 1431.6 1.44 Co-d,,
7 n-octadecane Ci 57 1503.6 1.55 Co-d,,
8 n-nonadecane C 57 1570.2 1.68 Co-d,,
9 n-eicosane C,, 57 1630.2 1.79 Co-d,,
10 n-heneicosane C,, 57 1689.6 1.93 Co-d,,
11 n-docosane C,, 57 1747.2 2.02 Co-d,,
i-Alkanes
12 pristane 57 1437.0 1.24 107Gy
13 phytane 57 1506.6 1.40 197y
Alkyl cycloalkanes
14 hexylcyclohexane C,CH 83 1047.6 1.35 C,-dyg
15 octylcyclohexane C,CO 83 1242.0 1.48 C5-dy,
16 nonylcyclohexane C,CN 83 1327.2 1.62 C5-dy,
Alkenes
17 1-dodecene 55 996.0 1.11 C,-dyg
18 1-tridecene 55 1101.6 1.11 C,-dye
19 1-cetene 55 1430.4 1.41 Co-d,,
20 1-octadecene 55 1497.6 1.67 Co-d,,
Aromatics
PAHs
21 naphthalene Nap 128 990.0 0.94 Nap-d,
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Table 2 (Continued)

No. Compound Abbreviation QI (m/z) RT I /s RT Il /s 1S
22 acenaphthylene Acp 152 1253.4 1.30 Ace-d
23 acenaphthene Ace 153 1282.8 1.14 Ace-d
24 fluorene Flu 166 1362.0 1.32 Ace-d
25 phenanthrene Phe 178 1506.0 2.34 Phe-d,,
26 anthracene Ant 178 1512.0 2.18 Phe-d,,
27 fluoranthene Fluo 202 1686.0 0.17 Phe-d,,
28 pyrene Pyr 202 1717.2 0.64 Phe-d,,

Alkyl naphthalenes
29 2-methylnaphthalene 2-MN 142 1113.0 0.53 Nap-d,
30 I-methylnaphthalene 1-MN 142 1130.4 0.59 Nap-d,
31 1,3-dimethylnaphthalene 1,3-DMN 156 1225.2 0.58 Ace-d,,
32 1, 6-dimethylnaphthalene 1,6-DMN 156 1225.2 0.57 Ace-d,,
33 1,4-dimethylnaphthalene 1,4-DMN 156 1242.0 0.63 Ace-d,,
34 2,3-dimethylnaphthalene 2,3-DMN 141 1254.0 0.77 Ace-d,,
35 1,2-dimethylnaphthalene 1,2-DMN 156 1241.4 0.63 Ace-d

nitro-PAHs
36 I-nitronaphthalene 1-N-Nap 127 1380.0 2.13 Ace-d
37 2-nitronaphthalene 2-N-Nap 127 1410.0 2.35 Phe-d,,

Tetralines
38 I-methyltetralin 1I-MT 131 1035.6 291 Nap-d,
39 1,4-methylteralin 1,4-DMT 145 1098.0 2.66 Nap-d,
40 2,7-methylteralin 2,7-DMT 118 1098.6 2.66 Nap-d,
41 2,6-methylteralin 2,6-DMT 118 1131.0 2.71 Nap-d,
42 1,1,6-methylteralin 1,1,6-TMT 159 1166.4 2.58 Ace-d
43 1,5,8-methylteralin 1,5,8-TMT 159 1269.0 2.96 Ace-d
44 2,5,8-methylteralin 2,5,8-TMT 159 1269.0 2.95 Ace-d
45 2,2,5,7-methylteralin 2,2,5,7-TMT 132 1257.0 2.60 Ace-d

SRAs
46 octylbenzene C,-AB 91 1268.4 2.09 Ace-d,,
47 decylbenzene C,,-AB 92 1422.6 2.37 Phe-d,,
48 undecylbenzene C,,-AB 92 1497.0 2.43 Phe-d,,
49 dodecylbenzene C,,-AB 92 1563.0 2.59 Phe-d,,
50 tridecylbenzene C,;-AB 92 1629.0 2.67 Phe-d,,
51 tetradecylbenzene C,,-AB 92 1689.6 2.81 Phe-d,;
52 benzothiazole BTH 134 1061.4 1.03 Nap-d,
53 biphenyl 154 1194.6 0.66 Ace-d
54 1-phenylnaphthalene 1-phenyINAP 204 1557.6 1.98 Phe-d,;

CI-IVOCs
55 hexachlorobutadiene HCBD 225 1026.6 2.12 C,-dyg
56 1,2,4-trichlorobenzene 1,2,4-triCB 180 984.6 0.26 C,,-dy
57 1,2,3-trichlorobenzene 1,2,3-triCB 180 1024.2 0.31 C,-dyg
58 2,4,5-trichlorotoluene 2,4,5-triCB 159 1109.4 2.99 C,-dyg
59 1,2,3,4-tetrachlorobenzene 1,2,3,4-tetraCB 216 1141.8 0.14 Clz—d26
60 1,2,3,5-tetrachlorobenzene 1,2,3,5-tetraCB 216 1141.8 0.14 C,-dyg
61 1,2,4,5-tetrachlorobenzene 1,2,4,5-tetraCB 216 1189.8 0.41 Cs-d,,
62 pentachlorobenzene PCB 284 1308.0 0.57 Cs-d,,
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Table 2 (Continued)
No. Compound Abbreviation QI (m/z) RT I /s RT Il /s 1S
63 hexachlorobenzene HCB 250 1452.0 1.07 197Ayg
64 octachlorostyrene 0Cs 308 1668.6 1.03 1o7Gyg
0O-IVOCs
65 dibenzofuran DBF 168 1308.6 1.18 Cs-dy,
66 diphenyl sulfone DPS 125 1605.0 0.34 Co-d,,
67 xanthone XT 196 1563.0 2.81 Co-d,,
68 benzophenone BP 105 1398.0 1.63 Cs-d;,
69 2,6-diphenylphenol 2,6-DPP 246 1563.0 2.60 Co-d,,
RT I : retention time of the 1* dimensional chromatography; RT I : retention time of the 2" dimensional chromatography.
®3 IVOCs+EEHENSEYH
Table 3 Reference species for semi-quantitative estimation of IVOCs
Bin Group Seri?;i?if:ve Bin Group Ser:?;zr;t;?(tiive Bin Group Seri?;i?if;ive
B, alkanes C, B, alkanes Ci B, alkanes C,
alkenes C, alkenes Ci alkenes C,
aromatics Nap aromatics Flu aromatics C,,-AB
CI-IVOCs HCBD Cl-IVOCs PCB CI-IVOCs 0CS
0O-IVOCs C, 0-IVOCs C 0O-IVOCs C,
B, alkanes C B, alkanes . B, alkanes C,,
alkenes C, alkenes C,, alkenes C,,
aromatics 2-MN aromatics C,,-AB aromatics Fluo
CI-IVOCs 2,4,5-triCB CI-IVOCs HCB CI-IVOCs 0CS
O-IVOCs C 0O-IVOCs C,, O-IVOCs C,,
B, alkanes C, B alkanes Cig B,, alkanes C,,
alkenes C, alkenes Ci alkenes C,,
aromatics 1,3-DMNap aromatics Phe aromatics Fluo
CI-IVOCs 1,2,3,4-tetraCB CIl-IVOCs HCB CI-IVOCs 0CS
O-IVOCs C, 0-IVOCs C O-IVOCs C,,
B alkanes Cs B, alkanes Cy
alkenes Cs alkenes Cy
aromatics Ace aromatics C,,-AB
CI-IVOCs PCB CIl-IVOCs 0Cs
0O-IVOCs C; 0-IVOCs C,
UCM WY& ft 2% SCHk[29,33 ] R AE dh Y TIC My, = znTATIC,UCM,B(n) (3)
P 5 45 T K 40 0 B2 1451 A X T (B,) B
M = Mquanliﬁcd + Mscmi—quzmliﬁcd + M ey (4)
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Wi 7 A 5~ 5 A7 5 i, UCM WU 2R 1T 23 A3 7E [] — X 1)
PN IE R e Jet it w17 PR - AT S . HARTINT

-t

n- tn n
tn,bins\an = tn - 2 5 tn,binend = tn + +12 (1)

n m TATIC m,B(j)
Mscm|—quantiﬁcd = zi: 12/: 11{1_—:7 (2)

TIC,j-homolog

L My Maniitiea s Moeniquantiniea B Muey 53 51 4
IVOCs 1y & i o 1 Al U IVOCs i & 2 & i
AR IVOCs i 5 F1 UCM JE & 5 £, e A1 £y pimend
a3 B X TE] B, 1 S U AN ZS S A 5 e, e, R
IS nan—1 F1 n+1 B R T 1F F BE 22 A A5 58
BF 8] 3 TA e n) P TAge vouon 70 9124 B, DX ] AT 1R
B B B A Y M UCM /Y TIC & i 2
RF51¢ momotog N B, X T2F 22 i HAR ¥ 7 4150 1Y
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BYFE 7 ] SE = b . AT T A H AR i
SRR T S
2 ZBR5WR
21 SRAFNSJSETSHMRK

AT VA T S Sy SRS B ) AR B ] Y R
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12 (4 42 be (pristane ) FTAE %E (phytane) ) .3 /> b 5
M4 (C,CH.C,CO Fil C,CN)ZACF£ AL S WTE 5
ng KT R €8 3 ] 205 5 R0 33 0 TR AR 07 A 52
SER A 2 P, B bR 0 i 4 2 I 4 Bl A R4 I
(] 1) o /0 45 30 WY ok o AR, a4 I ]
(<130 ms) 2z 3 B g m U] B REAL . (15 EE W
JE IR BT R 130 ms (X B 35 FE R [E] 2 870 ms)
I, H AR A& W 19 W 2538 RO 35 3 e A R I
T U W W e iR o PR AR AR SR S A M b R
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Fig.2 GCxGC chromatograms and peak areas of target compounds with different flush time, and a *D chromatogram of a

typical sample

a. 80 ms; b. 100 ms; c. 110 ms; d. 130 ms; e. 150ms; f.°D chromatogram.
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Table 4 Recoveries (REs), relative standard deviations (RSDs), correlation coefficients (r?) and method detection limits
(MDLs) of the 69 targets

1 ng (n=7) 3 ng (n=7) 10 ng (n=7) MDL/

Compound 7 .
RE/% RSD/% RE/% RSD/% RE/% RSD/% (ng/m*)

C,, 83.2 25.0 93.0 15.9 82.3 10.0 0.9922 0.0970

C,, 89.2 32.1 83.1 12.8 84.1 12.8 0.9757 0.1554

C,, 102.8 21.7 99.3 16.5 108.8 12.8 0.9944 0.1131

C,, 112.2 20.7 112.0 12.8 117.1 5.0 0.9811 0.2212

Cyq 115.3 28.2 117.8 14.8 119.2 8.2 0.9875 0.2267

o 94.9 21.2 99.9 16.6 96.8 17.3 0.9953 0.1332

Ci 96.7 17.7 105.1 4.3 100.1 9.9 0.9625 0.2047

Cy 82.8 21.5 83.7 16.8 87.8 12.8 0.9710 0.0557

Cyy 102.5 31.8 107.7 6.4 82.7 13.8 0.9904 0.0552

C,, 91.1 243 95.1 3.2 87.3 4.5 0.9638 0.1902

C,, 102.4 27.9 106.3 6.2 105.8 11.5 0.9648 0.1503
Pristane 99.0 235 98.7 16.2 101.3 11.2 0.9909 0.3315
Phytane 118.1 16.9 116.1 17.8 121.0 9.2 0.9668 0.1302
C,CH 81.0 16.1 72.8 19.4 88.5 14.1 0.9981 0.1621
C,CO 119.0 23.7 118.0 11.2 120.0 11.7 0.9984 0.2291
C,CN 89.8 14.9 93.1 16.5 104.8 12.2 0.9965 0.1383
1-Dodecene 105.0 15.9 105.8 19.3 112.4 8.9 0.9918 0.0411
1-Tridecene 112.8 29.1 112.1 16.0 116.8 7.1 0.9840 0.1262
1-Cetene 103.3 22.0 103.1 16.6 98.7 10.7 0.9379 0.0566
1-Octadecene 102.4 16.9 111.6 16.4 106.0 11.7 0.9880 0.2222
Nap 113.7 15.2 121.8 17.7 113.1 12.9 0.9752 0.0955
Acp 97.6 23.1 98.2 5.4 101.1 12.9 0.9752 0.1522
Ace 104.5 33.3 103.2 13.8 109.9 35 0.9691 0.1448
Flu 108.6 27.9 111.1 7.3 115.5 12.2 0.9821 0.0314
Phe 100.1 13.2 107.2 7.7 107.0 8.0 0.9957 0.0892
Ant 85.9 15.6 89.2 19.1 88.5 9.4 0.9806 0.2564
Fluo 83.1 278 87.3 17.0 80.0 8.3 0.9831 0.2188
Pyr 111.8 15.7 110.9 18.3 106.4 5.7 0.9343 0.4101
2-MNap 80.4 4.5 84.2 11.0 92.5 10.4 0.9835 0.0429
1-MNap 102.0 135 110.2 15.9 110.5 11.8 0.9872 0.1513
1,3-DMNap 126.2 26.5 123.3 16.8 129.6 7.0 0.9223 0.3185
1,6-DMNap 117.5 26.4 120.1 12.0 117.7 11.9 0.9224 0.3152
1,4-DMNap 129.2 15.8 121.3 16.8 128.7 9.9 0.9316 0.1138
2,3-DMNap 136.0 238 119.2 17.1 126.7 12.3 0.9701 0.1133
1,2-DMNap 91.6 23.6 88.0 15.1 88.2 15.2 0.9709 0.1930
1-MT 85.0 33.9 79.5 12.7 87.8 11.9 0.9941 0.3576
1,4-DMT 91.4 29.2 89.3 12.2 93.6 7.3 0.9777 0.2772
2,7-DMT 90.2 26.2 92.9 14.2 99.0 18.6 0.9742 0.3480
2,6-DMT 94.4 242 98.6 19.9 91.3 45 0.9932 0.1677

1,1,6-TMT 106.5 27.7 106.4 15.2 106.2 7.0 0.9551 0.0600
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Table 4 (Continued)
1ng (n=7) 3 ng (n=7) 10 ng (n=7) N MDL/
Compound r 3
RE/% RSD/% RE/% RSD/% RE/% RSD/% (ng/m’)
2,2,5,7-TMT 101.2 30.5 108.7 18.1 98.3 13.1 0.9319 0.2758
1,5,8-TMT 88.6 21.5 84.3 19.8 86.4 5.7 0.9908 0.2092
2,5,8-TMT 87.5 21.5 89.6 17.7 92.1 15.4 0.9908 0.2113
1-N-Nap 82.4 20.9 83.6 10.4 73.6 8.7 0.9730 0.2050
2-N-Nap 84.9 14.3 87.4 18.9 92.7 6.3 0.9955 0.0596
1-PhenylNap 95.0 26.7 99.8 17.1 97.8 6.3 0.9727 0.2759
C,-AB 105.1 30.9 109.8 8.0 109.4 11.4 0.9806 0.2074
C,,-AB 84.7 11.5 83.1 14.0 90.3 14.3 0.9689 0.2497
C,,-AB 113.8 28.6 121.9 19.5 115.6 11.6 0.9922 0.1176
C,,-AB 90.5 25.1 88.1 15.3 94.7 12.2 0.9476 0.0497
C,;-AB 92.6 17.1 92.1 19.4 95.6 7.3 0.9886 0.1563
C,,-AB 100.9 15.6 101.8 18.0 107.9 15.3 0.9883 0.1482
BTH 123.3 19.9 121.1 19.6 126.3 13.0 0.9541 0.2968
Biphenyl 102.4 23.4 104.1 17.4 107.9 16.2 0.9956 0.3168
HCBD 114.0 25.7 113.0 19.5 119.4 12.8 0.9926 0.1351
1,2,4-TriCB 85.2 25.2 87.5 18.7 90.4 8.7 0.9753 0.1163
1,2,3-TriCB 99.2 14.3 102.8 12.5 98.3 12.4 0.9912 0.0378
2,4,5-TriCB 106.9 14.8 114.8 15.8 113.1 3.5 0.9505 0.0472
1,2,3,4-TetraCB 92.5 23.8 95.7 18.3 94.9 5.4 0.9635 0.1333
1,2,3,5-TetraCB 92.5 23.8 92.1 19.8 99.7 7.2 0.9634 0.1333
1,2,4,5-TetraCB 100.9 11.5 101.3 11.9 94.1 10.4 0.9222 0.0780
PCB 94.8 22.4 97.4 14.7 91.5 5.7 0.9904 0.2329
HCB 94.9 17.7 97.3 14.3 93.9 13.6 0.9976 0.1307
0CS 109.2 19.1 117.0 13.2 122.5 8.0 0.9531 0.0685
DBF 93.6 20.7 101.2 14.8 101.8 13.7 0.9217 0.2151
BP 87.4 14.0 85.8 18.4 88.0 14.9 0.9217 0.2822
DPS 97.5 30.1 97.3 18.2 88.2 13.2 0.9841 0.1239
XT 93.7 21.4 81.8 12.6 101.4 11.2 0.9886 0.0650
2,6-DPP 93.4 13.2 89.7 7.6 97.0 9.1 0.9957 0.0107

m Z AL G B TD BRI 1 WL 1.2.1 45 e il 5
1 mg/L B SFRUER WA 1 wL 4.5 mg/L W5 IR &5
WEVA W, 1 H AR A i 43 5 o 1 ng/AE AR
Wit N 4.5 ng/% , ¥E4T TD-GCXGC-MS 43, =
ST bR S bR M 22, T A R
(MDLs) M bR i 22 5 3.14 AR L, LR AR AR L
2m' i E, 69 A H AR AR H B 0.010 7~
0.410 1 ng/m?,
2.2.2 AR B E Ao A B

] & A6 5 1 TD 4 N 48 I I 1 mg/L IR &
PRuEW W 1 pL Al 4.5 mg/L N bR IR A A HE 7 W1
pL, 5 28 HAs b & & & 4 % 8 1.3 F1 10
ng/%& NFRYI NN 4.5 ng/4E AR AR Sy, #EAT

TD-GCxGC-MS 43 #r , &R 7 K. &R KW 1
ng/8 W M KSE R B FR P09 0 Ax [ ICE  80.4%~
136.0% ; K5 %5 Bt 7 YV A7 43 A 25 58 00 AR X B 1 fi
2 (RSD) #EATIEM S, 1.3 F1 10 ng/4 B9 RSD 43 %l
N 4.5%~33.9%.3.2%~19.9%.3.5%~18.6%.
23 EXBEESSW

Ry B E AR 7 vk 0l M, R RZ T R BT T A
DX SR AR Y BR B R AURE A o SR AR E] IVOCs
B[R] 7 1 A8 Ak an &) 3a s, &L IVOCs Ji it ik & o0
8.6~61.1 wg/m® (F ¥ {H = bp Ui i 22 : (22.2+12.8)
pg/m’) , Ik T AR R B A 2016 4F & i Wk
((58.5+27.0) pg/m’) fH & T 2017 45 7= Ji 5 ¥k
((6.8+3.7) pg/m*)"7", X — 25l REZ KRR
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Fig.3 Characteristics of IVOCs at the urban site of Shanghai
a. time series of IVOC concentrations during sampling period; b. composition of speciated organic compounds detected in IVOCs.
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Fig. 4 Comparison of speciated-quantitative and total speciated IVOCs
a. alkanes; b. alkenes; c. aromatics; d. CI-IVOCs; e. O-IVOCs.
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