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Abstract Diurnal variation of ozone and volatile organic compounds (VOCs) were monitored at representative urban and
harbor sites in Busan during January and April 2019. A mobile laboratory equipped with selected ion flow tube mass
spectrometry (SIFT-MS), cavity ring-down spectroscopy (CRDS), and ozone analyzer was used for close proximity
measurement of region-specific sources. Field measurement method of VOCs by SIFT-MS was verified using tiered approach.
Fifty-three kinds of VOCs including alkane, alkene, aromatic, alcohol, carboxylic acid, aldehyde, ketone and halogenated
compounds were measured in this study. Carbon dioxide well reflected diurnal variation of car exhaust and showed good
correlation with ozone concentration, implying that CO, can be a good tracer for local fossil fuel combustion and ozone
contamination. Urban and harbor sites showed different VOCs characteristics, mainly affected by gasoline and heavy-duty
diesel vehicle exhaust, respectively. Ozone formation potential (OFP) of VOCs was analyzed by group, in which carbonyl
compounds including aldehyde, ketone and carboxylic acid accounted for more than 60 and 70% of OFP at urban and harbor
site, respectively. Ozone production per concentration index (OPCI) was proposed to calculate relative contribution of
individual compound’s OFP to concentration. Formaldehyde showed the highest OPCI, followed by acrylic acid, aromatic
compounds. This study mainly focused on method development of realtime field measurement of VOCs and their
contribution to ozone formation, which is expected to provide methodological basis for observation based model study of
photochemical reaction of VOCs.
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« UC: Urban center
2019.01.16 ~ 2019.01.17

« UR: Urban residential area
2019.01.15 ~ 2019.01.16

« BP : Busan Port

2019.04.03 ~ 2019.04.04

+ BG : Busan Background
2019.04.04 ~ 2019.04.05

Fig. 1. Location of 1 day air monitoring sites at Busan.

Table 1. Weather conditions during air monitoring periods.

Temperature (°C) Humidity (%) Wind speed (m/s)
Site Period Wind direction
Mean +SD Mean +SD Mean +SD
uc 2019.01.16~17 24+19 39+14 0.78£0.72 NW, N
UR 2019.01.15~16 3.0+45 45+6 0.76 £0.62 W, SW, E
BP 2019.04.03~04 11.6+2.8 37+7 2.68+1.61 W
BG 2019.04.04~05 13.4+1.1 51+14 5.26+1.99 W, SW
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Fig. 2. Wind rose diagrams during 1 day air monitoring at each site.

SIFT-MS9] 7] = 7] &2 PTR (Proton
Transfer Reaction) A7} -GAFSICh (Steele et al.,
2011). t7] F B, Ataot AA|H o2 FET
2 vlo|ama Eelzulz ol 2AA 370 WSl
28 A4 F olE o8N tr RS olLsiAA
11%} _E_ﬁg].h H]—Mo]r/}. Al

4 = A Jgol gt HE-g o] <,
SREE9 14 9k &£ A4 52 Tl =9 &
L& Aitete Aoidd e ARgSt, 7171 249
2]of] thgh 2pAIgE A2 71& =20l AAIH = 9L

(Smith and Spanél, 2005). =717 B3 F 5359

VOCsE 20% 7HZ o7 AHAZF 243519 olet &

7 olitsterA o]l 42 CRDS (Cavity ring-down
spectroscopy, G220-i, PICARRO) 4] 9] ZJH]E o]-&
oFomn, @& =242 Ozone Analyzer (iQ Series 49,
Thermo Scientific), 7|’"42t= 572 AWS (Automat-
ic Weather System, Vantage Pro2, DaVIS)E AR8-5H%
THE 2). W5 Aol ol 34 At dd7]of| A
HiE = wi7]7kA 0] kS AASH] Slal oF A
A& ARgsto] FH)E 55kl

2.4 CBPF 24
L Y| 9219}t H=E F45}7] $15] CBPF (con-




SIFT-MSE 0|Z3t

Table 2. Mobile laboratory instrumentation used for air mon-
itoring in this study.

Species Instrument (model) Tlmei
resolution

VOCs SIFT-MS (Syft Vocie 200 ultra) 20s

Cco, CRDS (PICARRO G2201-i) 1s

O3 Ozone analyzer (Thermo iQ Series 49) 5s

Meteorology AWS (DaVIS Vantage Pro2) 60s
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Table 3. QA/QC results for SIFT-MS measurements.

Compounds Management category Verification methods Slope R? LOD (ppbv)
Alcohol
Methanol D,F Reference 0.48
2-Propanol D TO-15 0.64 0.98 0.23
Ethanol TO-15 0.44 0.97 1.14
Alkane
i-Pentane PAMS 2.63 0.99 1.75
n-Pentane PAMS 2.63 0.99 1.75
i-Hexane Library 2.33
n-Hexane D TO-15, PAMS 1.78 0.99 233
i-Heptane Library 2.96
n-Heptane TO-15 1.09 0.99 2.96
Alkene
Isoprene PAMS 1.25 0.99 0.07
1-Hexene PAMS 247 0.99 0.42
Alkyne
Acetylene D Library 0.06
Aromatic
1,2,4-TCB Library 0.44
Chlorobenzene TO-15 0.85 0.97 0.34
Phenol A B, CF Library 0.12
Benzene A B CDF TO-15, PAMS 1.05 0.99 0.22
Toluene D,EF TO-15, PAMS 1.15 0.98 0.1
C2-benzene TO-15, PAMS 3.55 0.97 0.10
C3-benzene TO-15, PAMS 2.29 0.94 0.06
Styrene A, B,CDE TO-15, PAMS 0.94 0.94 0.13
Carboxylic acid
Formic acid F Library 1.14
Propanoic acid E Library 0.16
Acetic acid D Reference 0.37
Acrylic acid Library 0.25
Butanoic acid E Library 0.22
Pentanoic acid E Library 0.16
Ester Library
Methyl acetate Library 0.25
Vinyl acetate A B TO-15 1.02 0.98 0.55
Ethyl acetate F TO-15 0.77 0.97 0.16
Halogenated
Carbon tetrachloride A BC,D TO-15 142 0.99 0.10
Methyl bromide TO-15 1.24 1.00 1.64
Methyl chloride F TO-15 0.47 1.00 0.17
Aldehyde
Formaldehyde A B, CDE Library 1.38
Acetaldehyde A, B, C,DE Reference 4.32
Propionaldehyde E Library 0.42
Butyraldehyde E Library 0.19
Valeraldehyde E Library 0.13

Sh=th7|eEst=lx] H 36 2 H|
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Table 3. Continued.

SIFT-MSZ 0|2

A 651

Compounds Management category Verification methods Slope R? LOD (ppbv)

Ketone Library

Acetone Library 0.37
3-buten-2-one F Library 0.24
Butanone D,EF TO-15 0.98 0.98 0.12
2-hexanone Library 0.05
Nitrile A, B, C,D Library

Acrylonitrile Library 2.45
N-Nitrosomorpholine Library 0.92
Sulfur

Carbonyl sulfide Library 0.69
Hydrogen sulfide AEF Reference 0.45
Dimethyl sulfide E Reference 0.05
Dimethyl disulfide ABCDE Reference 0.15
Others

Ammonia A, B EF Reference 9.86
Sulfuric acid F Library 1.22
Nitric acid F Library 0.15
Freon (11) TO-15 1.01 0.99 0.18
Freon (12+113) TO-15 2.59 0.99 0.28
Freon (114+113) TO-15 247 1.00 0.28

A: Air pollutant, B: Air pollutants subject to watch for hazard, C: Specified hazardous air pollutant, D: Volatile organic compound, E: Designated malodor-
producing substance, F: Substances requiring preparation for accidents
References: Lehnert et al., 2019; Smith and §pané|, 2011; Prince et al., 2010; Allardyce et al., 2006; Smith et al., 2003

Table 4. Summary of 1 day air monitoring results.

CO, (ppm) 05 (ppb) TVOCs (ppbv)

N Mean + SD* N Mean +SD N Mean +SD
uc 98368 449+2.8 287 13.8+1.6 1496 51.1+38
UR 94236 439+1.2 288 28.1+£23 1472 60.94+8.0
BP 87856 435+1.3 16292 49.2+2.2 1464 81.1+£3.6
BG 79128 427+0.7 15909 67.6+0.9 1368 70.7+1.1

*SD: Standard deviation
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A= SIFT-MSE o|-&5fo] 4% 53%F VOCES] 3§
< TVOCs (total VOCs)Z E7|5}t} TVOCsE T
ArSlRtEA 0] 42 ye|stA 2 AER 72,0007) o)A
o] x}ﬁa} TEH 29 300l TSV % o

B9 d F WES 9AER (box plot) 0.2 HAIY
o} 7} %%11@ = TWSAZL AIZHE] 2ol 7t QLA
0A 2 2t=E Al gsto] Bl 241531

3.2.1 O|AEIEIA(COy)
E=AHAH UC, UROIA olqtelet4o] Hal-sh=
Z¥Z} 449 ppm, 439 ppm=Z 2] BP, BGY] H|sl| |12

22 ppm ©1 =8tk 55] Ago] Fao] g2 wAtR
Yol /1At 213 UCE &- Bl ARt 522 7t 74
o] =BGt Yehe, 2 1% T 485 ppm7HA]
Z5]9lt}h olubd o g o|Alsleta 2ol A4 H]
=0l oJRt Fo FAXE AREE 4= QLoH, oj4tate
20 v 5 Al ot BHE 2 20~30%E A}
2okl Q= Ao 7 B E HE QIck(Silva et al., 2009).
A3 UR®| 7% A17ke] A Aol A 12415 71+
o7 FEHPL FEA BAHE oFE Holal
Qo) Mutr o2 &. B2 A7l L7} Zolx]=
RS Bt olet &el 213 BPO B¢ &2 AIXE

Sr= 7 |2tEstE|x| H 36 2 M| 5



SIFT-MSE 0|Z3t

o2 dpAtel| P9 E &
Aoh= tiE EdlY® A 59 Hlgol £71 uiol
S ARE AEA R vt fAHE B B
At A4 BGO| ¢ olitslerao] o F Wi
o BZHAP} 7P Aglon, AHE E5T AR 34]
HE 5 T

Z71517] A &ste] @A 9A|BE FAsH=
< Hof o Al 287 o2 P Bt g =
Y vjA el otH T 1AF 21 o] 20191 o] AkS}
g4 Hi-s = ZH2F 418 ppm, 417 ppm, 415 ppm.©.
2 BIEOm (NIMS, 2020), 2 AolA] B3t
FAF 2SS =] 878 A S H ot 9~34 ppm =3A T

3.2.2 2Z(0y)

TS7I7F 59t 0F Bk o] sk o|itelketAaof
Hioi o] B2 et A1 UC, URS] @& Bt
Lol 74& 13.8 ppb, 28.1 ppbE, A BP (49.2 ppb),
BG (67.6 ppb)°ll HIa Rttt =AAHE] B¢ F
Al TS0l MagEo] FA/o TS0l 1P BPet
BG A5l Hlol A o & & Frt WA {4
FJL E54& Hole o foHth dutzos ¢

o AR FoslEEo] TR Bt of

100

(a) Site‘ Slope R?
OUC .07345 0.64
#UR 01728 0.02
80 BP .10263 038
! ABG -11952 055
— 60 s
2 ~
[-%
&
oﬂ
40 p s
20 ' :
0
420 440 460 480
CO, (ppm)

SMA 7] & SLER7IERE0l 2E8YT|0E MY

0, (PPb)

653

E4o o =4 vUshts A3l
2015).
Ao 2 xjEko] Edjo] wre 2|4

At} (Putero et al.,

Aaisrge] g o5 ozo] AR
RkSel <fefl Aol 5411 %O g Hojzrh £3)
A4 Uce] A% 920 Y Aol & H2
"VJ Q&S] ltEﬂ A9 04 %A o Tuo}fﬂ éiﬂ

vl A B E'E]’F_L *17} el °ﬂ°¥°ﬂ 45; %“?i
& S/d0] & UerAIRL AE R A= Aol 5

dde BAEH. A4 BGY] B¢ v AHET o
27| gt} vEgo] dojubA] b= oKl 60 ppb
ool T2 Tt FAIEC] 2FolA A& R
LFo] FFHIL & AL Utk 2F] A
< dattelat SEA R ek viE
ol A RO, B HO, 2tH| 23} Rhgste] A4 =7] o
ol Fefeiilgo] glet b St w7t 435St

J

]oﬂ— /\1—

o gseh Hhgo] gl Wl Bt HolxlE Ao s
&re{ ] Tt (Brune et al., 2016).
A T=A A oA o]itslEr At @ & It o] Akt

YAE SAISHAH (1 4a). A URS Al2Iet 214

o BT o|Alsletar} Zrlslo] utat @ &9
STk gashe e Hol1 glek. A BEo] 7
50 17
si sl 2
(b) * U:t(em -0.30552 023
Y UR(16) -1.9978 0.85
40
\ 16.5
30
>
16 3
3
20
15.5
10
0 15
420 430 440 450 460
CO, (ppm)

Fig. 4. Correlation between O; and CO, during 1 day air monitoring at Busan (a), and at UR site alone (b). Color bar indicates

Julian Day (Jday).

J. Korean Soc. Atmos. Environ., Vol. 36, No. 5, October 2020, pp. 645-668



Olor
4
]
2
A
)
2
o)
ok
M
rio
1>
ne
Ho
_|0

% AT UC Aol AT R0 0642 7H
% 7 ehgton], ol 2AR< W olAtelelo]
o] WAAteHBI GASHA A whEvtel
2 A|NFIe AH URS TFE Al AH3 T BT
Bytk %, oltsEis S F7lo 42 0F B
o] BFo] TG A W ol sketat
oAl 0 Frel WS 27 g Agel B4

of B5H U ol =AFAA A A3 UROIA 2

olN

=

3
FoA fd eddel ot FFS T 5= A
Alstal Qlet. 71§ 4be= AR URCIA] AJZE (Julian
Day, Jday)oll W& @&} ol4tsletA-o] AHHAE
UeRA T gtk #2717 % 159 (Jday)©] 1620 H]
o =2 TS B0 (1Y 3), o= =44 L gH
= 957 LAY oJet F3Fs W= o= ot
S FEFelo] A 1587 BItE 1692

o} 020] sk AAsHe AUHHQl EEe] A
WotE HolEeh 43 o] BT A2 EAIA
Y WA A9 ujE o) F S whe
I 022 AwshAT, A i2E oltska

Porspg glo] 9 oz i

o

P

[

[¢]

1o ol
ol

oFE Ao= oA 4 St F7t= 9
it ZbmsiAdS Sl FHe] YA =
A7) BE4A A=E Blaskith Al 2159 4w
Hwstglow, W2 Hixs #5490 159 PM,,,
PM, 5, O3, NO,, SO, -5 5=+= 212}t 85 ug/m’, 61 pg/
m?, 23 ppb, 27 ppb, 417 ppb, 4 ppbE 16 BT 38
ug/m?®, 16 ug/m>, 23 ppb, 188 ppb, 3 ppbE T} 2ES
A5kl 1.4~3.98) H &2 T 5 7S5 4
T HEAE 16900 el 1599 s rt 1.2~3.8
vl B =7 Uebgom, 235 #5416 H|5]
15U 9] Hatz =7} 1.3~4.28] o =7 ekt

CoJn P oo p
o oX

o

mwy Jo

T

4
4

o
s
=

3.2.3 3eUMQ7|5letE (VOCs)
214 TVOCs®] Bw-5EE BPOA| 81.6 ppbv2
71 =9ko W, BG>UR>UCS] £-0]¢lth. SA o]

29 ZHA ] Blsh 0] 248 Gt A
He) Bt A0 R RLon], vOCsd] 544
HhEAoA] AR WiEEe sERth 7lee] Gl
27 94 Ao Wk, ofo] whet A4 A4
29l 55 wlaEthe AR QUE S FHO

2 2t=5E Xk

AHHE A2 o2 TVOCs YWl &
(717 3). A% UCe} BPE] A% olitalet
B FARHA & - Bl ARl S7Fot
EPtTh. olet @] A1 URE & Al
&M 08 Frloto] 184170 1
o]% Za-sto] A Aol A FEE {AI5H
ok 214 BGE S48 YRSt £S5 Holz] ARt
9 A s = 72 AR A&5H 08 F7t
e ATS Yerlth H&gt vket Zo] UR 9]
e AAH o7 WA R = 0 Qi opy2t T 7]
oA == Lol oJet FF AufH oz W
+ Agoleh ¥ A7 FeF A& 07 S2H VOCs
o] B&7t 0F FLE A5 Aol S5
A2 22 G Al7loll vOCse] FsterRh-gol w2
RO, Ate]Zo] ZFEA] 3-8 HolEt) o]et g7
AptsHEo] Z7P7 Q&S AWsHs AT PS5 E]
o] NO, Ate| 2]l oJgt @& A4 Tt njm|gh A o2
ERIE| QAT &, Aol TE3T 2] UCe} URAIA =
AFFo] WiE7EA @ o] 244 © & WAYekA| Tk g5}
ghkgo] o] ot @& Fo| F7tE A4y

OFO O oF A
Z]L’EDE E]-"l—(l)»l

o,
rE 32

Hl
Dot

0
Ir
om0tz

B>
w, 1o o

[¢]

r\l
Tr

T}
off
I

off
1
s
-9,
=

gxl-l‘ _HN!

10 o

274" BTEX (benzene, toluene, xylene, ethylben-
zene) L EAom YA AHEARE F7Y5)
ATH(E 5, 19 5). & Aol M= SIFT-MS ] 447
o AAIE THE & glofA A= o il
e C2-HAl o= TSI HA0] Hals e Ul
Aol A B 0.5 ppby ©Jstz H7] 7]E olstHe
™, UROIA o2 A4S0l vIsl &2 =5 HEl
o E742 =AAA S0l @k 8 23l Hls =
grom, 3 1.17 ppb ©)4F Apol7t with oot &

739 BP AHolA 1.14ppbE 71 &

=071 stE|x| M 36 E M 55



SIFT-MSZ 0|23t 2At

Table 5. Mean concentration of BTEX at each site. (unit: ppbv)

Benzene Toluene C2-benzene*
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UR 0.48+0.33 145+1.11 0.65+0.48
BP 0.22+0.14 0.99+0.55 1.14£0.90
BG 0.18+0.10 0.48+0.16 0.48+0.37
* C2-benzene: o-, m-, p-xylene + ethylbenzene
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Table 6. Contribution of each VOC to concentration, OFP and calculation of OPCI.

SIFT-MSZ 0|25t

S| Th7| 5 Bl

ales] 659

uc BG Other study
Compounds
Con. (%) OFP (%) OPCI Con. (%) OFP (%) OoPCI OPCI

Alcohol
Methanol 10.02 2.51 0.25 8.59 1.80 0.21
2-Propanol 0.92 0.21 0.23 0.44 0.08 0.19
Ethanol 18.10 10.37 0.57 13.38 6.41 0.48 0.43°
Alkane
i-Pentane 233 1.27 0.54 3.55 1.61 0.45 0.38%,0.40°
n-Pentane 10.90 5.35 0.49 11.58 475 0.41 0.28?, 0.40°
n-Hexane 1.56 0.72 0.46 227 0.88 0.39 0.27%,0.35°
Heptane 0.36 0.14 0.39 0.81 0.26 0.33 0.22%,0.31°
Alkene
Isoprene 0.07 0.29 3.97 0.07 0.24 3.32 2.49°
Aromatic
Benzene 0.52 0.14 0.27 0.38 0.09 0.23 0.122
Toluene 3.88 5.81 1.50 0.98 1.23 1.25 0.74%,1.15°
C2-benzene 2.01 4.95 246 0.99 2.05 2.06 1.382,1.69°
C3-benzene 0.46 1.85 4.07 0.37 1.26 3.40 2.54%,2.98°
Styrene 0.15 0.09 0.65 0.10 0.05 0.54 0.48°
Carboxylic acid
Formic acid 11.71 0.29 0.02 5.50 0.11 0.02
Propanoic acid 0.44 0.20 0.46 0.56 0.22 0.38
Acetic acid 1.20 0.30 0.25 4.98 1.06 0.21
Acrylic acid 4.49 19.13 4.26 223 7.93 3.56
Butanoic acid 1.34 0.91 0.68 0.62 0.35 0.57
Halogenated
Methyl acetate 2.52 0.07 0.03 7.53 0.17 0.02
Vinyl acetate 0.39 0.47 1.20 1.48 1.48 1.00
Ethyl acetate 1.17 0.28 0.24 0.37 0.07 0.20
Methyl bromide 0.41 0.00 0.01 1.42 0.01 0.01
Methyl chloride 7.06 0.10 0.01 235 0.03 0.01
Aldehyde + Ketone
Formaldehyde 10.60 37.53 3.54 18.51 54.81 2.96 1.972
Acetaldehyde >0.01 >0.01 2.67 2.09 5.44 261 1.51°
Propionaldehyde 0.65 1.72 2.65 1.18 2.61 222
Butyraldehyde 0.62 1.39 2.23 0.93 1.73 1.87 1.452
Valeraldehyde 0.54 1.03 1.90 0.34 0.54 1.59 1.21°
Acetone 1.68 0.23 0.13 3.01 0.34 0.11 0.15% 0.10°
Butanone 2.16 1.20 0.55 1.09 0.51 0.46 0.41°
Others
Acrylonitrile 1.74 1.46 0.84 1.27 0.89 0.70
a. Duan et al.(2008), ®: Ou et al.(2015)
2017). A1 UC?] 29| = FHlE & - T ARE B, VOCeA= OVOCs AE =39 9ol 2 AL
Aepo) vlzvtol ofgt fgfo] 2 o2 et 2 et 2% BPO OFP U 9 S EL & - B
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SUPPLEMENTARY MATERIALS

Table S1. Summarized of VOCs concentrations measured at each sites. (unit: ppbv)

uc UR BP BG

Mean + Standard deviation

Alcohol

Methanol 4.26+1.24 6.28+9.28 5+1.45 4.18+0.66
2-Propanol 0.39+£0.22 0.56+0.54 0.3910.17 0.22+0.09
Ethanol 7.69+3.89 5.57+2.54 7.93+1.52 6.51+£0.94
Alkane

Isopentane 0.99+0.45 1.14+0.7 2211095 1.73+£0.5
n-Pentane 4.63+2.16 7.05+£5.27 747 £2.21 5.64+1.56
Isohexane 0.58+0.27 0.6+0.33 0.78+0.53 0.45+0.14
n-Hexane 0.66+0.3 0.95+0.63 1.3410.67 1.1+£0.42
Heptane 0.15+£0.08 0.29+0.21 0.391+0.19 04102
Isoheptane 0.31x£0.19 0.42+0.27 1.11£0.54 1.18+0.44
Alkene

Isoprene 0.03+0 0.73+0.18 0.02+0 0.03+0.01
1-Hexene 0.09+0.05 0.16+0.07 0.61+0.33 0.47+0.22
Alkyne

Acetylene 0.42+1.06 046+0.3 0.15+0.08 0.1+0.04
Aromatic

1,2,4-TCB 0.1+0.02 0.58+0.36 0.09+0.04 0.07 £0.02
Chlorobenzene 0.02+0.01 0.29+0.16 0.52+0.19 0.48+0.14
Phenol 0.02+0.01 0.12+0.09 0.13+0.06 0.12+0.06
Benzene 0.22+0.11 0.49+0.35 0.22+0.14 0.18+0.1
Toluene 1.65+£1.12 1.45+1.11 0.9910.55 0.48+0.16
C2-benzene 0.86+0.61 0.66+0.48 1.14+£0.9 0.48+0.37
C3-benzene 0.19+0.09 0.23+0.16 0.4+0.32 0.18+0.08
Styrene 0.06+0.05 0.13+0.09 0.07 £0.04 0.051+0.03
Carboxylic acid

Formic acid 498+3.11 4324221 3.87+1.05 2.68+0.54
Propanoic acid 0.19+0.13 0.4140.25 0.31+0.24 0.27+0.22
Acetic acid 0.51+0.23 0.85+0.58 237+1.11 243+1.22
Acrylic acid 1.91+£1.19 27+2.18 1.9+0.75 1.08+0.24
Butanoic acid 0.57+0.36 0.75+0.5 0.5+0.49 0.3+0.15
Pentanoic acid 0.05+0.03 0.2+0.12 0.1+£0.08 0.12£0.11

Halogenated

Methyl acetate 1.07£0.5 1.86+1.33 3.22+£1.57 3.67+1.85
Vinyl acetate 0.17£0.11 0.37+£0.25 0.9+0.25 0.72+£0.2
Ethyl acetate 0.5+0.34 0.61+£0.45 0.34+£0.37 0.18£0.1
Carbon tetrachloride 0.2+0.11 0.42+0.43 0.38+0.23 0.37+0.21
Methyl bromide 0.17+£0.12 0.42+0.32 0.66 +0.31 0.69+0.26
Methyl chloride 3+0.72 3.1+£091 1.56+0.5 1.15+0.48

Formaldehyde + Ketone

Formaldehyde 45+1.47 45+2.86 10.49+2.29 9.01+£1.41
Acetaldehyde 0£0 0.46+0.12 1.61£0.77 1.53+0.57
Propanal 0.28+0.18 0.35+0.18 0.53+0.38 0.57+0.28
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Table S1. Continued.
uc UR BP BG
Mean + Standard deviation
Butanal 0.26+0.12 0.3+0.18 0.59+0.25 0.45+0.13
Pentanal 0.23+0.13 0.25+0.15 0.34+0.29 0.17+£0.08
Acetone 0.72+0.34 1.02+0.53 1.74+0.51 1.46+0.17
3-buten-2-one 0.36+0.18 0.42+0.27 1.03+0.49 0.74+0.18
Butanone 0.92+0.57 1.32+£1.08 0.92+0.36 0.53+0.12
2-hexanone 0.05+0.03 0.11£0.05 0.13+£0.09 0.07+£0.05
Others
Acrylonitrile 0.74+04 0.9+0.66 0.29+0.18 0.62+0.29
N-Nitrosomorpholine 0.03+0.01 0.15+0.08 0.24+0.16 0.18+0.11
Carbonyl sulfide 0.33+0.22 0.68+0.5 1.76 £0.36 1.84+0.32
Hydrogen sulfide 0.46+0.49 0.83+0.64 0.34+0.22 0.39+0.25
Dimethyl sulfide 0.05+0.03 0.11+0.1 0.07 £0.05 0.09+0.07
Dimethyl disulfide 0.02+0.01 0.1+0.08 0.11+0.05 0.1+0.05
Ammonia 2.92+0.49 1.54+0.69 6.71+1.93 7.9+3.49
Sulfuric acid 0.73+£0.35 0.99+0.59 437+1.1 4.75+1.34
Nitric acid 0.04+0.03 0.12+0.11 0.21+0.13 0.32+0.24
Freon 11 0.17+0.08 0.321+0.24 043+0.19 0.43+0.21
Freon 12+ Freon 113 1.13£0.28 1.431+0.68 1.49+0.54 1.14+0.28
Freon 114+ Freon 113 0.5+0.2 0.83+0.43 0.66+0.26 0.72+£0.27
Total VOCs 51.1+3.8 60.9+8.0 81.1+3.6 70.7+1.1
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Fig. S1. Diurnal variation of Methanol concentration at each sites.
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Fig. S4. Diurnal variation of Formaldehyde concentration at each sites.
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