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In this study, volatile organic compounds (VOCs) were measured using a proton transfer reaction-time of
flight-mass spectrometer (PTR-ToF-MS) at the Seoul Metropolitan Area Intensive Monitoring Station (SIMS)
in Korea during the summer season of 2018. The results revealed that oxygenated VOCs (OVOCs) contributed
a large fraction (83.6%) of the total VOCs, with methanol being the most abundant constituent (38.6%). The
VOCs measured at SIMS were strongly influenced by local conditions. Non-volatile organic compounds
(NVOCs), such as pinene, increased due to northeasterly wind direction in the morning, and OVOCs and
anthropogenic VOCS (AVOCs) increased with northwesterly wind direction during the daytime. This was the
result of the eastward location of Bukhansan National Park and the westward location of urban area from the
SIMS location. The VOCs included abundant oxidized forms of VOCs, which can affect the generation of fine
dust through various response pathways in the atmosphere. The real-time measurement technique using PTR-
ToF-MS suggested in this study is expected to contribute to an improved scientific understanding of high-con-
centration fine dust events because the high temporal resolution makes it possible to analyze the variations of
VOCs reflected in dynamic events.

Key words: VOCs (Volatile Organic Compounds), PTR-ToF-MS (Proton Transfer Reaction-Time of Flight-
Mass Spectrometer), Diurnal variation, OVOCs, AVOCs, NVOCs
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Fig. 1. Map showing the location of the Seoul Intensive Monitoring Site (SIMS) (Google Earth Pro, Ver. 7.3.2.5491, 2018).

Table 1. Daily weather conditions during the test period

Period (m/d/yyyy) Temp. (°C) RH. %) WS. (m/s) WD. Precipitation
7/30/2018~8/6/2018 30.7£2.9 62.5+13.6 1.7+0.8 WNW 18 mm
N 35%
30%
25% 1 1 1
20%
10% 200 A NAG st
% AT
\\l 5% I
w . 200 | “ -
’\b ‘ ‘
; 100 | 1 -
Va%s
LYAT
Mean=1.71 0 9' 1'2 "3 23
g S Calm=0% hour
——
Oto 2 2to4 4to6

(m/s)

Frequency of counts by wind direction (%)

Fig. 2. Wind rose (left) and diurnal variation of wind direction (right) during the field test period.
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Fig. 3. Schematic drawing of the PTR-ToF-MS instrument (Jordan et al., 2009).
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Table 2. Summary of the analytical conditions for PTR-

ToF-MS
Item Content
Model/Manufacturer PTR_I’I(‘;);ILI%/ISI\? 000/
Sampling flow 100 mL/min
Primary ion H,0*
H,0 flow 5 mlL/min
Ton source 5 mA
Drift Temperature 60°C
tube Voltage 600 V
Pressure 2.2 mbar
Mass range m/z 10~300
ToF Mass resolution m/Am = 4,000-8,000
analyzer Acquisition mode Scan mode
Pulse extraction 25 kHz
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Table 3. Summary of the VOC target compounds analyzed by PTR-ToF-MS in this study

Substance CAS Formular PA k Exact Mass Protonated Mass
Methanol (MOH) 67-56-1 CH,O 180.3 233 32.0262 33.0340
Acetonitrile (AN) 75-05-8 C,H;N 186.2 4.74 41.0265 42.0344
Acetaldehyde (AA) 75-07-0 C,H,0 183.8 3.36 44.0262 45.034

Acetone (AT) 67-64-1 C;HO 194.1 3.00 58.0419 59.0497
Isoprene (ISP) 78-78-5 CsHg 198.9 1.94 68.0626 69.0704
Methyl Vinyl Ketone (MVK) 78-94-4 C,HO 199.5 3.33 70.0419 71.0497
Methyl Ethyl Ketone (MEK) 79-93-3 C,HgO 197.8 3.48 72.0575 73.0653
Benzene (BZ) 71-43-2 CeHg 179.3 1.97 78.0470 79.0548
Toluene (TOL) 108-88-3 C;Hg 1874 2.12 92.0626 93.0704
Pinene (PN) 99-85-4 CioHyg 215 2.44 136.1252 137.133
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Fig. 4. Real-time VOC measurement using a PTR-ToF-MS equipped with gas calibration unit (GCU) at every 1 second.
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Table 4. Summary of the VOC calibration

Conc Mean SD,c SE* Max Min Kurt** Skew*** Conc Mean SD,c SE Max Min Kurt Skew

ul/m’® ncps ul/m’® ncps

Methanol Acetonitrile

0 333 28 03 401 265 -017 -0.12 0 148 19 02 181 108 -0.99 -0.14
1 468 3.7 05 573 409 038 0.78 1 471 27 04 520 404 0.09 -0.40
2 59.8 44 06 599 502 -0.26 -0.01 2 788 46 06 860 687 -099 -0.38
3 715 42 06 826 631 -017 -0.01 3 1098 49 0.7 1250 102.0 0.60 0.79
5 898 50 06 1020 788 -0.29 -0.09 5 1646 58 0.7 175.0 146.0 0.76 -0.78
10 1563 6.9 1.1 173.0 1420 -032 0.05 10 3169 58 13 340.0 296.0 123 0.1
0 217 33 04 361 200 0.02 011 0 163 20 03 201 120 -056 0.07

Acetaldehyde Acetone

0 585 39 05 674 500 -035 0.16 0 271 25 03 328 213 -044 0.03
1 816 41 06 892 72.7 -090 -0.03 1 570 30 04 658 510 022 0.53
2 1103 49 0.7 120.0 102.0 -0.89 0.22 2 849 40 06 930 750 -031 -0.13
3 1304 6.0 08 1440 1170 -0.55 0.17 3 1100 43 06 1180 1000 -0.72 0.17
5 1797 6.8 08 1990 1670 0.18 0.61 5 1629 51 0.6 1760 150.0 -0.13 -0.03
10 3035 93 15 3260 2850 -0.54 0.19 10 2978 83 1.3 313.0 277.0 -0.29 -0.41
0 470 34 04 560 401 -026 0.9 0 213 25 03 299 170 242 132

Isoprene MVK

0 21 05 01 43 1.1 315 1.09 0 53 09 01 72 25 -021 -0.34
1 136 16 02 173 102 -031 0.06 1 325 22 03 391 281 023 047
2 242 19 03 292 202 -022 033 2 593 30 04 679 528 027 0.22
3 346 20 03 403 311 015 0.66 3 838 32 05 905 773 -0.81 0.17
5 546 28 03 611 466 016 -0.08 5 1327 46 05 1450 1240 -0.24 0.23
10 1056 45 0.7 1150 96,5 -061 -0.11 10 2620 6.6 1.0 282.0 252.0 0.88 0.90
0 19 09 01 55 05 479 192 0 5.5 1.5 02 108 34 334 159

MEK Benzene

0 5.1 1.5 02 89 1.3 -0.04 033 0 24 05 01 37 10 -0.05 0.15
1 312 22 03 360 259 -0.09 0.10 1 175 15 02 201 140 -0.98 -0.30
2 577 32 04 628 498 -028 -047 2 315 16 02 350 265 048 -0.25
3 812 49 07 964 714 060 0.57 3 443 23 03 493 403 -0.69 -0.02
5 1270 6.0 0.7 1390 111.0 0.07 -0.43 5 699 26 03 759 623 013 0.12
10 2462 8.6 13 2620 2170 168 -0.79 10 1344 41 0.6 143.0 1240 -037 -0.21
0 3.9 1.7 02 102 11 267 141 0 21 08 01 58 09 736 224

Toluene Pinene

0 23 04 01 34 12 -040 0.17 0 04 02 00 08 00 -023 0.10
1 177 14 02 209 129 143 -0.59 1 62 06 01 78 52 -022 049
2 314 15 02 343 273 -026 -0.15 2 118 09 01 139 95 011 0.03
3 447 21 03 498 399 -0.08 0.8 3 171 10 01 197 152 -0.03 0.35
5 704 28 03 787 640 051 039 5 274 13 02 311 246 021 0.27
10 1356 4.0 0.6 1450 1240 0.59 -0.11 10 549 24 04 592 486 -034 -041
0 21 09 01 5 6 09 565 217 0 05 04 00 24 01 1047 288

n—1I

o X; -X X._X
—, **Skewness = - Z[ } , **FXKurtosis = - Z[ } -3
Jn nL o n

*SE =

=0

o TS = 7 e AAe EZo] 9N, meth- 0F AIRH o512 AlF Fol 029} H;0*7} vkg-8
anol 902 A= o] AIHUT methanole] o AE €24, methanol®] 7% GAAS T 5
&) UEhd 22 peaks O,H'(m/z 32.9971) ol 7ol w} 9= (peak)’t S7FIAIW, O,HYol-2] 735
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