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Abstract This study analyzes the long-term trends and source contributions of black carbon (BC) in South Korea using
Aethalometer measurements collected from Baengnyeongdo and Seoul between 2018 and 2022. Seasonal and annual
variations in BC absorption coefficients were evaluated, and meteorological conditions such as wind speed and temperature
were considered to interpret pollutant accumulation characteristics. To identify potential source regions, backward trajectory
analysis was conducted using the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model, and high-
concentration episodes were further examined through Potential Source Contribution Function (PSCF) analysis. The results
revealed that both Baengnyeongdo and Seoul were influenced by a combination of domestic emissions and transboundary
transport. In particular, air masses originating from eastern China contributed significantly to elevated BC levels in both
regions during winter, with PSCF values exceeding 0.7. Baengnyeongdo exhibited lower overall BC absorption coefficients,
reflecting the absence of significant local sources in its surroundings. In contrast, Seoul showed consistently higher BC levels,
which can be attributed not only to urban emissions but also to its meteorological and topographical characteristics—
specifically lower wind speeds and temperatures—that favor pollutant accumulation. These findings suggest that BC
pollution in both regions is driven by the combined effects of regional inflow and local emissions, with relative contributions
varying seasonally and spatially. Effective air quality management in South Korea requires a dual approach that strengthens
domestic emission reduction efforts while also addressing transboundary pollution through international cooperation.

Key words: Black carbon, Long-term trends, Backward trajectory, PSCF, Air quality

LA = 3} e 2zl vl) AR AZEES BA, 7

LS

gt Bab @it Qs HoF At oS g4t
B

7] & vlA| YA} (Particulate Matter, PM)&= 715

A5} T)7] 9G]l F83 P vAE 84 F 5}
Uolt}, 1% 28712 (Black Carbon, BC)-S 3441
2o} Al Azl A] HHASHS 2 u|AW ] (PM, ;) ©]
T8 T AR R, ol4RlE4 (COy) U M (CHy)

et al., 2018a; Wang et al., 2017; Bond et al., 2013). BC2]
EAPAIE (Global Warming Potential, GWP)-2 <F
0.4W m™22 BF7}=H (IPCC, 2013), 21} A5 A8
Sto] A oFRtA7]0L, et Wot R A H o]

=7 gstElX| M 41 E M3 &


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2025.41.3.462&domain=https://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

ph
0
T

AN WS oIS EX1QTH (Wang et al., 2020;
Ramanathan and Carmichael, 2008). 0|25t EAJ S 2
I8l BC= @71 AlF 71513t
Climate Pollutant) 2 E3 %™, 7| H5Ie} tf7] Q. F
2 Aol EAIZ 4= 9tk (Boucher et al., 2013;
Janssen et al., 2012, 2011).

FotAlok= 21914 BC HiEol ASH AHog,
Bond et al. (2013)< Speciated Pollutant Emissions
Wizard (SPEW), Greenhouse Gas and Air Pollution

S HFEA] (Short-lived

Interactions and Synergies (GAINS), REanalysis of the
TROposphere (RETRO) Al| 74| HiE SIHIERE E
2 24 Jgste] A AAH ez okLe]7h(1,690
Gg yr'hell o]o] FoFAlot(1,550 Gg yr )2l Q114
BC HiE%o] oW, 115 oF 25%7F S0l ARt
< 215}t (Klimont et al., 2017; Bond et al., 2013;
Ramanathan and Carmichael, 2008; Cooke et al., 1999).
Seet e o2 Z2o| BAE kil 91115}
of ofAlo} tiFolA FUEE A= FA2 ¥
& I ¥O ™ (Chung and Yoon, 1996), 53] F=r
o F8 HiEo] At FF Aol HFH T 3o,
M & AR} ool zEo] HASS Bl s
GlxH F71& o 2 1]fE A3Ith(Park et al., 2018a;
Yu et al., 2018a).

BCo tigt ¥ho] Eotsdol et sl A thef
e 24 A7t o] Rl o, E5] EohA W
Fotd FibiE 7o = TRt gm|et 7|Hol &
L&t (Lim et al., 2019). Lee et al. (2014)> MAAP
(Multi Angle Absorption Photometer)2 AF8-5t &
g QA A BC BEE S7dst, ti7] 9

olz2E0] 54 24l A HollH e BC sk &

4

HM

2Mg S5t 24

=1 =

=U/=el 7|0= 463

At 7129 24l 71o5kleH, = BC el
ZQ35t 7|z A2 &85t Park ef al. (2018a)2
ooj2E JAe] FE5A ZXsto] BCO| AF
S5~ (mass absorption cross section, MAC) &=
ZArsllom, o] A= Fo =Wl BC vk 539
AL E Eo]il, BC 54 Aol 7]of5t3ith Park
and Han (2022)< AethalometerE AR5} PM, 5 Al
55 QFT &, ©@A AR o] dE-S 745k
BC Fkof gt v & 7] =5 H7hshat.
Rt BEA A71eF A9E& SHCE BC &
Alo] HdgE]o] LLOLH(E 1), A=t
A1 9 9j A1 239] 47]49] BC
il FE3 Aot & A= ol
Sohat, At MEe] Y7l oduE
BC ETATE o= A 9 A
Skt 4 713l Coronavirus
Disease-19 (COVID-19) A|7]7} EgH=|o] 9lo], ]
o2 AWHEQIt A&

S
T=

|
)

=0

=
Y ol >

i

2

r
I ek

ol

Au}

=

Tl

1T,

slo]

=

sjoi, o2 o

2. A7 B

1 S XS H 71z
Ao = 20189 195 EH 2022 129714
T (37.96°N, 124.63°E)2t A& B35 (37.61°N,

= &= 00
126.93°E)°] Y5t 7] @ G HZ=A 404 Aetha-

2,
=

Table 1. Prior research based on absorption coefficient analysis.

Site Period Instrument BC(Mm™) Reference
Cheonan 2015.05.20~2015.05.23 MAAP 6.19 Leeetal, 2015a
Seongbuk-gu, Seoul 2015.05.20~2015.05.23 MAAP 13.82 Leeetal, 2015a
Eunpyeong-gu, Seoul 2018.09.05~2018.09.10 AE-33 12.1 Park etal., 2019
Gwangju 2019 AE-33 83 Park and Han, 2022
Yeongam-gun, Jeollanam-do 2021.11.03~2021.12.03 AE-33 838 Park etal., 2022
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Fig. 1. (a) Locations of intensive monitoring stations in Baengnyeongdo and Seoul. (b) Baengnyeongdo (37.96°N, 124.63°E).
(c) Seoul (37.61°N, 126.93°E).
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Fig. 2. Time-series of daily average absorption coefficient at 880 nm measured at Seoul and Baengnyeongdo. Thick lines indi-
cated monthly average of absorption coefficient at 880 nm wavelength.

Table 2. Annual average, standard deviation, maximum, and minimum absorption coefficient at 880 nm in Seoul and

Baengnyeongdo.

Year Baengnyeongdo Seoul

Mm™ Mean =+ Std Max Min Mean + Std Max Min
2018 3.34+£1.18 5.58 1.71 18.09+4.48 25.88 11.54
2019 5.27+1.62 8.50 333 19.78 £4.66 27.21 14.23
2020 3.59+0.38 4.14 293 19.63+4.15 26.94 14.55
2021 5.78+1.72 9.20 3.79 22.25+5.47 30.85 11.84
2022 483+1.25 6.54 2.66 20.62+5.21 32.23 14.27
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Fig. 3. Seasonal polar plot of absorption coefficient at 880 nm wavelength, wind direction, and wind speed from 2018 to 2022.

Table 3. Seasonal variation in absorption coefficient at 880 nm, temperature, and wind speed in Seoul and Baengnyeongdo.

Reagion Season Spring Summer Fall Winter
abs880nm (Mm™") 5.25+4.37 3514231 4.12+3.66 540+4.51
Baengnyeongdo Temperature (°C) 9.6114.75 2211347 14.7 £5.57 0.62+4.44
Wind speed (ms™) 475+2.55 3.73+2.18 3.64+231 416+235
absg880nm (Mm™") 19.8+£125 17.0+£11.7 19.5+£13.7 242+£14.2
Seoul Temperature (°C) 11.3£7.11 24.1+£4.31 13.1£8.02 -241+6.54
Wind speed (ms™) 1.09+£0.99 0.97 £0.87 0.88+0.95 0.7910.89

ol F= T A FelA viEH BC7F WP =2 A
2] $449 7H5A& AARRITHON et al,, 2015; Lin et
al., 2008). TS, FZol|A] 7]oJoh= =] viEHo] G
T viA = glom, S Rk shdg A
37t wet BC E5A1S S7tel 932 nxl A
2 v‘i‘—/}jﬂ ATt (Lee et al., 2022). A2} B4 B+

FrAge AR a2 Belo Al o
= 17&2—1 I Zpo]7} Fl5H] HLE}‘*E}. A=
HAZA FYUH 77 dFoR BC FFALTH
A e om, ¥t 3453t 722 242475 m s

o b

9.61°CE, 7|22 AL

o191t} BC GHAGE L5, Ho0] W
5] 27185 219] £
G BT, BC ol2le] YAst ERRA BC

L AFS Holn], T

o) E5A%I A

S-of vlgf] oF 1558 =2 &=

= o S7tst

A5t AFS YR AT (Lee ef al.,

2022; Lee et al., 2014). 0|23t A& 12T uf], B4 9]
&= 371l f-ElsiA 2hast A

714 270 BC &

o2 yrehhct,

WL o] o]24 BC &

SATE Ae®

A3} oF 1.54

Hj Zpolz wokon, 7hadols o5 EH oF 1.17

=7 gstElX| M 41 E M3 &

_I



o Stk e Ak o5EY 7 B ¥
&2 AZHT oF 3.85~4. 14HH A =oron (zt
73ms’,3.64ms™) £ 9] shatat o]0

A5 433 E} OQEZ“ﬂL HAEe] I
oo, 7ol Ee e ¥ ke Tt

o] gtk ol o187 B4 5712 Ualo] 1A
o2 U s
A

[SN]

Rl
o)

oo e o

3| s Z]—xﬂﬂ- ‘4'0]'7‘5213% Lee et al., 2014),

F4AGT 2 B2

N
(0]
fu
H,
it
ol
g’P
o%
Hu&
0&4
:N
*S
BN
E;"é
_4N
L§
11
“"I\J
ES
off @
T e
joh

et A —‘—Ev*éﬂr J% *P‘%‘SER] HH%QH °ﬂ§; =
o=, thg A9ef H|s] &2 BC &+
BCO] W-5/d 5+ F35HA I3l
TH(Yu et al., 2018b; Park et al., 2013). 7437‘ e gAl
Zog By §QF 79 4FOo=R BCF 74]—r7}
ZF7Fot o™, A&ollA BE5E H BC AT+
AL (2424142 Mm™) > B (19.8+12.5 Mm™) >7}
2(19.5£13.7 Mm™ ) > 35 (17.0£11.7 Mm ™) &2
2 Uepgth o] vy tfH] oF 3.8~4.98] =& 4~
w08, A9 ¥2 BC 574 B4 W =214
S} QI A ‘%741 v & o] Bt kel 7]
g A0 2 WohETH(Park et al., 2018b). CAPSS©]| w}
o, 212 2018 HH 20224 HIEY 5 v 2ol
o] Byt "iEFol 523% % 7HE 9o,
goggl 22.7%), E4 Oﬂi(w 2%), |~
%) & Tt HiE ol gelx St &
5] HlEiﬂ AL HiE 7]o&E 50% o=
24216k, 8 HiEP o R SRl AL AL
A B T52078m s 2 WP EC} oF 530 o
ko, 7] & HAA] —2.41°CE 3.03°C BF-2 4=Fo| gt
ol2fgt HAIE 717 ZAolAM= 2%‘%@4 gHitol
AetE 1, AA 2 FAFe] 92 o BC &5AS7t
ZF7toke AdE B ole EA] oA viEH
BC7} EH71 Xéiﬂ ¢I5H Z"*HDW 714 ofate]

0H1 e

al, 2015), A4 FiF AFgo =2 Qlgh %—5% HH%%%
S5AGl a5 Y njA Zlog SIS

Az S7h 0| 2MS ST I/=2 7|0E 24 469

™} (Yu et al., 2018b; Park et al., 2013). &2
712 717} 1.09m s}, 11.3°CE A2H3} Y5t
E‘H%OE BC &5AI57F s A3dS Elrh
9= IR ARl =
]A}ﬁ}E}(Lee etal., 2014). =9k 243} 7124 BC
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A e] BC F5AS7E AR A0S UEhd 2oz
SfAEek 954 BC E5AT= ASEol Hlof oF
14240 Wotom, o] WP ret iR ® e
gt e H=H *ﬂ;ﬁ 2t 7] F A #et
of dekg u|H-2 A o2 TWAETH Choi et al., 2020b;
Bond et al., 2013; Kuwata et al., 2007). 1549+ o2},
54 A&9] BC &A= WP o o54 Bt
of v oF 4.848) =& S HEIUH, AEE WHE
go] W2 FH: F Z]Cf‘. 7+ BC &5A15 Aol
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A7 FAY EH71 0] 9 50% %i ‘?:*% HHH, A
=2 =AA HH l 2
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. °1EW A= TA A1
d HAYSo] T

o E

10 542 Tel 93 A9 pel et
o

=

A 717ke] s HYSPLIT 2el-S 8hg
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YA dge mefstaat Mg oA 72417 &
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ez A WEEHUATHE 4). ©]o] T=(13.6%)
T F3 B2 (12.5%)E AR £58 2o, o]o]
E3H(8.26%) T F3H(3.16%) =0 & SHolE| ). Aut
2oz M rofa F2]o] feo] 88.6%= A3

Fig. 4. The analysis was conducted by dividing the major
administrative regions into six regions: blue is South Korea,
red is North Korea, brown is Northeast China (Heilongjiang,
Jilin, Liaoning), orange is North China (Beijing, Hebei, Nei
Mongol, Shanxi, Tianjin), green is East China (Anhui, Fujian,
Jiangsu, Jiangxi, Shandong, Shanghai, Zhejiang), and purple
is Mongolia.

= g, AR 2 2 E 9] §912 11.4% = A=A
o8 We B&S HAth A& A, T 55
Hgo] Wit 26.68%% 71 =qton, E}%BE ==
E5H(20.87%), $H2(20.77%), B3 (16.76%), B=
(9.23%), o= T (5.69%) =02 WEE I} A
2 =919 §9 F&°] 62.47%°] 'BH SHtE ©] 7]
Ao] 7]olE T 4= gl ol o, St o]

F B8 37.5%=2 WH o H]5| *JEH@EE =3t
o E3h A goMe S H 2RO fY &
o] Mg r et =9d vhd, SE2RE Y] {9 &
S2 WY thH] 4.39% 2Tt
Jey e e pnho 2= o] sk 7|8
P70l ZA7E FEstR R, Wy L oh A-goA
AA 717ve] AF$) 25% (MHEE 5.7 Mm™!, A& 26
Mm™)oll ol A= JAA 2 24& F71E
sttt 1T 2 A A2 S B} gakst| oot
5] 8, z AAke] B4} 10 vkl H$E A
oot o, HIEa= log2 HEkote] 17 50 AA|
SFATt
g A B4 Ay 20189 AP EEORE A
Lof Hsl| = SHEHE | Fdo] AA3] 23l
o, U] &) FFE A W2 Ao & SRlIsHIrt
(& 5).0l= & 979 A= BC

Table 4. Proportions of major regions classified through backward trajectory analysis in Seoul and Baengnyeongdo over the

entire period.

Region Year East China North China Northeast China Mongolia North Korea South Korea
2018 10.43 36.32 27.63 13.57 8.2 3.85
2019 12.8 39.43 26.34 10.99 7.67 2.77
2020 10.33 36.79 28.01 14.71 7.93 223
Baengnyeongdo 2021 15.55 35.33 20.24 1417 10.01 4.69
2022 13.27 35.43 26.89 14.66 7.49 2.26
Total (%) 12.48 36.66 25.82 13.62 8.26 3.16
2018 4.12 25.94 25.51 10.06 16.65 17.72
2019 5.78 26.23 21 7.51 18.98 20.5
2020 5.16 30.38 21.05 10.3 14.37 18.74
Seoul 2021 8.39 2299 16.16 8.74 15.79 27.93
2022 5 27.87 20.62 9.55 18 18.96
Total (%) 5.69 26.68 20.87 9.23 16.76 20.77
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version 3 (REASv3)o] wh2H, 22| BC BiEH2
20159 2.9 ton yr ' 2 S E| ] (Kurokawa and Ohara,
2020), ©]*= CAPSS2] 2018~2022 =] BHHu|&
T H IS off oF 4.4 W Folnh B B&
oflA L7120 A} BEA FHS AXthe
A 1Hste o, =049 #lE2 = BC &
Al 2 oﬁo% H| 22 e AlARRITE W,
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20204 thH] 3.03% S7FsH3AL o= 4
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Table 5. Regional contribution to the reverse trajectory for the top 25% of absorption coefficients.

Region Year East China North China Northeast China Mongolia North Korea South Korea

2018 22.83 32.04 17.17 19.65 5.31 3.01

2019 29.83 34.97 15.72 7.82 6.90 4.75

2020 29.05 27.74 19.71 8.61 9.49 5.40

Baengnyeongdo 2021 32.03 24.32 16.96 8.27 12.54 5.89
2022 28.13 27.30 21.36 10.31 9.56 3.34

Total (%) 29.20 29.02 17.97 9.91 9.23 4.67

2018 9.02 21.39 12.37 10.95 21.39 24.87

2019 15.91 20.43 15.19 4.79 21.70 21.97

2020 11.50 21.21 13.78 9.32 17.94 26.26

Seoul 2021 17.72 10.25 11.79 5.08 21.11 34.05
2022 10.46 21.36 17.79 8.72 21.62 20.05

Total (%) 13.34 18.44 14.24 7.46 20.78 25.73
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Fig. 6. Top 25th percentile PSCF analysis result graph. The legend ranges from 0.0~0.7, with values above 0.7 shown in red.
(a) Analysis results at Baengnyeongdo. (b) Analysis results in Seoul.

Table 6. PSCF average and standard deviation for each region in Seoul and Baengnyeongdo.

Region East China North China Northeast China Mongolia North Korea South Korea
Seoul 0.53+0.12 0.24+0.12 0.21+£0.08 0.20£0.05 0.321+0.05 0.28+£0.09
Baengnyeongdo 0.51£0.15 0.26+0.17 0.20+0.06 0.22+0.07 0.28+0.06 0.28+0.05
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Table 7. Seasonal PSCF average for each region in Seoul and Baengnyeongdo.

Region Season East China North China Northeast China Mongolia North Korea South Korea
Spring 0.49 0.35 0.27 0.32 0.32 0.31
Baenanveonado Summer 0.27 0.18 0.11 0.14 0.19 0.19
gnyeong Fall 061 0.17 0.16 0.09 0.28 0.34
Winter 0.76 0.29 0.25 0.25 0.42 0.66
Spring 0.54 0.19 0.15 0.13 0.26 0.30
Seoul Summer 0.28 0.12 0.17 0.04 0.23 0.19
Fall 0.53 0.21 0.20 0.15 0.34 0.29
Winter 0.72 0.30 0.30 0.24 0.42 0.44
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Fig. 7. Graphs of seasonal PSCF analysis results. (a)~(d) analysis results from Baengnyeongdo by season. The legend ranges
from 0.0~0.8, with values above 0.8 shown in red. (e)~(h) analysis results from Seoul by season.
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