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Difference in Chemical Composition of PM, . and
Investigation of its Causing Factors between 2013 and 2015
in Air Pollution Intensive Monitoring Stations
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Abstract

In this study, difference in chemical composition of PM, 5 observed between the year 2013 and 2015 at six air
quality intensive monitoring stations (Bangryenogdo (BR), Seoul (SL), Daejeon (DJ), Gwangju (GJ), Ulsan (US),
and Jeju (JJ)) was investigated and the possible factors causing their difference were also discussed. PM, s, organic
and elemental carbon (OC and EC), and water-soluble ionic species concentrations were observed on a hourly basis
in the six stations. The difference in chemical composition by regions was examined based on emissions of gaseous
criteria pollutants (CO, SO,, and NO,), meteorological parameters (wind speed, temperature, and relative humidity),
and origins and transport pathways of air masses.

For the years 2013 and 2014, annual average PM, s was in the order of SL (=DJ)>GJ>BR>US>]J, but the
highest concentration in 2015 was found at DJ, following by GJ (=SL)>BR>US>JJ. Similar patterns were
found in SO,*", NO;~, and NH,". Lower PM,; at SL than at DJ and GJ was resulted from low concentrations of
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secondary ionic species. Annual average concentrations of OC and EC by regions had no big difference among the
years, but their patterns were distinct from the PM, 5, SO,*", NO;™, and NH,* concentrations by regions.

4-day air mass backward trajectory calculations indicated that in the event of daily average PM, ; exceeding the
monthly average values, >70% of the air masses reaching the all stations were coming from northeastern Chinese
polluted regions, indicating the long-range transportation (LTP) was an important contributor to PM, 5 and its
chemical composition at the stations. Lower concentrations of secondary ionic species and PM, 5 at SL in 2015 than
those at DJ and GJ sites were due to the decrease in impact by LTP from polluted Chinese regions, rather than the
difference in local emissions of criteria gas pollutants (SO,, NO,, and NH;) among the SL, DJ, and GJ sites. The
difference in annual average SO,” by regions was resulted from combination of the difference in local SO,
emissions and chemical conversion of SO, to SO,*", and LTP from China. However, the SO,”" at the sites were
more influenced by LTP than the formation by chemical transformation of locally emitted SO,. The NO;™ increase
was closely associated with the increase in local emissions of nitrogen oxides at four urban sites except for the BR
and JJ, as well as the LTP with a small contribution. Among the meterological parameters (wind speed, temperature,
and relative humidity), the ambient temperature was most important factor to control the variation of PM, 5 and its
major chemical components concentrations. In other words, as the average temperature increases, the PM, 5, OC,
EC, and NO; concentrations showed a decreasing tendency, especially with a prominent feature in NO;™.

Results from a case study that examined the PM, 5 and its major chemical data observed between February 19
and March 2, 2014 at the all stations suggest that ambient SO, and NO,~ concentrations are not necessarily
proportional to the concentrations of their precursor emissions because the rates at which they form and their gas/
particle partitioning may be controlled by factors (e.g., long range transportation) other than the concentration of

the precursor gases.
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Table 1. Current status of air pollution intensive monitoring stations by areas.

Stations Location of monitoring station Opening year Remark
Bangryeongdo ~ Dumujinro 362-69, Bangryeongmyun, Ungjin, Incheon (37.966°N, 124.631°E) 2007 Background
Seoul Jinheungro 215, Eunpyeong-gu, Seoul (37.624°N, 126.920°E) 2008 Urban
Honam Chumdan-Gwagiro 208-5, Buk-gu, Gwangju (35.226°N, 126.849°E) 2009 Urban
Jung-bu Jungangro 12, Junggu, Daejeon (36.322°N, 127 414°E) 2010 Urban
Jeju Whajeonangil 20-5, Awoleup Jeju (33.369°N, 126.351°E) 2012 Background
Yungnam Hamwol 20-98, Junggu, Ulsan (35.581°N, 129.324°E) 2013 Urban
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Table 2. A summary of yearly average PM,; and its major chemical species concentrations by areas.

Species Unit BR SL DJ GJ [N 1
PM, 5 pg/m’ 258+243 38.3+26.7 38.1+26.5 30.1+19.3 193+18.5
oC ugC/m’ 2.88+2.65 3.80+2.59 5.17+£3.06 3.82+£291 2.40+2.00
2013 EC ugC/m’ 0.97+0.89 1.75+1.09 1.87+1.08 1.29+0.90 0.7410.64
Noka pg/m’ 4.58+£4.86 7.00+6.17 5.17£5.15 5.62+5.37 4.65+t441
NO;” ug/m’ 2.04+3.37 6.49+7.24 542+593 3.89+4.53 1.35+£2.56
NH,* pg/m’ 225+243 396+351 321+£3.12 3.62+3.14 2.15+1.99
PM, pg/m’ 28.7+26.7 374279 385240 33.1+£240 26.1+18.6 19.7+17.0
oC ugC/m’? 3.12+291 3.82+2.72 597+3.57 394+2.79 3.13+2.17 307+£2.10
2014 EC ugC/m? 0.74+0.83 1.56+1.00 1.70+1.08 1.07+0.79 1.14+0.77 0.84+0.62
NoXs ug/m’ 498+5.28 7.62+8.34 4791424 542+5.68 398+3.76 357+3.84
NO;~ pg/m’ 200+3.77 6.46+7.28 433+457 385+4.79 2.79+3.64 0.87+£1.56
NH,* ug/m’ 245276 422+447 237+2.06 3.61+3.32 2944247 149+1.75
PM, 5 ug/m’ 245+215 280+19.3 358+21.3 28.1+19.7 225+15.8 160+£149
oC ugC/m? 343+293 373+222 5.16+2.60 4361320 333+1.94 3.18+2.47
2015 EC ugC/m’? 0.60+0.63 126+£0.92 1.76£0.95 1.02+0.68 0.72+0.53 0.85+0.55
Noks pg/m’ 394+3.74 4.85+433 6.58+5.27 5.12+4.97 350+3.16 392+3.89
NO,” ug/m’ 2.06+3.84 435+4.88 6.33+£7.66 4.30£5.60 222+2.86 1.15£2.56
NH,* pg/m’ 2.16+2.38 3.39+2.96 4871382 346+3.20 204+1.76 1.53+1.93

Note: BR: Baengryeong-do, SL: Seoul, DJ: Daejeon, GJ: Gwangju, US: Ulsan, JJ: Jeju
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Fig. 1. Temporal patterns of monthly PM,; and its major chemical species by regions; (a) PM,; , (b) SO,*, (c) NO,", (d)
OC, and (e) EC.
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L AHY A #F F eHE W 3HS Fotho]
A=t} (Park et al., 2006a; Chen et al., 2003). & =
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A o 318004 S8 Ao PM, 9] Bot
o Zol& FB] 9istel TN HjE 2@
3} 2|93 (regional) S HhahH 714 ATE
BT 2A(RE, G ). 719 3A

K519t

O oX oXx 2

A [

op
oM. o
fru

il

o
s

3.2.1 J|HN 2ESH Sz B

471 % 0CS} EC, SO/ 2 NO, 9| =} 7|14
0@ AEe) Fuote] PAS Avns| $iste] A
% dE¥WE CO. 50, ¥ NOY| HF 558 F 30
Hejetod. £3 4 B Co8t OC 2 EC, SO,9}
S0, % NO,8k NO,™ Apold] #4128 19 20] =48}
shict.

dvhHoz Ak WEUe 2R ALEE CO
o A B HEE ABR w7|7kRe] O3 GFo] 2
AR oA AR BTt 7 o] Helom
Aol b BShe. TG 38elA ATt st
2ol 0Cot BCY HEE dAelN Agntt 242
LA~16, L1~141) 7] o] Hgiet. ole] Tt ¢
e FUAL AT G Pl eduEEAL F
wol A5A HEY oo hE BadA WEA (S
Sof, 59 712 47 5o vlolenjx Ak EA)
AL, AR ERY HagAe 37t £l B
OCe} EC %= 37bo] 71Qsk9e Aos 43
SAX o)A £ COS OC B EC Abo]e] Apat
A () (T 2 22050 (B5)~0.79 (1), 050 (%
F)~0.67(H2)Z EANY 2% OC EC $EE 3
A3 A ogue) WP o5 TS WAL A
olth. &, A4 2GAY HjETFS Fol7t LW OC
o} BC $=0 Aol fuHe T UAOE AEWE
Hole}.

9 W3 S0.9 50,79 A st LA
A|2Jat 57 A Lo0N ZHE SO, = FAH O
2 50,9 Fatx] Wko] ofFt A RTHs gRzn
 §99 S0 ol oJak o] Aupzolghe Holct
(Park et al., 2016, 2012; Jeon et al., 2015). 134 th-
3.389) B4 7)7ke] ek Ael B4 B3 2 o)
2 50,9 443} HAHE B3 50,79 A4l e
Ars}g Aotk S0,9) H&eF TelA, U S0,9)
B FE Aol ZASAL A=Y Hol AA 1}
B SHTH(E 3). 183 MR EelA ST SO,
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Table 3. A summary of yearly average concentration of criteria gaseous pollutants by regions.

Species Unit BR SL DJ GJ us 1
CcO ppm 0.30+0.19 0.61+0.28 0.53+0.34 040+0.23 0.21+0.10
SO, pg/m’ 144+8.1 13.7£70 104£70 129+4.1 1.7£23
2013 NO, pg/m’ 35+55 61.8+31.2 56.1+27.6 247156 6.6+4.6
SOR - 0.19+0.13 0.24+0.15 021+0.15 0.20£0.12 0.60+0.22
NOR - 0.38+0.27 0.06+£0.05 0.06+£0.06 0.09+0.08 0.11+0.12
(e(¢] ppm 0.32+0.17 0.56+0.31 0.51+0.31 047+0.22 048+0.19 0.22+0.10
SO, pg/m’ 88+7.6 140+6.7 11.6£89 114+40 146+140 1.5+19
2014 NO, pg/m’ 60+58 640+324 41.0+225 233+15.7 48314328 65+3.8
SOR - 0.26+0.16 0.23+0.15 022+0.15 021+0.14 0.22+0.13 0.60+0.24
NOR - 0.15+0.14 0.06+£0.05 0.08+0.08 0.11+0.11 0.05+£0.06 0.09+0.10
CcO ppm 0.32+0.17 0.50+0.25 041+0.24 0.55+£0.26 048+0.18 0.25+0.12
SO, pg/m’ 82+5.6 149+49 104+6.7 9.0+40 144+138 14+1.1
2015 NO, pg/m’ 9.0+6.7 62.7+£29.8 4044289 279+169 4924290 73144
SOR - 0.23+0.14 0.17+0.12 0.301+0.18 0.25+0.16 0.21+0.12 0.58+0.22
NOR - 0.10+0.10 0.05+0.04 0.11+0.12 0.09+0.09 0.04+0.05 0.08+0.12

Note: BR: Baengryeong-do, SL: Seoul, DJ: Daejeon, GJ: Gwangju, US: Ulsan, JJ: Jeju; SOR and NOR indicate sulfur and nitrogen oxidation rations,
respectively.
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Fig. 2. Relationships between criteria gases (CO, SO,, and NO,) and aerosol chemical species (OC, EC, SO,>, and NO,")
concentrations; (a) CO vs. OC, (b) SO, vs. SO,%, and (c) NO, vs. NO;".
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ol  BF HEE 82+56~144+8.1 ugm’2E AF
(14+1.1~17423 pg/m) B o] =9ron A&
(13.74£7.0~149+4 9 ug/m’)TH= 2 2}o]S Holx| ¢
At o] AL AZeA EAT SO, =7t = 59
2AANGOoZRE FYEE SO0 93 o= =&
FIFE WA S-S AT ALY SO, A Bt F
T gy FFEoE oy 24k SO0k
A9 w3t A3 24kl SO, 57} vl
T A€ SO, 9 Bt FE7 SAET EA 2 9]
fre Ao SAETE 225 H fed=EE SO,
o} SO, 7ol o3 EX wol] IS Wtr] yEolct.
-] 2013~201493 FAFSHA 20159 = A2
SO, 5=7t A 9 FFH} oF 50% w4 #Zo] =
A A& SO, A Hit =7t AT F=F
Hr} @A S E o] f-=,20159 A&y ojd o F=
2 fYEE 2d9 719 AAY =% 54, 24
A HAA], o5 AR 5)Y Apo] WEE HAH &
e B3l WiEd SO, H7AE Y =9 tol& <l
o Yehd ZdatE godn. S, A9 A 5 &
g9] ztol &2 Qa4 F=o LEXFoRRE ¥}
FFAGORE o Y2 LHEAEY §4 groE A
gt HEstd A9 9 AxY SO, 9] = Aol
ofut SO,9 wj&Fe #to], SO,—SO, 29| tj7]4t
SR o] Zpo] W o] AT fof gt FFo| &
Aoz Aoz Yepd Aatg At (Park
et al., 2016, 2012; Kim et al., 2009; Fischer et al.,
2007).

SO/ 7¢} T2 NO, 9] B+ s=& ZAX A
HiF A Gl Mol AFEYG A BFo] =,
714 AFEZQ NOY 5= A e =4 #5
o] Hict AYE NO,9| B+ v=& A=EE & 2
ol7} Gt A&, A, F, LA WY @ AFe
NO,9 ¢ Hd 529 WA= 47 61.8~64.0,
40.4~56.1, 23.3~27.9, 48.3~49.2, 35~9.0, 6.5~7.3
ug/m’ol it E3 SO, A=Y AT FASHA
2013~201490l= A& NO,” B+ 5=7t th& A

Eof vlg A4 #ZH ), 201540l AL
(4.4+4.9 pg/m*Ect A (6.3+7.7 ug/m)o| A 713+
EQth 223 NO%H NO,™ 5= Ato] 9] AFalA (2
 2)0f oot WP =o} AFE AT ZAIA ol A
= 9 ¥ NO,Y| 5E9 NO,” 5% Afo]of £ A3
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A (r=0.52~0.76)7} Belo] E|Yeh. o] AL EA|X)
e 314 Azl AaTH g, AER WL
3] W28 ALA8E0] 2 xel9] NO, A4l 2
HHos BARLS ot &, 2AH Wz A
AslEe) BE 271 NO; BE 2710 d3e 23
¢ oujgith agu 2419 N0 BE FEE )
AROHE o7t B3 BEEOE A2 29 o4 &S
o= 7 NO, o SEE w2 F onch ¥

O A=O
- TT=

YEtW AT} o] olf+= olmt= NO,oA
NO, 29| Ak} 3o dagt 7] 484 =<} 7]
AZARE, BHEE, T5 Y Aol 7 52
ERE AAY Fol ATt FIFY Zolof 7] A
o2 gotEth(Lee et al., 2015; Park et al., 2012, 2011,
2005b; Kim et al., 2009). & So], Wizl £ o] NO, &
T (3.5~9.0 pg/md wiL o= EFEHL NOy
FTEE A F ZolE HolA gsked|, olAL &
A A9 QRZHE FAL F£dol YT FFol
NO;,” 5k Zolo 2 g3FS F7] P&Eo|th(Kim er
al.,2009). &, 552 LA AT QG AL, thd 2
B0 A¥e FAAR AL vWiEd IF Aol &
A #Fol 9T FIF A T 7] diEel 4t
9 NO; BERT =918 Ao 2 AR = ch(Jeon et al.,
2015; Park et al., 2013a). A2|stH Pz =A3t
OC, EC, SO,” ¥ NO, 9] == fddd CO, S0, ¥
NO,9| 5= Zo] Qo= o 2RH & 4 44
L AEZY FAT Fol g ddet dFS W

E 30 AHE SO,2t NO,9| tf7|4tatd =9 Aol
E A7) 93 SOR (sulfur oxidation ratio)@} NOR
(nitrogen oxidation ratio)E AAFele] e ATH(Li et
al., 2017; Ma et al., 2017; Park et al., 2016). SORZ}
NORLZ tf7] & EAst= FAs=ET daisHEol
SO} NO, 2 A5El HES Uehit oA o
S} 2ol EAT 4 Atk SOR=nS0,"/(nS0,*
+n1S0,) @ NOR =nNO;/(nNO, +nNO;"). 97| A n<
E% T (molar concentration)S 7}2]71t}. 2013~2014
dol Mg, d, 3% 2 SAA 29 SORS A
9] FARFH L} (0.20~0.24), 2015 ol= A&(0.17)
Ho} thE E=AJX](0.21~0.30)0014 A 2AHE T
o] 21L& 2013~2014871A] &= SO, &&= #3}7t SO,»
T Hskel D wRo] AR, 2015d o] &2l
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E SO,—S0, 29 Yrjiatyd =9 ztol= HAE
50,9 = Wakmat ohjet oPH sge] FA &
& AR Zo]& <lte] SO,7 9 F& Apol7t AR
2 Ao 2 A3l NORS 7 9= SORY} H|<L=3t oF
e molzolth Te WyEe} A% SOR Hi
ol A2 (0.58~0.60)0)4 W= (0.19~0.23) K}
LA 2 ekt AR B e 50,9 B
To|= E5HL w2 SORE Hol olf= A A
0918 ogedo] A2 G Ae] ERA oRE R
W HsT $59 29AY9) W& SO7F BAE
% 5 WA E AXEA SO R HEE &
AFZ FAdER7] gEezZ =A%) (Park et al.,

2011). §FH NORE A|FHTh= WP oA w2 3h&
HojFdth o]o] thgt olf= NOy & SO, ¢ 2
dostror g Hgh Edolug y|do] i eR
Z:X% Z]P‘Sjg_i X]—ﬂa _r_.:_ }\gklﬂ ?Jx}-/\]- NO,~
YR} 7| G o= A ol7t ot AY A9 7]
2o] AFes F5o24 %2 NOR g Uehd
Aoz Bolth(Park et al., 2011).

ng

s = 5
7178 Mas2 H7] F PM,; R 3HeH3] HE2E9 &
st=d] Q3% g2 stk (Park ef al., 2016,
2013a, b, 2006a; Kim Oanh and Leelasakultum, 2011;
Seinfeld and Pandis, 2006). & S9], ¥& ££9] ¢
A 7] 2HAM= LF9E2EEY di7] S-S sl
ko] 37 LHEEEY FAS STHIAHSEA 1R
Y 249 w= 74 23 dA Y S ST
o B3 & Adiskolds 1A AFEEE 3
HR718RjHE, SO,, NO, 5)9] Evd vh-2 &t
SHA oz A 23k YRHRT] Soj=2E B 27} o] 24
DY WS ST #E T4 22 AdisE
z270] 23std 13 LF9EA Y 43 2% e 9=2
=9 B 7HE3eto PM, 9 LHES F7HAA
AR FHARS Gkt (Ma et al., 2017; Saxena et al.,
2017; Zhang et al., 2016; Zheng et al., 2015; Sun et al.,
2013a, b).
4= H9E 5,7 A s A B B
4 Bt g WS AU Aolth ME, oA, F+
224k A Bt 5 H 712S d9EE & Aole

=)

1
Range
1.8~53

Average
8+2

UsS
Range

Average

GJ
Range
09~19

Average
3+1

DJ
Range
12~2.1

Average
61

1.5~24
-22~249 121115 -37~273 13.1+113 -2.7~278 129+114 -2.0~273

SL
Range
7121186 58.6~94.8 654+192 548~849 730+£200 572~852 66.1+18.6 58.0~76.2

Average
9+1

Range
33~56

BR

Average
4523

Unit
m/s

Parameter

Wind speed

Table 4. A summary of yearly and monthly average values of meteorological parameters over regions.
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Table 5. Pearson correlation analyses among meteorological parameters and PM, ; chemical species by regions.

Meteorological variables Site PM, SO» NO;~ oC EC
BR 0.362* -0.024 0.510%* 0.057 0.303
SL 0.501%* 0.355% 0.180 -0.014 0.312
Wind speed DJ 0.011 0.184 0.011 -0.179 -0.153
GJ 0.301 0.311 0.403%* 0.023 0.112
UsS -0.252 0.023 -0.146 -0.151 -0.223
1] 0.092 0.341%* 0.379%* -0.030 0.006
BR —-0.602%* -0.023 -0.801%* —0.674%* —0.789%*
SL —0.568** 0.341%* —0.750%* —0.694%* —0.591%*
DJ —0.688** -0.124 —0.718%* —0.702%* —0.575%*
Temperature GJ —0.584* 0231 —0.717+% ~0.706%* - 0.696+*
us -0.315 -0.079 —0.704%* -0.238 -0.241
1J —0.612%* 0.401* -0.287 —-0.696** —0.651%*
BR -0.241 0.278 —0.604** —0.573%* —0.435%*
SL -0.266 0.357* —0.483%%* -0.427* -0.407*
Relative humidity DJ -0.596** -0.276 -0.461%* —0.553** —0.489%*
GJ —0.581%* -0.239 —0.553%* -0.248 -0.255
UsS -0491%* -0.388 -0.726%* -0.407 -0.388
1 —0.343* 0212 -0.098 -0.290 -0.268

Note: r values >0.50 are in bold. * and ** are significant at p values of <0.05 and <0.01, respectively.

ey A4t A B Tl e EAIAG ¥
HME oft 2 s M2, g, FF &

Z20 717+ 1.1~19,15~16,12~13,
om, d Fet 7122 47 12.1~14.3,
13.1~14.0, 129~13.7, 13.3~13.5°Co| }T}. T8} A4F
dg=s ddolA 7H A #5EHAeH (d B2
69.9~73.0%), T2 TA X FoA= 2 ZpolE Ve
Al k. 20134, 20149 9 2015139 Al EAIZ S
(Mg, 3% L £ BF AdEEE 247 654~
66.1, 61.9~66.0, 61.3~68.9%°]Jt}t. A2 20154
BFd AUSEE 613%2 &2 AGSo| vl 7.1~
8.6% Wekomn ¥ Bt g 50~9.5% Hekth. o] 9
Ul obukE ¢k 321780014 AFRE vkl o] A&
SO,%t NO,9| F=7F EEol= Bt Aoz e
2 W AYHETL 50,9 NO,2| B Ahs} 3o
o3t SO,79F NOy 9 4L AFAA ¥} FFE
o @2 SO, 9k NO;y” =9 3 dloliE Ao >
Aotk WA Q] WY=L Ao A Bt F5 2
= Y AdisEs 2 A0S HolA| ke, 52
YHFEoM FdiGE=s AT =3heh WP =oA
g Bt 5. 712 E AisEs 44 4.1~45mss,
10.7~12.0°C, 68.5~71.2% R o™ AFo| = 2.4~2.8
m/s, 13.0~13.4°C, 73.4~77.7%°] it}

7SS A 34 A A1 &

HE AgoA &%, 712 4 AdEE7 PM,,,
SO,7,NO;", 0C ¥ EC9] 5= ®zto| n|z|= F3S
FARCRE xAfel] Yot 9 9 ¥ ARE
0]8-5}o] Pearson A4 4359t (IBM SPSS
Statistics 23). 4] 34 A= & 59| FY5IcH 2
£ AFelA PM,5, SO, NO;7, OC ¥ EC 5= W3}
of gt T4 FFS FAT 4 it gutxoer
Z&0] S7Hgl et L AEA L 7] Fito] A&t
A o]FolA7] W&o PM, ¢t ZAH o wiEH A
2 & eHdE4 (9, OCY EC)Y st #Fddt=
AL Bo|d| (Park ef al., 2013a), & =E s &
gt FALS 22 4 Stk 2y 7] daA
£ 24 Ae BE AGoA ¥ Hat 7|2 Z7L

OC 9 EC) vi&% @4t 483t tj7] gite s sy
WA LHEEdEY = 442 Yeid 292 ad
"ok 53] NO; 9| Bl 2e dFA 7129 ¢
Fo] FEHAA HEbdth NO= 7120 B2 A&
o= RE YA EASHAT 7120] & oF
e BATIERA ZIAe] EAIER NOy F=e

oFo] Wi Aol &2 FIT AZH AT F4e
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Hlt}(Park et al., 2005b; Stelson and Seinfeld, 1982).
mebs g AESl HisiA NOy+= 7123 ¢ 7
g5 2o AuHAE 2 di7] F SO AEe
50,] OH #tjzro] oJat Ak Wak ope} 7]
I wf LHEA BRE| QUck(Park et al., 2012,
2011; Seinfeld and Pandis, 2006). T3t SO,°|A SO,*
29| ¥gh2 50,9 Fatet At} v Ee B A
3} vkgo) 9J3 o]F o] Rt} (Guo et al., 2010; Seinfeld
and Pandis, 2006). A-&0] A5 WA A] SO,9A SO,*
29| ¥gh2 F3st Ag) vkgEth= SO,9 894 &
g A 932 3 o Wol o]tk sttt
(Ma et al., 2017, Park et al., 2013a; Sun et al., 2013a,
b; Wang er al., 2012). ¥hHo] o 5ol= SO,9 33}t
4ksL gh3-of oJgt SO, 9] Aol B Atk H4
ok w2bA of7] F SO,0l4 SO 729 HMgkS oj7] 4
3 5=, 71 9 gz 98 dFE IS 5
Atk 2y =RolAs EHE SO, ol diFt 7|29
gelg 4= ik olof tigt ol = AQE=R
SO, 7} Z A A o2 HjEH SO,9| 4t3to] &3]
ARt R 2HE FAY pEo 93 fedel
SAIst] Uehd Atz Btk B3 gi7] F S92
2ol I T Ao W& A=, 71 21, 3AY
% 54 59 548 4o et 932 7] g
| E74 7]7to] obd thekdt 250l =FE A7
o] gt AaE &8 A2 Ao EFEE
7M. 27t Qlok meEts 71E8 ddatet o
a4 A7t 2 Ao detEh
71EY g2 dFolM= Ads=r 7] 5 584
#7197, SO, & NO; 9 22 23 YA 249 A
goll a7 J&L st Aoz Busta QIth(Lier
al.,2017; Ma et al.,2017; Saxena et al.,2017; Cheng et
al., 2016). 22Ut Aasa Ao oJstd 7129 o
T AT} vz Atswst kel et PM,.,
OC,EC,SO,” ¥ NO;y 9] 5=& Hasdte A% U
Ehfiglch. 53] Adis=et NOy™ Abolof] FE21 &
o] s HoAF]U. ofof tigt olfr= HellA 7]
23} SO, 9] AHAA A= A3t upel o] fj7]
Z NOy 9 o] A4 wiEd A=, 714 =4, di7]
A=, FAE % 54 FY g HaEl 9
3 kS Hty] wj&Fol(Lietal.,2017; Ma et al.,2017;
Park et al., 2013a, 2006a, 2005b) o]H EA 7]|7to] o}
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3.2.3 7|ttt 0|= A2 HEF

HGE PM, ;9] 3133 549 zto] Ao tfgt Al
HA aQlo® 7 24 AHOR [UHE 7| (air
mass)2| 7|93} o]F AR JF& AU 7|
o] 44 AZ+= "= NOAAQ] Hysplit =2 (Rolph et
al.,2017)& o]&3to] 49 7122 A &9] (500,
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