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Abstract

This study analyzed characteristics of ozone (03;) formation regimes in Busan over a period of recent five years
(2015~2019) and compared the findings with those obtained in Seoul. We employed four observed variations: early morning
commuting-hour (i.e., 06:00-09:00 LST) nitrogen dioxide (NO,), peak-hour (i.e., 12:00-16:00 LST) Os, 8-hour average
03 (MDAS8 03), and AO3 (=03 max~ O3_min) in Busan and Seoul. In addition, the NO,-Oj; relation was assessed to interpret
which of NOs-limited or volatile organic compound (VOC)-limited was dominant. In Busan, the annual mean Oz concentration
was relatively higher than in Seoul, whereas there were fewer high-concentration days. The Pearson correlation coefficients
(R) between Early morning-hour NO; and the Peak-hour O3 was positive (but close to zero) in Busan and negative in Seoul.
Likewise, the R between the Early morning-hour NO; and the AOj3 showed a relatively considerable positive correlation
(R=4+0.4~0.5) in Busan, while a weak positive correlation (R=+0.1~0.2) in Seoul. From this result, it can be inferred that
the O3 formation regime in Busan was intrepreted to be nearly neutral or relatively closer to the NOy-limited regime than
Seoul, while Seoul to the VOC-limited regime. The study findings imply that Os control strategies should be applied
differently in Busan and Seoul. The results here were inferred from surface NO, and O3 observations, and the varification
studies based on in-situ VOCs measurements would be needed.
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Table 1. Pearson correlation coefficients(R) between Peak-hour O3 concentrations and two meteorological variables
temperature and insolation, in Busan and Seoul areas.

Temperature Insolation

Year

Busan Seoul Busan Seoul
2015 +0.50 +0.72 +0.63 +0.68
2016 +0.48 +0.67 +0.64 +0.65
2017 +0.34 +0.65 +0.66 +0.71
2018 +0.38 +0.65 +0.59 +0.68
2019 +0.31 +0.63 +0.62 +0.69

*The p values were determined by a two-tailed t-test, and all values represent p <0.01.
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Table 2. Person correlation coefficient(R) between Peak-hour O3 concentrations and Early morning-hour NO, concentrations
(E-P), and AO; concentrations against Early morning-hour NO, concentrations (E-D) in Busan and Seoul areas.

E-P Correlation Coefficients

E-D Correlation Coefficients

Year

Busan Seoul Busan Seoul
2015 +0.15 (p = 0.005)* -0.14 (p = 0.007)* +0.45 (p <0.001)* +0.19 (p <0.001)*
2016 +0.05 (p=0.032) -0.11 (p = 0.046) +0.41 (p <0.001)* +0.16 (p = 0.002)*
2017 +0.12 (p=0.018) - 0.17 (p <0.002)* +0.46 (p <0.001)* +0.11 (p=0.034)
2018 +0.17 (p = 0.001)* -0.23 (p <0.00D)* +0.48 (p <0.001)* +0.05 (p=0.039)
2019 +0.17 (p = 0.00D)* - 0.16 (p =0.002)* +0.50 (p <0.001)* +0.19 (p <0.001)*

* The p values were obtained a two-tailed t-test, and asterisks(*) represent p values < 0.01,
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Fig. 1. Locations of Air quality monitoring station(AQMS) and Automated synoptic observing system(ASOS) in (a) Busan and

(b) Seoul area, respectively.
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Fig. 2. Schematic outline of the method used in this study based on diurnal variations of (a) NO, and (b) O3 concentrations.
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Fig. 3. Annual variations of O3 concentrations with frequencies of high O3 concentration days in Busan and Seoul

metropolitan area.
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Fig. 4. Spatial distributions of annual mean Os concentrations from AQMS in (a) Busan and (b) Seoul area, respectively.
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Fukg 0 2 2pA| A EE e EFo] FatETh =1 gt
AhE Ao o iAoz et 9 i 7]
7 &k T AA FEke A aQlEnE A9 &
-2 olF @Rlo] § AA 7ofstde& A5 &
2ATHOM et al., 20006).

NO, 9| A%, wFgFo] B2 A-&o] Fitx]Hof Hs|
PHHCZ k9 5pph =2 T TS RN, F A
o LT T ol 30| 2ot e 4F7] fES
Hooh &2 A A A4 53 = F A9 BF wF
& Z7tet o] 2 Q3 A2 NO, Wi 57 9912
= Qlow 1 olF 7| A T
2] 29t 3} oA g3tet §hgo

=

rE o2

ot
¢

oX e rg U
i = -z

Al

o7 03 839 NO, 5 57H Hofgho 2 w7k 714
SHee AT 4 gtk 52 ARkel BEF 371
ol NOGE Z715H ot & 714 A% o) o

7 SIS & 4 ItHLin et al., 2008). °F
oF7ke] NO, 9 titration effect® <17t oF7He] s
A= o]ojFal, of7ke] o7t titration effect A
FAtH o A&z oelA dHid e s 5 2A vepd A
© 2 wAEkFig. 7b).

Batel vkt ke o]t 7| F=H o I
3t HAEA e o2 7)o 2] £ B
71738rd Bito] o5l Mgl JF= T Hew
H o1 (Pudasinee et al., 2006; Costabile and
Allegrini, 2007), T2 £]=F o8] ZAoA ERIEE=
Al F3tety dwst @42 f-2jubet Ao
A 712AQ ffgl oz A7z KA Qs AL
2 SRI= % cKSanchez et al.,, 2007; Han et al.,
2011).

»
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3.2. O3 24 regime H|2

At AE2 9o Axd 7t dPH(3659) Tkl
et A= A Early morning-hour NO, B+
%9} Peak-hour O3 5572 E-P AR A1 E-D
ABEAE Potqtt. HA A, TAE ALHE
Hoj& AT $AE F48S AnET] ot
7} ml o] A A9 pyvalues SAIF o7 AAlSto]
Table 2°] &oFstict, 11 A3} E-P 9 E-D & A=
Ao A9 p values HF-= 0.01 ©Jst= el ont
(Table 2), F4Fke] 2016-20179 E-P &4 Zzet
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Fig. 6. Monthly variations of (a) O3 and (b) NO, concentrations averaged over the period of 2015~2019 in Busan and Seoul

areas.

0] 201720184 E-D ¥4 ATkl 94 p
valuet 0.01% ZWstsiet. Tept Ao p
value 0.05% Z3514] 9 2102 Lehge] et B
£ ge =AM BAHY R0 $EL p<0.052A
05%°] 45 BHEsH 202 vehget,

3.2.1. E-P AREA

Fig. 80 4tk AE29 9] Al 7 dBP+H(365
) s gt =4 Early morning-hour NO;
Bt 58 Peak-hour O3 Bt 5o A4S 7
Asto] 37 22 el 1 (Fig. 8a, Fig. 8b), Al
g BE 440 thste] Early morning-hour NO,
ko et Peak-hour O3 v&9] EXE A4XER
A XSk Fig. 8c, Fig. 8d). IBolA & 4= x0]
B2 R 32 #2597 25 9F +0.05~+0.172

DS oK) ATHAE BHY oy T 3k 32 &k
o}, BAxe 2 A 24 4EE AgEE 20158 R
Zrel -0.23~+0.27°14 201949+ -0.15~+0.382
2 UERA, o= 201549 thH] 20199l &Fel ¥
o] AX = AL I 4= et Fo AT/ EA= Barly
morning-hour NO; X7} %=&4% Peak-hour O3
FLIt E=T= A QulotE R o] Aut2 HE B
I NO9 HiE%d A B3t 03 B2 AR
44 4 e AR FEo| 7heshd, 11 ghel 22 &
oH Bt 2= 59 AT EAE Holil Q= A E
QUoTA, FAFR| 0] A9 Bk Jwet VOCs A5
E 7|To R of= WA A Agay B4 1 AT
7t Bas) Bk,

g A& H9] R gh2 2F -0.11~-0.2322 3(-)
O] ATEATT e E R BE 20 At
AE Byt 7iE SPAEE 52w, 20159 R gkl
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Fig. 7. Diurnal variations of (a) O3 and (b) NO; concentrations in Busan and Seoul areas.

-0.25 ~ +0.05°014] 2019 R #t°] -0.32 ~ -0.012
WERE, 20154 o] 201989 29] Ao o 7
e AE ERIT £ ot 29 AWHAE Barly
morning-hour NO, &7t ¥&45 Peak-hour O3
FEIt =t AL ougitt, o] AARREE A2
2 NOZt 745t 05 57t 2518 S7HeE 4= k=
FE0| 7hgohy mhetA oE A 918 NO, A3
A2 05|8 JRIE 7HAHE AR siAT 4= qiot.

3.2.2. E-D AtEA
o

Fig. 9ol 4tk AE29 9] Al 7 dP+H(365
) s gt 4 4E Early morning-hour NO;
Bt FEot AO; FE9] Al tigt 33t ERE
e S o™ (Fig. 9a, Fig. 9b), AGH BE SHAE
S 2 Barly morning-hour NO; 5= tH] AOs

FLo ERE noj& A AlLR)T A AZER
AABFEH(Fig. 9c, Fig. 9d). E-D &A=l thet &
Ol=F(Table 2)IAE A= F2] 50| p<0.05
2 et 95%9] A E4ES ST Fig. 90lA
A AR BE oo ATEAE Hl A2
Early morning-hour NO; 5&=7F 5245 AO; 5
L7t =vt= AS 9Ustal, Barly morning-hour
NO, 5571 G4 2A| F3} st shgof 2l AdH O
o SHAHCR 7|ogtth= AS oJu|gict. 5] F4tz]
Aol A R Zko] 2F +0.41 ~ +0.502.2 A2 Rt A
o2 o ZFet oFe] A E Rl oH, A&x]9
oM ¢ oFst o] FUHAE BRYS & 5 QU
SPAEEE, 20159 FAER99] R grol -0.05 ~
+0.57°14 20194 +0.31~+0.692 YER}A, 2015
| =] 201990l ¥Fe] Aol AXE AL 1T

A=
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Fig. 8. Distributions of Peak-hour O3 concentrations against Early morning-hour NO, concentrations at AQMS in (2) Busan
and (b) Seoul areas, and also shown are scatter diagrams of Peak-hour Os vs. Early morning-hour NO,
concentrations with Pearson correlation coefficients(R) in (c) Busan and (d) Seoul.

o= Qioh wheba] FAR] ool A o] 2 o R S5 A tiH] 2019900 A2 92 oFo] AF/ o] Zopr=
At o] AHPAE Hole Z2 Early morning- Ae RIS 4= QU3iek. &, HT 08 S5 o ofgt A
hour NO, &%k 5717+ B "33} §H-goll &3t O3 A8 THAE Hol= Ao R B, A&A 92 T 33t
Aol 717t Z AL R SiA T vh A2 9 9 R gk 9J$t 05 A4l Early morning-hour NO, &

ZHe 9F +0.05 ~ +0.192 AtiZ o2 AR oFgt oFo o] 7l mrt Harz Hof v]g] X HolxE HoR
ATPAE HYon SHAE2E 20154 +0.02 ~ ClESkigeagi =)
+0.35°14 20199 -0.06 ~ +0.312 YEET, 2015 oj4re] E-Po} E-D AR A AE FgsHH, FAr
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29 2] 749 E-P 9 BE-D BE B4 oA L5 Fo] A
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= 718718 Hol1 glom, T2 F+H)9 71&7E =
£ E-D &4 ZAfAE R gEn A&AY
9] 71717 At e &2 ol W2 AAlg 3HE BS
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hour NO; 5%+ Peak-hour O3 &0l 25 FAZ
o 2 7)ot ot A H FEE WA Y £
stet AAH O3 F=ol tol] 7|7t i e g 2
Ao Akt & & AIF NO, HiIEFH A2
Qo5]3 F7F 059 BEFst B4 v-E-S F7HIE 4 9l
= Aol 2T 4= 9o, mhebA AR AL 05
sk 245 AsiHE NO, =8 & 2ds] 2rt
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Ikt
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Fig. 9. Distributions of AQ; concentrations against Early morning-hour NO, concentrations at AQMS in (a) Busan and (b)
Seoul areas, and also shown are scatter diagrams of AOjs vs. Early morning-hour NO; concentrations with Pearson
correlation coefficients(R) in (¢) Busan and (d) Seoul.
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