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Abstract In this study, spatiotemporal variations of fine particulates were analyzed using published data of PM, s and PM;,
from 2001 to 2018 in and near the Korean peninsula coupled with upper (850 hPa) wind vectors. Six sites were chosen, two in
remote islands, three in the Seoul metropolitan area and one on East Coast to investigate hourly, monthly and annual varia-
tions of fine particulates. Other than the above six sites, 5 more sites were chosen each along the West and East Coast of the
Korean peninsula to investigate the hourly variations of fine particulates. Data were analyzed using Pandas, Seaborn, Windrose
package in Python. PM, 5 concentrations are higher than annual ambient standards, 15 pg/m* and PM;, concentrations were
more related to man-made emission sources compared to PM, 5. Hourly variations of PM;, and PM, 5 at West Coast cities are
apparantly different from those located along the East Coast of the Korean peninsular Upper air data analysis in remote islands
shows that transboundary transport of fine particulates from China and the Korean peninsula are comparable to each other.
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Fig. 1. Six locations in and near Korean Peninsula.
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Table 1. Regression coefficient of air pollutants.

so, (€O 03 NO,  PM;, PM,s
S0, 05592 -02543 05286 03028 0.3970
co -0.4484 06865 03510 0.5421
0, -0.5841 0.0582 0.0072
NO, 02212 03554
PM;q 0.7005

PM; 5
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Table 3. Coefficients in eq (1).

1998). PMC (PM;4-PM;5) PMo PM;5
Gases Residence time (days) Observations 177307 186182 181463
4 Standard error 0.7802 0.6078 0.6678
NO, 1 R-square 0.0453 0.1299 0.1599
NH; 20 y-intercept, a 8.7907 15.1027 6.4773
SO, 40 SO, coefficient, b 0.2701 0.3214 0.3244
co 65 NO, coefficient, ¢ 0.0082 0.0592 0.1068
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Fig. 2. Moving average (3 years) PM;, concentration at 6 locations.
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Fig. 3. Annual average PM, 5 concentration at 6 locations.

(@) PMy, (2001~2018)

70
60

50

PM,, (ug/m?3)
PM, 5 (ug/m3)

40

30

12 3 45 6 7 8
Month

9 10 11 12

35

30

25

20

15

10

20154 o] LIt A4S
9] 792015 o] %
ot SEARE PM, 5] @ Ht
A& Al&Fote] ofA] g2 HlolEl7t A =] 2] ¢
et AP S Hol= ofdeh 67l A1 25 2018

S 71290 15 pg/m*E THEohA] Zokednh

oL

rir

o,

]

o

18

od 32

ool IO

b &

o m oo

oo
rm [ = o

20154

o ]

o

-

3.3.2 YUF 55 24
O% 4= 195 E 129707 67 X199 4 B+
PM,, 7} PM, 9] ‘55 BI5}S Leplch
44 PM, 9] SHHSH= 671 A9 BF B (3~49)
of 7P =11 AAs] Faste] o5 (7~89)ell 7HE

Vo s g o ohA] F7lehe A4S ok

AP+ PM, 5] 7% PM, 7} HI=3E Ak W=
o] A3 *é°1 E1 TR0l &85 (4Y)2 ALt B
£ A o] 3¢9 M s g H1 A3 7HASHe] 670
Ao R gho] HHsLE 7S5t

3.3.3 A7t =& 2N

719 5+= 004158 23A1742] 67 2] 9] AIZE Ht
PM,,7} PM, 9] 55 B3-S Yepdlich
AIZPE PM, 9] 52 TA] 47 2] H 9] 57} 06
o]F & 11A] A7IA] Al&siA F7Fskar Qlar, W
Lo} S50 AT RIS AT 47l 2|3} Aol
g ATE HolF1 glo] £t BAIEE] PM,9] &
& F7tel 71ofstar Qlvkar ke Th

Al

(b) PM,5 (2015~2018)

- Baengnyeong
Yangcheon
' Yongsan
=+=+= Gangdong
== Gangneung
= Ulleung

12 3 4

56 7 8 9 10 11 12
Month

Fig. 4. Monthly variation of PM;, and PM, 5 at 6 locations.
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Fig. 5. Hourly variation of PM,, and PM, 5 at 6 locations.
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Fig. 7. Hourly variation of PM,, and PM, 5 at 6 locations West Coast.
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-~ 46 =~
& z 26
> =
% g
S =
42 R
E E 22
0 20
38 15
36 -
01234567 891011121314151617181920212223
Time
(a) PM;( (2001~2018)
50 28
48
26
46
E 44 E 24
S >
2 =)
= 4 ‘;
z o £
38 35
36
34 18
012345678 91011121314151617181920212223
Time
= = o - =
7FokA Fd wHE Asfiehe A e ool B
O ] 1:1 O 0] = rloks] A X
2 o] oA F T thdet M| g2
1
£ A0 pdd

3.4 Sl mE oMK S=

850 hPa Lol A Z7_E F-oF HoJEE 24 ©]
|5h7] floll MPE A9 MgE S 4, FHA
BT, BET AGS 24
T A9 A 544 HolHE o853t 19
9= Al S 204 ST 850 hPa ol HIHAH]E U
Shilsg

850 hPa oA St & Hlo|EE NW, SW,
NE, SE 4 Yo g2 273l PM,p, PM, s B s E

EA%, BSA, 25

At
|

il B 40 YERITE PM 7 PM, 5 25 A1E
dd o] Frt TEALY o] FEETt =2
© 2 YERTE PM, s9] ¢ NWet swe 484
o o NE9} SE9] 5-3A9Y thE T} 23.1~42.39%
o] 5k ZUHE HAFT 9t E3] wiEg o] ¢

X,

mﬂ. pas

2}o]7} 23.1% 2 22 E 0] 42.39% 2Fo| S 1eshd &
=t B3t 12|31 fefueto A 12 A kS wiek

012l Pythona ©]-&5}o]

=71 stE|x| M 35 H M 65



Baengnyeong

NW NwW

6s
33

S===

]

A

W E W
- 00:130) - (00 130/
. (130:260) . (130:260)
[ 1260:39.0) [ (26.0:39.0)
=3 39.0:520) D [39.0:52.0)
N (520:65.0) . (520:65.0)
. (650 inf) . (65.0:inf)

St Q19| OMIX| AlSZt S Hat A7 681

Gangneung

. (0.0:15.0)
. (15.0:300)
3 1300:450)
0 1450:60.0)
I (60.0:75.0)
. (750 inf)

Fig. 9. Upper air (850 hPa) wind rose at 3 locations.

Table 4. Fine particle concentrations at different wind directions at 850 hPa.
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Baengnyeong 4453 21.86 2.1 22.90 35.72 17.25 35.10 19.11
Yangcheon 46.86 26.07 4413 26.14 35.12 19.79 3378 19.80
Yongsan 47.42 24.62 45.82 26.16 35.60 19.48 35.94 20.65
Gangdong 51.91 2548 47.54 2485 3573 17.86 3478 1832
Gangneung 46.18 25.38 44.96 2461 35.19 19.22 39.43 20.81
Ulleng 4485 17.42 4012 16.44 30.27 11.75 30.57 12.03
20019 2E 2018W@712] F7HE = ulEA] 2 F<Eo] FASHE 2011~2012E ©]F THA] F7toh=

o} 27|14} (850 hPa) AH R S o]-gste] zF @4 A
AL 24, sl AAAA e 53 dssl e, A9

E 4, g, A7 Bt A 247 850 hPa Gl o

W

T BAAT vAH2e}E 7P 2
f4E cogdew, 1 H= 50,9
NO,7H A7 g2 2 0 2 L Th $O,9F NO,
£ W R 3 o539 2427 B3 R-square?} 7t
Z}+9] coefficient”}F (PM;g~PM, 5), PM,(, PM, ;=S 2
=7 bt 50,91 NO,7t PM, 5 A4 ofl Tol=rt &
2 7102 wEHh NO,, S0, Zo] 241 AAIH A
Aol Frofol= LEAEERE dEA 9= NH 9 &
T7b /N B A 72 A7t olFojd £ 9l

= Zlolet ThE
TS FARE 7HRA 2= 67 XS A5t
4 H 2445 PM, 9] 72001 o] =2

A
FA18 Bk PM, o= EloE %7 0] 201585 o]
AA AFe 2710 dlolE FHo] BE3 Aol
.ThEt 67] 219 B 2 PM, 5 7154 15 pg/m* S
Z3}510] PM, s A 7o] ast Ao goect 94
B B4 A B (3~49)l vARA SEIF 7
£, AE (6~8Q)0] UHHA] HEI} 71 e A
o2 yehgth AzhE B BA A3 pM s gz
(Y, &55) vls) 47] 292 STt
< wn] 27 AA ST B Qe AE Yehich
S8 749 T4 g Avirt o2 2
t}. F7HH o2 Sojetat Asiet 29
Fafer AL A o]l Aglo] SA}
< Uepdon, Asier e
o] thogt M4
% o]l gt 4

i)

>

i)
%,
2

=]

i
<orr

o

=

32,

12 4

2

m

ol F

L

)

m
o 0‘3: £

30
o
=) mlo

rit
i,
oo

=]
fd

7t

i)

o]
=

Fo .

g o g
Tk o

ol o2,

st

b o U ek o
g
o

2
I )

o L

¢

J. Korean Soc. Atmos. Environ., Vol. 35, No. 6, December 2019, pp.675-682



682 0j2tF, BUIM

127W(850 hPa) F3] T2 nAHA] s &
A At ALY HEt AFALY of v]AA
7} 23.1~42.39% 71F =7 YERdTE ShA|Tt
ZAE 4 o] F5Ho] AZALY et F2 A
2 Uetew, 135714 tlolE 2] Z40] A ®
£ RARE 7|2 o] FolA Hlolg o] 471 WA] ¢k
7o A& A2 5 ATE 55 Al
2l Hajo] "asf B3lct.
2 AT At 7129 A7 AAET [ARRE o
< Holuf, 7|9 A57 Afol-g Hol7] gl
A o g2 RO FAet ohaFet AlZte = o g

)

lO ofr

_4

HPES BAGhH 250 A4S T3l njAHz]
et ik AAA s FE S 4 e A
o= woiEch

Zre 2

B AT HeA) o] “HelA] SHREAA L 8
F-goo] odu] 2 Po g SPE PG THIAH
3:20180610518-00). ©]o] ZAL=HUth

References

Joel, G.(2015) Data Science from Scratch, O'Reilly Media, US.A.,
pp. 59-191.

Kim, J.-B.(2017) Assessment and estimation of particulate mat-
ter formation potential and respiratory effects from
air emission matters in industrial sectors and cites/
regions, Journal of Korean Society Environmental
Engineers, 39(4), 220-228, (in Korean with English
abstract), https://doi.org/10.4491/KSEE.2017.39.4.
220.

Korea Environment Corporation (KECO) (2019) Air korea last

amb hour data, http://www.airkorea.or.kr/web/last_
amb_hour_data?pMENU_NO=123 (accessed on Jun.
22,2019).(in Korean)

Lee, K.-B., Kim, S.-D., Kim, D.-S. (2015) lon compositional exis-
tence forms of PM, in Seoul Area, Journal of Korean
Society Environmental Engineers, 37(4), 197-203, (in
Korean with English abstract), https://doi.org/10.
4491/KSEE.2015.37.4.197.

Lolis, C., Bartzokas, A., Katsoulis, B. (2002) Spatial and temporal
850 hPa air temperature and sea-surface tempera-
ture covariances in the mediterranean region and
their connection to atmospheric circulation, Interna-
tional Journal of Climatology, 22(6), 663-676, https://
doi.org/10.1002/joc.759.

Massaron, L., Boschetti, A. (2016) Regression Analysis with Py-
thon, Packt Publishing, UK., pp. 29-148.

Papagiannaki, K., Lagouvardos, K., Kotroni, V., Papagiannakis, G.
(2014) Agricultural losses related to frost events: Use
of the 850 hPa level temperature as an explanatory
variable of the damage cost, Natural Hazards and
Earth System Sciences, 14(9), 2375-2386, https://doi.
org/10.5194/nhess-14-2375-2014.

U.S. Environmental Protection Agency (US EPA) (2019) Particu-
late Matter (PM) Basics, https://www.epa.gov/pm-
pollution/particulate-matter-pm-basics (accessed on
Jun. 22,2019).

Yao, X., Chan, CK,, Fang, M., Cadle, S., Chan, T., Mulawa, P, He, K.,
Ye, B. (2002) The water-soluble ionic composition of
PM, 5 in Shanghai and Beijing, China, Atmospheric
Environment, 36(26), 4223-4234, https://doi.org/10.
1016/51352-2310(02)00342-4.

Yu, X., Zhu, B, Yin, Y., Yang, J., Li, Y., Bu, X.(2011) A comparative
analysis of aerosol properties in dust and haze-fog
days in a chinese urban region, Atmospheric Re-
search, 99(2), 241-247, https://doi.org/10.1016/j.
atmosres.2010.10.015.

Authors Information

O (oFF TSt BerA BT AAk 8
FolA ol st BT 1)




	한반도 인근의 미세먼지 시공간 농도 변화 연구
	Abstract
	1. 서론
	2. 실험 방법
	3. 결과 및 고찰
	4. 결론
	References


