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Abstract  Carbon is not only an essential element for life but also a key player in climate change. The
radiocarbon (**C) analysis using accelerator mass spectrometry (AMS) is a powerful tool not only to
understand the carbon cycle but also to track pollutants derived from fossil carbon, which have a distinct
radiocarbon isotope ratio (A'*C). Many studies have reported A'*C of carbon compounds in streams, rivers,
rain, snow, throughfall, fine particulate matter (PMa.5), and wastewater treatment plant effluents in South Korea,
which are reviewed in this manuscript. In summary, (1) stream and river carbon in South Korea are largely
derived from the chemical weathering of soils and rocks, and organic compounds in plants and soils, strongly
influenced by precipitation, wastewater treatment effluents, agricultural land use, soil water, and groundwater.
(2) Unprecedentedly high A'*C of precipitation during winter has been reported, which can directly and
indirectly influence stream and river carbon. Although we cannot exclude the possibility of local contamination
sources of high A'C, the results suggest that stream dissolved organic carbon could be older than previously
thought, warranting future studies. (3) The "“C analysis has also been applied to quantify the sources of forest
throughfall and PMys, providing new insights. The '*C data on a variety of ecosystems will be valuable not
only to track the pollutants derived from fossil carbon but also to improve our understanding of climate change
and provide solutions.
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719& 95)7] 98 Al® F Peet el vlg, Meet Py
H&S 431, o8 #EEHY dF vl&3 vjwste F
AeaEoldan 070 PAIRAE S EaN WO
TRTHEGgs. 1, 2). o] AE0] oJ8A FoH1 FrEF=A]2t
gAAddE Yeld= o2 W (9 fraction modern (F) 5)
I o] HAf thsfiA= tha FarEdol AA|s] A E o
Qltk (Broecker and Olson, 1959; Stuiver and Polach, 1977;
Donahue et al., 1990; McNichol and Aluwihare, 2007,
Hwang, 2012; Broecker, 2014).

13 ~/12
( c/ C)sample
(13C/12C)

standard

13

- 1] x 1,000 (%)  (Eq. 1)

¥ &5 7 (standard) 2 Vienna Pee Dee Belemnite (VPDB)7}
A&tk (Coplen et al., 2006).

Rsn

AMC = (m - 1) X 1,000 (%0)
ON

=[ Fp - e*1950°%) — 1] x 1,000 (%)  (Eq.2)

o7]H RsnS A8 BAE F994H] (“C/'”C), Ron
He 2249 oxalic acid®] BAE E9)94H] (Mc/2C)o)
o AE MCo BIAER 1.209% 107 yr'olH, yi= &)
o]F0]2 Awolt}. F,& Rsw/RonolH, 0]F o]g3te] “C
ol & A4t 4= Itk (Egs. 3, 4).

Rsy = Roy - e™ (Eq. 3)

4C age = —8033: In(F,) (Eq. 4)

o}7]1A t&= C Yol 2, o]ZA AAtE AR WAtAErA
AdlE 195092 “dA (present)”Z 7|EHE 3L, years
before present (ybp)Z EA|3FH 19504 o|& 9] etAAT2
S == ARE “modern” &2 UERHTH

A2 P (A MO A5 s E AR
£ olitslgtag ARSI ok, o] & Sddtshe ol d
g] 22t MAEe}t 7 HHol tisjA= oln] AAIS] &
M=ol o)A (Williams and Gordon, 1970; Hwang, 2012;
Xu et al., 2021), 97|19 = 7|24 AA D] FHT ek
5] Agstd, A WA Bag F2 ARE AR F, 9
1AL JpdE gkl koA Co.uE HAFAAE o8&
sto] £2] L8 Aotk A& B0, EY &2 Ao =
TE fr1EA] AMC EHo] B o|gby, A &) A4S 7}
3 F71SaE HA AATT F, AgH ¢t AR, A
(Cu0), SAt(silver wire)E 7 Y1, A g-E 2Fdof
AZdste] QEF7|= AT AElA SEE o]-&8h

of g3t} o]F, oF 850°CollA| 4A|7F o] A
W F719AE COE AEAZIt BA R 2
e §&-G-7]84 (dissolved organic carbon: DOC)2| 7%
= AEE 92 A98E A3l dAste oF 37
OF A7) Aol A, AR QAHE Yol 4 SEF7E
2~ (dissolved inorganic carbon: DIC)E CO,2 WHIA|7|1L
AE 7IAE FUst] AATT o] Ao UVE 4A17F
ol 2o 0] DOCE COE A1 th, Z1getlof Al
A4S o830 CO:E o) T, ol Y CO,
NEE EE5ty P FHdL AFEA7] (isotope ratio
mass spectrometry, IRMS)E ©]-83}0] QFekA ¢ AH]|
QO BAY 4 JEF ZHl3ch oA 1A A A
£ A A ZHE COrx= 7HEAFEA 7] (accelerator
mass spectrometry, AMS)2] 0]2 A2 (ion source)2 ARE
g 4 =F 3 (graphite) &2 FHAIITE PAMIRAT
Aean] £ A= 4 oF 0.2~1 mg FE9 A
Zol slojo AFA e 4 247E €2 4 ok
AT HLLH (BP0 E A 7Ye 7RSI F
=2 &89tk A B T A ool b= &4Q ribulose
bisphosphate carboxylase (RuBisCo)ell &Jaf *Ce} *ce] &
W28 (fractionation)©] Lojut o 7}8e *C7} FaHAo
iAo g gol AREHrt ojuf gt 37491 S & B
72 (3-phosphoglycerate)S AX|=A], ofHH 474Q 7+ &
A &4 (oxaloacetate) AR|=A|4 wat, C; A& Cy 4
B2 78 4 9ok G A5 6°C ghol oF —28%0, C4 4]
B9 §C ghol oF —14%2, o] X}o|E o8P A¢iA o]
EAste F71E820] Cs AEA, B Ci AlEA 719
3t AR S & 4= lth(Troughton, 1979; O’Leary, 1981;
Cerling et al., 1997; Marwick et al., 2015).
AR AT YA (A1), APAT L F o oy
R RE M7 PR R B0 5 §l& w) 1 o) AZH
o] Aol wet Foles AEE EHI A o2, °F 50,000
| olafo] A AlRellE ot 9l MCo] o] A glom
2 Eq. 2] 9J3f A¥C7E7HE & Qs FAGES - 1,000%00]
ot 2882, §7)% 719, 53] 2 A7k AXH MCo]
AER SR ERA (o A AR YRR 4R 3RHE)
ZA o] AMC7} &3] o] & TH(Cha er al., 2023a; Lee et al.,
2023a). Wk, o] eka% 9 ¥4 H] (dual carbon isotope
ratios), &, A|&22] AMCe} §°CE nF A3l o] F Id)
Z2 J99, SAEA Y dEF 7Y 248 AEske
4 %12, end member mixing analysis& AME3}e] o]H F
71ea3RhE Qtoll 7+ 719 &40] ol BEE AA|SH=A,
I 71925 FAHY 4 Ah(Cha et al., 2023a; Lee et al.,
2023a). 3HAITE A2 §°°C MG7F diA 2 24 %0 W,
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Tree leaves

(Table 5)

Precipitation k
. DOC, POC, HULIS
(Table 2)

0" ‘Q

Throughfall
DOC
(Table 4)

Wastewater
treatment plants
effluents DOC, POC

(Table 1)

|

Soils

SOC, water extractable
organic carbon
(Table 1)

Estuaries
DIC, POC

(Table 1)

Fig. 1. Schematic diagram of ecosystem components, whose radiocarbon isotope ratios were compiled in Tables 1 to 5. Solid arrows repre-
sent the sources of riverine carbon, except for the black arrow, which represents estuaries downstream of the rivers. Dashed arrows represent

the sources of throughfall organic carbon.

AC HSE Y % 9 S 97] whiel shdekasl
o FEAE gaE FEShe Aol 3 AFolAl= WAL
AeasodanttE S e F73] 4 7|9=5 =4
4= Qlth(Szidat et al., 2009;
2016).

AlA A2 dgtoll A 7], $4, 3H, sligoll 2A HAMS
SaFAELHE St gaeshs FFH oz o|dfst
g oz A7 27t oln] RN, YAV of
3 & At FH= 30|t} (d: McNichol and Aluwi-
hare, 2007; Trumbore, 2009; Broeker, 2014; Heaton et al.,
2021). ¥H4, =Y =& E (Korean studies Informa-
tion Service System: https://kiss.kstudy.com/)o| 4] “radio-
carbon™& 7|PEE AALEy, < FE, Y, EEY
2oFR A A3t F 63710] A= 9I(2023-08-20 A
A, ezl o P8t A7 27 Hol B}

sfFoll thgt A7t thF2olH (ofl: HELTSA]) S/
gl Ao didt ulg-2 =&t} s9st RopllAe cE g
g AFE F A F4Ho| F "ol gleut(Hwang, 2012;
Kim, 2022), Uzt shdei Aol £9 £ds tide=
e AT ANE A7 3L glolA o] YadAE 3}
At g AFE AYstar, Syt 38 shof 23E
gaot o] 59| Felde] 2 4 Qe A, s UEe, H

Zotter et al., 2014; Zhang et al.,

EL Ay fE4E Yo A9E C 4T Az
298 93 1 88 299, F7E 94 “C ARE 3
I T2 E S = == ATt (Fig. 1, Tables 1, 2,
3,4 and 5).

= etZ st

oFoll M2
Hl X o

1. 22|L2} 52| WALSEIAS A AH|

Sevet s, &, @, 98, 24 AV, A%
S Ao E 20134d0)] AAE

DOC, POCY] ¥ et 9 h4n] (A0S S48t d
(Table 1; Lee et al., 2021a; POC= &1} AE A& U
AT £4). o] AFelAe ATFAE A5 Aol mlg
FAEY AFY ArHer AEE lsela, HiohEY
FFol gl X T Fol 4% FHokw AFE AFAFL
2 ZA9th(Lee er al., 2021a). $2u2t 5t7+<] A'C-DIC
L —88.7~26.9%0 (B —33.4%0)2 o= SAAHZ 685
ybp~modernol 3j@3l0, AA oz FE F7F A"“C-DIC
Q1 —32.2%0 (Marwick et al., 2015) ¥]=3F 7 R
(Lee et al., 2021a). ¥, 2uet sti739] AMC-DOCE
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—124.3~0.8%0 (BT —60.3%) 2 E3 37}FS A5}
< A &= #ol SAEUL, AA oE 7
o AMC-DOCO] 22.5%0% (Marwick et al., 2015) %] Z+2l
Ao| v|g] AhE o2 YFth(Lee et al., 2021a). O]= S
uet stie 53 S8k DOCY] ghadd7h o) oF
1,000 ybpE thE Uet 7150l vlal] Laigion, AE FollA
= A &0 7P s 580l vy T FEE
F71ea7t T2 Aol vlgj R T Wol fYES 9
u|gie} 22uet 5t7+2) AMC-POCE —125.5~35.1%0 (B
T —46.4%)2 AC-DOCS} ¥&317) ShAgE, o2yt
7+ B A™C-POC?] —203.8%0 (Marwick et al., 2015)3} H]
WEH =2 g B3t

73 Hk, & Aol FolA7] Al st ol et At
o o]2% o thafA A'*C-POCE A3 AT: B
=9It (Table 1; Kang er al., 2020a, 2020b). 7o} ol A=
UEY} viRrEo| fo|ng ehAiFgYan|d vichEe]
o] P& 4 otA Yol Adt st sk AMC A}
o} ZHAl vlaE ojFA gk, $Ejutet dgke] AC-POC
7b ol A=A wotdt 4 vk 37 97 A% §9
oA 2016\ 84, ZF 7ol HRE Aol o|27]7HA] gk F
F At fEAdR oA (351 0.45 um)E 223 POC
of tisl ACE 43T (Kang ef al., 2020a). 27017
o} At A= AMC-POCTF —98.2~—48.1%02] HMYE B
AL, B3], 7SS FAR SA¢ 7k A=TF A9
0%c2 & AET} =7} 35%2 £& HIRZA AlC-
POC B3 ZH2t —66.4%0 (n=2)TF —75.8%0 (n=4)°]
Atk (Kang et al., 2020a). Bt sE50] ¢i=, &, =7t
AAH oz F7kshe A7 e dgtelAdE AM'C-POC
7} —188.3~—51.4%¢ (B —106.0%0, n=5)2] HS B
o, &o] ZA=o] = S AN A7l vlast
of Hr} FTof FIE Rr1ea] ARl 7o =Tt =
okl 34 =tk (Kang e al., 2020a). 20169 1290 2
2 Aol A3t H AC-POCE BA819aL, S2¢ 7t
M BASTE &Y AMC-POCE B —94.4%.A
(n=2) St BPZZF N = —268.3%7HA] W ZkaL, 317
AN E —302.2~— 187.3%.2] HIZ, ALH= 27
g f7180] AR AE[{E 7HedE Easlrh(Kang
et al., 2020b).

=

2. 518 {7|EtA0| AMCE ZAAFIE= 29

AYC EA At BT, o 4o o $-eutet

F8 3 {74 AMCTE Wobd £ A () % &

2 M35 szAnsEt Hp 289

o PRRE SR THE B 23 ) EX) o]g &
o] B4 A (3) B4 BA A3, (4) sigymSAA

B =
P fouke digde g 37t mhE 3k DOC 71¢Y ¥
3 e ARl 9XE AdE F 3l
UHEE 4¥FE AA 72 WAl o]27171A] 2014
dHE 201590 A 7 {9 W sk sk %
(wastewater treatment plant: WWTP) 5-&55 A Fslx, Z
4719} F42719] A"C-DOCE v 3} Tth(Table 1; Jin er
al., 2018). 37 AR U= G SftH e A%
& AA I 27 (bl ol2717kAE AM*C-DOCY] ¥
A7F 20149 7Y (FS7Doll —78.2~66.8%0, 20159 5¢¥
(Z37)ols —87.9~—29.6%021 ¥HH, WTP §&5:¢9} o]
FE27F FYEE A FFA AMC-DoCY] M=
—129.1~—97.9%0%2 o} A& strol] Z3HE A TA 7]
A EA: 4425 TAHE AA 5ol ez fdd
2= 918-S B gch(Jin er al., 2018).

7 Aolle AT B9F 2H {7]E0
F HYE & YoM 7IAREY doks o2 sk R
298] EA4o] Uehdth 3} AR AYE ST
A W sAeHT AFdshdS did e & 20129 7E5E 9
7HA) ) 2412 39 A] 3HEESE A48t AMC-DOCE &
g AolAe, Ao R RE = A2 F3E DOC
(A"C-DOC: oF 60%0)7} F&E1E i Fx|skdoAE &
297} 1,236 ybpell 0|2 A=g 2= (F4 A“C-DOC:
—149.4%0) DOC7} 9-& = 9ItH(Table 1; Lee ef al., 2021b).
ol AlA thE Aol vlsl f2ue} st e 2R fEE
L 289 DOC (Lee et al., 20212)8] 7|9o 2, ¢ &5
ol (o: AL 3) FA ALEHAA EFHTIeAT} oHA
07 [AE 7I5AS A&t (Lee et al., 2021b).

Eo] ool wet BRI gaddrt 2t
L AL A og E%87]8k4 (soil organic carbon: SOC)
o] AMC BN AntzrE & deA Q)3 (Shi ef al., 2020),
Aepd = FEA B4 st shadoA SHT &
Fa71ek4 0] AMC-SOCE 0~10cm Zo]2] EgFof|A: oF
60%0 (=, B2 AU 2= “modern”) AEZE =2 HHH, 30~50
cm Z0]9] EoAE —87.0%:2 WL, ol A A g
L 665 ybpol| 33T (Table 1; Lee er al., 2023b). 245
(deionized water)E ©|-83t] EFR7|HAE FE510L,
E59 ACE 243 A B Zolrt AojF4E AlC-
DOC (A&3]& water extractable organic carbon: WEOC)
7} 70.5~—53.3%02] HYES Ho|n] FolF T (Table 1; Lee
et al., 2023b). 0] ATZ 20139 2€HH 20149 119714
At 2 A A ARSe AYC-DOC 4 2TH(H

o=

ofr
e

ol
Hu

(]

o

2
2
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290 o5

riot

9: 45.5~—81.5%0)%} H|WEHH, & EGpu At
23 o#E DOC7F Z47]o) shdez ¢dg o, AM'C-
DOC7} Wold 75 A4S 8538 4= Qlth(Lee ef al., 2023b).

4 B spAEy BRreE sk Ac-DoCYt
AYC-POCE ¥& 2= 9t} n]= 1 3 =< 7} (the Hudson
River)} ZH|E]A 7} (the Connecticut River) 2.2 U&=
StEA 2 R M T AT 9 YA E 20059 12¢€
FE 20009 897HA] &AL, steA 2R W4 DOC
o] Fat &2 A7} 1,630 ybpol ™, kA2 4= DOC
9] oF 25%7} ARk (A: 78§ AlAIY FEF 5) 719Y
A0 2 Z2A}HTH(Griffith er al., 2009). 0]& &3, Fjuch
Y&, Foll M= sk el WReE tdo R B dea
SYYLAHE A3 27 R E T (Nara et al., 2010;
Law et al., 2013; Tseng et al., 2016; Jin et al., 2018). ¢ ©}
A uekel A Ae Fgetd, SRR B AC-
DOC%} AMC-POCE ZZF —286~111%c —655~591%o
9] HQE B P (Griffith et al., 2009; Nara et al., 2010;
Law et al., 2013; Tseng et al., 2016; Jin et al., 2018), 20|
4l 591%02 BARIOlN F4HE "C fEY Aoz S
A= TH(Griffith er al., 2009).

SIRAE FEAE 5 e FAYUL2E AT
Z HRe o= 4G9 AR Rk ok
Sauet 237 9904 20219 49, 7Y, 99 Atk
A9 HeA g FRe, gt FReE AH
S, 22 A7) 537 257 KR AFHEA o5
A™C-DOCS}t A™C-POCE v 8}4IT}(Table 1; Lee er al.,
2023a). AR HeH2H WH42] AMC-DOCE AMC-
POC7} Z+Zh, B —282.9%0 (n=9)T} —304.4%0 (n=28)
2 7P Wgka, s R R AYC-DoCce AMC-
POCYE B —248.6%0 (n=9)T —300.4%0 (n=9), 2%
7 B2 —49.4%0 (n=9)TF —110.2%0 (n=8)°] ..
o, 337 AT AR sk B 19.4%0 (n=6)T}
—97.0%0 (n=5) AE2 I A} 2 7} =tk (Lee ef
al., 2023a). $-2|utet AGTA] HeA g gos FH A
St whol 3 Hejgite AS efshy, AeA] BE
ko] AMC-DOCS} AMC-POC Fto] © Wobd &= girk.

H|&} =2 5P e s A Wel7| e shar, S4F AEAE |
A HA L FE7F PR fEo] shdgae] gt &
Aol FFE 713k A (e poll= f7eaTt 23T
o] 9ot Bag 7<= AYC-DOCS} AMC-POC B4 A}
L 3" AMC-DOCS AMC-POC B4 ZAzto) vmwahH uf

FXIA

¢ Aa, Bugt 9% o= 5, F=, vt
(Raymond, 2005; Avery et al., 2006; Li et al., 2016, 2018;
Wang et al., 2016; Cha et al., 2020, 2023b).

St A= 201249 3¢ 164 5E 2013 24 597}
A BFHEANEE 2O, 74 DOC F Y8 AEQl humic-
like substance (HULIS)9] AMCE AFEE 24 (n=4)3}%
t}(Yan and Kim, 2017). &, &, 7}, A9 74 A*C-
HULISE Z+2ZF —226.2, —246.0, —17.9, —246.0%:°| %}
11 (Table 2; Yan and Kim, 2017), o|2+%€ 7}4 HULISS
oF 30% u|gto] SHAgtA 7|do|H, U A] oF 70%+= Hfo]
QujA Ax Ee AEAF7EY A2 FAETH(Yan and
Kim, 2017). =31 S04 593AEY] £2k0 2 gt
G771k HiEo] F7181a, 20129 AlH2lo} AbEo] gk
Fol e 7HeFol E3] vlolouia dAast F4 AlMC-
HULIS®| "|X]= g&o] sold AR A=t} (Yan
and Kim, 2017).

ofAlof AEF 71% Ao vt Wk ot 7
T f71etae] 71do] gEtd 4 Qlh(Li er al., 2016,
2018; Wang et al., 2016; Cha et al., 2020). S|4t A
24 20154 129 30¥FH 20179 2¥€711] W&
£ AHste] T4 (bulk) A RE 243 A3} A“C-DOC
L —321.2~30,632.9%c% (n=16), o|= SAQAYE 3,047
ybp~modern®| 3]33}H (Table 2; Cha et al., 2020), 1]=
Zxol 2324 B 74 AYC-DOC (—653~108%0)
o]l v]&ll (Raymond, 2005; Avery et al., 2006; Li et al., 2016,
2018; Wang er al., 2016) AZd| w& HF4go] wj¢ 3
i, A&H) AC-DOC7} HoA e AFE Bt 53,
30,633%°] ©|2= A"C-DOC EAX =, SAME Al A] A
S7HA] BIEA] k2 w9 o] Al Fre g, 4 A5A
ol A ¢F 1 km el $IR|Tt AHRAFT (A =2 H) 9
A"™C-DOC ZH= Htf| 285.1%02 (Cha et al., 2020) S22t
5907 Ha A"C-DOCS! —60.3%0 (Lee et al., 2021a)R.ch
2 =9uTt

o]Z@A =& AC-DOC L Z= #57F SAEHAR
Eol2ttE AL B?AET SHA 543 9u|E 7RI
s, AlA of2] oA EirE (Marwick er al., 2015),
Agd oz =2 shderae] AC-DOC (4): A*C-DOC>0)
7h, F2 R A9t 3 DOCY 8 AH#ol7]

FolojA7} ofzh, AR RE Y& AMC-DOCE 2=, &,
2" DOCYel= BFakaL, 23le] &2 7<= A'C-DOC
of 93 7tHA 27t XF7HA] 4 DOCS| AA| gad
& 2% olaetal & 73S WESH| Yotk (Cha
et al., 2020). TEHA THeF o]¥7) &2 A'C-DOC & 2=
Z357E AIA o2 el ST, o] ©Aaede] 7t A
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o] ghavh duh e MEEEX tigh JR el A
AREEDL Qe BAaed Byo] i A Eojof T 9n
gtk ol F o2 &2 74 AMC-DOCE ZAZQ] g
ot AY & 9ot obr] 11 UNS S| & 4 fik 1
F& A4t Bestka, A7k S84
=, 3=t Qo= o E Ykt g o R Ao
Sl g B art St

= 334F 0.7umE $43sH= DOC ¢
o 3= POCE EFEM, 4 POCx= DOCS 7] o]
o= & ok Lluatoll A 20159 129 30Y 5 E 20174
29704 W&l 74 AMC-POCY] 9= —409.7~ - 8.1%0
(B —203.9%0, n=19)2, o]= BAAHE 4,170~0 ybp
o sjgsie, AC-DOCS} vlmsle] AF oz Wttt
(Table 2; Cha er al., 2020). ©|25E 74 POCS DOC2)
719 EZo] ZX| ¢k, 4 POCO|E AR dAofA
WAEl= ©40] 7|9 =7) 7= DOC M3l 252 58

% glet.
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4. $EHET}2 (throughfall) DOCE} ZO|MHX| (PMo)2]
HIAMEELA S B2 H|

<ol vI7F HE o, vl= 2 Bol oAAU, B WL
it 7S WA HALL o} = E7| thA| oz "Hojd
g e, olFA ¥ (tree canopy E= crown) 43}
= E(throughfall) 3} 02 F-E o] shderAo] ¢fat &
ol FFE 718 5 Qioh SHEFI DOC ES, A& A
Z2HE §2HE f71EL do= JFE 97 & ()¢
AAE Us 4 et (R)rAEA ) f7gasetEo
=39 4 9tk

A& 2.5 um ©|3}e] Zu|A|HZA] (fine particulate matter:
PMas)= AR AL, AEo|U SUAEY A4 5 4
&4 94 (biomass burning), ©]X-7] ol o] 22 (secondary
organic aeroso) 25E 9 $% 4 F thtd H2E F
&l TS0 RAth(Ehn et al., 2014; Poschl, 2005; McFiggans
et al., 2019). H7] & FE-GEZ (bulk aerosol)?] §'*Co]
U PM,52] §°Coll taiie AIFE 1AL AL, M zofA
AT ARE AL Z 2003EHE ARE A F 5t EA
3t A1/} B 151tk (Kundu and Kawamura, 2014; Park et
al., 2018). "“Col A= 2014 6Qol| AFE= TAA,
T3 2014 84T 9ol H7]|= FFA| Bt A A3
3t PMys A B S Ao 2, Y4Eka (elemental carbon: EC)
o] ACE Hx= BA3}9 1 (Table 3; F,, 272 A¥CE &
4HgH EC9| 78%7} 3HAlgta: 7| Y& W th(Table 3; Lim
etal., 2019). 20180 495 € 20199 129744] A& 1t

2 =23t BATE AT 203

sl Ao Ao A JHEE 92709] PMys AR 5 6370 s
A= ZEh4 (total carbon: TC =elemental carbon + organic
carbon)9] F,, (TC)E A3t ¢k 379%2] TC7} 3HELA 7]
298 dollith(Table 3; Lim ef al., 2022).

201995 E 20208742 MEX G (AL AE 4, ¥
% FFE9 oht B = B " AUEE 2 g9
a9 ¢flA PM,sE A3 AMC-TCE BA3I9 L (F
607H; Table 3), 8" °C-TCS} HEA A4 0] BAES HHIF
Ak (levoglucosan) == 7 243 F, g4 719 3t
Aeth, G AE, G A&, Al 72 Uil 229 7| es
AAFSFETH(Cha et al., 2023a). EAIS}F & FoA BE A
i o@ Wo AMC-TC (Y —400%0)7F SHE L, PMas
of 23 g F oF 50%= S ARA, <F 20%+= Cq 4]
EE&s 50 238 sUAES 248 Y Z3hell
A, YA ok 30%7} C3 A B25E FHidt o2 4
At

7] & PMast €0l FAE & v|7F & o 353719
Z3tElo] Gof| o & spHo 2R AZ2E 5+ Uk A
71% FFA] B3t AEdiEtal shedolA 2021d 297E
1199] AA Y& (n=4; Table 2), PMy5(n= 12, Table 3), 4=
BEI>(n=6; Table 4) A|RF BT 0|59 A'CE 34
SFTh(Cha et al., 2023b). ol FAFH PMas7h 78 Al
$333-- DOCY| 23 = =S 35 AFol 2.7ume
FEARZEE AFSSt SREIE AT/AHL, Al 7L
A F79] AR ME, PMas, FEFI$ DOC)O didt AC
E4 AIE o] g3ty £IF IS DOCO| HIE, PM.s, A4
© 2HE {fZ&5E DOC7F 42 gutut AA|gh=A] E44
A4 o] g-3to] AAFSHEITH(Cha er al., 2023b). 519
DOCY] ACE —51.6~—24.6%0 (B —382%)=, 5
9] EY7HEH|UE (Picea abies) €A £3E A*C-DOC
(—52~41%o, Schulze et al., 2011)2} H]=3E 7HS B Lt o]
23 Aahs 22 A7)0 HFE AU PMase] AMC-DOC
B} oF 200%0 o1 €53] FEob 2 FAAEE A7Ieart
DOCY| F8 A&EUS AABIAL, ALts 3 et
£ DOCY] oF 83%+= 7= 2 BEAZRH (F, UZY,
7] &) FrEE O AR-AHAR AFY== DOCo|H, oF
14%= 735 Aol Z¢HE DOC, 183 Y x| 39%7Ho] &
I 7R AAE PMasoll Z3HE DOC7F 7ol &Jsf A A
W 2L oYL 533819 tH(Cha ef al., 2023b).

U2 ACE EAste di7] €09 AMCE e
A= B EQIth(Table 5; Park et al., 2013; Lee et al.,
2023c). 20099 649 St F8 EA| (A&, FALE o
T, WA, B9k BA1Y] o] A2 A G (o): Aboll Y%
o8 A1 CO, i FEE FHche e F)olA 23
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Table 3. Concentrations and carbon isotopic ratios of total carbon in PM2 .

Collection date Sampling location TC—CO_I;C. sc-tc  AYc-TC  8"C-EC  AM™C-EC References
(yyyy-mm-dd) (ugm™) (%o) (%o) (%0) (%)
2014-06-11 Gosan, Jeju (rural) 5.4 —-24.2 —-862.4
2014-08-13 Gyeonggi (suburban) 2.3 —-254
2014-08-15 Gyeonggi (suburban) 3.8 —-253 —746.2
2014-08-22 Gyeonggi (suburban) 34 -249 —893.9
2014-08-26 Gyeonggi (suburban) 1.2 -26.4
2014-08-28 Gyeonggi (suburban) 2.5 -26.0 —=799.0
2014-09-01 Gyeonggi (suburban) 3.3 -26.0
2014-09-12 Gyeonggi (suburban) 23 —26.0 —789.9
2014-09-15 Gyeonggi (suburban) 4.3 —25.7 —760.7 .
. Lim et al., 2019
2014-09-17 Gyeonggi (suburban) 24 —26.3 —-679.3
2014-09-19 Gyeonggi (suburban) 3.0 —25.7
2014-09-22 Gyeonggi (suburban) 2.6
2014-09-25 Gyeonggi (suburban) 2.1 —26.0
2014-09-27 Gyeonggi (suburban) 2.2 —24.0
2014-09-30 Gyeonggi (suburban) 2.2 —243
2014-10-04 Gyeonggi (suburban) 1.6 —25.8
2014-10-06 Gyeonggi (suburban) 3.4 —24.7
2014-10-13 Gyeonggi (suburban) 2.5 —24.8
2018-04~2018-09*  Seoul (urban) 6.9 —25.1 -352.3 .
Lim et al., 2022
2018-10~2019-03*  Seoul (urban) 13.0 —242 —398.5
2019-01-14 Seoul (urban) 25.6 —23.7 589.7
2019-02-22 Seoul (urban) 23.9 —23.6 -313.7
2019-03-05 Seoul (urban) 10.4 —23.7 —503.6
2019-04-22 Seoul (urban) 10.0 —-259 —239.3
2019-05-24 Seoul (urban) 14.7 -26.0 —430.1
2019-06-05 Seoul (urban) 9.2 —25.8 -561.9
2019-07-17 Seoul (urban) 7.4 —25.5 —370.6
2019-08-08 Seoul (urban) 5.5 —26.1 —459.4
2020-02-07 Seoul (urban) 16.6 —23.6 —352.5
2020-02-13 Seoul (urban) 7.0 —25.2 —370.1
2020-04-10 Seoul (urban) 16.4 -22.2 —284.9
2020-04-13 Seoul (urban) 7.0 -24.1 —290.5
2020-05-04 Seoul (urban) 11.0 -253  —400.0 Cha et al., 2023a**
2020-05-21 Seoul (urban) 5.5 —26.2 —415.6
2020-07-08 Seoul (urban) 53 —25.7 —543.7
2020-08-18 Seoul (urban) 2.8 =273 -635.9
2020-09-14 Seoul (urban) 34 —-26.1 —-503.6
2020-11-13 Seoul (urban) 5.6 —-25.3 —481.6
2020-12-11 Seoul (urban) 12.3 —24.6 —439.1
2020-02-20 Seoul (urban forest) 8.6 —-25.7 —-417.2
2020-10-13 Seoul (urban forest) 5.4 —-25.7 -370.0
2020-02-21 Seoul (urban green space) 8.2 —24.8 —433.8
2020-02-22 Seoul (urban green space) 5.8 =251 —426.4
2020-02-24 Seoul (urban green space) 6.9 -26.0 —451.3
2020-10-14 Seoul (urban green space) 54 -25.0 —421.3
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Collection date Sampling location TC-Conc. 8"c-tc A"c-TCc  §“C-EC  AMC-EC References
(yyyy-mm-dd) (ugm™) (%0) (%0) (%o) (%0)
2020-10-15 Seoul (urban green space) 8.6 -259 —465.6
2020-10-16 Seoul (urban green space) 10.4 -26.0 —467.5
2019-08-02 Gyeonggi (suburban pine forest) 4.5 —26.6 —489.9
2019-08-05 Gyeonggi (suburban pine forest) 53 —26.7 —250.3
2020-01-24 Gyeonggi (suburban pine forest) 7.0 —25.6 —323.0
2020-02-07 Gyeonggi (suburban pine forest) 5.3 —24.5 —382.9
2020-02-13 Gyeonggi (suburban pine forest) 53 -26.0 —441.2
2020-02-20 Gyeonggi (suburban pine forest) 8.7 —26.1 —360.2
2020-02-21 Gyeonggi (suburban pine forest) 6.4 —255 —349.6
2020-02-22 Gyeonggi (suburban pine forest) 35 -25.0 —357.3
2020-04-10 Gyeonggi (suburban pine forest) 6.6 —-232 —227.8
2020-04-13 Gyeonggi (suburban pine forest) 4.9 -25.0 —204.5 Cha et al., 2023a**
2020-05-04 Gyeonggi (suburban pine forest) 5.6 —255 —273.9
2020-05-21 Gyeonggi (suburban pine forest) 3.8 —26.1 —381.8
2020-07-08 Gyeonggi (suburban pine forest) 39 —26.3 —536.2
2020-08-18 Gyeonggi (suburban pine forest) 34 —26.6 —576.4
2020-09-14 Gyeonggi (suburban pine forest) 32 —25.7 -514.0
2020-10-13 Gyeonggi (suburban pine forest) 4.1 —26.0 —-373.2
2020-10-14 Gyeonggi (suburban pine forest) 43 —26.0 -311.4
2020-10-15 Gyeonggi (suburban pine forest) 4.1 —26.6 —360.3
2020-10-16 Gyeonggi (suburban pine forest) 4.7 —26.8 —410.3
2020-11-14 Gyeonggi (suburban pine forest) 3.0 —26.4 —375.0
2020-12-11 Gyeonggi (suburban pine forest) 73 —24.6 —494.9
2021-02-27 Gyeonggi (suburban pine forest) 2.4 —26.6 —222.0
2021-03-23 Gyeonggi (suburban pine forest) 5.8 —25.1 —411.0
2021-03-24 Gyeonggi (suburban pine forest) 34 —-255 —432.6
2021-05-18 Gyeonggi (suburban pine forest) 4.2 -26.0 —392.5
2021-05-19 Gyeonggi (suburban pine forest) 5.7 —26.1 —398.0
2021-11-06 Gyeonggi (suburban pine forest) 4.0 —26.3 —304.4
. Cha et al., 2023b**
2021-03-23 Gyeonggi (suburban oak forest) 6.2 -24.8 —438.8
2021-03-24 Gyeonggi (suburban oak forest) 34 —-25.1 —483.0
2021-03-29 Gyeonggi (suburban oak forest) 6.5 —-234 —229.7
2021-05-18 Gyeonggi (suburban oak forest) 4.7 —26.5 —-371.4
2021-05-19 Gyeonggi (suburban oak forest) 53 —26.0 —434.4
2021-11-06 Gyeonggi (suburban oak forest) 4.2 —26.3 —302.5

*The mean values in the warm and cold seasons, as indicated in Table 1 in Lim et al. (2002).
**Cha et al. (2023a, 2023b) collected PMa.5s samples within forests.

UF A& AF3H (n=87) A“CE &H3I3h(Park et al.,
2013). EAJo] X7 2R Qo] AMCE FF —30.3%0
2(n=74), BiEY] ot WA= A YA 2Pt
2 91o) B AMC, 33.4%0 (n=13)ETt Woka, wEeFo| wk
2 Mg AR EY A= sHEA 719 COt F CO, 5=
9] 13.9%Y Ao R A}t (Park ef al., 2013). A3

AE 2018 9¢, 2020 7¢, 2021 7€) 570 AF (=
AR, AR, BFAAA HUR S AFH3t, ACE S
A At (n=15), A AT WU Qo] ACE Bt
—26.4%0 (n=9)2 F7 A} WP AR YT A9
B AC, —11.1%0 (n=3)TF —16.6%0 (n=3)Ec} Fgkch
(Lee et al., 2023c).
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Table 4. Concentrations and carbon isotopic ratios of DOC»7 in throughfall. All throughfall samples were filtered using pre-baked GF/D
filters with a pore size of 2.7 um (Cha et al., 2023b).

Collection date Sampling location DOC»; Cj)nc. §13C-DOC,, A%C-DOC,5 References
(yyyy-mm-dd) (mgL™) (%0) (%)
2021-03-01 Gyeonggi (suburban pine forest) 6.5 -27.5 —-479
2021-03-27 Gyeonggi (suburban pine forest) 14.3 -27.6 —24.6
2021-08-17 Gyeonggi (suburban pine forest) 8.0 —28.2 -329 Cha et al., 2023b
2021-11-08 Gyeonggi (suburban pine forest) 8.0 —28.6 -27.0
2021-08-17 Gyeonggi (suburban oak forest) 5.9 -294 -51.6
2021-11-08 Gyeonggi (suburban oak forest) 5.0 —30.1 —453
Table 5. Radiocarbon isotopic ratios of leaves.
C?;};;;iﬁ[i?te Tree species Sampling location AM(E%;& ves References
Yeongwon temple (background site) 41.2
Guryong temple (background site) 13.5
Anmyeon Island (background site) 30.6
Sinwon temple (background site) 31.9
Gap temple (background site) 333
Donghak temple (background site) 33.7
Chilbul Temple (background site) 34.6
Ssanggye temple (background site) 30.3
Yanjeong town (background site) 22.7
Namkukseonwon (background site) 41.7
Wolseong temple (background site) 39.6
Munwha hall (background site) 38.1
Gosung (background site) 42.7
Seoul (Sajik Tunnel) —-112.3
Seoul (Wolgok-dong) —-89.5
Seoul (Hongje station) —79.6
Seoul (Second Tunnel) —-78.4
Seoul (Jongro third street) —-59.9
2009-06 Ginkgo biloba Seoul (Sinseol-dong) —56.9 Park et al., 2013
Seoul (Seocho-dong) —56.6
Seoul (Jamwon-dong) —-56.3
Seoul (Sincheon) —554
Seoul (Yeongdeungpo) —42.5
Seoul (Third tunnel) —41.7
Seoul (Jangchung-dong) —38.4
Seoul (Nanhyeon-dong) —383
Seoul (Seoul city hall) —38.0
Seoul (Mok-dong) —-37.0
Seoul (Anguk-dong) —34.8
Seoul (Wolgye first bridge) —343
Seoul (Sanggye-dong) -29.6
Seoul (Bongcheon-dong) —-293
Seoul (Mapo) —28.4
Seoul (Sadang-dong) —-235
Seoul (Jamsil) —-23.0
Seoul (Daehangno) —-22.7

Seoul (Seobu terminal) —-20.9
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Table 5. Continued.

C(();/l;;;f)rrrllr(rijte Tree species Sampling location AMC(:Zf)a ves References
Seoul (Jungnang Bridge) —20.0
Seoul (Seongsan Bridge) -18.3
Seoul (Guro-dong) —-124
Busan (Choryang) =795
Busan (Yeonsan-dong) =71.0
Busan (Seomyun) —60.0
Busan (Dangae) -56.1
Busan (Nampo-dong) —44.4
Busan (Namsan-dong) —-39.2
Busan (Jungang-dong) —-37.8
Busan (Gamman-dong) -19.1
Busan (Jangsan station) =52
Busan (Gubong mountain) 15.9
Busan (Jangsan) 24.1
Busan (Geumnyeon mountain) 40.5
Busan (Dongae mountain fortress) 43.8
Daegu (Seongdang cross road) —-69.3
Daegu (Yeongdae hospital cross road) —56.6
Daegu (Dong-Daegu station) —43.0
Daegu (Hwanggeum cross road) —-279
Daegu (Manchon cross road) —24.6
Daegu (Jukjeon cross road) —24.2
Daegu (Manpyeong cross road) —23.6
Daegu (Banwol dang cross road) -17.0

. . Daegu (Bonri cross road) —16.2
2009-06 Ginkgo biloba Park et al., 2013
Daegu (Duryu cross road) —-159
Daegu (Dusan five way crossing) —143
Daegu (Beomeo cross road) —-13.7
Daegu (Donghwa temple) 28.1
Daejeon (Gyeryong cross road) —-534
Daejeon (Tanbang cross road) —51.3
Daejeon (Daejeon station) —49.8
Daejeon (Seodaejeon cross road) —45.6
Daejeon (Yongjeon cross road) —40.2
Daejeon (Dongbu cross road) —-274
Daejeon (Suchim Bridge) —-273
Daejeon (Jungni cross road) —25.8
Daejeon (Gapcheon Bridge cross road) —-25.0
Daejeon (Dongseo cross road) —235
Daejeon (Ojeong cross road) —-139
Daejeon (Jungchon cross road) -10.7
Daejeon (Mannyeon cross road) =5.0
Daejeon (Daejeon boundary) —-4.5
Daejeon (Gasuwon cross road) -2.0
Gwangju (Gwangcheon cross road) —41.7
Gwangju (Woosuk cross road) —284
Gwangju (Uncheon reservoir) -5.6
Gwangju (Entrance of Hanam complex) 1.0
Gwangju (Bu-il) 4.0

Gwangju (Gyesu cross road) 19.2
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C(()l]l;;i}l_o;iz)ite Tree species Sampling location AM(E%(:)a ves References

Gyeongju (rural) —-12.7
Gyeongju (tourist attraction) —26.3

2018-09 Gyeongju (downtown1) -32.0
Gyeongju (downtown2) —-273
Gyeongju (downtown3) —-273
Gyeongju (rural) -9.2
Gyeongju (tourist attraction) —-16.7

2020-07 Prunus subg. Cerasus Gyeongju (downtown1) —28.7 Lee et al., 2023c
Gyeongju (downtown2) —26.0
Gyeongju (downtown3) —-23.1
Gyeongju (tourist attraction) —11.6
Gyeongju (tourist) -6.9

2021-07 Gyeongju (downtown1) -28.9
Gyeongju (downtown2) —25.7
Gyeongju (downtown3) -193
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