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A Numerical Simulation of High Ozone
Episode Using OZIPR in Busan

Woo-Gon Do, Hwa Woon Lee’ and Woo-Sik Jung”

Busan Metropolitan City Institute of Heaith and Environment, Busan 614-806, Korea
‘Department of Atmospheric Sciences, Pusan National University, Busan 609-735, Korea
"Depariment of Atmospheric Environment Information Engineering/Atmospheric
Environment Information Research Center, Inje University, Gyeongnam 621-170, Korea
(Manuscript received 11 June, 2007; accepted 23 July, 2007)

To investigate the effect of NOx and VOCs(volatile organic compounds) on the generation of high ozone epi-
sode, examined the hourly variations of ozone, NOx and VOCs concentrations, and calculated the ozone isopleth
about maximum ozone concentrations using OZIPR which was presented by U. S. EPA at three sites in Busan.
There was some difference by the sites, but decreasing VOCs concentration was effective for reduction of ozone
at 22 July, the episode day of 2005. In the year 2006, the episode day was 8 August and the variations of
NOx and VOCs concentration was little than variation of ozone. So it was estimated that the photochemical pro-
duction of ozone was low than transportation of ozone. And the result of the OZIPR modeling was that decreas-
ing VOCs concentration was effective for reduction of ozone.
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Table 1. List of air quality monitoring sites in Busan
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Fig. 1. The locations of ozone, NOx and VOCs
monitoring sites in Busan. Site 1, 2 and 3
denote the investigating sites.

Ozone and NOx monitoring site

VOCs monitoring site

Station id Name Station id Name
701 Gwangbok-Dong 01 Daeyeon-Dong
angrim-Don; 902 _
0% e o o Danggam Dong.
704 Deokcheon-Dong 904 Jangjeon-Dong
705 Yeonsan-Dong 902 Jeonggwan-Myeon
706 Daeyeon-Dong
707 Jaesong-Dong
708 Jeonpo-Dong
709 Dongsam-Dong
710 Gijang-Eup
711 Daejeo-Dong
712 Bugok-Dong
713 Gwangan-Dong
714 Bokcheon-Dong
715 Noksan-Dong
716 Yongsu-Ri
717 Jwa-Dong
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Table 2. The maximum ozone concentration at episode
day

Episode Maximum ozone concentration(ppm)

day Site 1 (706) Site 2 (708) Site 3 (712)
2005. 7. 22 0.121 0.116 0.106
2006. 8. 8 0.111 0.086 0.105

7b AR 34 AFS A7 ddAAeR HFsty
Zzte) M)Al date} EAU7] 2449 0F 2
NOx 559 %38 £349 VOCs ¥ ARE
ol gsla} EAEATE A7 FeE AT 37 A
& Site HEATY] @ 706(chAF) F2}er : 90L(H
A=) Site 2AEAYY) : T08(AEEF) F3e
902(%7%)), 18laL Site (A7) @ T12(F-5%)

B33t 0 04(FAF) L2 Fig. 154 2ok

2.2. Arld A3

BAAEe] F38 EALE 20049FE AAH
7] A&ated, A87HES vhA A 20059 195 O
7N1AREE FHHoE WS AYRA ARG
AFatct. wEks #348 F349 VOCs AHRE
BAo 28317 §ste B AFAE 2005~2006
dzre] 1% E d(EAWY] F34 4 AA ol
A 01 ppm/hr & 23T DE YFoE AHLS
A&

2005 =AM A o]l 01 ppm/hr
S 233 hHe F 1592 vehgoen 59 1295
B 99 19¢7tA w9 13 o4 Uehstth. o 3AA
o2 MAAF &4 A 2005W 78 22¢9 3A
A 2% 01 ppmE 2H8e FEE B9 B 4
1o} AH Y2 AA S tHTable 2).

200639 A3 200097 28 108714 1E=
Qo] urslgony gdd Hind g g v
Yol & 1992 velgth ddAd ez 485 3

al
=
=

fo:]
=4

IEL 9 F AH BA

=

ol 7067 7122 270 A-AA 0.1 ppm
Aoz Jeht Alede A3 tHTable 2).

)

4

s}

)

8
!

3. AF Az
3.1. OZIPR
EPAS)A A 23 OZIPRE @Y 37 715&

AR ste], AZA7IdAMe] BRS¢ 85, 4 &

£2 Axste ARuRdoltt w3 A QEFE

(o : 012 ppm)E L7 Y3 ATFEZY wWiEFdAe

o 8THE EHY 4 AFHoz HFde

EKMA (empirical kinetics modeling approach)®¥ 4]

S AbgEta ek 9y ABEE NOx, VOCs, CO

9 27 ¥% 2 F4%% AFY, ¥& VOCs #

£, NOyNOx9 H] 59 t7]e¥= #Aas}t &1,

N& ANEE 59 7R E, AE LEEZE W

2% Az 52 gazg 3I9° OZIPRS Il 3

g8 A a4y 27 o9 2¥, & 5V A

S ygoz 9F AZUYEL FYIHI Ysd

OZIPRS A-£3 ul7t Uth
B gpdMe ztzte thal AF tiste] Ale

gz NOx& VOCse Z7xxd @ o Hx

& Ex% X (ozone isopleth) S #4383, NOx

o} VOCs9] W% gad UE 2E85x9 e

L =&

z} Atg 9 OZIPRS 99 Table 33+ 2
t} 271 ¥E ASE A3AHE ZAUY] 44
o} #3}st 2449 NOxst VOCsY 24 84 55
Aas gEsigen, dAAFAAMe VOCs ¢
NOx& HjZo] 1% 9&9 FAd vixe &
< #slr) Ady FeEHe L9ELLE jle
o2 FARFRI, VOCs &2

[
Z1L

BeApS

®go EPAY ARE
3. JgAs F ERae ARE ARE
gu 377t a8k 1,000 mE YAR3A g o,
oA AEe] FEHe LEEAY TRV Qe

& B% 01 ppm/hr & 233 A%E glglew, 8 oz sMggens & dfeMe & 9%2
Table 3. Input conditions for OZIPR model
Transportation None
Air quality data Initial concentration Ozone, NOx and VOCs monitoring site
VOCs fractions EPA data
Mixing height 1000 m

Meteorological data

Temperature, Relative humidity

Ozone, NOx and VOCs monitoring site

Emission data CAPSS 2004

Simulation time 08:00 ~ 20:00

Chemical mechanism CB-4(Carbon Bond IV)
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Fig. 2. Hourly variation of ozone, NO: and NO at July 22, 2005.
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Fig. 3. Hourly variation of high rank component of ozone formation contribution at July 22, 2005.
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Fig. 4. Hourly variation of ozone, NOz and NO at August 8, 2006.
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Fig. 6. Isopleth profile of peak ozone concentration(left) and effect of NOx, VOCs emission reduction(right) at
Site 1. Initial NOx concentration is 0.254 ppm, initial VOCs concentration is 3.726 ppmC and maximum
ozone concentration is calculated 0.130 ppm.
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Fig. 7. Isopleth profile of peak ozone concentration(left) and effect of NOx, VOCs emission reduction(right) at
Site 2. Initial NOx concentration is 0.211 ppm, initial VOCs concentration is 1.785 ppmC and maximum
ozone concentration is calculated 0.114 ppm.
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Fig. 8. Isopleth profile of peak ozone concentration(left) and effect of NOx, VOCs emission reduction(right) at
Site 3. Initial NOx concentration is 0.044 ppm, initial VOCs concentration is 1.428 ppmC and maximum
ozone concentration is calculated 0.125 ppm.

Table 4. The results of OZIPR modeling at each site at July 22, 2005

Site 1 Site 2 Site 3
Initial concentration NOx 0.254 ppm 0.211 ppm 0.044 ppm
VOCs 3.726 ppmC 1.785 ppmC 1.428 ppmC
Calculated ozone concentration 0.130 ppm 0.114 ppm 0.125 ppm
Limited condition VOCs VOCs NOx
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Fig. 9. Isopleth profile of peak ozone concentration(left) and effect of NOx, VOCs emission reduction(right) at
Site 1. Initial NOx concentration is 0.034 ppm, initial VOCs concentration is 0.673 ppmC and maximum
ozone concentration is calculated 0.132 ppm.
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Fig. 10. Isopleth profile of peak ozone concentration(left) and effect of NOx, VOCs emission reduction(right) at

Site 2. Initial NOx concentration is 0.058 ppm, initial VOCs concentration is 0.786 ppmC and maximum
ozone concentration is calculated 0.108 ppm.
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Fig. 11. Isopleth profile of peak ozone concentration(left) and effect of NOx, VOCs emission reduction(right} at
Site 3. Initial NOx concentration is 0.042 ppm, initial VOCs concentration is 0482 ppmC and maximum

ozone concentration is calculated 0.138 ppm.

Table 5. The results of OZIPR modeling at each site at August 08, 2006

Site 1 Site 2 Site 3
. . NOx 0.034 ppm 0.058 ppm 0.042 ppm
Initial concentration VOCs 0673 ppmC 0.786 ppmC 0.482 ppmC
Calculated ozone concentration 0.132 ppm 0.108 ppm 0.138 ppm
Limited condition VOCs VOCs VOCs
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