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Abstract

This study examines relative contributions of volatile organic.compounds (VOCs) to the formation of hydroxyl
(OH) and peroxy radicals such as HO, and RO, during the intensive sampling period (Jun. 1 ~30, 2004) in the air
of Seoul metropolitan area. As to the contribution of VOCs to HO, levels, the impact of individual VOC
concentration change on HO, concentration change was more than an order of magnitude higher than that on OH
concentration change during the study period. The contribution of change in isoprene concentration to HO,
concentration change was 38 times higher than OH and that in the concentration of alkene compounds to HO,
concentration change was 31 times higher than OH. Moreover, the concentration changes of isoprene and aromatic
compounds (AROM) played significant roles in HO, concentration changes. On the other hands, aldehydes (ALD2)
and alkanes (ALKA) showed anti-correlation (negative) in HO, concentration changes with low contribution (—4
x 107 pptv/ppbv (OH) and —58 X 1073 (HO,) for ALD2; —1x 1073 (OH) and —15 X 1073 (HO,) for ALKA).
Unlike other VOCs, C,Hy and C;Hg showed positive or negative contribution to peroxy radicals, depending on
ambient air conditions. The contribution of VOC concentration changes to changes in CH;0, and RO,
concentration showed similar pattern to HO, contribution.
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Fig. 1. OH and HO, formation potentials of VOCs (calcu-
lated from 5 and 10% changes of individual VOC
concentration measured during sampling period).

150
W CIL,0, 280l {942 27
. [ RO,
O ~ 100
(o R
> e
4
o X
§ & 50
2 e
3 o —
22 [ :
E g, i
5& 0 | ul‘ .’
-50 L 1 i Lt | 1 L L
N = <5 -
O U O %:) é § 2) j = E: <

Fig. 2. CH;0, and RO, formation potentials of VOCs (cal-
culated from 5 and 10% changes of individual
VOC concentration measured during sampling
period).
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Table 2. Contribution of individual VOC and lumped species to the formation potentials of OH, HO,, CH,;0,, and RO,.

Contribution (pptv/ppbv X 107%)*

voC
OH HO, CH;0, RO,
CH —0.003 +0.002 (—0.003)* 0.640.2(0.6) ~0.0240.02(—0.01) 0.6+0.2(0.6)
oHs ~0.0001 ~ —0.01° 02~0.8 ~0.0002 ~ ~0.09 0.2~0.9
cn —0.009 +0.005 (—0.007) 1.840.7(1.8) ~0.0540.05 (—0.03) 1.740.6(1.8)
sHg —0.002~ —0.02 0.8~3.1 —0.001~=0.2 10~29
on 1£1(1) 57422(54) 442(4) 30+1127)
oHy 1~3 13~99 1~9 8~49
3(1(3) 95-+44 (87) 10£6(9) 224721)
HCHO 2~5 27~189 226 6~35
5 0.4+0.2(0.4) 13.245.1(12.5) 1.540.9(1.3) 8.7+3.2(8.7)
enzene 02~1.0 3.6~21.6 04~35 24~132
. 51429(47) 196241162 (1632) 280+182(227) 9424542 (747)
soprene 15~126 321~4227 39~ 604 173~ 1966
+
Acetonc® 0.05+0.04 (0.05) 1.240.6(1.0) 03402(0.2) 0.240.2(0.2)
0.01~0.1 0.5~2.5 02~0.5 0.02~0.5
—1£1(=1) —1549(—12) —34+3(=3) —1047(~8)
ALKA —1~-3 —2~-33 <—1~-10 —2~-25
KB 6+2(6) 186471 (193) 23+10(19) 100+£41(97)
AL 3~ 10 70~7320 9~47 38~ 187
o 1710(14) 4514244 (387) 85462 (62) 278+ 146(239)
AROM 2~45 87~ 1069 14~262 57~619
—442(~4) —58+38(~50) 943(10) —48+33 (—44)
ALD2 ~1~-8 —6~—147 3~14 —7~-130

*The contribution was calculated based on the results of 5 and 10% changes of individual VOC concentration measured during

sampling period.
a: mean  standard deviation (median)
b: minimum-~ maximum

ofo] h71= wiZE7] wEelth & AEA d=89
FARo T AEAL Wi 7] 7kzel] 93k W) B3
9z QA oA F& ukeAdg vepd. oEl
(£ odd, CH,) ¥ == dg aurse
oju] & delA gle] el glo) SPH oz
Fotsich Beddl o)t €A Ux4E /1A Al
ALKEZ 3o 5d& Agsige;. daes e
47ll-2 OH, NO;, 05, O CP, P4 A el 9] Aba: A}y 9}
whe-g s 58] o 371 HbsEAS A W&
g} ol=dde] A9 OH eojgale) ukg A] oelal
o 2XE] £ WoA] g3 whAe) ghAe
o] 2AF e Pl A oL FAs <&
HA ksl v AR # S Bl
Bl A2 E wpEc) o] H 4] P NOske|
SolME wagrl 2] die) dAdelEd el
(alkyl nitrate) A Bo] WA= A ¢z} (Carter and

=4

Atkinson, 1989). A Bz = qkA 3 33HE-9) HCHO,
2] 329448 = (HOCH,CHO)$} HO, 2hjZe] &4
gt =294 (CH;CHCHY) Y 7% F8 #A] a4
ol HCHO, CH,CHO$} HO, 2ttjzte] A5t}
A7 NO; ’H3-9] 79 OH gejz=te] nk-g-t
$AFHA % OH 2helzt Afelol ONO,E HAIEE
3 L ubroz whgdw kAR AAERE
HCHO, CH,CHO, 5] d3]= 2 $714 tol=
#] o] & (organic nitrate)o] 32 #}e]g APAJEZ L nitra-
toalkyl peroxy, nitratoalkoxy, HO, }v]zd %o] 9lt}
(Seinfeld and Pandis, 1998). &=z} ¢ & uk-g-o] 75
ghio) 'R o)F AF fA]e] eFo] HupEel
Criegee Be|ZH& A 3le] o] whe]he] ulg- A 2.
upe} AAdEe] AAEG. o] HhE HE Fol OH ¥
HO, ete)ze] A7 =yl A% weda] dallst
2.F2] Whgell 23 OH =hojZte] AAE 4 Qo
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Table 3. Relative contribution of individual VOC and
lumped species to the formation potentials of
OH, HO,, CH;0,, and RO..

Relative contribution®

vOC

OH HO, CH;0, RO,

" CHq . <-1 1 <-1 2
C;H, -1 3 -1 6
C,H, 100 100 100 100
HCHO 213 167 243 74
Benzene 29 23 35 29
Isoprene 3634 3451 6713 3198
Acetone* 4 2 7 . 1
ALKA -96 -27 -82 —34
ALKE 419 328 551 342
AROM 1220 793 2047 942
ALD2 —301 —-102 211 —-162

*The relative contribution of individual VOC was calculated by
considering the reference VOC, which is taken to be the ethene (C,H,)}
being 100.

The contribution was calculated based on the results of 5 and 10%
changes of individual VOC concentration measured during sampling
period.

OH =z AJAdg-o] 1 (Al & FAal7} ubg- Al OH
3t #2721 Aol 7k Zlx B 315 ¢l (Seinfeld
and Pandis, 1998). ¢} 3}¥] AAE=23= HCHO, 7}1
3 g, sl sadabe) Uk

ME AgeMe &4 77k Beke] 7] F ="
o] o HF FEE 0.8~24ppbv HHE vtephlig]
v 9 =AY Aol el H=i 3~48 ppby
W92 nodd)(Barletta er al., 2002). = LE(1
AZE g 7k 1459} 156 ppbv)o] A 2 (69 3%
T 11Dl oA s =3 BB el v A
WAooz & (A7 2.2¢9 25ppbv)E B 1
B2 2E Algo] gt AAF 82> EA5(2006)
o] dg=eIgith It = QEF o " Ape]
off WA A FAL A3k gt AR 28
ALKE: o"dlst »&dt s% W9lel 0.5~2.0
ppbvE VERRGTE =A] Bi7]elM 8] ojdEs} OH
gpe)Zate] mbg-& 2bdd] L.oF8bd (Seinfeld and
Pandis, 1998)

C,H,+OH+2NO — NO,+1.44HCHO

(RI11)
+0.28HOCH,CHO +HO,

R2 HhgolA WEAS 1448} 0282 27 AN E
Q) SE)} NOS| g Rz FUel As) YA

R RAs A A28 465

H4ch. & HO, & A AN obFd s
u XA ekev) 2t AR of"dle] &5 NO,9
uRgol o8] HO 2| AjAde] o] Foixlet. v =24,
g Rel 2-d-1-58 5), 2e]dS A L)E, o
AHez ALKE Adel VOCE AdAer e
POCP 7t (100~ 113)& e} (Derwent ef al.,
1998). A} ze2al 59 v W57t A2
(C5 o]3}) ¢A=E2] MIR Fke] A el (Carter,
1994). orAlZ2] VOCs ¥hg=rt 97kE2] VOCse
Wbz wo) o$- whal 9= A Bl ehdszt
A& E2IA 70 3 dl 24 oldeld OHe| Hb4-
23 etz OH Hk-g-H e of 37w)7} wi=rd.

oielele] OH, HO,, CH;0,, RO, gtt)zto) it &
o @ A Jld = e} VOCEZ vl A F3H
wele) g viERiich (= 29} 3, 27 17 2 =)
ALKE®] 79 o"ddlig &2 2h& Yehligich
POCP3} uli A A 7= 22 & Vel &
of 4 glet. o"de] A r]e{== 1x107 pptv/
ppbv (OH) ~57 x 1073 pptv/ppbv (HO,) M= B
o o|" @] Hd 7] =g AFH¥E™ OHe} CH,0,
gz e kg vepl 2 HO,¢ RO, B 7o)
ASE AdA ez 2 e Bk =3 oEd
TEY F7F A 22 AR HFA Fxe
3712 Qg 22 v= 37HE Ve "o =3
ALKE®] A% ALKA¥: 22 OH, HO,, CH;0,, RO,
S w5 ok & Jehieh (& 2). " Az}
ALKE?] ¥x =3 =A] 7] FeA Alvdeke 2}
A8lal HO, % ¥ 34] v dg AgAsle agAs
W] Wil £E YA = Fod AL = A
o2 Higlch

g B9 mishkpit 7|3t A ol
Fo8 A9Fgg gk AEVYY] wdskea 3 YA
Q] 3}erFo] o)Al (CH,CH,CCHCH,, i 2-¥
-1, 3-Hefr )]}, o]aXAW-E {74 oojzE
HAell= A 7]31R] g Aoz oJAF o F
= Aol 93H FaoAde] Gl RAE I} (Edney
et al., 2005). 2F AAell ML 7|e} o2 whs}
FAEG g&H o7 Q&S AARY. 53] x4 A
o] ol Felr o2& Aol 7|d3h= vlr} w4
Fc}. oj4xaEll 2 7] FoA OH,NO; % 0,5} uf
& o olazaAld) OHE Wk A o= w4
& a8 o)5AY 9]¢l OH7} H7tE o] o] Fo]




Mgel M8l VOCse] Sl o M SA g smel AT A SdE A7 787

Axd), 4 EZ= HCHO, v|et=2 <l (CH,C
(CHy)CHO), WL LA o] Ak L2349 w5
M dARez OH wgeld WyHe s
FA g o] uhSolM A (0.27 YA &) OH =
oz Aol == 9]t} (Atkinson and Aschmann,
1993). ¢] A= &5} NO,2} 4|43 HCHO, hydrox-
ynitrato carbonyl, nitrato carbonyl $-¢] AAEZ =
e

A AN 24 AR B9 A7 F o)k
=z d HF FEE 0.1~ 13ppbv HHE veh)
Aok A% =AM ooz BEE 0.1~03
ppbv Bof &3 ulm 4] 2 o)8 Hold) gst
o} (Barletta er al., 2002). 3 T3rx 9= Al#| ) o]
2z prols T3 AAY Bl o] AL o
Az 7As oF9] BHINA AJaL] FHelg
Aeke s=rt vlad @) g ek oE
WA 7127t 24 4 Aoz W ksl
olazdle] <A FFdel s U wMiEFH =
3}A) 1k (Derwent ef al., 1995) % 2392 Q254
71998l #telg=o|c} (Kesselmeir and Staudt, 1999). o]
42z e] POCPE vl ¥ 2 (110)& e
(Derwent et al., 1998). 22|31 o]43xae] MIR 32
9.1& vehdv} (Carter, 1994).

o]4xdle] OH, HO,, CH;0,, RO, 2}v|Zhe]| 3t
Ad) g Al 7l =% 718} VOCES Bl A] #)¢-
¥ Fe vehideh(& 29} 3 F=x). POCPS} vl
Al HRe] fAREE & 4 o A 7 EE S
x 1072 (OH) ~2.0 (HO,) pptv/ppbvg Ve ¢}

3.3 WHE safa

5 Skpar gake A5 7)lae £
2 AE: o W $714 dozE A4S Fe
9l AT BeHEo)7) dEe] £AoAe] Bekahy
& A7 B WUE A S Dalpa AL
o B Bskese) 2o aEAYE OHsbe)
Solet WA W FHSe F gA So]
A Qo) SYHoz AFRAh BFA o4
o g QASE AP R Bslea (R, of
DA, 2o QilAl, oD EFA B)E AROMoZ
Fol mdg Adselh AE2E olzzd

(CH,CHCHO), 22]-3-4 (CHOCHO), vl g 2] %4+
(CH;COCHO), W& e = (lzgds|= 5)

9 AT eI HO, gfe" I hydroxycyclo-
hexadienyl (Wl A HF-g-o| A}, methyl hydroxycyclo-
hexadienyl (571 Rb-gellA) 5o edzde & 4
9t} (Seinfeld and Pandis, 1998). 7814 u}sk= e}3}
G40 WS E Aol dgt A7) s o] Fo
A glort, OH ezl 23t BxpAQl Aks}a}Ae)
Aegt 7|2k obA] A AA o

Mg AFedMe] &4 7] F¢e) W] S oA
¢ o HHF F=E 0.2~0.7ppby HE Jepligich
I3 B799 FEE 2~31ppbv HHE vhepy
At =) Fo 2AA Y WAl B e
247y 1~6ppbve} 2~21 ppbvd Yl 33, HAlm
AlElell A WAl B BRqle] per) H g ehigl
c}(Barletta et al., 2002). ¥lA) =& LA HY 7%
= oFo] AT (64 39U 1Yl WA ¥
2 = (47 059 0.7ppbv)E By HZ9) Lee
et al. (2005) A7l <3, 2003 A& (29)E<r
AMgollA 21 Az2] DOAS A|2aElE of-43F 23)9
ofe] £A4& B3t wlAlF £57d9 Fxr 77 08
2} 3.7ppbvE Heblle] M2 FAE 5 AEE B
At 222 p-AdAA m-ApYD x4 04
¢} 0.5 ppbvE vtebfigct 3k weks whshpgae
POCP k& tjofstA] Exisiel wWiAll, B, o el
A, zzdyiAe] A9e Addez 2 3
(101~ 138)% Jehdoh(Derwent erf al., 1998). &)1t
WA, Sz, ojelulAle] MIR FHE 0.4~2.78 e}
WA o-, m-, p-AHAA L 6.5~8.2 M-S Yelgl
o} (Carter, 1994).

w41 2] OH, HO,, CH;0,, RO, B}tz o3t )
9 A 7l 7)EF VOCES} v)al A] ojelain
o o 3~dul] 32 A V) =E elligls A
7| =l A= OHSE CH;0, gtz R3oflx] A=)
oz v g vebdoh(® 29 3 Z=x). POCP}
vl Al Hele] FAREE o 4 9lvh WAl Ay
7)oy %E 4x1074(OH) ~ 13 x 1073 (HO,) pptv/ppbv
welel zke Jeligich AROMS} A= wiAlu
A 9 A =) FFE) & s d S8l
th 53] HO, gte]z = Wistel] @2 <332 7)4
A& ¢ F AdvH& 29} 3). a8 nz x|
= Bl At &4 ez px WE
off & 3gE 77 Hal 2+ 0F = Hidx

o
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201- k-3

3.4 7l (Carbonyl) Al EtSl4A

deFler dxpH o= A9 9 qdgA wEdel
A uiEg P ohe} wlsla s13HE] AbskabA
o oja 23} oz AJAe| Hu}. HCHO| w &t %3}
k-2 3 g A glol RAFe glo] EjH o=
#F5 ok HCHO:= s3sf=]9} OH 3 NOsof| ]3]
A s o] CO%t HO, gel e AA gt obd =gy
B = o]t wiA IALE 7HAl Y= whsleA
(FEdH3] = 5)E ALD2Z Fo] 2l & Algsled
o}. ALD28} OH9| ubZ-olA oo AAEL
PANSs (peroxyacyl nitrates, RC (O)OONQ,)¢} =jejz+
23 oA (RCO), o}4l# &4 (RC (0)00), RO,, HO,
gz & 4 gtk

e)E] =9} FAFEEA obH B2 Fsfw] e} OH ukg-
o] Fo A HA ot et ol ES ALd o
B39} AE(R,CH,C(O)R)E OHS}] Hb-go] F2
A olct o E =3t FyHor gde o4
sigict AlES] 3shibgelA F9 AE A E=
Tt g =el PANse] P41, Fo = 3}
Z 02 oM ®7] (CH,CO)7} A et

Mg AFeAe] A 7| g W] F
HCHOZ2] o HF =¥ 5~ 11ppbv W& el
9lth. 72] 3 CH,CHO®Y) %= 0.8~3.6ppbve 1}
efigich ALD2 5=+ 9~ 18 ppbs eEb A
HCHO®| 74%¢] gxe 2Fo] vehd ol w2
(A7 113} 10 ppbv)E& b gl o), CH;CHOS)
A9 2R sl 225 oM EAAlE oMl E
totzEH ]l F=E Vel T2 7|E i
Bt AGE] e e=E Yesiz 16~73 ppby
98 B Sin er al. 2001)e]l a4, =4 F A
ZA|Fel[A 9] ol E F=i Z7b 1~10ppby, 3~6
ppbvE B A|FAAe|A F= W87t FA ebdt
o} (A% E). HCHO$} CH,CHOS] POCP Zhe 52
2} 643 el gio} (Derwent et al., 1998). 2.2] a1
AH ez ALD29] POCPE W=Ud3| =% A 93}
o 9] F =R 2 3 (77~80)& epig
(Derwent et al., 1998). HbH ofM &2 n]$ 2
POCP %zt (9)& Jeldth (Derwent er al., 1998).
HCHO$} CH,CHO%] MIR 72 Zpz+ 7.29} 558
el ¢l (Carter, 1994).

HCHO$] OH, HO,, CH,0,, RO, g}=]Zte)| 3t A
o9 2 A s = 7]ef VOCES} vl A 2

YD) A 22 A 65

e el (& 29} 3, 28 13} 2 Fx). 53
HO, gtcjtell 93t 7] =7} uf$ 288 oF 4 9l
o} ALD29] 79+ HCHOS} A3 o8 73k
29k & CH;0, e Z$ A9ty =5
A 7= g eiseh 3 ol ES] A
OH, HO,, CH;0,, RO, g}e]Zel] gk A 2 4
7N 2 w2 kg episich

il L2 o

4. A =

B AT 20049 Aeasle] st 6
4 195E 30d7HA2] 2H7)7 Bk 248 et
24 A= 3@ JAWE A=2F AL 2F9 F
st Aol o WA BAE el HO,
(=OH+HO,), CH;0, ¥ RO, (R C,H;, C;H, 59
alkyl) 2kl 2e] xo] m]X % VOCse] Al 7)o
=3 Avngich Qb ez VOCse| HO, 7]« 2o
gleA] VOCs = W3l tig HO, ehejd =
317} OH eiezte] s=dsincg A =4 eht
o). 183 &3] o]4=d 1 AROMe| HO, % 4
gl o] Fod W4 @ 4 Ao
ALD22} ALKAS] A% o& vOCe} ©2 4 HO,
2 RO, 3= Wil wEs Wslale nyd.
VOCs8] CH;0,8 RO, ele}Zt 7ledxe] gleir=
HO, 2t 7] =l A% vl&d e Bt
Z o]&zally} AROMe] Z£8 W4ee nyd:
VOCse] POCP 1A% #]5A] g)ze] 7]ojxo]
N A8 Aske Rk wheba] vl =4 gz
Walr}h ez wislel] o wZHEA e mH:
A& o 5 gl

E

r P

Aol 2

o] =82 20058hd = Fodstm W 7ol
o8] Q7= AoH (A3 2005AA176).

f 1

!

o
Ho

+43(2006) 2004 A F A2olM LAY T 032 A}
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