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Abstract  Although rivers cover only 0.5% of the total land area on the Earth, they are windows that show
the integrated effects of watershed biogeochemistry. Studies on the loads and properties of riverine carbon
have been conducted because they are directly linked with drinking water quality, and because regional or
global net ecosystem production (NEP) can be overestimated, unless riverine carbon loads are subtracted.
Globally, ~0.8-1.5Pg yr~' and ~0.62-2.1 Pgyr ' of carbon are transported from terrestrial ecosystems to the
ocean via rivers and from inland waters to the atmosphere, respectively. Concentrations, 8"°C, and fluorescence
spectra of riverine carbon have been investigated in South Korea to understand the spatiotemporal changes
in the sources. Precipitation as well as land use/land cover can strongly influence the composition of riverine
carbon, thus shifting the ratios among DIC, DOC, and POC, which could affect the concentrations, loads,
and the degradability of adsorbed organic and inorganic toxic materials. A variety of analyses including '*C
and high resolution mass spectroscopy need to be employed to precisely define the sources and to quantify
the degradability of riverine carbon. Long-term data on concentrations of major ions including alkalinity and
daily discharge have been used to show direct evidence of ecosystem changes in the US. The current database
managed by the Korean government could be improved further by integrating the data collected by individual
researchers, and by adding the major components ions including DIC, DOC, and POC into the database.
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Fig. 1. Number of publications per year that can be searched through the Web of Science using “River” (closed circle; left axis), and “River

and Carbon” (open circle; right axis) as keywords.
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0.5%=2 Z o] A (Raymond et al.,2013) A A3 stide
o 8 A+ A2 oty it iy, S EAZE 7]
% CO, TEE &l g2 ¢ S5YUA, ofHH &
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by volume) F =& FF3| 718l 13 (Canadell et al.,
2007), CO27F A7+ 2d3te] w2 F7Fo] 27] wi&
of, ojd w3 Ao o 7] F CO9 F&=7 |
shefl gL, ko2 ofg A HEA qE5tar tin|sty] ¢
3t A7 A MAFeRZ APt (Schlesinger and
Bernhardt, 2013). 7] (atmosphere), A& (biosphere),
A (lithosphere), 18|31 4= (hydrosphere)ol| 2 B4
b 2REAY BAEY BHE BRE B
o oo, eaenel 7 0oUE APE Bagy B
(S HFaL, o] o] W= |45 walzle o
27} oA Sk (Fig.2).

B4 AAT (pool)2E th7]Hol 750 Pg (Pg=10" g),
UFE ZE A EC] 560 Pg, 1 HY T Bol B
A §7]1E 300 Pgt EOF U 47|84 1200 Pgg §H4 oF
1500 Pg9] #71€ta7F BEoko] AZd Aoz FHHTG
(Fig. 2). 12|y, Egera AT 15et AB7HEAH
A9 EFeawgm 22 (d: >1m) EF EAste &
i LS o] FAHXY F uj o)} sold &
31t} (Jobbagy and Jackson, 2000; Tarnocai et al., 2009).

Baso] AYHY JFS F= AL ARTI} op
o} Bejaole), Ao o8 WRAT, 5, % A A
(Gross primary production, GPP)2 & A 773 &4439
a4 F 7P 2 E92L0|th(Fig. 2,Eq. 1). 224, o] F oF
gholl alhel kol Bavk A% g0l o) CO.2 o
A Atste) 51712 SR B, 0, ol Aekd o
S B 94 BB UAES Ze e 4B 53
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Fig. 2. The fluxes (blue arrows) and pools of the global carbon cycle. The units are in Pg (= 10" g) for pools and Pgyr™" for fluxes. GPP is
gross primary production, Rp is plant respiration, Rp is respiration of decomposers. All of the values except the riverine fluxes in red
fonts are from Schlesinger and Bernhardt (2013)’s Fig. 11.1. The river was presented as a tapered pipe, demonstrating not all of the
carbon that entered to the river systems reached the ocean, due to both CO, evasion to the atmosphere and burial of organic carbon
(in parenthesis). The CO; evasion is from rivers (1.8 Pgyr™") as well as lakes and reservoirs (0.3 Pg yr™"). See the text for the ranges
of estimates of each flux. Note that terrestrial NEP (= GPP — Rp — Rp) can be significantly influenced by both lateral and vertical riv-

erine carbon fluxes.

o 93 CO.Y FEE A t7]= Eo7t7] el (Eq.
3), 433 H (steady state) kol A 5743} 7] 749 & ©a
g A9 0] Eth(Houghton, 2014). Z, Fg/d ol 9|3
FHE 71gag A AEY vAEY T5S
I HE= ¥l & AEA AYAFEF(Net ecosystem production,
NEP) GPPO]| ®]sf o> 2t} sFA|qk, NEP= S H
AoA g7t SAHAY 2EHE FF FyFo|Bg
2l 7|7t 2A SAAYEHAY dagE =A% wid

2=, 5, Fe] gL, Y& Ao TSt AHE
oyt 7Hg ol wet T g IFS e
312 2 2 (Zhao and Running, 2010) NEP¥= WA= 5~6Pg
yr ' 7hA] W32 2 Y 4= lch(Houghton, 2014).

GPP (Gross primary production) = ¢F 120 Pgyr™' (1

NPP (Net primary production) = GPP —Rp=120 — 60
=9F 60 Pgyr’' )

NEP (Net ecosystem production) = NPP —Rp =60 — 60

=k 0Pgyr’ 3)
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bon, PIC)E &# F 1Pgyear ' AER FAHEHH, 1 2
oIt AT B BF 5 e EExo] val
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Hop =49 o] ok v=9 AL A
F& 183 FA oW NEP7}F 27%%E ot 3
Aol S B, wEbA sHHe] ot g

|
=
5

B

& do B o

O ot 4z
o it e ol

5s
=s

B

Qlth(Butman et al., 2016). 5}
9 QrolA] olLt T
HefAor HojFzuz g7
o M3E 435t H AHESh7] HEld Aw7E 2 4 9
11 (Raymond er al., 2008; Oh er al., 2013), 0|9} T&o], 3}



a7k sEAE AgEne
At e slaa
v ohet SjpeA o

314 BtA e 7)o wel F7]¥4 (inorganic carbon)
9} §7]%k4 (organic carbon)2 UE 4= 3, AAtol whek
£Z84A (dissolved carbon)@} YAMAIERA (particulate car-
bon)E Us 4= glom, ZF A4 ettt A oA 2k
% 94”]9} 8ol b2t} sk EA5t= DICY] t#

2 XA = FEAFY ©]2 (bicarbonate, HCO3 )2 &1
HHH Z3HaHEol 3t AAEREA EH7] % COY 5%
£ W 7|7t 2A Eol= 517} 93 (Gaillardet et al.,
1999; Oh and Richter, 2004; Oh et al., 2007), PIC= Bt
d FEo] TFH 799 A9 sl F-EHth(Meybeck,
2004). DOC= &40 oY Ao 2 A A 9 Ho] A
<3 AAE BHAE FAA7]= H =&l HAR A
fHo2 & 5= DOCE(]: >3mgL™) =58 A+
Aol AHEE= A4t BhEEt, S dod = Q=
E &2 g (Trihalomethanes, THMs)S FAFHEZ AT
= Q7] 2ol Nt AIRIY HAanE dxget #A 7 ik
(Xie, 2004). POCS] 4237t AH S A AsA Al7te] AA
7] £ 0,2 COL9 & 243 £t} (Berner, 1982).

SACERE UL E sHHo T A ©?E: /F=
22 DIC, PIC, DOC, POC7} Z+ZF ti=F 0.39, 0.17,0.22,
021 Pg-Cyr '2 FHE I (Meybeck, 2004), ] HE 712
(lateral) WEFO R o] Fdl= ol Blste] A ZHE F A
o] =3 (vertical) YFO2 o] Fsh= &, &, A ZTE o

oss

7|2 o]F3t= % (CO; evasion)T} IO 2 E A &=
7)€k 0] oF2 7}z} 1 2Pg-Cyr '#} 0.6Pg-Cyr ' 2 33
2t} (Aufdenkampe ez al., 2011). 12U}, o] ik Q] 4=
Z 4 ® DIC, DOC, POC,PIC #+&%HS 5% 3+ 3¢ o
0.8~1.5Pg-Cyr ', CO, evasion %< 0.62~2.1Pg-Cyr '&,
7 FAAuitE Ao Y HeE Hof ofF o] £
of A7} m AT & 5 QIE]-(Table 1) Z+F JAE Ea
% 3 PICE &%°] AlY A1, 1 =89 &= A4
o Hom, I ou| WA= %iﬂ 1175}5101 Ae AA
7F S0l Al BittE vHE Hojolx A AFA BHALE
02 FF2 o2 449 ghdof vlsf F7] w2 of7]
A= AU Aider @2 A7 X3E DIC,
DOC,POCE FHLE sPd &9 vtz §&F, o
7129| o] 5, BRI EAS A sttt
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SER7|g4E HCOs, COs™ ™, COx9F 11 3HE-S
1™, 6<pH<829 HHE 2L AlA HFE9] 7ol
&9 F3F AHEQl SEANE o] (HCOs )°] st
W DICY AL fHEES ZX|gt}(Stumm and Morgan,
1996; Meybeck, 2004). 774+ 33& (silicate minerals)¥} &
At 33-& (carbonate minerals)e] 31280 23] (9): Eq.
49} Eq. 5) di71¢t A o228 E feiE ©@a7F HCO; =
#M3E o] (Oh, 2014), T oF 0.26~0.44 Pe-Cyr'o] &2
Brleart SAo2RE Nz fEHE AR 24
Ht}(Holland, 1978; Berner et al., 1983; Meybeck, 1987;
Amiotte Suchet and Probst, 1995; Gaillardet et al., 1999).

OlA

x5k
A

rlr noi'

CaAlSi»Og (plagioclase) + 2CO; + 3H,O
= ALSi»Os(OH)4 (kaolinite) + Ca®* + 2HCO5~ “)

CaCO;s+CO, + H,0=Ca’" +2HCO;™ 5)

Table 1. The global fluxes of riverine carbon which include lateral transports (DIC, DOC, POC, and PIC loads) and vertical transports (CO>

evasion to the atmosphere and burial of organic carbon).

Flux (Pgyr ") References
DIC 0.24~0.44 Meybeck, 1987; Amiotte Suchet and Probst, 1995;
Gaillardet et al., 1999; Hartmann et al., 2009
DOC 02~04 Ludwig et al., 1996; Aitkenhead and McDowell, 2000; Richey, 2004
POC 02~0.5 Richey, 2004
PIC 0.17 Meybeck, 1993; Meybeck, 2004
CO; evasion to the atmosphere” 0.62~2.1 Cole et al.,2007; Battin et al., 2009; Aufdenkampe et al., 2011;
Raymond et al., 2013; Lauerwald et al., 2015
Burial of organic carbon in sediment 0.6 Tranvik et al., 2009; Aufdenkampe et al., 2011

*CO; evasion from rivers, lakes, and reservoirs.



3td U HCOs 9] A X742 &3, () A AlA #
879 OIE Frof fPoRiE AUL 224 2%
2 g3ty & 4 Q3 (Gaillardet et al., 1999), B, (2)
a9l SRUZ FHAEO 9B HCO Sl HEFE §
Fato] AYAloz ey, o]E A FLF ¢l ool B
ZT9 S R EE 0]—9-01-01 QJAF (extrapolatlon)n
A A% 4= Tt (Amiotte Suchet and Probst, 1995). &
o Z$d HCOs 9 ¥ #2%S 78 &= °‘°b¥ 9
4 HXMI e §E%e weolely] oL, 2o A9l
St 4% 29 AP 257 QAL A ATA
?:1'*“_—] BxAR7E BAGT e =AY Hol7t AA
At 1995490 rEH =EolMe A AFHY 29
FHY FRE GA Y
metamorphic rocks, basalts, and acid volcanic rocks)Z U
H sHd HCOs 9| fr&de F4JE Aol 3] (Amiotte
Suchet and Probst, 1995), 20030 1°x1°9] A==
AN FFY dAHE AT EZN FAHAE FIARG
(Amiotte Suchet ef al., 2003). ©| % 0.5°%0.5°9] SHAI=E
FT7Y F8 o4 2xof didf A A7 2= A
23t GIS A =7} ¥7HE QLI (Diirr et al., 2005), ©]5 o]&
stof st 9] DIC fr&F= MEA 43131 (0.237 Pg-C
yr ), Sdotiot 5 stetA Fatabgol wo] dojute g
23k (Hot spot)d] 9R = AEA 4354t (Hartmann er
al.,2009).

—.~HU

%5+ (carbonate rocks, plutonic and

et 47 stHoR R W2 §25E DY ¥
S HIY =R 2 4 Yook B S 9
@ 45 B AR G Kol Azt oF 50

Table 2. The concentrations and 8'C of DIC in South Korean rivers.
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km® yr'0]31, DIC &0 oF 460 Gg-Cyr ' & FAH L2
2 (Lee et al., unpublished data), StH7 59 <43} 8Fe] o
AT A7 DIC fr&Fel 2ok 7Hgshd, |@3te] A
A WA F 5t ol AR s WA 0] 64%Q RS 1L
g of ¢F 720 Gg-Cyr 'Y DIC7} $2|et2 e uick
2 §EHL Aog A=

5 DICY ¥ &% HaEA] o2 Wi, $-2uzt
3td 9] HCO;” %% ((HCO; )& A A= Y4 |3C)
B4 At xd RuEQoy gREe] dpl 3
o HZEUcH(Table 2). 19699 G371} B3H7to] =

&

i

P o

o]l 2 AE S B3} o]F E (Hong, 1969), 1993 & X
o st
A

=2 YA O 2 (Yueral., 1994), 1996 o]l = &7

Aol AH, o]F 1999¥ SYHE 6¥of AH B3t
I, 93 3 279 F oVl AT ERE
PE= AH (FFH, &, $2H, G5 A
ZE =& £A3taL [HCO: & AAFsHAtHKim and Shim,
2001). 1 A3}, [HCO; 17} B3 o A& 3.36~9.94 mg-C
L‘1 (HCOs™-CE A4, Fat7tol A= 6.52~17.10 mg-C

A BRAE 11.05~15.18 mg-CL™, LG/ =
% A ML 16.53~38.92mg-CL7'9] WS Bt
(Kim and Shim, 2001). 2000 8¥ E2=7]9} 129 Z47],
20014 3¢ et B} shd49] [DICIS 243 2
I HA| upTIR| 2, BEo| A E 1.63~14.65mgL,
o A= 1.75~19.04 mg L' & Fa}o) 57 =91
ol & 4 W WA Exst= A3y} HAY W7
A ALz FFHIUT (Ryu er al., 2008). o] F 7 0] €] ¢
Adozr A7t Eo] 20069 11837 2007 8L

2 Hr
>

ol

\l

% g rzﬂ
O

o
hu
2 o

Location Concentration (mg L™ 8"C (%o) References
The North Han River (NHR) 3.36~9.94" Kim and Shim, 2001
The South Han River (SHR) 6.52~17.10° Kim and Shim, 2001
Mainstream of the Han River (HR) 11.05~15.18" Kim and Shim, 2001
Tributaries of HR (urban streams) 16.53~38.92° Kim and Shim, 2001
NHR 1.63~14.65 Ryu et al., 2008
SHR 1.75~19.04 Ryu et al., 2008
The Six largest rivers (winter) 4.11~18.87 Shin et al., 2011b
The Six largest rivers (summer) 3.47~19.96 Shin et al.,2011b
Mainstream of the HR 8.09~9.89 —13.0~-90 Lee et al.,2007
NHR 1.63~14.65 —144~-49 Lee et al.,2007
SHR 1.76~19.04 —11.7~-7.1 Lee et al.,2007
Spring waters from a watershed of silicate rocks within SHR basin 5.6~103.3 —212~-=13.1 Shineral.,2011a
Stream waters from a watershed of silicate rocks within SHR basin 13.7~45.5 —-100~-36 Shin et al.,2011a
Spring waters from a watershed of carbonate rocks within SHR basin 93.1~137.9 —132~-8.1 Shin et al.,2011a
Stream waters from a watershed of carbonate rocks within SHR basin 71.3~110.2 —-112~-6.1 Shin et al.,2011a
Urban streams within the Geum River basin 43~103 —-152~-88 Shin et al., 2015

“as HCO;™-C
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SEvet 6t (3, e, 2%, FAE, AR, v
He e E 2HE [HCO; 1=, A3 4.11~18.87
(B 11.37) mg-CL™, oJ 50| 3.47~19.96 (H: 8.20)
mg-CL™'2 X0 @2 x}o]7} gloyt 7+ 79 3hFo) A
Lt AL A2 HCO: 17 B}, &l &
@ Sl 23 [HCO: 17 RotAlE A&S 2t (Shin
etal.,2011b).

314 DICY HY TH94 H& O Coi2 719 B3
of wet thFet WS UErdtt. ¥ 71 sAbd
oF 0%0, 7] F COx= OF —8%0, FEA 0l o8 47152
o] FHEoA wj Pco BEzargo 3 C3 4B —24~
—34%0, C4 A EL — 12~ —16%:2) HYE Yz, &
F HolAl olE R71EZ] BallEH A7 COox= &
—30~ —10%02] Y& Zr=th(Clark and Fritz, 1997). ©]
AY et 719 BA9| 7o o) what 5H422] §"Coic
= ohoFdt 72 7HE 4= itk 2000 8¥ T 124, 20014
39 e B3 s E gt e 2 8P CnicE EAT
ATt ZHz7F OF — 15~ —5%cTF — 12~ —T%.2 A& AH &
20t AFo| et Hlad Z Ho|zt gloy, Bt A
EF3E o3t 719 mrt, datel A gArE ool ot
717t Ego] BE Tt} (Lee ef al., 2007). | BT} &}
2 FEO AR, @3} AR FAAY T gk
oF 499 AME (spring water)S PALE §Cpics &3
St AT 2+ —16.2%0F —9.7%02) BHEE UEPR oL
AT (stream) A= Z42F —6.99F —7.8%02 BHiS
B, o| 2R E st tf7] Ato]] &gt CO, a0l
9 =] 9l th(Shin et al., 2011a).

AAsAS AR 24T 8 Coic Yoll, A XY =

o3 oF —16.7~—16.0%2 8"°Cpic HSS
o AgHol= oS FEEL EolE F o
of strA S FHT BA] sk 7=t AA bt

X gto] W% Holm (Table 2), YO 2 o]F HA3}7]
A ohE A A, A, ERo]-&F Hol= oY §9 Y )
e ez A7t g dart ot

1

2. CO; evasion

31 U DICO) 79] t3Eo] HCOyo]7] o] 53
DIC A7 HCO; o) W43} vhetze] §&wo] 154
o Haot shoRNE 7] Fog olFst: ¥

Z(CO; evasion)= AFst7] 913t A7 &3]
Q1t} (Aufdenkampe et al., 2011; Raymond et al.,
2013; Regnier et al., 2013; Lauerwald et al., 2015). 3}4&
&ed] A9 vitks A48k H(pipe) 2R Bd 7]&
9] NZto 2 RE, 310 o] BVl BF Hitto]| =2
stz Zo] oty =50 7|2 WA U7FAY sHd Hbet
of A= HAZ Hitho] =Pt F A sHHe=
S0l gl vlg] AL AL vtFste], @A sk A
2} A §o] Eoj=+= F(tapered pipe) 22 H|F8tck(Cole
et al., 2007; Battin et al., 2009; Aufdenkampe et al., 2011)
(Fig. 2).

SO 2 HE H7|E o]F3k= CO% (Eq. 6, FCO)Z
F3317] A= 9 EHA (Eq. 6,A), 7| AFES5E
(gas transfer veolocity) (Eq. 6, k), 33} 7] AFo]€] CO,
F%= Aol (Eq. 6, ACOy) A&7} a3 (Eq. 6), 24 5
S FAsh7] Q8 2o Ame vaT FHY sHd A

A QUL ofAJote} oz g 7to] S AR B AR
Al Ao 2 1] BE3)ch(Laverwald ef al., 2015).

i Ho

FCO;=A -k - ACO, (6)

AgtE ZAmo|= EFstL, st TAREE fi7]2
ol 53t CO9 F& 733t oF 0.62Pgyr 9 BAv}
712 o]Fst= ALR B O (Cole et al., 2007)
o] & A ARSTAHH FR27F A2 &8 (stream) S
ZYAZ|A] o FAA 0|1, EZF, FRIL A 4&5HH
(stream) 455 pCO7F 2 AFS Hole AL 183}
™ (Butman and Raymond, 2011), ©] $£X]& A 25 E 2]
CO; evasions T4 B7IgE A0 2 & 4= Qlr}. o] % o]of
2 A AAAHQA 2 AToA, =412 CO; evasion %]
22 2.1Pgyr ' (BHHC2RE 18Pgyr I TARKE 03
Pgyr Y714 0]& £ Y& Ao Z A=t (Raymond e
al.,2013). £3], 5] 60X o} ol AAF A AA 52 A
o] oF Axto] 12} tH T} 2%} PR AAE= WH
02 FAHHI, AR 3P FY WAHY CO; evasion=
7ol vls| A LR Fof o]F &R o] A A
TFAQ1 3+H 9 CO; evasion F& ZA = Q3% 949
o] B E ity (Raymond et al., 2013). 2, H]=3t |
25 WA AEA F3E 3Hd CO; evasion?] 2 0.65
Pgyr ', oMol 349 2.1Pgyr'9] o 1/3 = ST
st o] 23t A:ol Zol= 2 FUAY sHH Y CO,
evasion =3 z}olo] 9Jgt Ao Z HEXA X o] (Laverwald
et al., 2015), SFH 2 RE 7|2 0|53t C0.9 *&
Ho} Zgs] 24517 YA = ohFet HHE o] &3t &
& A7 2o HoFqoh

o

‘O



31- CO; evasion®]] F&FS ]z
A W AT nYEY BEYE
o] 2934 olF, (2 nAE Ex Ho 9T b W &4

7] ¥ (allochthonous) 71 &2 2] &3, (3) s oA &
Aol o8 A€ (autochthonous) §7] B4 9 B 5
of glof 7 ke AYHoR AT ATE e A}
(Cory et al., 2014; Hotchkiss et al., 2015). WA 594
2(M0)E o]&3}t9 3HH Ul CO;s evasion?] 71 90| SAMAY
EAA BEE F71EYS Bt A7 A sk, o
HHO COzevasion A= 2 Aot 20 A9ke] A
S At ® o]FF 3 (Richey et al., 2002; Mayorga
et al., 2005; Butman and Raymond, 2011), & o] £}A
oF YT Aelo] UL Ao A7 BET Yok
(Wallin et al., 2013; Kokic et al., 2015). 2 U2t sFA XY
o83 §aFo] Holb ofxlot AUE sFehol &3t o}
Hol A9, o84 ohA mwHo] FAs] old + 9,
$49] Wsio] 23} FAFEEE £ AL 5 9ov,
HOo2RE 9 Ba FAF A & ¥t A=Y 2
o gt A5 Are AY fith
S g AR FAEY 493
9] ME (spring water)Z} 3} (stream)S of
% ¢ =9t pHEREH pCOE A 2

Fo o MEL 827~42,546 (BT 7,520), A
9] 3hH-2 150~3,380 (Bt: 720), HAFEY #
=& 372~2,197 (Bt 1,245), FAHY 1§
503~1,150 (B 357) ppmve] BEE BT,
Ao fo19) At AiH oz ol sl 27
% % $2 C0.9| ¥l%0] AjH o2 7] tj&o|ch(Shin
etal.,2011a). o] A F AAE Zko] ofd, A== 314 pCO,

£ Bug d3E 2015~201649 B3H} AAREE 49

H2ol 3119 Ao Z APt (Yoon et al., 2016).
o] AtolA 3t pCO= &4 ool weh o oF
15,000 ppm7HA] &olH 1, E3] A&7} Wol &g
= E4Y o] e fE o sHHY pCO7t &
A3 Z71= —/,\— 9}\—%—‘% HoFA}H(Yoon et al., 2016). =
AlsHd & 4 2 steAEh e fFE =7,
49 W 574 l gol wet opAlot AFF A9 s COx
evasion o] gutut, 221 ¢ WBlel=A] FFH LR o
5t AR S BestH, A A& 2l 1A CO, evasion ¥
= AEA 8 5 degzt 7idEdh
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7/"1-10: Sae3ho] SHIE Hofsty| YA d Bt ofy

ot ALY Hio= & s 7HE
7] el o2 e i vlE w2 A7t o]
Atk 3143} g4 (River and Carbon)S FA|0]E Web of
Knowledge2 AMEE= =& F 1652070 5, 2} e 4
4} (DIC, DOC, POC, PIO)EE HAMEE= =29 &= Z
ZF 1,426, 4,626, 2,302, 4947) 2 (9f|: “river and dissolved
organic carbon” 2.2 ZHA) 8- gao tfst A+ F DOC
o} POCY| B2 d77F AFH Arh2016E 108 7Y

AM). 514 [DOCI] tEt A8 AT7AE 0] Palmek o
2 27 oA o] e BAL WIS, BARA B

st 2 AR AY3}erE A4 Q 3EF (Biochemical
oxygen demand, BOD)%} &8t& Ab4 Q8 78 (Chemical
oxygen demand, COD)°] E3gtE o] it} Iy, o]& A
EE 7129 A3 BYol 2EHE 0,9 ¥ BT

£ A°|BER [DOCIE HHAF o2 yephd ol J1 2;
oA ASET Wl Y T45 e E 12da
W& AME3tY F F7]¥ 4 (total organic carbon, TOC =
DOC+POC) =5 2F4o2 HAZE57] A2 AL
2008 F-g o]t}.

197192 E 19809 Afolo] Bi®l A x7Ael 5140
TOC 4% AAE 003 Pgyr 'R WAL o 1.0Pg
yr'o 0|8 AER e HAE B, ol A4 Z
A7F BESHA EAY T B TS FFS S6h=
T A7 AZ 5 Qe 8 EA o] ARHSI "&ol
t}(Schlesinger and Melack, 1981). o] & 7]413}7] ¢4, 12
A e A7 F ST F 494 SEwTe] WAL
S o3 ol & ) QAL BX 999 wy
33 gl $3YT] BALS T2 oS e
Me HgARoRM, o] A4 el mhet 22t 037
Pgyr 'T} 0.41 Pg yr'o] & §7|84(TOC)7} HiThE 82

HEe Aow =AEQt(Schlesinger and Melack, 1981)
o|% 7| =& Al 6074714 &2, 9 W DOC

T2 5 7 Ue 84 7%, AL ESEL E)E o]
|3 f%%d?ﬂrﬂl EAE o] g3l ndg T A7, oF

yr "¢} DOC$} 0.17 Pgyr'¢] POC % % 2
E]-(Ludw1g et al., 1996). 13U, 1647} 98 B2 C:
N H| & DOC F&%S &6t IA XL Fsta, o5
157]) &4 (biome)oll Z-GAIAH F43 DOC HFETF2
0.36 Pg yr '] 1th(Aitkenhead and McDowell, 2000). w2}
A, A 2FHe FRA 3HHe DOC &&Fe =74 vt
Holl wa} oF 02~04Pgyr 2 AjFoz Yo WS
WA, &4 A7 B QdhE HojEr)

5t POCE A WA FdAS

o2

ﬂll

Sl BEHAY
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Table 3. The 8"C of DOC and POC in South Korean rivers.

or
rkt

Location 8"*Cpoc (%o) 8" Croc (%o) References
Agricultural streams in NHR basin —252%05 —-24.0£0.70 Kim et al., 2013
Forest streams in NHR basin —-273x04 —247+0.79 Kim et al., 2013
Paldang dam in HR —253~-295 Kim et al., 2014
NHR —29.7~-253 Kim et al., 2014
SHR —-314~-274 Kim et al., 2014
Urban stream in HR —29.6~-245 Kim et al., 2014
The Tamjin River —26.14~-24.14 Gal et al.,2012
The Youngsan River and estuary —31.06~—-13.25 Lee et al.,2013

(autochthonous input) SAAEAZHE H4S AA dHA
© 2 $94% 3 (allochthonous input) FEZ 02 H3E o]
COE TAAIZIAY DOCE &&A41Z & UL, B 315t
Hogu FejdoR b3 FHE nAYE] ot Abst
IS AXA EAL POC AAZ AL Aol EZ E of
7] & CO9 Frdo= A8 = Uth(Galy et al.,
2007; Galy et al., 2015). £3], T4 vl JFEHE=E &4
o) o] oF 0.6Pgyr ' 2 ol Hitte] wWid AAHE w©Ha
0] | wjjol] g8 (Tranvik er al., 2009), 3-4 <] CO,
evasion®} &7 A& FA} Aol Fol=& I (tapered
pipe)2 2 H|FE £ Q= ZA7} H(Cole et al., 2007;
Battin et al., 2009; Aufdenkampe et al., 2011) (Fig. 2).
ol g T84 "ol A AFA< s+ POC =%
F4817] A% o2 A7t o]HF U POC R&EF
F487] A= FF Yol FF=2 (suspended
sediment, )] ¥} 1 ¢to] Z3tE ] Q= F7IE2Y
TEE BF AFEoF s, Sset f7|gAa T AbolY
BA Ao wet 34 2247F A Xt} (Huang ez al., 2012). 3
A 729 POC F&FE 9F 02~05Pgyr '2, DOC &
Fi} 7R 2 24 WRe] wE Abolzt A1 (Richey,
2004), mtekA], DOCS POCE &3l & #7949 &%
& ok 0400l A9 1Pgyr ' 7HA] AF 5= k.

Sy s 3, 95, 57, A, 4AhH Y &
o] 17k oF 50km’ yr o], DOC2} POC H+-&Fo| 22}
oF 85Gg-Cyr'9} 34 Gg-Cyr ' FAEEZ (Lee er al.,
unpublished data), 5STH7 9 2t} Hho] o Ag Azt
DOCS} POC §-&%o] Zehal 7Pgshel, date] 4| A
Z 5t f9ol AAsh= WA 64%<] AL 1T
oF 132 Gg-Cyr '] DOC®} 53 Gg-Cyr'¢] POC7} ¢}
SzRE dz §29E Ao 249 $etete
T A 14e dAC 2 (TR BAE A9 VISITEE
& AF&3Ee] 1999~20083S iAo 2 %% NEPY| ¥
0] 3,510 Gg-Cyr '¢l AL 123} (Yoo er al., 2013),
A B F 971940 A7 45T 9t 4y

tlo flo

NEP9] ¢F 5%9°] 3|33tt}. 35 KoFlux (Korean regional
flux network in Asiaflux) &4 &2 (2005¢ 6¥€~10
o] &34 std DOCE POC FE&F2, ot 384
(Eddy covariance) W& o]gsto] =4H A7F NEE (Net
ecosystem carbon exchange) %2] F 10% (DOCL} POC7}
Zkzk oF 5%4)ol S8t (Kim ez al., 2010), ©l= A+
T wet gekx| 7= SHAITE A o2 sh ol H] S
AR s E& Ut 499 A7t DOC 5% :NEP
o] v &g Yehdt

o) o1 f71240) 7193 BeAS sers] Slat

of, A E Azl diet spsh, Fehz 54 243 A,
FZole AAE ol 8 3t 718 = A& 54 5

oheFet ol AF7F A3 E ek Jeong et al., 2012; Hur
et al.,2014; Jung et al., 2014; Lee et al., 2015; Shin et al.,
2016). 7FR7F Bl A 22 e A Af9E AL
2 3td gl fEEY 71YE £ dFdAE
4 7+ (rain intensity)7} & = F2 DOC7F, A w
Z POC7} std& B8l F9e=ie wAurie, 7
o Al7lo wet std [f71EE 9] 7]Hol 43| g2t
122 E4ttJeong et al., 2012; Jung et al., 2012). St
AU BEE o7 A 574 E o] (Table 3), &
A W oxT E 1 W 7S e E A
PCpoc®}t 8"CrocE &A% 23, 314 DOCE ¢
oA Bt —252%0, ARG B —27.3%=
93t Zpol& B, POCE 22t —24.0%03 —24.7%o0
O3t ztolE HolA| figkon, o]59 7Y EAE
EoF1 Eu|7} AAFHATH(Kim et al., 2013). 2}, T
FT LY 53, F@A, Aol dRshe A HA
20139 5497E 10€704] Mg 13 RHE A=2E oY
o2 §"CrocE ST AT —253~-29.5% (BFI),
—253~=29.7%0 (B37}), —27.4~—31.4% (&%),
—24.5~—29.6%0 (B2 H|3 Lot MES

o g 2F B C3AE A8 7 =

FFEH AT (Kim ez al., 2014). o= A Arg 37}
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A W §"Cpoc BTt W2 gholw, FH oz FQlEE thoket
F71E82 Y AFHAQ ol & Wy ‘5}% Aoz AAR.
534 49 W oXA, Fded #9 W 12772 kA
L gol AdiAHoZ ARt HAHE fé}f‘f_} F 19%S g4
o2 749t EXo] 89 ol axmFANE FA HA
FEFS AR AolA =, 5A Y =AY HlEo] =2
AL, E 2447 (59)0 DOCE THMS FAS 715
A (Specific THM formation potential, STHMFP)©] &tS
U F71(78)0le 499 9ol ERol&Y dFE 9
ofd & &S HAFUTh(Hur er al., 2014). S|4z} 5
o] sh7 2 FoA 2012~210349] ARHEZ HH=
3t A RE GO E FFEALAS AR AolAE o
=4 7, 53l EH?;‘-L" B2 A B2 A5 $oe A
19§72 ol F
(Shin et al., 2016).

Selet 1S Ao @ DOCe POC ATE &
atd, sHd frleAe FE 54 o) 8V cHt FFaw)
EFE o835t f71E4Y 719 % 3% AL7L
YL, ol A [FI7|E-EY BF &

A& o] &3t AMAME A3+ (9)l: FDOM sensor, UV-Vis
sensor) 712329 F=E d&Fos FAs 3 A
T= A=t Jeong et al., 2012; Lee et al., 2015). 1&
U, F71g a7t AEAY 710l vAe F8ANE =
F3ta 7145 7] AFFE A (Accelerated mass spectrometry,
AMS)E o] 43 YA T AL A (H0) BA oy 213
s AZE A 7] (FT-ICR mass spectrometry)$} 22 ot &
A 7S &8st FU sHd fU1EY 79T} RIS}
A EAAE Wds| 248 =82 AY ¢tk obd /s
29] 8°C W7t AR $A4% ¥, AMCE 8%
= 92 & ] gzl #7715 714, 53] XAy e=z
A AZEE AR Mool Al AR FFE FH &

‘EﬂEE (Raymond and Bauer, 2001; Griffith et al., 2009),

PruEds} 2nkas Aeds] BAT B 59

l‘ll‘

<0

_nl
i

rﬁoﬁLE

E S 830 2 (Singer et al., 2012; Stubbins et
A W f71829 7Y, B, v A £3

he A7} 00X A Z .

BA
i
al.,2014)
Z-log

shHo] AASHE WAL AH {2 BHY o 0.5%¢
E351A) 9, 51 Ao HEE Hekxgoz kg
S A EY Wt ofUigk A Yol 4 Therst AR BkEHA

whgo] dojut ol stk S8S o iz £
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dx|eey £ 253

He Eii%“% NEPO A wiF2] ofowd JejA W A%
ol Tt} AT & Q7] Wi AL
g3 4T Bart Ao A AA
S offf uittE §EHE & TS HeH
o= ‘%;{é?—-_]' 3% 9F 0.8 Pgyr 'BE gA = of 1~5ng1‘_l
2 25, Shls s o2 wAwE gl
Zdf oF 2.1Pgyr ', 3HA T T Higtel] A FHE 4L o
06Pgyr'2 AT 3t a9 §5FT o|5FE
sk Ao} tRol, s Bl 2 YA U
S AL golslal X Y9F, B A AGLE eSALE

284717] $13 ATE Sofuhx glek,

[¢]

SEuete) sk o] itk At 2 AT I
g f71eao] AEE Holu, §CY FFAHEHS o
43t 719E AT olf =8o] wREG oY “C B
Aoju 21845 A% 747 59 JAd E4 7S &
&3 A= A9 Qlth £27) vietE s o] of 8E A
of B 8N AF oA =ge AAE, sHd
£ %, gaE R o8 AES 47 oE 31
I o2 S AR E-ott C BAE o] &3 g
Adl Sl 21 A B4 o g©ao 7Y
I 3t S 7]1EY 24 W Blste] FustA f5
T YUEE 5= FET B4R, ol 83 5hd ©4
AF7F ko= o]ofx] A 7|t gt

o 717t AA FHE AE= LAY S
E35t A3ty 3t vhgho] ") (Likens et al., 1996;

Likens, 2010). 314 2] U-F-3F (daily flow)I} 74 AL 9]
= A= & #EE =9 ZH 2 (http:/waterdata.usgs.
gov/nwis), XA ZAL= (US Geologicy Survey, USGS)o 4]
P4 F8 4B F7194 23HE oln] ¢F 1009 AF
zg,sb@_ (Dole, 1909; Clarke, 1924), 0|38 &7|&
& ol olX Az 7|39} QI7He] EX| o]
o A e HFHeE Helai o
E}(Raymond etal.,2008). &t AR 2
re NARS 2RI sG] HES BA
Ae FasHA 9 WAL Qs Lo
b 3ol Hol AAH R A, 3
T e AL (o 57 e &
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A7 2 87|EAE DOCY POCHE UH oA A &
t}. QIZte] BEX] o] &3} 7| T wiste] g o2 gt Bt
I SAe FH O Hske Y F wa FFET ofy
g} DIC, DOC, POC9] H|&o|& H3}E 3L ZAOR 9
AEH, o] 51} A FA WollA ol Fste ottt /715
7] LEEAY S} EEdE FFE E 5 YOERE S
A g A4d gt EA g8 ARE 2o AL
FAEYA BE ZHAME Fasict 5hH *4-1%4 E“‘;E}%
oo H3E AFHog HolE # AE AEQ] T,
HA F8 HS g RetE st 8 4EY 5=
£ AEE S5, 40 A=Y A &8 B st
A2 F2E =olH, EATER ozt TA<
A, 279 MstE 45t -l YA Ta] Bt
S =& o Qlo] BE T2 KR E Aot

o

i

o:
it

_EL
¢

shdo] AsHe WAL WA §4 WA oF 0.5%0] &
B, sS40 24 5o T A Wt
2 qepHoE Mgse B 2 4 Ytk 34 gad
FEE $23 HFe Bl 9
e §EEE BATE & A AL (NEP)A
A2 o A W AYE + ol @

Kl
< 59 vt fE2HE F ST oF 08~1.5Pgyr |,
FAZEE Y72 wMAUTE ol oF 0.62~2.1 Pg yr!

2 F39d vt sk ﬁﬂ g A4E F2
/\xl_,_]_ J_]_‘ﬂi% _ﬁ_y]E}-/\oﬂ ;g l?ioltr], oE, 613 C, ~°
FAUEY BN A et b Al7] 5 ATt b2
zpolet EX] o]§ 5 F7HARN Zpolof whet theFet 44t
A7 SHHOR fAEE ASRE A Q1T EX
°l£’ﬂlr 7l?~tﬂ§}«l %‘?%Ei A% T2 FHO ¥}
gFmul ol el DIC, DOC, POCY) H
0115 E‘iﬂ% %Eﬂb_ ST A £A YellA o]&3st

(e]

=

Lo f71R7) LGB gt HEolE G
2 4 otk whebd, 7129 B4 Pl B Badn &
B3 2nEs AF B4 59 YU Bt A @
49) 7)9, sk Ba BAL Wds fE5H A7t U
2 PHOE YO £92 YOR Poj A &
a0 AP FEet Ao AR £ YA et
S5k, el Ex el oJF Wek o] Ao}
O = LS I 2 PR A B

o] A= 2011~20149 % AR (XL 7|&) 9 A
Yo g FmAFATEY A Y& Wol +YPH 7|2 AFAY
2 (2011-0024706).
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