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A Study on the Seasonal Correlation between O; and PM, 5
in Seoul in 2017
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Abstract To characterize the correlation between tropospheric O3 and PM, 5 by season, a comprehensive analysis for the
interaction between tropospheric O; and PM, 5 has been performed over 25 sites in Seoul in 2017. Highly positive correlation
between O3 and PM, s was observed during the summer period (June, July, and August) and this is related to the
simultaneous formation of Oz and PM, 5 due to an increase of the atmospheric oxidation ability. While, correlations of Oz and
PM, s were negative in the winter period (January, February, and December), showing the opposite trend with summer. The
negative correlation for O; and PM, 5 in winter might be due to both aerosol-radiation interactions and the Oj titration effect
by NO,. We also found that NO, plays a more significant role to decrease O3 concentration than PM, 5 on a low concentration
of O in winter. It indicates that there are seasonal difference for the mechanisms of O; and PM, 5 interaction. Therefore, it is
required on a different O; and PM, 5 reduction approach for each season.

Key words: Os, PM, 5, Aerosol radiation interactions, NO, titration effect, Air pollution of Seoul
Ly = PM, 5= 3717} 2.5 um ©]51Q1 ZRAHA| = Y
oA A3 wiE== 13 dAek di7] F 84, 5

7hrg B30 shetakge Slel BRI 27 A

HFd 2F(0)2 W7l & LA=29 sfshiks

= ol A== T E:AQ 22 7| L HEEE, NO,
ot voce] Fafst w30 = Qlsf A/dEh(Logan,
1985). H7d Oy A=/d1} 4teteo] Fisto] Abgt
T AlEo] of Y nA L FIetAR IS FHER
t}. ol2fet flafdel e ok f-2uete] 0,9 &
O 5+ 19919 0.013 ppmOllA] 2017 0.029
ppmZ7HA] 2R FUFFEAIE Holil glom, A=t
2617112] 1712 A=A 4 % 2017\3°] 0,2] 847t T
7N 7EE BT X2 T (MEAEE 100%)
).

(NIER, 2017

FEECL} PM, = o] 245 (S0,*, NO,7, NH,, I
) ¥A3+7 (K, Fe, Ca, Mn -5), 1714 (organic
matter, OM) T} g AEFA (elemantary carbon, EC)2
A=, 12t Y2k F2 oA Bk a7
ojtf = A4 HiEHolA A3 Wsh= 12t 771
2% (primary organic matter, POM)T} YAEHAZ
AE]o] it ¥hH, 224Q1AH= S0,2, NO, ™, NH, P9} 2
ZF371&E 4 (secondary organic matter, SOM) “d+£-°]
5 o] 2t} (Park et al., 2015; Kim et al., 2010). PM, 5
=22 A7 2 s Y Al eIt g A

J. Korean Soc. Atmos. Environ., Vol. 36, No. 4, August 2020, pp. 533-542


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2020.36.4.533&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

534 0[5+, =22, 0|¥X|, 0|4, 0|X|0]

3 52 zdste] WHOA 273 sh 12 dE2 o]
o}, H=9] 7] L @S54 F 20173l PM, 5 H718F
77158 FATIA] Fet 3L 91.4% (24417 71 2

057} PM, 5ol T3t B2 Q1 e deto] ATt A<
O|TH(NIER, 2017).

7] F 0s7F PM, 59| 3FoH4] 752 A2 B34s
A QA= o] et NO&2t 2 d-f-7]2HetE (volatile
organic carbons, VOCs)©| th7] & 2FHE-g-S A4
PMO 2 gt = wAUZl= 0,0] T3 AT
St (Meng et al., 1997), 05 23 7HA1 == Hi71€]
AFSHEE-2 22}-5-7] of| ] 2Z (secondary organic aero-
sol, SOA) A= AAA A 3t} (Liu et al.,
2011). T3S NO2F VOCs2 0,7 PM, s Aol 35
22l I1E4o]7] w2l Geng et al. (2019)2F Wu et
al. (2017)= ©] T LAEHE AT =4 A&
F8Y5F3L, 0,7 PMO] F513 ¢Fo] AR B
] Taskeich
M, 5> EHA Q] Hl7ARES-S Fof| THA]
5 B0l G wlHITt (Jacob, 2000). X
FollA= PM, 57t 2513 0, 8-S At o
T AL ERE T ek Li et al. (2019)2 o] EH 0|
PM, 7t t7] & 2z 4ste] 0, A48E oA
St @A HAI15EY O, Feng et al. (2016)3} LI et
al. (2011)-2 o} FH o] 15k o] ofo]2Eo] ti7|= &
PE= 9] RIEE ofstAZo2H 0F BAS
RSN ZTH BFREFCE Jia et al. (2017) A4
F PM, 7t GAFEES Ahdste] 0,8 ARt
SEQITh olZ A AAREE 0,7 PM, 5 AFEHEHA ol tigh
AT A2 057 PM, 58] 2480l mi-¢- B3dst
™, o] 7 @ AEF TH| AL Aldniet o2
e 5 S22 AJARITL

Fd 057 PM, 5] B2 A= 1dstA AZE
o] ol ekl =] S 0,9 714 8
N3t PM, 50 BFatA 2/l 242} EelElo] FFE of
= Aol At 2018 AEATaNAE 0,7
PM, = 782 o & Hesh= A3 Ao HAIE A
A5k, 0,7 PM, 59| @t 24 ti7| e =4
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o] F9 UJNEHQ] VOCset NO, Tejxeke] 4 gk
S AASFI T} (The Seoul Institute, 2018). ©Jof] & ¢
TollAE A 0,3 PM, 50 A Aol £4
wob} o2 AR Faa9e metsr] <
20173 A22] 0,7} PM, ;9] AEE ATTAIE 4
stk

2. A7 ¥y

2.1 ti7|E=EA

2 Aol Ae A 2570 Foll AT EAIH7 S
Ao] 20179 1€ 19 1415 20178 12 31 24
A7H2| 8] MMt =E B85t 05, PM,5 NO, &
£ 24T PM, 591 NO,= 2 8 1A B2t
=55 o]&ste] YA sLE AL 0,2 2
710l A7t 710l AAE LFEHo|BE, & A
AN Ak oFF Ht Fof A7 B A] (maximum daily
8hour averge ozoen, MDA8)E UBwH&sL =2 AMES
FTh MDA82 SHFE 7o 2 & 17719 847+ 3
WL F A= NeTt 67l o] 3R] AS A5k, o]
Z e = A= I ol 050] 7= didlo] 7
g 2 AlZitof] go] A E A o= AEEE 54
= 7H B, Ho] yehts W2 0; 3= Qo o
B SES FLRASA 9371 9l 0y, PMys,
NO,9| st 7| A4 1 A= 7
d Ayt A8 E olgsto] dERE ALIEFC

E A4 29 (NIER, 2018)¢] &ato] Sa=47ke] A
2H]&0] 75% o4 Z-gollgt EA ol ARg-st3iTh
2.2 7|ARt=2

7] S1sh 717478 713 8= (ASOS, Auto-

mated Synoptic Observing System)& ©]-85to] =
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3.1 Ozt PM,s2| AHE SEEXE 3 A2

057} PM, s8] Al A HEAE whefstr] fls A
2 257 oA ST 0,7 PM, 0] ¥ R E
£ mhofohith (1| 1). 05 o] 23t B4} o
T2 =7t S7lekl Ao Aaste Ad=
HAow, ol Iy BRI oM = FLsHA wEH
+= 73%Fo|th(Lim and Lee, 2011; Shin et al., 2007; Choi
and Doh, 2000; Chung et al., 2000; Kim and Park,
1998). PM, & AARAL§ o] B BAFO] A
B3l Ago] 57} Z716ka Bl Zkeh o

Aol 2Hashs Ao Ut o] 4] 7jE 2

2017'3 M2A[ Ositt PM, 50| AIEHE 22N A7 535

W dAL=3 Ax]5H= ZAxto|tt(Park and Shin, 2017;
ME, 2016; Kim and Kim, 2008). 8]l 74=o]l 23]
0,7 PM, s 5 57} F45H= A 07 el
O% 2= 057 PM, 59 4B E HIF O & 25
N o] G FAS Bt BEEAE UER A
ojtt. 3~9dofl= RE FollA 057 PM, 7t ¥ A
WAE Helow, 53] 54 (6,7, 89) 2 72 4
A B2 0.59~0.73 H9 Q] =2 529} 22
FHEAE Yerglth v, 193 24, 2YellE BE
Tl A 033} PM, 57+ Bt -0.44~-0.239] 2] A7t
TAES B3} w2bA, & AFolA= 0,3 PM, 9]
SEBA 2|7t s Yets o154 (6, 7, 8
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Fig. 1. Monthly variation of averaged maximum daily 8-hour O3 and PM, 5 in Seoul during 2017.
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Fig. 2. Monthly correlation coefficient (p <0.01) between Oz and PM, 5 in 25 administration district of Seoul, 2017.

o, o] FolA & 53] OMo| 7P B2 Fi-2 AR5t
11 QITH(NIER, 2017; ME, 2016). ©| & AE& 2 4
7]0lA] Fatehit-gof| oo BAH 22 L HEHe|2
& og8o0l= th719] 4tet o] pM, 5 /ol 85t

A 2E5He e L % ek

S
0,7 NO,& M 1o =x tf7]9] Atstelg o
=3l A|BE AFHEE T (Kim et al.. 2018; Clapp and
Jenkin, 2001), 22} 71001 2E7} £ IS Y
EPATH(Xu et al., 2017; Sun et al., 2016; Wood et al.,
2010; Herndon et al., 2008). 1% 32 A-&9] o4
0.8t PM, 9] TAE LERd 2102 0.9 PM, 7t &
o] AP (r=0.69)2 7HItt. Sun et al. (2016)7F
Wood et al. (2010)] 217} -2t WA A gl A 3
2 0,8F f7]olol2E Atol9] AEAIS= olEth
=20.78,0.822, °]+= PM, ; A& FoA X OMo] f
719] Atstol & 9% B iR o=z Add 4= 9l
o} 2 A= PM, s A FollA 22 TS
w2 mpolsia]= pigto), Sejuet o} 54 PM, &
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Fig. 3. Correlation of daily averaged concentration of O, and
PM, s during summer in Seoul, 2017 (confidence level of
99%).
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T B2, 0, 3 NO, H-&°] 90% o0& =& 7
o= 07 th719] AtelEE Uetdl= 279 9
< S}A] E3} (Xu et al., 2017). U] O, 5
NO,7} AHA|sh= H|Fo] ¢ FaE ol 2
NO,9| H|Z0] ]2 (9F 35%)llA AL (2F 55%)
2 445 Fols SRIstott. wetA o 3=
T2 ALl 0,2 th7]¢] 4tetele Hrtsh]
of F27}F Qlttal =W, A4 0,7 PM, 59|
Ale t719] 4Fete o] opd ohE W& Fofl d9st
A} R,
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3.3.1 PMy52| O3 4 AAr| &t HE
03_8_ aglshak2of| o5 AAE PR AAF U &
Lol we kS Hh=r} (Boleti, 2019; An, 2012). $F
B PM, & AFA o2 Ade S E Aehsto
7] F Fekehikeat & F e AAANE 5 e
™ (Tian et al., 2019; Xing et al., 2017; Dickerson et al.,
1997), PM,s7F 15 S o2 2rgot] S T
N2 A9, ALl A W72 $A44 &
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T QFE Aol Fae mHitt
SIT} (Unger et al., 2009;
Menon et al., 2008). T3F PM, &} ZF] A 9 EAR
2| 9F0] oA g2 7] T 9 7 AEAS] 1
Lot DR Ak 7HA)7] whizof] ool =E-AE-
EAF 7Ho] med] wAYES S35k ti7|@gol
g9k m Xty EE A QJth(Su et al., 2020; Bru-
ine et al, 2019). & LA ofo]2Z0] t)7]8H7 9]
7y @450 7HA = WAUSS A T2kl 24
st7loll= RHAIZE AR A& PM, s7F UE= &
At gEFke] APRPAE HE o2 £ O,
PM, ;9] MY FS Atz or HAys) Hixt 5t
At
19 408 ALE A& PM,0 =5 71
7712 Wt BE (16 ug/m® <PM, 5 < 36 ug/m?), Lt
(36 pg/m’> < PM, 5< 76 ug/m?), T--LHE (76 pg/
m*<PM,) SFo2 FE5}T, AAjeF} &aFo] 7}
PM, s 5ol Wt o B A Helsh=25 Yt it
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Fig. 4. Diurnal change of (a) Solar radiation and (b) Cloud cover under three PM, s levels over 16~36 ug/m?, 36~75 ug/m?* and

exceeding 76 ug/m? during winter in Seoul, 2017.
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A o 1.49 MJ/m*ol| A W HESEY di= 0.76 M)/
m*7HA] 48% o} FAP oW, Ed] UAtFS] fol=
QFo] go] WAsH= W AIZtof] 717 Zict vt =
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FHESEY WE 70%7HA] S7Fsdnt. wEba] A
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Fe Aarzla oE S Ak At )l

3.3.2 NO,2| O; Zt4A| &1 r

HFH 0,9 g A8 4 B
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(An et al., 2015; Park and Kim, 2002), NO, 2| Z7}7}

2ol =

(@) NO, vs. O3
0040 R=-0.66

0.03%
0.030
0.025

0.020

O3 (ppm)

0015

0.010

0.005

0.000 T T T T T v
0o ooz 003 004 005 006 007

NO, (ppm)

0] BUREE FLAVIE YTo2 B3I
715490] Stk TR NOE PM,;9] F2.8 €27

o_>::

NO

=, PM, 9] A4rE A= Aol 71ofste] @A S71
gtk @A A 7S 40lM= NO B A=E
AlEsHA] eot NOE AXtst?] o8& A&e]”] o
ol 2 g7 AE NO,Z At thalstelet. 19
5220179 A& 717 F A22] NO,2t 05, PM, 5
ol S vehd 222, NO,7 O = B2 =
o] A (r=-0.66)2, PM, 2= ¥ A4
(r=0.64)2 7= AL &I & oh;]. = AL

3
AN

3.3.3 72E 001 CHgt NO,2t PM, 50| Hakad
H|
3317 332F Sl A&E 0,2 A7 o
&= sk 24 = PM, 59 NOE AASHIH & ¢
TollAlE AEol Uehd= 0,7 PM, 5] &9 A4
A gk ¥1S B HEs] 517 $let] AH
0,°ll gt PM, 59t NO,9| A4S AAIekIth
(F 1). 057} NO,°| A4 Azt (-0.56 ~-0.73)
o] 057 PM, ;2] ATHAIS Adigh (-0.23 ~-0.48)

(b) NO, vs. PMy 5

100 - R=0.64

PM, 5 (Hg/m3)

NO, (ppm)

Fig. 5. Correlation of daily averaged concentration of NO, with (a) O; and (b) PM, 5 during winter in Seoul, 2017 (confidence

level of 99%).
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Table 1. Correlation coefficient of O; with PM, 5 and NO,
(confidence level of 99%) during winter in Seoul, 2017.

Jan Feb Dec
03-PM, 5 -0.23 -0.48 -0.43
03-NO, -0.66 -0.56 -0.73

o = Uehtbe 2S IRl 4 gloen=, ALH
0,5k #aollEs PM,;Erk NOH Y & 92 &
Aoz o/fHh F=olA= PM, 7t AR 0=
NFH 0, L& AaA7le o] Atke A+
AiEo] e}t 1o (Jia et al., 2017; Xing et al.,
2017), $-2lyzte] AL4E PM, 5 s+ S0 8l
ol o]2jgt gifo] A= F2 Ao w weETh o}
2t Ao Ad 0,7 PM, 0 =9 oA
PM, ;9] YARF Ak aytHot NO, 2| 0, A% &t
7} 8% Fa7 Ao 2 mebech

4. 2% Y
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-

2 AFollA= 2017a A&A] 2570 2] iR O,
I} PM, 59| FEAtE 248 5l 0,7 PM, 59 AlE
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7, 89)°l B 0.669] ¥ FEATE UERHoH,

S4(1, 2, 129)0l= o]t B2 B -0.379] &
o] FPAGE HeEtHSITE o] A Y AEERE t2A
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5tof 057 PM, s9F 2] NO,oF 71 8455 w4
sttt o5 doll= A7t YAteoll ols) WAyet 1
& 0;0] th7]19] 4ot (002 S7HA PM,59] 221
A& SASIER 0,7 PM, 57t ¥ FBEAIE 71
e Ao mpetr|Qct v A& Ueht= 0,
I} PM, 59] 20| ATTAE PM, 52| DARF Abd &
TET NO, 9| 0, A4 &ite] oJgt Zlo] o f-Agt
A0 &2 LepgTh
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=] ATBA = VOCsE HE3 RO, HO, 52

O

b
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2017'3 M2A[ Ositt PM, 50| AIEHE 22N A7 539

2zt 7] QRS Ha ol F|ARIA B
QFFE vk wbA 0,7 PM, 0] A5 AE-S B
o} AskstA| metstr] QoA Kok vkt 9
AH5S 1 Eet A7 gsiot 2 AtollA A4
AEE 0,3} PM, ;9] AHEAS AEER 7|4=x
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S AEER OE A7eto] RAEojof Fa]l
tj7| ¢ 7t 7 Aot
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—_
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AR, BAEAR) 0] Aoz Sh=ATAe-nAH
| =27AZFE 2 A E AR (2017M3D8A1092015) 2] A]

2 wot aolsie.
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