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Abstract

We investigated the spatiotempora variations of dissolved inorganic nutrients along a saline gradient to estimate nutrient
fluxes in the Seomjin River estuary during dry (March 2005, March 2006, March 2007, and March 2008) and rainy seasons
(August 2005, July 2006, July 2007, and July 2008). Dissolved inorganic nitrogen concentrations were similar in the
endmembers of freshwater for the rainy and dry seasons. In contrast, the concentrations of dissolved inorganic phosphate and
silicate in the rainy season were gpproximately 2-3 times higher than those in the dry season. River discharge was
approximately 10 times higher in the rainy season (212 m® sec’”) than in the dry season (21 m® sec™). The fluxes of dissolved
inorganic nitrogen, phosphate, and silicate were 2.91, 0.004, and 2.51 tons day™ in the dry season and 7.45, 0.421, and 30.5
tons day ™ in the rainy season, respectively. Although the range of nutrient concentrations were similar to previous results from
investigations in the Seomjin River estuary, the nutrient fluxes were differed according to river discharge for different survey
periods.
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FoMA SR FaE YT TSR gk w1t
e AAHA 2F2A 07 sfem FaFthKwon 5,
2004).

SHE 3w =88 pH, s 25l 23 33
(flocculation), 2171(deposition), o 2uwZl(ion-exchange),
AEA| S4(biological uptake), AFESKre-minerali-
zation) 50 AYx|gteHA] ko] Yot 7+ &2 | vt
& A% 9 540 webA skjellA] HEF(con-
servative) = H|E=ZA)(non-conservative) A5 R
k. 53] YLEFE A5 shollA] vlEER 545
Holo|, §E77|dae ZAs) waklst 34S 77
(Balls, 1992), QIAHAS Rgx=zlo) SZalE|o] A
A=A AEhklebdol] wet 3 E= AAES
(Edmond 5, 1985). 1AM ASEAER FE 3o
T R FEAel sl e AAE= gkt
(Boyle 5, 1974).

SporRE BA50] olE SolM sifoR 2%
SHEE & 7] SR B2 50| ZggEo
2t (Boyle %, 1974; Officer, 1979; Kaulz} Frodlich,
1984; Kwon %, 2004; Liu &, 2009). 3[4+ 53t &
TG 7] glelol B et iRl
FAIE o835k HH(Sharp 5, 1982; Billen 5,
1985), U5 WHAS olgak- l(Lebost
Sharp, 1992; Sanders 5, 1997), 4+ S AE 0]83}
= "YH(Lebo®} Sharp, 1992) & thfsHA| A= o1%k
t} o] F HEA AT Hol= dwat SR dEate] A4
TWHAIE olgsto] F45k= o] B89 A 7=
Fe AA FAY = = o] alo] 7 wol o]8-H]
1 QUTSharp 5, 1982; Lebo 5, 1994; Kwon 5,
2004).
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(KEI, 2005). 4217} AFRollis AR7) a5, 2
73R, Zeeeio] glom, of 207140] F4gell o

' oF 1008t 9] g7} AeE]at qlek AR E3
A oz GolEle weke o7k of 107~

39.3x10°E0|H(MLTMA, 2007, 2008), 4217} 515
ek AiAslo] Y 715012 FAskar ok

2.2, AFZA & NEEY

K skt ek Futshelol AR ne
Qe HEEA B XS AL Tetsh] I

2l 991, 20064 39 14,
20074 39 224, 2008 3¢ 12¥)9} 2-7](2005 8
< 26, 20064 7€ 254, 20074 74 16%, 20084 7
2 2599 212 AABIGIEE. ZAPHE TR ol
obd A7 51 L] @ito] 02) Aol F w3
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SHItFig. 1).

AN 5T W A AR 57 <)
3 Aepdol 9T $HUSLN S AnS
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Fig. 1. Map showing the study area. Seawater sampling
stations represented in the map were different for
each survey period because those were selected at
each 2~3 interval with asaline gradient.

7|(Cary 100 UV-Vis, Varian, USA)= Asloict. -
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(1984)] 2laA AKE meke o gsto] ARkt
ol 8 ] s Ao YR weld 5
SAck. 5, Aol whe 8 B B Bd A
Aleteta] 7gell Qs e webA H4ot s
<] endmemberof|d] Fie 712715 ol8sio] EHAE
R A4 ).

F (moles sec™) = RIC-CI(dC/dCl)] (A1)

C (moles L ™) = concentration of the dissolved
condtituent at agiven chloride value

R (m®sec™) = river discharge

Cl (mM) = chloride concentration
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Fig. 2. River discharge and precipitation of Semjin River at Songjung, Chollanamdo (2005~2008).
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Fig. 3. Smple concept of remova and additiond of dissolved
constituent versus salinity (Kaul and Froelich, 1984).
Riverine flux = RCo; Flux out of the estuary = RCss;
Removal flux = R(-Cp) (between Cl =0 and Cl = L)
+ RC.p (at the discontinuity on the input curve);
Input flux = R (C+s - C+¢). Note that C-. = 0.
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Fig. 4. Relationship of temperature (‘C), pH, DO (mg L ™), and SPM (mg L™) with sdlinity in the surface water of the Seomjin

River estuary during the dry and rainy seasons.
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A2 7ol vlsl 710 9 Fe =9tk 2APITE &
2K2005~20081) 72 thiE 6~99(7 )l M
=43, o] Al7lef ' 5 T3 SU1sHAcHFig. 2).
Lt 72 2171(3Y) 2 971(7-8Y)oll 217t B+t
43.8 mm(13.0~80.0 mm), 316 mm(134~675 mm) %1,
e SR 1ok $olel 47 YW 21 m
sec’(13.8~ 30.9 m® sec) |, 212 m® sec’(48~713 m
sec) = 71710} Bl $-7]0] o 100 qkek. Ax1%
Tl A7 HE R W e fRR Aege] o
& 37 = Zl o2 AekEth(Park 5, 2012).

pH:= A7]0] 7.71~8.77(%+ 8.23+0.03)
o, $7)ol= 6.88~8.73(FF 7.70+0.23)
(Table 1). pH= YRFA O & sfig=o]] ulal H=poflA] W7
ool A7]of| Hlsl T=e] f-9lo] W 9-7lofl WA Ut
EPtH Chester, 2000). &o]] w2 pHE| W3} oFARS
A7)0z AR Gito] F7Fstel met oF7E FHastAL
UGSt HEPFS Bl ow, 97l dito] 37
w2} pH7}F A2 F71oke P HTKFig. 4).

DO %= 7170 7.49-17.41 mg L (8 11.65+
241 mgL™) Hegon 970 532~12.73 mg L™ (3
2 854+1.46 mg L™) H|Yt} DO 5= A AP
7F B3 AR Fo] SRt wet sy 9%
St S Bork DO slet= 70| Hs|| x20] Yo}
S2akA Zolert STk 7o) Ao R A Y
EPRgon], ZAL AZER FEAF 2A U B
314 2007 3Ye F1F Gt S=ol|A DOFE7} 57}
Sz P Bk o] Al7]o 484 adl F=t =
UERKFig. 5) AlE-E273=0] Fodel 2JsiA 554
DOz Qlsf| 42%-9] DO =7} F713t 2 0 & etk

SPM = A7|9} $7)o) zizF 2.88~37.56 mg
LY(H+ 12.06:8.68 mg L), 1.42~37.05 mg L3
2 6.32+ 591 mg L) #He|gk A7jo] SPM =
20082 Alelsial Fr7Ael whet =gt Wt ot
< Ho|x] igkon, e7loll= AR Sk S

w

o O
O‘r\"“ —\ll‘

ol
=

%9
#9)

o

32 xR

L o

FEAT= I A
WS AREA S T AlAEHBoyle 5,
1974; Edmond 5, 1985; Balls, 1992). X217} A &

HYo "o |

<
T

. 71/Ké

o

- olm - o] g5-

0 FoflA] 825714 A(NH," NOz, NOs), 85
7191(POS%), 8171 72x(SiI(OH)s) == 71719} $
710l 22+ W 42,6, 041, 289 uMI} 55.8, 1.04,
106.7 yM<FrTable 1). $2577]24 W g&117]0]
o] - 71| vlsf 71l 22} oF 1.3, 2,54 A U
ERL, ST |tas 27190 vis) 9-71efl 2F 3.708) =
Al Uepgth -2 3ol Kwon 5(2002)¢] 2J3jjA]
1999~2001 o] 2ARE 857184, 827719, &
ZN7) A e A7)o) 212} 62.0, 0.70, 43.4 M, &
710l Z¥2+ 65.5, 1.16, 99.0 M 2 0] A7 ATHC} i
2 =2 7k wolrt Kim £(2004)0] 2JsljA] 20004 6
Hof| g} Bl YIX|g A FHEE 0.2~1.7)°]
A ZARE AT T §ETT1AAS] - oF
370 pMo| itk X7 sl AR Aol visfiA
oF 6~84f ot AP st g shtol] BIslA S
ORHE FHEE S |HA Rt Hog U
Epgt 2AP]7E 59F NOs, NOz, Si(OH).= thalz=
A7) AR e e Bolow, gkl I
of| whet ZhAshe e 2l HhE, NH,'9F PO = 2
ARAZ0) e Eee} lla=e] EEttoll A AlA Ei=
SHERE TRt Felo] B S HIlrKFg. 5).
NH,"9] ¢ $7ofl= sltoll ] didl2 FF=l= 4t
< Ho o)z AFOoRNE A 820 ozt FFOoR weh
=, 7710l NH, 7} Al R e 1ol Jugt
ofli= dEA a7t w2 et AEZSEES] F
2}gof o3 AtEl Zoz ke Carpenter 5,
1972; McCarthy =, 1977)(Fig. 5). PO,> 2] 7% NH,"
o] 71211} AR Al $7lol= B 7ol AAEE
oAk BYITHFig. 5). 4717 slollA POS 2] Alg7t
2| B3k P 97]o) vlel SPM ] 57t = A vERS
2710)) BFollA] AA R 7|2k Ko o] Al7]e] PO
o] ExEHe AEZHaE] F3Hel 9
3 AR AAEE P Hols ZoR et
(Balew} Morris, 1981). 2HFz 0@ PO,> -2 1 LofA]
AAER= 71280 Ho| Rt X7 shtollA] 9-7]of HH
oF 5~15 HjollA THE= A
AEAe] FErt W 9]
ol o $AIE Ao ek

= - 2 3P0 pH,
T Bael WS A ko

Szl
= 23 =
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Fig. 5.

Relationship of ammonium (uM), nitrite (LM), nitrate (uM), phosphate (M), silicate (uM), and chlorophyll a (ug L™

with salinity in the surface water of the Seomjin River estuary during the dry and rainy seasons.

0.87~13.75 mg L (7 5.13+3.57 mg L™) wejgo
], ©7]ol= 0.45~14.80 mg L™ (HF 4.14+3.54 mg
L) H91gich 77]0l G224 al= 20053 2006\ 0]
L o] Zkael wet asie FEE mglow,
20072} 2008 ofl= A& 15~25 oA =A LE}
Wk G54 a 5 e QR R
e AR AIAEE P Holal QtiFig. 5). 4]
EEFAE] Pgshet] LA 8EF7IEANHL,
NO7, NO3)2| 7%, NO; ¢} NOs it B ot
& 291 HhA NH, "= A7 =le Aol T35l Lekd:

k. o]eRt P AEEREE] FRIShe IolA
g2117) 2 4 2 NOy9F NOs Hrh NH, S A A1
Hom Fagom <ls) Uehd Zom wekdEn
(McCarthy 5, 1977; Dortch, 1990). ¥FH $-7]oll=
2005 0] H 0 Follx] #=A Uehten, HiEe] 5
7Fetell met sk Rke Hloh Witz 2006W 7
olls gto] F7Iol w2t Z7Kske S WAL,
A= ak 07]of B3] A7]ol| Tl 7] Lo

A7l WE(Z719F $7)) BE a s Ak e =
Fo] Wolof| Jeks W Alow wetEri(Pak &,
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2012). 97]0l= ARANe] we} B st 24 o

2 i, 74710l wialEo] =i ekt
33. 40 378 B8 gy SaA
A B B S0 R B 8T

kA F(NH4", NO;, NOs, PO,%, Si(OH),) 0] ZejAs
Kaulz} Froelich(1984)o]] 2JaiA] AIA1E BPH-L- o] 85}
o] ARLsIFTTable 2, 3). -2 AAFAE 2 7185k
REAN A5 Hol= di-g SR, E E77|9Y
Aol Sty F HAsks o] F-2it 341 ol 8-St
o PIFAF EYAE 8t =2 chloride 5
T2 FABIe] ARESIYTH35 sdinity = 558.6 mM
Cl")(Kaulx} Froelich, 1984).

SAfo REE A7) 51T s 9
(Frv)= B9 52t endmember ol 419] o
£ 3t Allsieitt. 2005~2008'd0) @AFANE
ARk o] A Ha= Rk 7171(3¥) ek $71(7~-89)
o] 1z 14.0~21.1 m® sec(H3t 16.4+32 m® sec’t),
26.7~132.0 m’® sec (W 82.6+44.7 m° sec) Y=
2710l vl 97]efl <oF 5ol WoltKTable 1). B8 &
3 41217} SR S sk NHe E2(Fr) = 21710
0.030~0.045 tons day (%3 0.039 tons day™) 1%
on], ©7joJi= 0.037~0.346 tons day’(HF 0.135
tons day™) W91tk NH," S22t 7A7)of| v]5) $7]
of| 2F 3ulj oA ko A7]o] uls|] $-7]of ZARA] 7]
R s} 537 vEeRdth

NO, Z&|A(Fry)= 717]0] 0.016~0.031 tons day™
(B 0026 tons day’) ‘HSIAOH, $lofe
0.013~0.054 tons day (*8<# 0.035 tons day™) H$]=
71 w8l 710l A Yebsth NOs E82(Friv)=
717]¢]l 1.03~2.07 tons day "(*85F 1.45 tons day™)
ojgon ©7loi= 1.07~9.82 tons day (7 6.80
tons day™) HI= 71710} ujal 9710] oF 4uf o4k =3k
om, 970l fEwe] HapL Asigic) PO,” S
(Frn)= 71719} 5710l 22+ 0.016~0.067 tons day™(*3
2+ 0.031 tons day™), 0.064~0.303 tons day (Bt
0.188 tons day™) W1} Si(OH)s Z2(Frn)E 7
7]l 0.84~5.89 tons day™(*B<+ 3.06 tons day™) ¢
¥om, 7] 5.86~52.3 tons day'l(%‘-‘,rj 30.47 tons

day™) W$1ch 7712k 97l Ao mEE Az} 5}

oz |
o

. 71/Ké

o

- olm - o] g5-

T2 FEEE YT dAZ A1 vis) 97l
7 Uepko, A7]o) vlal] 97]of AL AIZER
FAT FEFe] Mk 3A vERdth
SR FaE FFEFL telA FE(Fn) E=
A (Frem) ER= %2 Table 29} 3¢] A2313ict. 77|
1ol A NH," 2] A7k -0.066 tons day "%l 2+
AL} BhE $r]ol= AlAEe] fglon FgE
-0 oF 0,811 tons day Atk NOs 7 NO, & A}
ol A AR e ¢l%loH, NO =
©7)o]| wEeke 7k 0.013, 0.009 tons day '3
"= 717]0] 1.46 tons day™, %710} 0.66 tons
day™ F2EITk 71710] POs 9} Si(OH)s2] A7 %S
Z}7}-0.027, -0.55 tons day " ¢l1, EFeRe 9igic). &
710] PO,> 9] 3RS 0.233 tons day 93, Si(OH)4
o] TS giglon, PO, 1 Si(OH)49] AIASE %l
Atk NH4'9F POS 1= 3i5tollA] 217]0lk= ciA|= A7
Hil f7)ols FgEe P Bk v NOs<}
NO; = 3ol FF=R= ool S-AleHact Si(OH).<]
739 A7)0l shtollA AlAER= o B 9]
oz TH AARRE ol glof altola] Bzl A
52 Hol= ZloR gk} A7) sitellA 97l
Si(OH)42 S35t o] Al eJehd s
B3l HFH o2 oR FH=R= Si(OH).] oF 30%
7} sljell A BEERs A o2 HarE|QIrkKim, 1992;
Kwon £, 2004)(Table 3). 2L} Kim 5{(2004)<- 3t
7golA] Si(OH)a7} a1AI AlARRE e Hol= 2o
2 Rusiglon] Wollaste} de Broeu(1971)0] <JsiA
Scheldt  estuaryolls] g%t ZAxoM=  BltofA
S(OH)s= el 2faiia] 2 ATl Barsigict.
wfebA] A7l shtolld] S(OH).S) s H E92e =
AATZ10) et B2 AR R1(R< E R )T AES
FAE A Gk 22 o] aglof| Qs E3FF oz
ZAs= R o2 kg,
|AfO 2 HE SlLR T GUEFI| HolA] AY
A|stshA WA AX HEH R o Fd o=
S 2 Al Table 2, 3). sk& 53l 39
ZY A (Fest) = A7)0l

3T =
et

TO R FEEE NH. 9
-0.097~0.027 tons day '(*3+# -0.028 tons day ), 97|
o] 0.543~1.683 tons day *(%++0.944 tons day ™) ¥ 2|
%tk NOy = A7]9} ©7]0 zH2F 0.025~0.070 tons
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Table 2. Flux of nutrientsin the Seomjin River estuary
Friv Fin Frem Fest Fin/Friv Frem/Friv Fes/Friv
tons day™ %
NH," Mar. 2005 0.040 0.000 -0.137 -0.097 0 -342 -242
Dry Mar. 2006 0.030 0.000 -0.052 -0.022 0 -172 -72
Season Mar. 2007 0.045 0.000 -0.018 0.027 0 -41 59
Mar. 2008 0.040 0.000 -0.058 -0.018 0 -145 -45
Aug. 2005 0.346 0.535 0.000 0.881 155 0 255
Rainy Jul. 2006 0.037 0.634 0.000 0.671 1690 0 1790
Season Jul. 2007 0.056 0.487 0.000 0.543 876 0 976
Jul. 2008 0.096 1.587 0.000 1.683 1661 0 1761
NGy Mar. 2005 0.025 0.000 0.000 0.025 0 0 100
Dry Mar. 2006 0.031 0.000 0.000 0.031 0 0 100
Season Mar. 2007 0.016 0.011 0.000 0.027 69 0 169
Mar. 2008 0.030 0.040 0.000 0.070 132 0 232
Aug. 2005 0.054 0.000 0.000 0.054 0 0 100
Rainy Jul. 2006 0.028 0.000 0.000 0.028 0 0 100
Season Jul. 2007 0.013 0.037 0.000 0.051 282 0 382
Jul. 2008 0.044 0.000 0.000 0.044 0 0 100
NOs Mar. 2005 167 144 0.00 311 86 0 186
Dry Mar. 2006 1.05 0.00 0.00 1.05 0 0 100
Season Mar. 2007 1.03 2.32 0.00 3.35 225 0 325
Mar. 2008 2.07 2.09 0.00 416 101 0 201
Aug. 2005 9.82 0.00 0.00 9.82 0 0 100
Rany  Jul. 2006 9.51 0.00 0.00 9.51 0 0 100
Season Jul. 2007 1.07 2.62 0.00 3.69 245 0 345
Jul. 2008 6.79 0.00 0.00 6.79 0 0 100
PO,* Mar. 2005 0.067 0.000 0.000 0.067 0 0 100
Dry Mar. 2006 0.021 0.000 -0.013 0.008 0 -63 38
Season Mar. 2007 0.016 0.000 -0.040 -0.024 0 -250 -150
Mar. 2008 0.021 0.000 -0.056 -0.035 0 -263 -163
Aug. 2005 0.134 0.429 0.000 0.562 320 0 420
Rainy Jul. 2006 0.252 0.083 0.000 0.335 33 0 133
Season Jul. 2007 0.064 0.153 0.000 0.217 238 0 338
Jul. 2008 0.303 0.268 0.000 0.570 88 0 188
Si(OH)4 Mar. 2005 3.46 0.00 0.00 3.46 0 0 100
Dry Mar. 2006 0.84 0.000 -0.43 0.40 0 -52 48
Season Mar. 2007 2.06 0.00 -1.77 0.30 0 -86 14
Mar. 2008 5.89 0.00 0.00 5.89 0 0 100
Aug. 2005 52.3 0.0 0.0 52.3 0 0 100
Rainy Jul. 2006 38.9 0.0 0.0 38.9 0 0 100
Season Jul. 2007 5.86 0.00 0.00 5.86 0 0 100
Jul. 2008 24.8 0.0 0.0 24.8 0 0 100
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Table 3. Comparison of nutrient fluxesin the Seomjin River estuary

Friv Fin Frem Fes FilFrv ~ Frew/Frv  Fes/Friv
Reference
tons day™ %
NH," 2.16 0.00 -1.78 0.39 0 -82 18
NO, 0.042 0.156 -0.016 0.183 400 -50 450
Rainy : Kim
n Aug. 1991 NOs 4.40 0.00 3.72 0.69 0 85 16 (1992)
PO 0.02 0.00 -1.76 -1.74 0 -8800 -8700
S(OH), 84 43 0 126 51 0 151
NH," 0.15 1.21 -0.46 0.91 807 -307 607
NO, 0.04 0.013 -0.006 0.060 20 -20 120
Dry Mar. .
n 1999-2000 NOs 3.76 1.60 -0.39 4.98 43 -10 132
PO 0.054 0.000 -0.027 0.027 0 -60 60
Si(OH)4 4.22 6.59 -0.90 9.92 156 -21 235 Kwon et
NHS 368 216 000 584 59 0 159 - (2009)
NO, 0.222 0.514 0.000 0.736 232 0 336
Rainy Jul. 1999 .
n Aug, 2000 NOs 36.1 39 0.0 40.1 11 0 111
PO43' 1.08 0.20 -0.50 0.79 18 -46 72
S(OH), 95 33 0 128 4 0 134
NH,"* 0.039 0.000 -0.066 -0.028 0 -171 -71
NO, 0.026 0.013 0.000 0.038 49 0 149
Dry Mar. :
N 2005-2008 NO3 1.45 1.46 0.00 291 100 0 200
PO43' 0.031 0.000 -0.027 0.004 0 -87 13
Si(OH), 3.06 0.00 -0.55 2.51 0 -18 82
This study
NH," 0.134 0.811 0.000 0.944 607 0 707
NO, 0.035 0.009 0.000 0.044 27 0 127
Rainy  Aug. 2005 :
N Jul. 2006-2008 NO3 6.80 0.66 0.00 7.45 10 0 110
PO43- 0.188 0.233 0.000 0.421 124 0 224
Si(OH), 30.5 0.0 0.0 30.5 0 0 100

* Kim (1992) : Vaues estimated in Aug. 1991

* Kwon et a. (2004) : Average values estimated in Mar. 1999, Mar. 2000 (dry season) and Jul. 1999, Aug. 2000 (rainy season),
respectively

* This study : Average values estimated in the dry and rainy seasons during 2005~2008
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L7 A0] - 779} 970 Z¥2) o 24, 5.5uH 7HA
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224%, Si(OH)42] 73 7179} 9710 82%, 100% L}
ERgit}. Kaul¥} Froelich(1984)o) 2Jalix] ml= Z22
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