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Abstract It is very important to investigate domestic and foreign influence of PM, s in case of high concentration PM, 5
episode occurrence. In this study, the mass concentrations and chemical compositions of PM, 5 were measured in the Sihwa
National Industrial Complex at one-hour intervals between January 1 and December 31 2021, to determine characteristics of
PM, 5. High-level PM, 5 were identified and the characteristics of their corresponding periods were analyzed. The prevailing
wind direction throughout the study period was northwesterly with a relatively high frequency of no wind (41%). NO3~
(26.9%) was the highest component of PM, s, followed by NH,* (13.0%), OC (12.9%), and 5042’ (12.5%). Periods with a daily
average concentration 75 pg/m? or more were classified as high PM, s concentration cases. Five cases were identified as high
concentration during the study period. The causes of these cases were presumed to originate from domestic sources for case
1 and 2, from abroad for case 3 and 4, and from a mixture of both domestic and abroad for case 5. In the cases with domestic
sources, NO;™ and NH,* were high contributors and in the cases with foreign sources. And, Metal was high contributors. These
findings can be helpful to understand high PM, 5 events and can be used to establish air quality improvement policies.
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¢F (convention on long-range transboundary air pollu-
tion, CLRTAP)®] A4 ¥ %It} (Moon et al., 2017). ©]
ol 025 TS w915 vt Fotoltt
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1992), A AlAH o2 S Q= 7| 7|18 &
AE si8st7] 913t e=lo] UY=L et =il A
T 1970 o] & F&SH ARG wHAJof| A whAYSH $-4
wAIE 7S] 218k 19919 37 H 7)ol A
43121 (MOE, 1991a), t71E B 913 ti7]
S EAHo] A= AT (MOE, 1991b). 71 gHg K
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ic compounds, VOCs) ¥ ¢¥RUYolE A5kl ot
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S1tt(Kang and Kim, 2022; Yoo, 2022; Bae et al., 2021;
Hwang and Kim, 2019; Jo et al., 2018).
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Fig. 1. Location of sampling site, industrial complex, and AWS.
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Table 1. Specification of measurement & analysis instruments used in air monitoring station.

Time

Species Analytical method - Model Manufacture/Nation
resolution
Mass PM, 5 Beta-ray absorption 1hr BAM1020 METONE/USA
NO;~, SO,%,
lons NH,*, CI", Na™, lon Chromatography 1 hr AIM9000D URG Corp./USA
ca?t, M92+I K+
Carbonaceous OC, EC Thermal optical transmittance 1hr SOCEC model5 Sunset/USA
S5, K, Ca, i, V, Cr, Cooper Environmental
Metals Mn, Fe, Ni, Cu, Zn, X-ray Florescence 1hr XRF625i Seeri)ce/USA
As, Se, Br, Ba, Pb
Particle number . - .
concentration Electrical ”?"b"'ty c_ietectlon 5 min SMPS (3938L50)
Condensation particle counter
. . (0.02~0.5 ym)
Particle size
S TSI Incorporated/USA
distribution .
Particle number Time-of-flight spectrometers
concentration Light scattgrin pdetection 5 min APS (3321)
(0.5~20 um) 9 9
A710] 2R AE, SN, S50 e B St A7 dir1eE AT s AAskala,
7} A= 9 o] A= (Shin et al,, 2014)7}F 2019 FHA RARATEE 48A1Fo® ST Al 7]E
d g0 9RFEY4 A7 2R BAel 4 AF ATBolH GAH A=t At Simge)
A8] 7145 0] ATHNIER, 2020). olF7 = 7P sk AL FEA 9l 500m
(Li et al., 2010; Stohl et al., 2005), 734 FHHol| 23
2.3 7|4EE X2 H hysplit ZH Aoz k& nd Z o= dEE 50 me} 100mE

7187 = glolH o] A= FHE fls) 71487
Al &Fst= HA71/d= (automatic weather system,
AWS) ZtmE Bgstlon, 19 13 2ol Hi7]ghs
AF4REE GEHORE F 4km HolA Sl 2ol
ZpefRitt. o]et oA hysplit H-S ©]-85to] A5k
a|AA 2] A tisf 1A 2A4e A A
Hysplit 2 @2 1]=15%FrH 717 (national oceanic and
atmospheric administration, NOAA)|A] #|-5oH=
READY (real-time environmental applications and dis-
play system) L= T 0] dgto]w], 7]Fe]& w9
A g2 ol-gste] 5719 55 AR 714 =
28 53517] 5] AHESt 714782 NECP (national
centers for environment prediction) |4 Al5sh= A
21T 717871 GDAS 1 (global data assimilation sys-
tem)= ©]-8-5F3ATH (Lee ef al., 2014). GDAS 1 7177
O] Al 1417 o], Xt e 100]eh
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20218 TEE PM, 5 BAIAIT] i 2. 518}
EQRAS 93] PM,; AFEEE 7F0R 1A
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71291 75 pg/m® 014 A8 1w A2 A olst

o} ol Aol s =elfdat Sy o
HESH] 91s) Bdw]oF hyplit 2H-S 2861
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A .

ot

lo Mt x2

ol

]_

3. 2% R %

3.1 7|&EE
I3 2& 20219 oM AWSE AHEHE 7|Hto=
71 RE ARt Aolt. A¥ 7|22 13.1°C, &
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Fig. 2. Monthly wind rose diagrams over the period of 2021 (left) and wind rose diagram for the entire study period (right).
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Fig. 3. Time series plot and distribution of PM, s measured in Ansan during 2021.
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ERY PM, 5/PM,, H-20] 0.5~0.6 52l Z-& 7ots}
71E A+ At fARE 202 UERG T (Fan
etal., 2021; Xu et al., 2017).
HFoE 2 AFolA SHEP
of thet A+ ATE Yde A
2 A=ollA 2 S 71
| 2w s 7o s A7t 219 pM, ;0] SFot4 &
d& HISEY AL, Lee et al. (2022)2 AT A|3A]
of| A 2021 8LHE] 20221 7€71A] 17} A 22
e A= E FAote] HArskgich A8 dAtollA AA|
2 27 vhE 7Ixh e oA e A
2 2 A5 Aapere] 1Al Bl = o] P29 2o
4 E4 HEE ol v EA4E st 2 AT
oA SHH PM, s 5 22t F@EE 2 ER7E= 50,7,
NO,~, NH," 2 %4 PM, ;9] TF &% 5 57%= §F
oS AFAISFAT. o] 2AE B NO; ] 7.7 ug/m* 2.
2 7P =2 5 E B, NH,Y 3.7 ug/m?, SO>
+ 3.6 ug/m’e] AR UEETh A AFSolA
NO; /80,29 Hl-&2 55 2dYs FES= 7
2 ARSI, olg A 77t 245 AHsAke 22

PM, 9} 7|& A4 =3
o]t} Yu et al. (2018a)
A4 9] 2013~2015

I r

olFulEH] Vot A1, A4 *4% Aot
2o ISP 7T 2 AL
et al., 2020). SFAHAY NO,7/S0,2 2] B &L 2.1482
2015 ZA5F A&7} AL H|E3 T2 75
Aol Hlote] 28l o) = A Ve, QM AlS
AAAA oA ZHe Aik= 1.70~ 2.11 FFELE 5
217 sk 11 5] vreathe] At &
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S 17% Hl&= 2[5}
4> (organic carbon, OC)
ohotde} tf7] F VOCse] F2tst wt
of oJ3j 21}7525 A= AA4sA (elemental
carbon, EC)= F2 AATAALA 2 tf7] &
= HIEH™ AR} A AL 5o FEH= ‘?z-“é‘
H1, 12} L dYe] A Hw7t HE 24 ook (Kim et al,
2015). ©H2bA OCeF ECO Hlg2 55l Ao ¥4
LS F7gske dl ol-8stH, A4, e
502 FESITH(Cao et al., 2005; Ryu
et al., 2004; Watson et al., 2001). €52 © 2 OC/EC
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Table 2. Statistics summary of annual average PM, s measured in each site.
2- - +
sampling Pollutant PM, 5 SOy NO3 NH,4 oC EC Metal NO;/  OC/
Mean£5.D. ™ heriod 50> EC
P Unit pug/m®  pg/m®  pg/m® pg/m® ug/m® pg/m® ng/md 4
Ansan 264 36 7.7 37 37 0.8 24
This 021 (£227) (£31) (£105) (£40) (£28) (£08) (£37) 5., .43
study
% 1000 136 29.2 140 140 3.0 9.1
245 39 2.1 22 34 06
Bangryeongdo (515 (£37)  (£38)  (£24) (£29) (+06) 054 567
280 49 44 39 37 13
Seoul (£193) (£43) (£49) (£30) (+22) (£09) 090 285
. 358 6.6 63 49 5.2 18
Dagjeon (£213)  (£53) (£7.7) (£38) (+26) (£10) 095 289
Yuetal.
(2018a) 2015
Gwanai 28.1 5.1 43 35 44 10 - osa 440
9 (£197) (£50) (£56) (£32) (£32) (207 ' '
225 35 22 20 33 0.7
Ulsan (+£158) (£32) (+29) (£18) (+19) (+05) 063 471
) 16.0 39 12 15 32 09
Jeju (£150) (£39) (+26) (£19) (+25) (+£06) 031 356
. 320 34 6.6 41 75 06 29
Sihwa (£17.9) (£24) (+70) (£33) (£32) (203) (xo1) 94 123
Leeetal. 200~ o 29.1 35 7.4 3.8 6.0 06 5 50 100
(2022) 2021 (£168) (£25) (£7.1) (£30) (+27) (+02) (x01) = -
. 256 3.7 63 33 5.4 06 2.1
Sihwa (£160) (£26) (+7.1) (£30) (£26) (+03) (o1 70 90

AR o A ZAT Aol 47137} HSRH H S-S B
ﬁqwﬁﬁﬂéﬁﬁﬂﬂﬂv1zﬂd%§4—9o125
2 2 A Aol H|ste] 2~38] FE A YEs=
ﬂ1®£é@ﬂ@°%1ﬂﬂfﬂﬁéﬁﬂﬂ%@
2 §A717H} 22 7 dx 0] ke g At
olotAl vepd Atz mEct oHE PM, s & B
A2 1R 22 A ] 7]o7h B & A
o= q7rEY

n]awi%@ o AP F Ao HFo] &
=y
-

Zn, As, Se, Br, Ba, Pb) 2] &0 2 LR} o0 PM, ; 5
10%7} = 7] ¢ vleE 2RIk B T 24

ug/m>0] ATk o= QHAbAIS AL
o} |t
2] Bo A o=

zole Aom =

T AR=E

shgA47} ok )%

olojrg
AR AL

g0] 7}
o (Han et al., 2017), &
FLE Btk AEEREE=

)
A|m
oN,

A
2

dee] 584 BE
G720, BAZo| AFo] & 1
n)|ekZ& A Hol o]55}1o]

S,

o
i
-
5
i
i
Yo
>
=
2
i
=



Unknown NO;
17.3% 18.9%

120 —————————————————————————

oc
100 e L i 15.8%

80 3 B
20.1%

60 b

PM, 5 (ng/m?)

40 r

.
ol— N L 1 H
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 4. Monthly variation and distribution of PM, s measured in Ansan during 2021.
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Fig. 5. Temporal variations of daily average PM, 5 during 2021.
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