Particle and Aerosol Research A 44 A 1 &
PAAR Vol. 4, No. 1(2008) pp.9~20
(Ah @Y Aol o) 22213]

ZEt M2 thy|e 2F MM 2 oo2E £ Sk o|xe P

WA - uFel) . ZUE? . o5 - 2UF - URE
FFAE7 e 7Y BAAeA T VRFEYURAY(F) Lo Ry 28H % AT LR
X

Effect of light intensity on the ozone formation and
the aerosol number concentration of ambient air in Seoul

Gwi-Nam Bae*, Ju-Yeon Park?, Min Cheol Kim?, Seung-Bok Lee,
Kil-Choo Moon and Yong Pyo Kim®
Center for Environmental Technology Research, Korea Institute of Science and Technology
YKorea Hydro & Nuclear Power Co., Ltd.
dAnalytical Instrumentation Research Institute, Samyang Chemical Co., Ltd.
9Department of Environmental Science and Engineering, Ewha Womans University

(Received 19 March 2008, accepted 7 May 2008)

Abstract

The effect of light intensity on the ozone formation and the aerosol number concentration during the pho-
tochemical reactions of ambient air was investigated in an indoor smog chamber. The smog chamber consists of a
housing, 64 blacklights, and a 2.5-m? reaction bag made of Teflon film. The bag was filled with the unfiltered
ambient air in Seoul from January 10 to March 18, 2002. In this work, the photolysis rate of NO,, k; was used as an
index of light intensity. Three levels of light intensity were controlled by changing the number of blacklights
turned on among 64 blacklights: 0.29 min™ (50%), 0.44 min~* (75%), 0.57 min (100%). The ozone concentration
increased rapidly within 10 minutes after irradiation irrespective of light intensity, thereafter it increased linearly
during the irradiation. The ozone production rate seems to be dependent on both the light intensity and the quality
of ambient air introduced into the reaction bag. The change in aerosol number concentration also depended on both
the light intensity and the ambient air quality, especially aerosol size distribution. Based on the initial ambient
aerosol size distributions, the photochemical potential for aerosol formation and growth is classified into two cases.
One is the case showing aerosol formation and growth processes, and the other is the case showing no apparent

change in particle size distribution.
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Figure 1. Schematic diagram of the experimental system.
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Table 1. Experimental conditions for photochemical reaction in ambient air.

Run number

100A

100B

100C

75A

50A

50B

50C

Case

Photolysis rate of NO,
(kqy, min'Y)

0.57

0.44

0.29

Experimental date

01/25/02 01/29/02 01/30/02 03/18/02 01/10/02

03/06/02 03/12/02

Outdoor conditions

Air temperature (°C) 57 75 7.8 139 4.0 53 19.3
Relative humidity (%) 28 29 26 54 67 74 37
Irradiation (MJ/m?) 1.61 1.79 1.77 2.47 0.13 0.34 241
Initial conditions
Starting time (hour:min) 13:59 14:33 14:03 15:09 15:03 14:05 14:24
Air temperature(°C) 19.2 19.9 19.4 18.9 NMmY 14.6 17.6
Relative humidity (%) <20 <20 <20 20 NM 38 35
O, concentration (ppb) 10.5 17.1 18.6 21.3 49 6.8 22
NO concentration (ppb) NM 0.8 1.0 1.0 65.1 34 24.1
NO, concentration (ppb) NM 194 16.8 19.8 43.9 238 48.6
Particle number 0.02-0.1um 1519 308 1190 2877 683 463 2675
(particlesom?) 0.1~0.3um 1007 812 333 610 1120 457 2736
Egrr]t(':g'n‘igﬁ 0.02~0.1um 0.27 0.11 0.10 0.25 0.21 011 04
3, 0.1~0.3um 2.68 2.01 1.19 131 2.47 2.19 8.53
(ng/m)
Irradiation time (min) 102 115 124 137 100 173 187
Test conditions at 100 min.
Air temperature(°C) 344 348 328 303 NM 21.2 239
Relative humidity (%) <20 <20 <20 <20 NM 25 20
Ozone production rate 0320 0464 0682 0317 0126 0191 0119
(ppb/min)
YNot measured
), AR 2AZ (radiation time) 5-& Est o) WRENEE B SR AL S oI
of % 1o] viehych AR 20024 19 1048 3 3, w7lelA B3t wkg Wl wshel 2 oA
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Figure 2. Variation of air temperature in a Teflon bag during
theirradiation.
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Figure 3. Variation of ozone concentration in a Teflon bag
during theirradiation.
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Figure 4. Comparison of ozone formation patterns in smog
chamber experiments.
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Figure 7. Variation of particle number concentration in a Te-
flon bag during the irradiation at k;=0.57 and 0.44 min™2,

I g2 0.1pm A9 F=rt ¥3 olR A
e QiAo st vge Fashe $IE et
ek %, Case |3} Casell9] 79 7] w7] oej=
9] 7R Ee A3 daoa dddd a9 6
o ekl 27] elelzze] YAREE U7)E 2w
I AR =q0ske | AREE H7] =4 Ao
2oyl B2 o] AEY FuelA g
o o5l AL A} AA 7] elejzze] 9
Bz 7t o= 4 ¢luh(Baeetal., 20033 b). =
g, 0.05um o|s}e] 2k §ize Bk Falel o3
SMPS A 7] WHelr £AlF ] = Fxrt 2 &
AH Q9L S= U 0.05um ojete) 2o oAt A
&3] =A3}7] $13}e] nano-DMA (nanometer aerosol
differential mobility analyzer)7} A4 31 g1tk (Woo
et al., 2001).

Caselle]l 43}= 100A2] A7 A 3}el] whE AR
29 HzlE Jepd 17 6(c)ollH HEEo] of 67
AR S AREI} Ao n=sledx|ul, 9350 o] =
W gz A x4 =x7l =rbsledt) Caselld)
3|3l 100B2] A|Zb ool wh2 SiAE =z o] W3}

yUehd 23 6(d)s 2H, A7ke] Al wleh
—‘;— 7}6}1/} W7 A WA o

A s B3

A= (Stern et al 1987; Wang et
= 1] 79 Caselz} &2 7} =
717} ﬁ}i °,J7<}i ‘ﬂ%‘rﬂlﬁ A2 wl$- MAE] o
oA slgHoz A9 Vehix geldn 49
o}.

Qe oz Y3t whge] Polubw o =)
27150, 2 e
OH, NO, ge] 2 S5t wgatel 24 §7] ololzE
(secondary organic aerosol)& AYAA 7= Hoe=w o
22 9o} (Calvert et al., 2002). Yub¥ o=z 0.1~1
um g 9)el JA7E BlE A ARRAIA A|A e s
2= Aoz deA gla, 27 6ellA By wiel
Zro] @3}et kg o8 AR gAte] =77t o
BB 0.3um o]sle]n], SMPS] 79~ 0.05um o|&}2]
e A wele B dgen 4 st @
A 249 5 ek med  Q7olE e
g0l dolb Ft YA F= WstE Awn
9lste] Ak =A 2714 1A W9 (0.02~0.1um,
01-03pm)z FHste] AP F3b e 9
A 5 M Fole) 29 7°ﬂ thebet.

Casep] L=

% 0.02~ Olum $lal 92k # TEE
—gasl Z7kste] o 904 of %
7‘] oLoLou:] 01~ ogumm
o} 603 o] F3E Z7balr] A= Al7ko]
ol W A3 Zolele A%e Jehih Bt
Aoz e 75A9] 7S = A2 100Ce] 73
-9} wlgk AekE Jepd e 0.02~0.1um t‘éH
9} 0.1~03um W)l 4=k & F=rt AdHe

i
2

PAAR Vol. 4, No. 1(2008)



18 Wl el - WA - o) 5R . BAF - Q4w
2 AAB Z7hslgen, 0.02~0.1um Ml Y=k
=x ] 7M1 Zleg FAEH. Caself]
3F uhgel o7t rkA-iAl gk oA
E F2 0lpm eJ3kal §iAtel 7k~ F7)7b
S5 o] A7 A7) wiel 0.02~0.1um ¥
Al A 4 wwrh F438 UK Aoz A%
o} oju] AW o] EA3h= 0.02um o]}kl YA}
7b ARt Az G2z S (A= AA A
3t Zlo =z FHoiEd.
2= Jepd 19 7(b)2 x4, 100A
o A¢ 27 70—Er A=A A 4 s=7F A
T o] ¥ MAE FrlskelEd], 0.1
~0.3um ®We]el <zl BlE] 0.02~0.1um e el
A 4 Fxrb gk wh2 A F71sksdc). 100B2)
73 27) =7k AdH ez vl 0.02~0.1um
Al 9] 4 w=rh ASRE w2A Fre
01~03um el 4zke] 4 F=% of 60% o] F
o] 0.02~0.1um#<el YApe} v)=3t A w2 wa
A F7ketde 28uv AdHel 5 5= —7}a‘=9—
Case 19] 100Co] u]3] wokct. 28 3@A <
A4 E-2 100C>100B>100A o]l =], 2 & *M%
o] 45 A 4 vr=x waA IS oF
Aetk ol ez RE F3Et ukgelA o AAER
dejz2F & Fxo] F7HEe] A= ARAATE A=
3 gekEl)h
0.02~03um ¥ 2ql 3Ix}e] Wm&EAl 8L 4x107°
minteg 7Asle] ST 5 B q
et al.,, 2003a), 13 7°l| ‘%Ewi qAke] 4 %Eoﬂ H]
s 100A¢} 100B2] A
20% 718 o Z7}3 Mg di _,_XJE]\:}
1% 8 ol%%% 50% ziﬁ wj ¢l 50Ce] A2+
= ek Aelnt o714
H%‘% = z27] 97] -
]o]g_&o] 017:]

% 3

um A9 S b w3 olueh =AY A g
A7k S $EBSI. 5, YA 4 5 o

ARxs) sk 24 Qokd Casells] Aol A2
9% 27] A7) olelzzel YALEE Jehigich
Bl AR om vob Haket uhgoel PelA ok
AR Aw AFHE 50% A A Y mRelA 9
A 4 5w} Caselg A 27154 sk 419

Particle and Aerosol Research A 44 Al 15

15000
- Irradiation time (min)
mE —— =2
ﬁ 12000 A - 36
< = 83
& 9000 -
R
2
£ 6000
D
o
3
> 3000 -
o
0+ . T
10 100 1000

Dp(nm)

Figure 8. Change in particle size distribution with the irradia-
tion time for 50C experiment (k;=0.29 min™%).
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