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Abstract

Long-term trend analysis on air pollutant concentrations is very important to diagnose the present status and plan
for the future. In this study, the long-term trends of PM, 5 concentrations were estimated based on the relationship
between the visibility and PM, 5 concentration regarding the effects of relative humidity in Seoul and Chuncheon.
The relationships between the visibility and PM, 5 concentration were derived from the measurement data in 2015
and 2016. Then, the annual trends of PM, 5 concentration from 1982 to 2014 were estimated and compared to those
of PM,, concentration available in Seoul and Chuncheon. During the estimation process, four ranges of relative
humidity were considered such as less than 30%, 31~50%, 51~70%, and 71~90%. In Seoul and Chuncheon, the
visibility and PM, 5 concentration generally have the inverse relationship while the visibility decreases as the
relative humidity increases. The estimated PM, 5 concentrations similarly showed the decreasing tendencies from
2006 to 2012 in Seoul and Chuncheon. However, the estimated PM, 5 concentrations showed the increasing
tendency before 2005 in Chuncheon in contrast to the decreasing tendency in Seoul. This implies that the long-term
trends of PM, 5 concentration in different cities in South Korea reflect the local influencing factors. For example,
‘Special Act on the Improvement of Atmospheric Environment in the Seoul Metropolitan Area’ can affect the
different long-term trends in Seoul and Chuncheon. The estimated PM, 5 concentrations were validated with the
measured ones in Seoul and Chuncheon. While the general tendencies were well matched between the estimated
and measured concentrations, the PM, 5 concentration trends in 1990s and their monthly variations are needed to be

improved quantitatively using more reference data for longer years.
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Fig. 2. Annual visibility trends in Seoul and Chuncheon from 1982 to 2014.
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Fig. 3. Scatter plots between visibility and PM,; concentration at (a) 12 LT and (b) 15 LT.
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Table 1. Comparisons of estimated PM,; concentrations to reported ones in previous studies in Seoul.

Year Measured PM, 5 Estimated PM, 5 (12 LT) Estimated PM, 5 (15 LT) Difference (12 LT) Difference (15 LT)
2003 38 25.5 27.6 12.5 104
2004 30 244 26.0 5.6 40
2005 29 25.5 27.5 35 1.5
2006 30 254 27.1 4.6 29
2007 30 27.1 28.6 29 14
2008 26 283 30.1 -23 —-4.1
2009 26 26.5 28.1 -0.5 -2.1
2010 25 23.7 264 1.3 -14
2011 24 23.6 252 04 -12
2012 23 22.6 242 04 -12
2013 25 25.1 26.5 —0.1 -1.5
60
0 Measured

— Estimated, 12LT
— Estimated, 15LT

50

PM, ; concentration (pg/m®)

3 27 A=l Baste] A7\ BE WSR2 A
HESITHLE 5). 247 ABE PM,, FEE A&
A 1249} 154 ®% 1993do] zHzk 31.5 ug/m’e}
328 pg/m'e2 HuAo] o2} oF Haste]
201280 Z+z} 22.6 pg/m’T} 242 pg/m’ o2 HA A S
Rk ol 24 18 1614 20124 0|FE A2ls)
T AwEes Zad 4717 PM, BE W 3
ole} Abea] Hlsieh. whE, AN AL 12419} 154
RE 1980The} 1990 ) Fuk o] F Zrkake A
2 Ho|thr} 2005~2006E 9] ZHzF 432 ug/m3-T’—]- 38.9
pg/m'e @ Ao k2 H 20124714 Zasis 4
g BTk 20064 o] F 201267 FAsHE A
£ 39 19] PM,, BE W8} Solel wjxalA] Yeht
gk 2312 1980 o] 20059 o] K7 Z71s}
£ 7L 2000 0)% PM,, 5= W3} olo] 4 2l

7SS A 34 A A1 &

g flE FEolth 1249k 154]19] PM,; 5= &
7k Aol vlsl 3ol o 2 olf= ddiael o
£ PM,; 5= Aol7h A0 R 2HA PM, s FEE
B oR AEofMitt Jigze) 9F& o 37
Hhe Aoz gatE

FH PM,; 5=} 71E 54 AR PV, 5ER
FH AZ 249 PM,JPM,, EHS Fote] 18
60l YEFH SIS old, PM, s s=& 154 A=l
PM,; 4%t AtRo|B2 Al A vlushe
At 7hs 8tk Agolds 20024 ol PM,, E=
A&H o2 sk v PM,; wE& @ Hasty
A PM, /PM,, s H]7}F F23] S7teke AdE Bl
ool AZ 299 B7] F 2717k A2 AR v
&°] ®oMAAL &= ofmietth. Wk, EHAA=

20079 o]& PM,; =2} PM,, =7} H|&8HA A



A olgsto] 24
60
L1217
«15LT
50
& 15 LT:R2=026
%,.i 40 & N -
5 4 A -}-”i
= A, O A
g & s - .
= 30| . a
g
5 & =032
d 20 .
z S
10
0
0 10 20 30 40 50 60

PM, ; concentration (ug/m®)

Fig. 8. Scatter plot between measured (x-axis) and esti-
mated (y-axis) PM,; concentrations at 12 LT and
15 LT in Chuncheon.

ShE A PM,/PM,, S EH]E 2 2}0]2 Holx| gt}
9] A= E3) PM,/PM,, s EH] 2] A7] W3} So|=
SHIE oM E g oz e 4 92 st
k.

3.4 PM,; S

FAT PM,; 5529 AZ4ES Fst7] ffste] o]
Ao S ATolA Bud wA A EH O PM,;
= 54 A=l dsf AFoHATh WA A& 124]
oF 15419 A} FSEZRE FAT PM,; 55
£ 7€ 34 23} vlaste] & 19 YeEhfigich 3
ol AR 3 T AR A% PM,s 5ES T
& 4= Ql= 20039 o]F 7]7te] ¥4 = ith(Han and
Kim, 2015; NIER, 2013). 7|2 274 =52 ® ¢79|
Z2A w9} vwst A3}, PM,; % X= 2003 =
g A=ollA 10 ug/m® o] A vepd ¥HdE, 20059
olF PM,; % A= Sﬂg/m3 olst2 A A Aort. 2
ATNAE 12419 1549] AAT ATGE ARk
Z PM,; 555 FA5H7] wiZel Hat @e] PM,;
T A7t 2 2 e R =S Y 74
of itk & 19 Hlm ATHE 12419} 1549) AH 4
GoE ARTBOEE AUF PM, B W3 Folg
o AE 2T 4 A ALYt ok, 20048

- = xI‘lOl 74 5

g3t 1982~2014 A3 =39 PM,; 5= W3} F0]

ohe # FE A 1T W HAR 24
5 24 AR AAE 92 4 282 Yok
st

HE 7 AAF PM, B E 24 427 gl
thAl Park (2017)2] 20124 4= 20149 12€7}17]
L PM,, 5= A4S ol§3tel AU 7).
24 99F PM,, SEE BAHOR 10894 387t
A 3 SYAA 7AW AYA WskE Relt
12209k 1549 374 PM,, 52t o] ejst A 8% Wst
£ % wav, dEd AdE Uske ol fA
Uehdth ol & o Rdoz ulmsl] 98 19
8o Wd 24 ES 4 FE 1+ APES Ve
ook Aurg o2 24 S0 Wi P 24 BE
7F & =20 124] (R*=0.26)9] B]3] 154] (R*=0.32)
o ¥= £ AW o FLAW, 1249 154 BE
BE MRS 24 o] WakE] s Asich 5
3] 20129 1090} ol o2 ke HEr} AHES
71e7el 2 GRS Fol 1:1 HolX Agsl Holnt

r{w

oAsEL
FEFS

o 919 A% 232 FPAE 0. 21 PM,, S
AR Wk & 2oL, 1 WsEe A4 =

% szl vl 2a& sk

4, 2E ¥ A H

2 AFeldE AT PM, s = FAHoRE
37 717 PM, B E RS Folg FHSL B
T 2015~201619 Aext 39 AA, A=
PM,; 55 A& ol83to] BAYE =&, ©
€ 3T A9 198297 F 201497t 9] B+
PM,; $EE ot o gatqich ojn), e =el
FFE W] A BHEE=E ol 722 rof
7L BANE AgaArt oF B3 P,

S WA vlasta ey WA 54 PM,s &
o 8 AEstgrt. 1 21 d¥EF PM, E=
MEgoA dA2 daste dde 2 v, 3
A 2005~2006Q@7HA] A A3 Z7}sithrt o] kA
she A%e B 2330l e uﬁf‘f} 27}, 2005

g
}

ol

d olF PM, #4 RS S48 d9F 5= Asket
T Qxstgon, 48 W Y= 3 Wn}. ohit,

200349 o] F4 o A=t g FFH] &

J. Korean Soc. Atmos. Environ., Vol. 34, No. 1,2018



164 o83 FHH

Ao Z ¢ g9lo] 3 Aoz AdET Aoy &
Ao A] 20059 o]& HHHA] EE7} AT =29 @
ooz £w Y7|EA ML Te EHY A3
* alc}.PMZSoﬂ 43} 7] otsp=
|

A o Q) 220 GFL AL 5 3

E—E_':

FEgof F3HE

al
SRESPPAN ,\
s 2olz B o, o3 g BARNRRE SE
A oz AA7kx) Bojsle] Agsie Aol Wasit
A OIBie PV, SEE 200 YU

L=
0“1 A7} PMzs S 7J *Pl*éol =
A= 288 4 9IS Aotk
2 dFolAe Al 54 A=7F gl 1980~1990
ddl Aed 249 PM,; $=E FAIT= HellA
7 Sjert giet. e AT T 4R B9 ZH
oM HeE Al A A MAZ ko] w]sf of
Ztel AR PM, s =2 AAde &5k o
F2Ho AA=RE AR FAZE ok & HAlE AEE
d7] & A FehA % sheka S4do] dEoE &
313 2015~20164 24i7be] AHRE TE §o] ALE
A7 Aok mAIR e 2 2015~20161 7] 5
Aol weta, S5ty E4o] 37 24T FUsita
7R A= EART. o2t RAE Heshr]
?‘,-H/q x]z%tﬂ /\]7]-1:3 %:]tﬂ’ /L]—]:H./_\.Etﬁ 7]—7]—9] /q
BPM,; 5 BAAL 27t 2Este Ao| Washy
PM, 557k obdl 7} 38} 42 o] g BAX
2 27 223k o] B £F 20159 o|F &
AT PM,, & A27} S83| %ﬂ o wet A
g AH Sl SEE & A& AL 7|giE

dAel 2

i

2 =29 S fdl F2 9 AAE F4
B AAEA g =gUt 2 AFE 3%
AR ST S 7171 NEAYE Y A Al
(2017-MOIS31-001)9]] 2] 48 =] A&t

e e 4

References

Chen, J., Qiu, S., Shang, J., Wilfrid, O.M.F,, Liu, X., Tian, H.,

7SS A 34 A A1 &

Boman, J. (2014) Impact of relative humidity and
water soluble constituents of PM, 5 on visibility
impairment in Beijing, China, Aerosol and Air
Quality Research, 14, 260-268.

Cho, S.-H., Kim, P.-R., Han, Y.-J., Kim, H.-W., Yi, S.-M.
(2016) Characteristics of ionic and carbonaceous
compounds in PM, s and high concentration events
in Chuncheon, Korea, Journal of Korean Society
for Atmospheric Environment, 32(4), 435-447. (in
Korean with English abstract)

Choi, J.S., Oh, J., Kim, H.-J., Ahn, J.-Y., Lee, S.-D., Lee, Y.,
Jeon, H., Hong, Y.-D., Park, J.-S. (2015) The study
of the characteristics of PM, 5 and visibility at west
inflow regions of in the Korea peninsula, Journal of
the Korean Society of Urban Environment, 15(3),
273-281.(in Korean with English abstract)

Ghim, Y.S., Lee, S.H., Kim, J.Y., Moon, K.-C., Kim, Y.P.
(2002) Visibility variations in Korea in the 1980s
and 1990s, Journal of Korean Society for Atmo-
spheric Environment, 18(6), 503-514. (in Korean
with English abstract)

Han, S.H., Kim, Y.P.(2015) Long-term trends of the concen-
trations of mass and chemical composition in PM, 5
over Seoul, Journal of Korean Society for Atmo-
spheric Environment, 31(2), 143-156. (in Korean
with English abstract)

Kang, C.-M., Park, S K., Sunwoo, Y., Kang, B.-W., Lee, H.S.
(2006) Respiratory health effects of fine particles
(PM,;) in Seoul, Journal of Korean Society for
Atmospheric Environment, 22(5), 554-563. (in
Korean with English abstract)

Kim, Y.P.(2006) Air pollution in Seoul caused by aerosols,
Journal of Korean Society for Atmospheric Envi-
ronment, 22(5), 535-553. (in Korean with English
abstract)

Lee, C.B., Kim, Y.G., Baek, B.H. (1996) Long-term trends of
visibility in Seoul and Chunchon, Journal of Kore-
an Society for Atmospheric Environment, 12(4),
473-478. (in Korean with English abstract)

Lee, C.H.(2007) Visibility impairment phenomena due to air
pollution factors in Seoul. M.S. dissertation of the
University of Seoul, 40pp. (in Korea with English
abstract)

Lee, H.-J., Lee, E.-H., Lee, S.-S., Kim S.(2012) Study of
methodology for estimating PM,, concentration of
Asian dust using visibility data, Atmosphere, 22(1),
13-28. (in Korean with English abstract)

Lee, K.-H., Kim, K.-W., Kim, G., Jung, K., Lee, S.-H.(2013)



A& o83t 4

Visibility estimated from the multi-wavelength
sunphotometer during the winter 2011 intensive
observation period at Seoul, Korea, Journal of
Korean Society for Atmospheric Environment,
29(5), 682-691. (in Korean with English abstract)

Lee, Y.-H., Hahm, J.-H., Park, K.-C., Jeong, H.-Y., Kim,
A.-Y., Kwak, K.-H. (2017) A study on the correla-
tion between visibility distance and atmospheric
PM, 5 concentration, Proceedings of Asia Aerosol
Conference 2017, 2-6 July 2017, Jeju, Republic of
Korea.

Lim, H., Lee, T--J., Kim, D.-S.(2015) PM,, and PM, 5 charac-
terization based on mass concentration long-term
(1989~2012) database in Yongin-Suwon area,
Journal of Korean Society for Atmospheric Envi-
ronment, 31(3), 209-222. (in Korean with English
abstract)

National Institute of Environmental Research (NIER) (2013)
Annual Report of Ambient Air Quality in Korea,
2012.

Oh, H.-S., Yoon, S.-C.(1996) Characteristics of air pollutions
and meteorological fields affecting the visibility
impairment in Seoul, Asia-Pacific Journal of Atmo-
spheric Sciences, 32(1), 131-138. (in Korean with

3} 1982~20149 A&1 249 PM,; 5= H3} 0| 165

English abstract)

Park, J.M. (2017) Fine particulate organic carbon in Chun-
cheon, Korea: Concentrations and source identifica-
tion, M..S. dissertation of Kangwon National Univer-
sity, 71pp. (in Korean with English abstract)

Park, J.-S., Park, S.-M., Song, 1.-H., Shin, H.-J., Hong, Y.-D.
(2015) Characteristics of visibility impairment by
semi-continuous optical and chemical property
monitoring of aerosols in Seoul, Journal of Korean
Society for Atmospheric Environment, 31(4), 319-
329.(in Korean with English abstract)

Park, S.-O., Baik, N .-J., Kim, Y.P., Moon, K .-C., Ghim, Y.-S.
(1994) The trend of visibility variation of Seoul
during 1980-1993, Journal of Korean Society for
Atmospheric Environment, 10(3), 203-208. (in
Korean with English abstract)

Shin, Y.J.(1996) A Study on the atmospheric characteristics
and visibility of smog phenomena in Seoul area,
M.S. dissertation of Konkuk University, 68pp. (in
Korean with English abstract)

Yoon, S.-C., Lee, G.-W.(1998) On the origin of visibility deg-
radation in Seoul, Journal of Korean Society for
Atmospheric Environment, 14(3), 229-235.(in
Korean with English abstract)

J. Korean Soc. Atmos. Environ., Vol. 34, No. 1,2018



	시정을 이용하여 추정한 1982~2014년 서울과 춘천의 PM2.5 농도 변화 추이
	Abstract
	1. 서론
	2. 방법
	3. 결과 및 고찰
	4. 결론 및 한계점
	References


