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ABSTRACT

JA17}0] 478 Lot ZE AE nfotalr] ©6he] 2006~2015E7HA] 10 B9t 9k 2F 712 0 2 QJHEp 2| Ao A FES A H 6t
o] §712(DOC, POC)S B39t DOC 5= A 2.49~4.39 mg-C/L M2 AF T Y FFH7T A= AL, 2754 2
Zr4eo] ot Z7bol whet 30.1% (0, / ) B5-5FATE POCE 2006 6.68 (+2.80) mg- C/LOIA 20153 0.19 (£0.14) mg-C/LE 104
AR H 02 FE 97% 745k oH, 2011d BAHA-S 713 0 2 S0 ISHE B itk o] Hof| o3t | e} AFT A ito]] 7]
A% Z o2 A B7H HAER POCS} SPM THA| 9] Ao, B 714 0]F POCS} chlorophyll-a®] THAZ 5] POCS] 719 & 249
= HaE s AM-E 5otk TOC S5+ POC AR IR B o]F 52.3% E313L POC:DOC EAFH] H] EZH
DOC7}90.9%0] ke A4 9915 X3k et. sl Ml o]-8-8fl ARPE TOC Z8 2= 2.56~19.41x10° g-Clyr H9]0]
A A ZAa7FFE519.0™, 201132 7| - 02 HE 51 Bt 14.54x10° g-Clyrof A 5.40x10° g-Clyr 2 62.9% =] tt. whehA]
H214 0] % 20158714] 9.14x10° g-C, = 1A oF 1.83x10° g-C] 7] &0] sl A =& Ao =2 gt

Dissolved and particulate organic carbon concentrations and fluxes were measured and estimated for the Yeongsan River during 2006~

2015. The dissolved organic carbon (DOC) concentrations ranged from 2.49 to 4.39 mg-C/L with a variance of 30.1% (o, / E), and

showed a simple correlation to algal bloom and precipitation. The particulate organic carbon (POC) concentrations had gradually
decreased from 6.68 to 0.19 mg-C/L for 10 years, and changed definitely with weir construction in 2011. Based on the relationships
between POC and suspended particulate matters and between POC and chlorophyll-a, we found out that the distinct variation of the
origin and composition of POC was caused by stagnation and screening effect of the dammed river. The total organic carbon (TOC)
concentrations dropped to 52.3% (from 8.26 to 3.94 mg-C/L) as the POC concentrations diminished to more than 94.8% after weir
construction, in which the DOC forms up to 90.9%. The fluxes of TOC, based on the relationship between the annual TOC
concentration and the discharge of Yeongsan dike sluice, were 2.56 ~19.41x10° g-C/yr, and showed a great deal of variability in 2011.
Since then the TOC flux dropped to 5.40x10° (2011~2015) from 14.54x10° g-C/yr (2006 ~2010). These results suggest that the weirs
trapped annually 1.83x10° g-C on a river bed, but released in great levels of dissolved organic form at their exits.

Keywords: Dissolved organic carbon, Particulate organic carbon, Total organic carbon, Flux, Weir construction, Yeongsan River
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S-S Foll R 249El= TOC 9] =2 th7] POC E20] 4uljof| Doli=4x10" g - Clyr2 S|} HITEe] Bha=to]]
S Q%52 ApA|5HH, E5] ol 2 At f7E Feoll 2 IS ulXIthHedges, 1992; Zweifel et al., 1995; Ludwig et
al., 1996; Cole et al., 2007). ZFE-2] DOC 55 1 ~20 mg - C/LE 5Fdo] wle} 2po]7F ]9t 2422 A7 -6-90%RS POC
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2} H]Z=ote] 5P TOC S8 A9] ¢F 50%9] o] 2t Meybeck, 1982; Hedges, 1992). SF f-7]1&-2 apx o7 SARER
HE feiE 52 Wil =4 = 35 Tl 7 Hia-EAl 2] theket 482 Hrg etk Malcolm, 1990; Opsahl and
Benner, 1997).
Adtx o 2 vl x] o] Eqkt E5HA B4, 5 59| HR2=okd §7180 EAS ZAAE 7HY 85 @A tHHope
7

etal., 1994). 121} 75, 732 B]o] o]

| FH, ¥ 2 24 AR 5 TR 8 8lo] 7155 7| wlZel sdellA DOC R

POCE= X1 B & HRlrt. 187] ufzof| sfid opdof|A] ©717ke] A= Alghe a51ef SRt A= BE 49
iz oA EEE ol Aviste] JEiE oA A4 ] Hoh 71291 £ Thte 4= Qlck

Y, I, TS HIRS e Ut =8 5Pl A POC & OC°ﬂ EH@ FtE L AAEA E Q. F AR 7H

EAQA719 457 e 2 f7 = L FHY] AR ol A ‘ﬂr—r O ZTHKwon ef al., 2002; Yang and Choi, 2003;

Ryu et al., 2006; Park et al., 2006; Kim et al., 2007; Kim et al., 2007; Jang et al., 2008; Kim et al., 2009, Oh et al., 2009;
Kim and Gil, 2011; Seong and Park, 2012). G4FdollA] 21885 At T2t ©7] 9] A SLE 7i%lIok= oA 2 23
NS T Z1 22 (Youn ef al., 2003; Kang and An, 2006; Jung ef al., 2012) S87] Al 71%3F f71E29] A EE
WISIo} 1 oY, Bal o] et AT Selutel BE 5L Tate) AT, WebH 7150 41H au uE ]
Ak Q191 @.910] 574 51 57180l chet o132 AP ol glck. olo] & A7 4lo] ol 22 W14l

-1 =2
ZAGEE 712 w0 E, AN 2 Q] i R4S 5o HY 7718 8 U AFE wrk4AH o= o}
ettt et

Foqo]
A uittz 550] BaE S ol au el 2 Hﬂs}o} u} BOD, TN, TPZ 34 owwga% ks
Z& AELE 10817 B2 ©F 829 m?/day o] ©| 23] 3)(Yang and Choi, 2003), 24 @ GEHo] s}1-5
g Gl ) 0 2 S EITA Rgeret, WATA 47 B4, S 0 ARG 54 5 Aeke o] Fo = Herslsct
(Lim and Park, 1998; Cho and Park, 1998; Kim and Lee, 2003).
2009'3E] ARRE AGH-O] 407 ARl AP 2ol 2719] BE skl 2011 e & AAloe il wh
2t 7120 552 5| st shRe] Gatect oA SR St SEHEE QI ool shd

St ARARES S7MAIHCEHN Fdelet Hiita 9, ‘:'71 eH=Z izﬂo @S WHESIAL IH (Ko er dl,

U
[$) ru

2
QAL shRoll A5 GED(SHFARIIAL; 34°58'6.97", 126°32'33.21") |4 2006 1€5E 20154 12€712] 104
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Fig. 1. Map showing the sampling site of the Yeongsan River.

SPM-2 o]} 2450 7% o 72 FARE=R AE6I A, chlorophyll-at Z-E-& ofaRt o wpx]of A MA-E F=Es0] ofeF
A7 =0l w2 o & EASIHTHMLTM, 2010). 9HH, 213 40014 72 2012 ©]71€] chloro-
phyll-at= 5P 2S00 Algsh= FED Aol QIR B A1 A S 44, E-85IIH (Ministry of Environment,
Water Information System, http://water.nier.go.kr).

TOC+E=DOC2HPOCE] &0 24, DOC= A 7HH Al 25 AF851¢] ShimadzuAle] TOC-Vepn 2 57851911, POCE F-7
22 B33 olIAIS ARG 5717 Solgli dAlAle]E Slol o] RoekaE A71A17] F ShimadzuAte] SSM-5000
SRR R gl

FED 2]FHolA 10 FoF =4, BA9H 4~ DO, pH, SPM, chlorophyll-a(2012~2015), DOC @ POC At 2] LB
&2 Table 1] @0kl =22 3.0°Co|4] 33.7°C2 oF 1 18] ¥5lot3). o1, 10 Bt 17°Co] sl 8.2°C(+1 ¢) 2] T}
£ HSlth. DO=4.3~20.8 mg Oy/L 'HY= 4.88 2l |7} 5= L0, FLr 2 of 54 of Hlol| 0] ol 1195
H 2871A]= 10 mg-O,/L oVl =257 -7 A= 31Tt chlorophyll-a 5= 5.8~94.7 pg/L 9|2 A-&0] 2| 4-0f H|5|

—
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7, 84l 2F 164l =3O ™, ZAF|7H2012~2015)2] Bt 32.9(£24.0) pg/LE 71E& Oﬂ%LﬁPM(SOn etal., 2013; Lee et
al., 2007) H|==SATE, SPM-2 5.2~277.4 mg/L=2 H(30.1+38.6 mg/L) tH] 128% WIS BT, FLt HEAL 7|17
(2010 79~2011 11¥9)2] =5 (BF 87.4 mg/L)7F (B 23.7 mg/L), Z(B17.6 mg/L)e]l l 3l 24z} 3,741, 5.080
EUTE AP 2] SPM 5= AREA 0 2 FAR|7HO] ot o]} <ol A 73]l S5 o] HStsl it (Pearson’s r =
0.46, p <0.01).

Table1. Annual variations of temperature, pH, dissolved oxygen (DO), chlorophyll-a (Chl-a), suspended particulate matter
(SPM), dissolved organic carbon (DOC), particulate organic carbon (POC) and total organic carbon (TOC) in the Yeongsan
River.

Period Temp. o DO Chl-a SPM DOC POC TOC
(°0) (mg-Oy/L) (ng/L) (mg/L) (mg-C/L) (mg-C/L) (mg-C/L)
2006 43290  69-85  4.7~11.9 ) 10.9~48.1 223473 323~1046  5.48-14.54
(17.1483)  (7.740.5)  (8.5+2.4) (Gl7£14.8)  (333+0.84)  (6.68+2.80)  (10.01+3.04)
2007 6.1-275  7.1~87  73~152 ] 10.8-349  0.92-4.50 298881  4.68~11.33
(172+7.8)  (8.0:0.5)  (10.742.9) (185+7.1)  (249£1.03)  (5.02£1.65)  (7.5142.20)
2008 41278  77-89  44~182 ) 8.1~45.8 3.00-4.83  2.15~1231  5.20~16.83
(16.748.6)  (8.1204)  (9.444.5) (18.1£11.9)  (3.76+0.57)  (4.56:2.93)  (8.33+3.24)
2000 45260 7392  43-208 ) 10.1~66.7  3.15699  023~14.10  3.58~18.74
(16.7+7.8)  (82+0.5)  (11.1£5.5) (23.1£17.9)  (439£1.19)  (4.504336)  (8.90+3.80)
2010 34277 6886  4.5~182 ) 1222774 271~524  025~11.05  3.08~15.62
(17.0+87)  (7.740.6)  (9.6£4.2) (65.9+783)  (3.63:0.68)  (2.94+3.12)  (6.5743.54)
o1l 3.0284 5990  7.4~202 ) 15.8~229.2  2.47-4.35 0.14-2.54 2.77~5.28
(167482)  (7.5£0.9)  (11.4+3.9) (734+64.6)  (3.38+0.65)  (0.82+0.74)  (4.21+0.81)
201 31288  54-8.1 73~16.8 58629 119654  2.49-5.50 0.19~0.48 2.68~5.83
(17.3+8.8)  (7.3+0.9)  (10.1+2.6)  (332£17.7) (25.9+15.5)  (3.72+0.98)  (0.29+0.09)  (4.00+1.00)
013 34337 5793  77~175 139927  8.0~373 2.65~5.96 0.08~0.75 2.98-6.71
(16949.6)  (7.3+0.9)  (11443.1)  (37.6£22.2)  (17.9+7.3)  (3.65£1.04)  (0.31£0.18)  (3.96+1.09)
014 39263 6280  6.9~20.1 6.7-94.7 8.6~53.6 2.15~6.50 0.09~1.45 2.26~691
(17.0£8.6)  (7.3£0.5)  (11.5445)  (25.84242) (152¢123)  (3.96£141)  (0.29+0.38)  (4.26+1.63)
2015 48275 6883  7.8~18. 5.8-92.9 5.2~19.7 1.59~6.04 0.04~0.47 1.64~6.08
(17.1482)  (7.6+0.5)  (11.6£34)  (35.1430.6) (11.6+4.6)  (3.11£1.15)  (0.19+0.14)  (3.29+1.15)
3.2D0C =& U H3}

DOC 35 0.92~6.99 mg-C/L, M) ZA7]7H 50t 7 6H|2] 2o]7} BEH| ek 101 WF-C 3.54 (+1.07) mg-C/LE
2 7|15t o] 7oA BarH Zhe] '91(3.0~15.0 mg-C/L)°l &5 3(Degens, 1982; Thurman, 1985), $-2|u=2t4tf sFA

O] B+H3.72 mg-C/L)} H|S=5} ME]'(Tables 1,2).

DOC &7 He2 A7e 24712 ASFE 87| o 7] F<3] Ad=551 6Eoll Bt 4.94 (£0.63) mg-C/Lo Eet
th ol guat A 5= H] 311 70.9% =1 X224 Thurman (1983)9] 25771522 FJ /ol i ? 7]
of| HIEMA DOC = A} 7H4510] 9 Yol Bt 2.89+0.63 mg-C/LE Z|#Jo]| o] 211 o] & ZF 4] Z715]] 14 549

*Jﬂi(2~4 mg-C/L)E G2 |$thFig. 2).
712] DOC A= 73l SRt $74719 f7159] A4S F8%102 Hi= Ale7t YA olth(Parks and Baker,



Table 2. Average concentrations of dissolved organic carbon (DOC), particulate organic carbon (POC) and total organic
carbon (TOC) in major rivers of Korea.

DOC POC TOC
(mg-C/L) (mg-C/L) (mg-C/L)
Yeongsan River! 0.92~6.99 0.04~14.10 1.64~18.74
& (3.54+1.07) (2.56+3.05) (6.10+3.29)
Han River” 4.67 - 6.84
Geum River” 3.77 227 6.05
Nakdong River” 2.90 - 4.00

DThis study, Figures in parenthesis are average+1SD; ?Kim et al.(2007); *Jang et al.(2008); “Lee ef al.(2013).
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Fig. 2. Monthly variations of dissolved organic carbon (DOC) and chlorophyll-a measured during 2006 ~2015. The full lines
represent monthly mean values.
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Fig. 3. Monthly variations of dissolved organic carbon (DOC) and particulate organic carbon (POC) measured during 2006 ~
2015. Bars in figures are monthly rainfall data.
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1997; Kim et al.,, 2009). 571 25H9-D)oll P4 1097 A FL 0] A2 Tefet AMS SISHH(Fig. 2), 744
o F231E DOC 2] A7 A5 Sofl Zd=rell ozt 3|47t A 8IS &I 4= Qlth(Fig. 3). 1H% Bkl A5 59
FdH ©1’d2] DOC “55=+= chlorophyll-a?} HA o]l H|F:0] & Wi(Pearson’s r = 0.40, p < 0.01) 72 Feldof oI5t &
02 WHETH(Fig. 2). 272 12 A A HEslls @3 DOC 5ol J&-S v x| (Jung et al., 2012; Bowszys et dl.,
2014), YA ol 71EATF= 1127 9F A2 710l 212 B4 25 A0l Rt 7= )= A1 4_H HE Qltk(Jung
etal., 2012; Son et al., 2013; Jeong et al., 2014). T5715 Eeoh= 1142 7|7 DOCS} chlorophyll-a 2] & 3F HAl=
(Pearson’s 7 =0.54, p <0.01) B4 72| qjg5-2]o| k2 DOC 345 7Fs/3-S AAFshH, o2 H71e Doce| oJs) &=

3.3 POC -5k U Hs}

POCE 0.04~14.10 mg-C/L Y2 10 52t vl 2 Z o] Zlol7} 7= %], - 2.56 (+2.47) mg-C/L tHH] 119%
(0,/7) P55 Tables 1, 2). BT = ZAS A123200639] 6.68 (22.80) me-C/LE 71 =3kl 05 x]&44]
© = 744510] 201590 0.19 (£0.14) mg-C/LE HA G} 3] 20119 B 425 03201149 12€~20154 12¢¥
POC &+ Hat 0.27 (£0.22) mg-C/LE HFAL 01120061 12~20101 69)°] Bt 5.17 (+2.83) mg-C/Lof| H||
94.8% A5k

POC 57t 7P =2 217120091 7€(14.1 mg - C/L)¥2008 59(12.31 mg - C/L) 2 75-5F0] =9k Al7|eF A 4]
5, et 5201 A 247191 20109 2€(11.05 mg - C/L) 2006 11~129(9.28~10.46 mg - C/L)2] 2] %]
ol 92 A|elebH HZAL o] A7 A&HhFig. 3). A S Y 471 E0] et S8l o 2 BB $h7 pOC 27}
o] A% TAALS FE3h Fig. 45 SPMIFPOCE] HWHSHHA(R=0.61, 0.77)2} ok&&] HA
AlA o 2HE B ASY gt Y =287 W] ks ok HojEr.
frobe Fira2 deliel ot 2489 Hisk= a2 7ol ot FFol A Hod
Ad 72 S5t d4de] Gkl POCet SPM #HAI=(Fig. 4) 1
POC= SPM©] B 23.7 mg/LOA 17.6 mg/LE 2F26% 744t ZAof| H]5} 95% 7+

17 mg-C/LOIA] 0.27 mg-C/LE T2 19.18)] 7HA%H A © 24 SPM Ha}e} v]2j7t Aot =
Ao B Ae= sted, H3AE o= I8l SPMO| 7= 240 Eetila-& AR
of oJet 27 T4 47| 5718 €7 sbd POC o] T4 FFY L2 A 11 7] I=E chlorophyll-a®f T}
POC/chlorophyll-a Hli=3¢d Z7-2] HF0| 255 2lobd Zolw, ¥l o] 79 8/ 0 27 E 7]
aVdat=rE FARE H|(100)0]l Foto] F 3392 9= F7He 4= AtHEppley ef al., 1977; Berg and Newell,
1986). chlorophyll-a2] 2 XA A2 201218 39 ©]F 4 52t POCS} chlorophyll-at Y-St TAIE --A]81H(Fig.
5), L HI= 1002 2035 A7]12 AlQI5HH 1.2~30.2 (B 9.7+6.2) B2 B w2 21t} Y8 789280 259 mm (2012
| 9)2} 225 mm (20134 7€) E =UE F Al7]= SPM Tt 72-8 7| 74e] H#(17.8 mg/L) ot E4 =2 97.9 mg/L &
533 mg/LE S747|9 f7 1= Y= QIR H| 9] UAIA Z71E SRt Fig. 6). WehA] B4 o] F POC sk ARF
2 0 &2 w2 2FO] POC/chlorophyll-a Hof| 2712 o] A7) 3eh/d 7ol gt ¢-det 3ol wef 2ds= A o= wet
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Fig. 4. The relationship between particulate organic carbon Fig. 5. The relationship between particulate organic carbon
(POQ) and suspended particulate matter (SPM) measured  (POC) and chlorophyll-a measured after weir construction.
before (*) and after (x) weir construction.
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Fig. 6. The relationship between POC/chlorophyll-a ratio and suspended particulate matter (SPM) measured after weir
construction.

3.4 TOC 55 U ZAf3Ef

A+ 1087 TOC &= Ht 6.10 (+£3.29) mg-C/L, 1.64~18.74 mg-C/L HL=Z °F54% (0, /2) F50FITH Tables 1,
2). A7|E B HERe B2 X2 AT SR 0]7(2006~2010) B 8.26 (+£3.32) mg: C/LOYIA] 0]59]] 3.94 (+1.18)
mg-C/LE 9F 52%7} &1t} 0]9} 28 Fol= BAM AT & 2F95% 75 POC] v o thA: ¢kslel Ao 2 A 7|7hd
H3lof] Bt #fiet DOC 52} B wEich

TOCS] 748491 DOC2}FPOC EAFH| Hli= A4S 92 dxfs| th=rt. B4 o]7%1 201017 517 POC
H-8-8 T 52.9% (35.4~67.0%)°14 015 518 B9.1% (5.9~18.1%) 2 B3] 4 I, DOCTF AA|SH= Hl&-2 5
W Bt 47.1% (33.0~64.6%) 141 90.9% (81.9~94.1%) 2 At 91 715 HAtKFig. 7).

ZR70] o FSA, R712VEE S 9] T AEA ARl ofgt £ EARFH HIS] S diAl R ARE] fe= At
(Thurman, 1985; Kim ef al., 2009). 12|} 274 0] pOC 50| F7t 2 Hslujel-e 514 St A7k AE) o2 ws)o]
TS HojF2] o 22817 Histe] thE POC EAFH) B9 A& AZ . webs F4PE ToC= F 2=t
ok 2 oA Tl EAFH O] -91= vH Lo, B o -ofi=POC (Pearson’s r = 0.95, p < 0.01)7F, ©]
S o]=DOC (Pearson’s » = 0.93, p < 0.01)7} 5 2A Q310 & 2-85}71 9J-80] SRIE|GITKFig. 8).
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Fig. 7. Yearly variations of dissolved organic carbon (white area) and particulate organic carbon (shadowed area) measured
during 2006 ~2015.
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Fig. 8. The relationship between total organic carbon (TOC) and dissolved organic carbon (DOC), particulate organic carbon
(POC) measured before (*) and after (X) weir construction.
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Fig. 9. 10-year variation of TOC ( B ), POC (%) and DOC (O) flux measured during 2006 ~2015. Bars in figure are discharge data.
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