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Abstract Five nationwide high PM, 5 episodes were selected using data from intensive air quality monitoring stations
operated by the National Institute of Environmental Research during 2013~2016. Episode selection was based on the
number of stations with mean PM, s> 75 ug/m3, number of episode days, and mean PM, s, considering season. PM,
concentration increased mainly with sulfate as air trajectories arrived from polluted regions in China, when the Chinese
contribution was high. Although not as prominent as sulfate, high nitrate concentration in the case of high PM, s, and K*
enrichment in the case of high Chinese contribution were observed during some episodes. While sulfate and nitrate behaved
similarly in many cases, the difference in concentration between sulfate and nitrate was useful in determining the relative
importance of long-range transport and local emissions. Long-range transport of pollutants from China, which played a vital
role in leading to high PM, s, was primarily associated with development and movement of migratory high-pressure system.
As a high-pressure system developed, pollutants accumulated in the northern part of China and were transported to the
Korean Peninsula along with the eastward movement of the high-pressure system. High PM, 5 concentrations occurred while
the high-pressure system resided over the Korean Peninsula and the domestic contribution increased.
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Fig. 1. Locations of intensive air quality monitoring stations
operated by the National Institute of Environmental
Research: BN, Baengnyeong; SL, Seoul; DJ, Daejeon; GJ,
Gwangju; US, Ulsan; and JJ, Jeju. Data from US and JJ stations
were not used in characterizing high PM, 5 episodes because
the US station started monitoring from 2014, one year short
of the study period, and no episodes occurred at the JJ sta-
tion.
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Table 1. Selection of high PM, 5 episodes®.

2+
Episode selected  Ranking Num.ber f,’f Start End Number of ,SDPC M WS Teomp RH
stations days index (ug/m?3) (m/s)  (°Q) (%)

2014-winter 1 4 2014-02-20 2014-03-04 13 3,994 77 0.07 177 42 59
2013-winter 2 4 2013-01-11  2013-01-24 14 3,740 67 0.07 210 -07 72
3 4 2014-01-14 2014-01-24 1 2,654 60 005 210 -12 62

2015-fall 4 3 2015-10-16  2015-10-24 9 1,824 68 012 078 169 75
5 4 2013-03-04 2013-03-09 6 1,723 72 0.14  3.00 68 64

2014-spring 6 3 2014-04-09 2014-04-18 10 1,707 57 0.09 141 144 64
7 4 2013-12-02  2013-12-05 4 1,167 73 0.09 1.56 46 73

8 3 2013-05-22  2013-05-26 5 933 62 018 134 223 59

9 4 2014-12-28 2014-12-30 3 914 76 0.08 1.80 20 66

2013-summer 10 3 2013-07-25 2013-07-29 5 894 60 007 259 253 85

2Mean values were calculated using data from four stations shown in Fig. 1 during the episode. WS, wind speed; Temp, temperature; RH, relative humidity.

PNumber of stations with a mean PM, s > 70 ug/m? among four stations.

Station-day-pm index defined by (number of stations) X (number of days) x
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Fig. 2. Temporal variations in 24-h average PM, s and Chinese contribution (left panel) and Rel (S-N) and domestic contribu-
tion (right panel). (a) 2014-winter, (b) 2013-winter, (c) 2015-fall, (d) 2014-spring, and (e) 2013-summer. Rel (S-N) is defined by 2
(50,27-N0;7)/(S0,* + NO3"). Horizontal lines in the right panel represent Rel (S-N)=0. Note that the base of bar graphs for

Chinese contribution is 30%.
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Fig. 3. Backward trajectories starting from four stations on selected days of the episodes.
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Table 2. Comparison of PM, s and major component concentrations (ug/m?3) for three inland stations (Seoul, Daejeon, and
Gwangju) between high and low PM, 5 and between high and low Chinese contributions.

PM, 5 Chinese contribution®

PM, 5 S0, NO;~ K* o]@ EC PM, 5 50,2 NO;~ K* ocC EC
(a) 2014-winter
High 96.25 1717 15.61 0.59 10.50 3.24 93.48 16.46 14.69 0.59 10.30 3.18
Low 32.72 3.75 5.55 0.26 5.21 1.54 62.85 9.97 11.06 0.37 7.73 242
High/low ratio 2.94 4.58 2.81 2.25 2.02 2.10 1.49 1.65 1.33 1.60 1.33 1.32
(b) 2013-winter
High 86.56 14.03 16.13 0.49 9.13 3.30 72.64 12.31 11.58 043 7.62 2.79
Low 29.44 413 4.51 0.12 3.90 1.46 63.03 8.95 11.83 0.30 6.90 2.51
High/low ratio 2.94 3.40 3.58 4.07 234 2.26 1.15 1.38 0.98 1.45 1.10 1.11
(c) 2015-fall
High 74.40 19.46 16.22 0.61 8.95 2.79 73.25 20.03 14.87 0.64 8.47 2.69
Low 35.54 6.97 7.98 0.35 5.89 1.67 55.00 9.40 14.82 0.37 8.17 246
High/low ratio 2.09 2.79 2.03 1.73 1.52 1.67 133 213 1.00 1.72 1.04 1.09
(d) 2014-spring
High 66.31 13.79 12.16 0.34 6.73 2.38 61.75 11.99 10.59 0.30 6.76 2.20
Low 35.16 417 4.98 0.23 5.16 1.54 38.27 6.42 6.78 0.20 4.30 1.59
High/low ratio 1.89 3.31 244 1.47 1.30 1.54 1.61 1.87 1.56 1.50 157 1.38
(e) 2013-summer
High 70.40 24.48 2.69 0.18 3.59 1.74 56.09 20.10 2.64 0.15 3.28 1.54
Low 34.90 9.75 1.71 0.08 2.70 1.21 =< - - - -
High/low ratio 2.02 2.51 1.57 232 1.33 1.44 - - - - - -
(f) Overall
High 79.38 17.31 13.27 0.46 8.08 2.76 75.28¢ 15.20 12.93 0.49 8.29 2.72
Low 33.46 547 5.17 0.22 4.71 1.50 54.79 8.69 11.12 0.31 6.78 2.24
High/low ratio 2.37 3.16 2.56 2.12 1.72 1.84 1.37 1.75 1.16 1.58 1.22 1.21

2High and low denote > and <50 ug/m?, respectively.
PHigh and low denote> and < 50%, respectively.
“Not available for Chinese contribution <50%.

9dExcluding the value for 2013-summer because the low value for that episode was not available.
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At A5-S SHeth= Holoh PM,, *J%OM %
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= A F99 7R e B S EARS
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I, A A e 119 o L AEES B

1. Accumulation
of pollutants in
the stagnant
condition

2. Transboundary
transport of
pollutants from
the NCP

3. Development of high-
concentration episode due to
local and regional pollutants
in the stagnant condition

Eastward propagation of
high-pressure system

v
't

Fig. 4. Schematic of high-concentration episode in Korea associated with combination of transboundary transport and stag-
nant conditions induced by the eastward movement of migratory high-pressure system.

J. Korean Soc. Atmos. Environ., Vol. 35, No. 5, October 2019, pp.609-624



618 Y, FEF, 8Kl Lk, it MR, AsE, o

WY A2 Eote] o] A]oo] LAEA FEE =
Itk (2) 719Fe] F4lo] TF=sl=2 olEst &
T Pl e AEHL 17|¢te] B JHAEE
et FeiE Faksto] =R foEct (3) gt
L7 X5k 21719F0] F3Fd ofol weloll whet
FTHOoRHES] QAEH ATt A ol Al A
A @ Q=] Fol A FL7t ASHAT

09 5= 025 A o TS
g5}7] 93t 850 hPa Y7 % olth 19 5(a)= 2014
W AL Aflelch 209 S5 EollA] HERt 117
o] et d 7124 ot = i5o] FH et
ool A AR} TAYste] AODE &AL, 224

ot ol s 1] BE Pt E wE <
Ay Z7do] gt Breko & S =Gl 117|944
Bhof| wh2 oFgh A 7)ol o ghtols F=te
71 7b Hab Z7Fet o u (1™ 2(a)), 249 0ll=
SHIFE Aol 1719 A = = kel 7%7&
I, FO2HE F7 S B e AEHol &
o W5 ZAlA PM, 57t #a17F E . 26%1011
£ S GolA et Aol dalgo s 1&
Sto] SHITE Agoll A7 = ghell 946& oFet
S FUstel el FHoRREHY| e AEH felo
A5t 245 PM, 57 A5HE ST

20139 AL A= 20149 A
o]/ 117]¢te] W

4.4

)l

F

(¢}

=

Ae|e} Bl ste]
olFo] W F7| & JHEE]
ATHLHE 5(b)). AFl 27] PM, 57} B2 35513
=l 1193 120fl 24 F= FFolA AEE ol
ol2x= 1Yo BX 7PAEE wet Fe ol F
et *1? 7]‘n‘a Sl BS= Y Aoz HE o
FAEAL, 130l = e JAF S22
THoR A IEste a1 A% TPgAR] o
o ti717F A= 7] whEolth ?HE, 13 5=
o] Yx]stA ™ GthA 7] (TD, tropical depress-
ion)°] 14¢ A& FFFE FEsH 27t
o= HAHA. SHA7IAe] F& Tl A it
T gl AR oFet 57 R whet gt B

o eA=EE AT, 148 A 79kl L&

o2 olFstH T2 oA 7Y Te] Atolof|A
AR BA7)Fe] ofsf it Rl AAE o
=do] §Eor fFEm M oA sk
PM, 57} A% 1Tt

20159 7= Al RS SHoE S B
AN sl =2|A ol sste 7o Wyt 427t
A FA= A7 ol thid A7l SRt 21454
Q7] At ol= QI TR HY e dEd
ol S4oItt (™ 5(c)). Abell 2R 16del=
FZ ERg R e BRg 235 179t 9
Sff RHt: Aol ARt SEol THoEREH 2
el 55 AdshiA, F=9 7] =71 Wk

Tt 16~18°1°ﬂ 74?% AbSHt

gro] wgste] B5F B 499 0GB B}
B 37159 o}ﬂm 4B 5F AN slhsol

THoRRTHY e H=d frdol AEHA. 20
e A RiE ol 42 & et a71%to] 29
Jo g olFsiy AR 17 egte = Qs F
=0 2HE| §olo] Z7}5l9l o, o5 2
HHe 5ol aL7]ee] AAst = 24 i‘ﬁ =4
o] FF= AR,
2014 = A o] 4t %%171*0}2 20154 7P9 AF
gl 2R} ARSI (1H 5(d)). 139 F= H7ollA
W 1 7]9ke] o5 HFE= B Al LH=E
o] FAHF oW, T oA = B2 &t 117
A} Fo el ALt A7ge] e E AL

o Sge] $A05k] of 1T 3k 2ehd

a7t 17 AR, 16 B A
Hopo 2 o|BF Mgl BAZ FERA Ao
of 9|5 Tt @A, G ZANA FU 2A=A
o] A=\ PM, 7 #3127} w5l
F2 ol54 mIgre] 9L WA I
2] 20134 obE Aol Rl 171k o
A3 G BEL AR 4714 o8] BT 3
HHE A33e] A 71Re} ol e FFoznE

)
O
o,

2o}

>

S,

o

=71 stE|X| M 35 H M55



2013~2016 712t T2 72 PM,s D5 Aol i sy 619

00 02 04 06 08 10 12 14 16 18 20
Terra and Aqua-MODIS AOD at 550 nm

Fig. 5. ERA-Interim daily-mean geopotential height (contours, gpm) and wind (arrows) at 850 hPa superimposed on the Terra
and Aqua MODIS AOD at 550 nm.
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