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Abstract — This study has been executed to understand the additional and removal processes of nutrients in the
Saemangeum Salt-water Lake, and discussed with other monthly-collected environmental parameters such as water
temperature, salinity, dissolved oxygen, suspended solids, and Chl-a from 2008 to 2010. NO;-N, TP, PO,-P, and
DISi showed the removal processes along with the salinity gradients at the surface water of the lake, whereas NO,-
N, NH,-N, and Chl-a showed addition trend. In the bottom water all water quality parameters except NO;-N
appeared addition processes indicating evidence of continuous nutrients suppliance into the bottom layer. The mix-
ing modelling approach revealed that the biogeochemical processes in the lake consume NO;-N and consequently
added NH,-N and PO,-P to the bottom water during the summer seasons. The NH,-N and PO,-P appeared strong
increase at the bottom water of the river-side of the lake and strong concentration gradient difference of dissolved
oxygen also appeared in the same time. DISi exhibited continuous seasonal supply from spring to summer. Inter-
nal addition of NH,-N and PO,-P in the river-side of the lake were much higher than the dike-side, while the
increase of DISi showed similar level both the dike and river sides. The temporal distribution of benthic flux for
DISi indicates that addition of nutrients in the bottom water was strongly affected by other sources, for example,
submarine ground-water discharge (SGD) through bottom sediment.

Keywords: Saemangeum saltwater lake(All 7F5 %), Nutrient(% %), Addition(3 7}), Removal(A] 71), Mixing
model(E TR 2)
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Fig. 1. Investigated stations for survey (2008-2009 (@), 2010 (O)).
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Table 1. Basic environmental parameters and number of sampling station during the this study

HEE A PR

2008 2009 2010
. River flow . River flow . River flow
1) 2) 1) ) b} )
Date Station number (m/s)? Date Station number? (m/s)” Date Station number® (m/s)"
5/26 8 in lake (S, B), 995 1/23 8 in lake (S, B), 9.09 3/24 6 in lake(S, B, Se), 1072
(May) 2 at bridges (S) ’ (Jan) 2 at bridges (S) ’ (Mar) 2 at bridges (S) ’
6/20 8 in lak_e (S, B), 7229 2/27 8in lak_e (S, B), 12.03 5/4 6 in lake.(S, B, Se), 12.54
(Jun) 2 at bridges (S) (Feb) 2 at bridges (S) (Apr) 2 at bridges (S)
7/18 8 in lake (S, B), 16.47 3/25 8 in lake (S, B), 1276 6/2 6 in lake(S, B, Se), 16.97
(Jul) 2 at bridges (S) ’ (Mar) 2 at bridges (S) ’ (May) 2 at bridges (S) ’
8/20 8 in lake (S, B), 3929 4/18 8 in lake (S, B), 9.82 6/30 6 in lake(S, B, Se), 566
(Aug) 2 at bridges (S) ’ (Apr) 2 at bridges (S) ’ (Jun) 2 at bridges (S) ’
9/22 8 in lake (S, B), 775 5/23 8 in lake (S, B), 12.76 7/30 6 in lake(S, B, Se), 3.08
(Sep) 2 at bridges (S) ’ (May) 2 at bridges (S) ’ (Jul) 2 at bridges (S) ’
10/19 8 in lake (S, B), 742 6/4 8 in lake (S, B), 10.93 8/26 6 in lake(S, B, Se), 4872
(Oct) 2 at bridges (S) ’ (Jun) 2 at bridges (S) ’ (Aug) 2 at bridges (S) ’
11/14 8 in lake (S, B), 6.75 7/22 8 in lake (S, B), 30.88 9/30 6 in lake(S, B, Se), 9.94
(Nov) 2 at bridges (S) ’ (Jul) 2 at bridges (S) ’ (Sep) 2 at bridges (S) ’
12/27 8 in lake (S, B), 733 8/22 8 in lake (S, B), 1555 11/6 6 in lake(S, B, Se), 16.67
(Dec) 2 at bridges (S) ’ (Aug) 2 at bridges (S) ’ (Oct) 2 at bridges (S) ’
9/16 8 in lake (S, B), 6.92
(Sep) 2 at bridges (S) ’
10/20 8 in lake (S, B), 3.05
(Oct) 2 at bridges (S) ’
11/7 8 in lake (S, B), 6.8
(Nov) 2 at bridges (S) ’

YMonths in parentheses indicate month representing each sampling date.
YS: surface, B: bottom, Se: sediment.

IDaily mean flow rate at the Daecheon gaging station of the Mankyeong River (WAMIS; www.wamis.go.kr).

FArEA = ok Arsigivh AAFE Alss 1L &
@l ol SA] Egjololo| A Bi= Afo] X1 ofo] ke
Bs & AR &7 vk A A7) 20 °C oJskE F4 B
et FAE AR Grab U712 ARlslo] F5EHES A
AHE 2 Hol| Gol F|5AI B9} TR R AR AR o] A A
A A7 58 Basigivt

3.2 FAHH

P2, G, 85214 (DO; Dissolved Oxygeny= A THHE57d7]
(556MPS, YSDE o]-83to] Aol A4 S79313itt. SS(Suspended
Solidsy= A 500 mLE GF/C 912A| 2 o3t & A7 |2 105 °CeollA
oz Azl A AxFe] A ApolZ F43taL, SS

71 3 543 nmollA], NO,-N2 Cd-Cu -9 28 5319 NO,No &
SN $- oAl FUsE Y o= Wi 5733 ch(Parsons
et al[1984]). DISi Z2h=2] 2 g 15-(ammonium paramolybdate)
L3} | B o3 E F (metol-anhydrous sodium sulfite) &
ol 22k k(oxalic acid), A (sulfuric acid) £ 0 2 BFSAI7] 5
810 nmellA] “d%F 579331 th(Parsons ef al[1984]). TN(Total nitrogen)
3} TP(Total phosphorusy= GJ¥}E|#] ¢k A|HE LTl Alshet
FH4 9 (NaOH + Na,S,0, + H;BO,)= AFE3lo] 11957] Hit7]
o4 AF3}A1Z] F(Hansen and Koroleff, 1999) NO,-N3} PO,-P%}
TS o7 A5 T YE 4 -a(Chl-aR= 90% oHlE =
WS AHg-Eto] 241813 0 (Parsons et al.[1984]), H] A ol 2|3
Ao F4L B34 TA(UV-160A, 1750 SHIMADZU)YS A-&-3)

A I A ATAE S o] el hste] JodRe] HAs vk HHE] I @l AT el dol HAES oA
TSI PO,-P= 2B EAE Y U2 (ammonium molybdate) & WIAFE AZSE glove boxoll WL, A4 th7 gl G F
ol B} o} A F EHl A ascorbic acid), EFEEFEAL QIEIR Y 7+ Hol &7 3 Q24E2)7)(VS-5000N, VISION)Z o]43l0] 5%35}
H (potassium antimonyltartrate) £N2] &35+ AJekoF WESAIZ] & 91OoW, PO,-P, NH,-N, DISiol| ths}o] sligAl 58l 5L e
885 nmollA A S48t TH(Parsons ef al[1984]). NH, NS s 2 BA156190T)

2 st & YEFZI2AIE YEF(sodium nitroprusside) £, <
ZH gl 2jold 2A4F LFE F(sodium hypochlorite) -2, A13}A] 2
HEEAIZ] $- 640 nmellA] B S731310H(Solérzano[ 1969]). NO,-

2 &9 o] = (sulfanilamide) §-97} e oddltjolio]A
A}+<d (naphthylethylene diamine dihydrochloride) £ © 2 HH-5-A]

3.3 HEXN S5t o
s OA S o mRE flEe B 2] wlgot
EgEo] AR 718715 sk, o3t 4% 7127E uket

B el 23 arEo] 85 2 Ak 34 Ho] ghad A
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Table 2. Ranges of water quality parameters from surface and bottom waters in the lake

2009(n=99)

2010(n=48)

2.8-28.8 (16.9+8.0)
2.0-27.8 (16.1+7.9)

6.4-28.8 (20.0+7.0)
6.1-28.5 (19.1+6.8)

0.1-32.4 (25.6+8.1)
0.4-32.5 (28.9+4.9)

7.6-31.3 (24.745.2)
15.4-31.2 (27.842.7)

4.1-15.3 (9.22.5)
1.3-14.9 (8.142.9)

42-11.4 (82%1.5)
0.2-10.4 (6.4+2.4)

0.0-102 (33.7+29.5)
0.0-243 (43.9+40.7)

0.0-52.8 (8.3%8.7)
1.8-103 (14.5+19.3)

0.0-128 (13.4+23.6)
0.0-71.5 (8.8+12.3)

0.0-37.3 (9.5+9.6)
0.0-33.3 (5.4%6.5)

0.05-5.63 (0.95+1.05)
0.05-5.29 (0.79+0.93)

0.32-2.57 (0.84+0.53)
0.32-1.79 (0.61£0.31)

0.00-3.09 (0.24+0.53)
0.00-2.81 (0.10+0.33)

0.00-0.79 (0.16£0.21)
0.00-0.40 (0.07+0.09)

0.00-0.14 (0.02+0.03)
0.00-0.13 (0.01+0.02)

0.00-0.18 (0.02+0.04)
0.00-0.07 (0.01+0.01)

0.01-0.43 (0.130.11)
0.01-0.54 (0.12+0.11)

0.02-0.32 (0.10+0.07)
0.02-0.50 (0.13+0.12)

0.01-0.38 (0.07+0.06)
0.02-0.34 (0.07+0.05)

0.01-0.22 (0.07+0.05)
0.02-0.24 (0.07+0.05)

0.00-0.19 (0.03+0.04)
0.00-0.19 (0.03+0.04)

0.00-0.14 (0.03%0.04)
0.00-0.22 (0.04+0.05)

Parameter Layer 2008(n=72)
Temp. (°C) Surface 2.5-29.1 (20.3£7.5)
Bottom 3.0-28.3 (19.6+6.9)
Salinity (psu) Surface 2.0-31.9 (23.4+8.3)
Bottom 6.1-31.5 (28.0+4.1)
DO (mg/L) Surface 5.0-14.7 (8.1x1.6)
Bottom 1.6-9.9 (6.7£1.8)
Surface 10.0-153 (55.3+£24.6)
S8 (mg/L) Bottom 12.5-155 (69.8+31.2)
Surface 0.6-79.3 (10.4+14.7)
Chl-a (ug/L) Bottom 0.6-36.6 (5.1£7.0)
TN (mg/L) Surface 0.18-3.96 (0.90+0.92)
Bottom 0.16-3.99 (0.57+0.55)
Surface 0.00-1.42 (0.19+0.35)
NOs-N (mg/L) Bottom 0.00-1.22 (0.06+0.16)
NO,N (mg/L) Surface 0.00-0.19 (0.02+0.04)
Bottom 0.00-0.18 (0.01+0.03)
NH,N (mg/L) Surface 0.00-0.78 (0.14£0.17)
Bottom 0.00-0.65 (0.14+0.14)
TP (mg/L) Surface 0.02-0.38 (0.08+0.06)
Bottom 0.02-0.27 (0.07+0.05)
PO,-P (mg/L) Surface 0.00-0.27 (0.04+0.05)
Bottom 0.00-0.14 (0.04+0.04)
DISi (mg/L) Surface 0.33-6.07 (2.12+1.32)
Bottom 0.27-6.32 (1.90+1.40)

0.40-6.71 (1.86+1.29)
0.14-10.1 (2.03+1.66)

0.43-3.50 (1.40+0.76)
0.47-3.91 (1.43+0.83)

*Numbers in parentheses indicate mean + standard deviation.

(3 1=-0.879, p=0.000, A% =-0.678, p=0.000) 32| F= A
slof oJ&] 7 Ujo] dito] sl Y-S v Aoz dekEn)
DO BA0l =31 sHlel] Sl Aks Belom, 53] st
E3 AF Alelell DOS] Afol7h AA] YERtTHFig. 3c¢). ©]21gh
DO9| %ZFH AF 319 Aol= F FF9] =9 2ol (r=0.214,
p=0.001)H.t} BE-] 2}0](1=-0.530, p=0.000)2} B 733+ AFAAAS
YR Qlo] 3 o] & AT ETRE i AT o QI8 Eﬂ 3
g vk 74& T SS= ANE 0 2 A Fo] R
LS B (Fig. 3d), 23 AEHsk= YA O}OLOU% 3
el 1 5 U AE g ol A] A e ] W EARS] -9
O = Qlg °§5[}—— Hk= 710 2 g th(Jeong and Yang[2014)).
3%30] 7<1~EE}—L¢° &5 EC’* , g
=2] Chl-ai= g¥o] Fash=
Al7ell A deh s A3 EoﬂE}(Flg 3e). TN kA oz
HZo] ASHT} =8 FES B, Ry} st 50 Al
YERATHE S 1=-0.859, p=0.000, A= r=-0.686, p=0.000). NO,-NZ}
NO,-N& TN} fAFsE W3S Boivt. Z2v NH,-NS 201039]
AZzo] BERT 28 =0 S Oﬂi(Table 2) E3] 7o) 7+A
3kal A59] DO F57F S A7l A2 FErt & Ziﬁ}i
Al YeRR= @do] Slslch(Fig. 3i). TP} Po4 P ahAlol =
FEE B9 oH, PO,-Pi= NHNI} FASE 48RS BT DISi®
F7 el 8 FEE B, 200953 2010900 AF0] %

-

m{m

s
o
m

4.2 E=0|| TR
2008 3~2010714] AFZALE Sl £4% A5 5 vlg oz
559 ¥EE Fig. 4501
030 E‘?ﬂ, TN‘_ J__J‘__%q]/qlz E_.j(—]o w_/K—LO_ _1}]_%\ L]— 1
M A7FEE BOlTE NO-NS B3ollA ozt 71elds
, AZelME ’{‘7}??4_*0'01 F5laHA| eI NO-NE 352
Oh, NH-N2 353 ASollx 718
ngie, %@j AN NO,Ne| e 2 3}
3} egaksl S oA lojUR=t|(Herbert[1999]), 0] AAT-olA=
NO;-No| 3E53} AZolx A& HUCZ NO-N9 H7Hd
ARS- F7 El—;d/x]_ﬁr A oA A= 9L
7} Aol BraAke e 9
HE o] Z=Ao] ol

el e 2

L—_lj‘:l/],

SN

& F5E BUtK(Table 2, Fig. 31).

=2 5d

Ao 7 AT} Chl-a=
, TS UollA] 2]

A3k A4

F{t

& & olrk. ss= #5 A
T Al AAR S B, uglReMs WS

wu}‘ s8¢ olefe B4 ATjH o Gite] e WA A
=] O 2~ ?l
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3. Variations of each parameter from surface and bottom water in the lake.
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Fig. 4. Distributions of TN, NO,-N, NO;-N, and NH,-N as a function
of salinity. Horizontal solid (surface) and dash (bottom) line indicate the
mean.
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Fig. 5. Distributions of Chl-a, SS, TP, PO,-P, and DISi as a function
of salinity. Horizontal solid (surface) and dash (bottom) line indicate
the mean.

9] HHo] F£2 A= Aoz wekE | o]2]3k A SS9 A
Aoz 3748+ Stk PO,-PE TPS} mRRZIA| 2 3504
PO,-P2] AA@A S Chl-a®] 7FdH dase] Q& Zo% 3

AEE Y -

Gt} DISIE PO,-PS} o] F5ollH= AAAANS Blar, A
%_ o
i=]

o il thalel ol BE SAS wolX) AT, We
o] 5 el Arkele 548 ol

4.3 N30 U =1 MA

2 (HE o83t AP Bt RS AEE viE o E ATt
239 3 Z(St. M1, St. D) W24 Z5(St. M3, St. D3)2)
Ao Ueld S7F e s FUd2] S (ANO,-N,,,, ANH,-
Ny APO,-Py,, ADISi, )5 ARFeFAet. 2lafod el thet At
SR T Ak FUs gl FgH Seldsl el
A}& (person. comm.)E AHESISIT

20083~2010374] ANO,-N, = 743l Zolrl= ko k) 59
ol viEA o 2 veh s AEdS BT, WEA FHols F2
sl At o2 2 22 3k BITHFig. 6). Teolr NO,-N2
FEv AEELIE st 5, AAitSk(nitrification), B4R}
(denitrification), ¥|4=25E] 8-F%(benthic flux)°ll 23l G
Hh=t}, 223} 39S NH,-NO| NO,-NO =2 8he= vpgo s 2
HAE 2520 371/ FolA Fars) we ot o8 W] an
(Herbert[1999]), 3FAlN B|AE2] AbA 2nE S71E <18l H4=E
Yl Abx Frzlo)rt oAl AikegE hashs 210% Hal
31 th(Hansen et al.[1981]; Macfarlane and Herbert[1984]).
WA, BakslE NOs-No| 7R EIQL A N,) B okl A
N0)Z M= o 2 §HE U F714 87504 Lo
U, 550 NO-N2 w57} =31 B4E Ul £71549] 557
=2 AP sl A= Flo 7 dEA Q) (Seitzinger[1988];
Hargreaves[1998]; Pastuszak e al.[2005]). AfTHE-S oA E=2]
Yol T7Fh= sHlell NO-Ne| w57t 5718k, B41E2] 3= Ui
F71EAY sE % sHlel SVt A& 18 $hth (Jeong and
Yang[2014]), ANO;-N,, 2] Albell whe W3R o]2]dt AllnkE o]
EAS & BojFu Qe Aow dnkdn), dyE o g AR o)
AZolA NOPNS T2 5383} 7hE ol A7, o 53l
AAEH, o]ef gt Y 53] Al oA ErgshAl vebd T
ZAF 713 BRE ANOs-Ny o> 73 Z5ollA] 34t -0.04+0.12 mg/L, W
ZA| Zo| M= H -0.06+£0.24 mg/LE HA|H 07 A S5m0l A
NO;-No| A A== 31 0= Vrepsirt.

ANH Ny Z3H Z3) W2eA] ZollA] Anba o g ko] ghs
Hyow, 53] 2359 AF59] 80 5 Aol (ADOY}
A AR sl =2 whE HAtkFig. 7). ¥R o R A
S Fo| WA ZH} ¢ 22 S7HE Bl o)ee Anee
o] W Asht 2] 3l Chl-af] 37 @443 A=
Ao AA & 55 13l B w EF5olA Ak frE-o]
Frlo] Y- Tl Foll M w2 A AF oz ddE o] HAE U
F71E49 geFS zo)7] Yo R ghehEth o] 8t benthic-
pelagic coupling 3= 550 F W=7 NH,NS| W& 4o+
28-S 3HH(Herbert[1999]). NH,-N2] A4S £7152 9] ¥7)3}
(ammonification)el] 2J3lIA Lol P | 31, 71/ $delA= gdat




313

30 r 12

~~
=) ———— -

. Ls
£ T, o %
2 ! N P ~ ~ E
2 0.40 : \ I g4 T
Z'n .. - \__ N\ Y .-/ e N g 8
Q \ - ~._.7 < _T 10
7. 080 { s NOLN ne T s e "le «
q Temp.

20 f= = ADO 0 L 4

MJJASONDJFMAMJJASONMAMJJASO
2008 2009 2010

0.40 - 30 - 12
~ b) Dyke side
? 000 o - ] — 8 s
= A
2 .0.40 g te =
7z El' g
¥ U S 10 =
S s T Sl "lod
<

1.20 1o L4

MJ J AS ONDJFMAMIJIIJASONMAMIIJASO

2008 2009

2010

Fig. 6. Increased and decreased concentrations of NO;-N in bottom water. ADO is to subtract bottom from surface.
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Fig. 7. Increased and decreased concentrations of NH,-N in bottom water. ADO is to subtract bottom from surface.

3}el= T A NOy-Ne| NH,-N2.Z 39 (nitrate ammonification)=| =
T R e §) v (Jorgensen[1989]; Rysgaard et al.[1996]).
o] ATrollA= o] gt NH,-N2| A3 #g ol tiaija] #pA3] ul8]
7= ok AA o7 FAL 717F F9F ANH,-N, o> A3 &
ol A 3 0.06£0.10 mg/L, HZA] Zo| A= H¥ 0.004£0.098
mg/LE AAA & AFrolA NH,-No| F5Ee 2 0% et
Wk,

APO,-P, = ANH, N, 2} FAFHA Zsh- &2} WA Oﬂf‘i
ZANEA 0 okl ghe Kol o, FXHA 0 Zi= A8l Fo] WAl
Znrtl o 58 7S BAtKFig 8). 200871~20101714] 73]
204 APO,-P,, 2] S71= 200833} 201030l 7178 =LA LR
o, 20090l AdTA & vk FrkE Bolrh ey WAl

oA 20080 71 w2 S7FE WSlth o]ef@ APO,-P,, W
sk= ADO2] W)} FAkeAl vrehar itk 53] 20083 2010
ol Zalt Zoll K1X5H =2l AT<relAl skAlell 0.2-2.6 mg/Le
A A 5% (hypoxia: 2.8 mg/L U|%F; Diza and Rosenberg[1995];
Wu[2002])7} #5553, APO,- PWJ F7IE o|AIZIell 71 =3k
o} PO,-P= A8l Zxdo)| ofsiA] wiztelAl Rbg-ab, T2 B2 =
A=) Aga) gate] 9Ja) 3 v Zlow delA
S TH(Lofgren and Bostrsm[1989]; Jensen et al.[1992]; Sendergaard
et al.[2003]). WEbA] A5l PO,-PY S7H= shAlell Aaka &
7 5o FAEEA, EAE ol EAlsh= dAlsl=o] BEE]otel
o3l sHlE A dgtEo] 9l PO,PY AT E aaEE 2
oA WHAE 20 % AETh A O % AL 7IRE FRF APO,-P >
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sl Foll A Bt 0.03+0.04 mg/L, WEA] FolM= Bt 001 7)) Tal FpFolelel] v FUEARL gl e e W
+0.02 mg/LZ AAH 02 ATl PO-Po] T Z102 tf Zlor dAtter, & Yol AAA o fARH gHHaL 3le=
BRI} oJujgit}, AZollA DISiS S7hs 3 AR AT E2=2 Al
ADISip = ANHN, 7+ APO,-P, 8} PRI SAlol] 352 ko] foll ost I aeidl & 5= 9lon, o]2fdt olf= XA} 7I7E
fha Holal glont, Mnkow o] gh& Hol= 7IXte] ANH,- 59t 889] F57F RS HTF ATolA 23kl AT SS Fhe

Npot APO,-P, HTF T 713 A|&55= 2102 YERITHFig. 9).
w2}A DISio| S7h= A wrolue} e Al =] o] F
oA e RS & 5 Uk EF SUEE ADIS,, S FEE
ANH,-N, @} APO,-P, Sh= th2A| 7l Z3) w4 o] A}
3}, ANH,-N,, 2 APO,-P,. 7} ADOS] W3}e} o] AaiAdS zk
ZA|9E, ADISiy, = O3 A& KolA] ehStth(Fig. 10). o]t
ATEE ASolA DISiel Ate] DOC) Wsh =, f7l=4dGrx

el SR YA FolM o A B5E307] WiEolth. NH,-

N} PO,-PE A% EHEZHE AFEFol 2air TFENS 7
5Ao] 9lou, DISiZF A3k uk-g-of] Mztahx] elth= g 7+

ekshd, i o2 $71d 3 WA FollA NH,-NZ PO,-P
R} DISV}FH A% BAES] ARl oJslir] JEs ke 4= S

o= we |
O Pt DISid| v FEeleRe HAw Ul =9t
AZrRte] sEAel ok At s A4 A8k f-E(SGD;
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Fig. 10. Relationships between ADO (surface - bottom) vs increased and decreased nutrients in bottom water.

submarine groundwater discharge)el] 2]$t 35 (Kim et al[2005];
Beck et al.[2007]; Kim ef al.[2008]) 5= 128l & 5 vt 3
- SGDel 2Jgt DISi®| - EA=2 N E wAtele] o5k &
ZHHC 28 2107 BuE ) Ow (Hwang ef al.[2005]; Kim
et al.[2008)]), B A &2 F/d ol upet &S wH=tH(Burnett ef
al.[2003)). A5l S7HE= DISZF 2 AT o2} &
EATt A o 2 FeE FAelE = A VAL 91, NH,-
N} PO,-Pe}= TF2A] sand 0] 2(61~96%) 324 oA
=7 AL 9l A2 SGD WlERl FoF ghkdn), Ao r
ZAE 713F &2F ADISiy > 73HT Zoll A 4t 0.81£0.92 mg/L,
HhzA]| Zol| M= HF 1.28+1.33 mg/LE A2 02 AZ5oA]
DIS} 335 2 o® YRttt

Table 3. Benthic fluxes between dyke and river side

4.4 E|MZERE QAA9| flux
AR50 A5l ANH,-N,, 2! APO,-P, &} ADISi, 2] &
A1 EA4o] b2 A veRdar glo], HHEZNE ol FEEY
fluxE T 0% Blwsiglct. Asrs) BAE AAHAA &
=48] B2 EAERL oJsfiA] o]FolA, o]HFt AT HAE
EHE ExEAb) ot 8 249 flux()ye Tha 2ol Fick’s
lawell 2JaliA Axkst 4= Aot
AC
AZ
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T o 1=e,

7]l D, = H8E U wx#iHAlSE, AC/AZ= A
5t HAE 39l od EAe] w8718 onlsit)
o= E4ES W) S-S o] &8st ¥4 (Kim and Park[1998])&

o8t Akslslon, D = s W EARMHAIGE o]8-51o]

J = 0 xDyyx (5)

=
[

River side
NH,-N PO,-P DISi
Period Porewater Dsed Flux Porewater Dsed Flux Porewater Dsed Flux
(mg/L) (m?/s) (mg/m?-d) (mg/L) (m?/s) (mg/m?-d) (mg/L) (m?/s) (mg/m?-d)
Mar 13.10 6.8x1071° 53.42 1.10 2.1x107° 1.41 11.45 3.7x107° 23.26
Apr 16.34 9.0x1071° 87.82 0.48 2.7x1071° 0.76 12.68 4.8x107° 33.54
Jun 8.18 9.9x101° 44.90 1.07 2.9x1071° 1.67 15.08 5.2x107° 38.91
Jul 6.26 1.0x107 34.58 0.46 3.0x1071° 0.60 23.43 5.5%x107° 62.07
Aug 7.75 1.1x107 49.56 1.10 3.3x1071° 1.77 9.39 6.0x107° 26.68
Sep 441 9.2x1071° 21.81 1.95 2.7x1071° 2.76 7.44 4.9x107° 17.48
Oct 6.02 7.2x1071° 23.11 2.05 2.2x107° 2.38 7.74 3.9x107° 14.55
Mean 45.03 1.62 30.93
Dyke side
NH,-N PO,-P DISi
Period Porewater Dsed Flux Porewater Dsed Flux Porewater Dsed Flux
(mg/L) (m?/s) (mg/m?-d) (mg/L) (m?s) (mg/m?-d) (mg/L) (m?/s) (mg/m?-d)
Mar 4.03 4.8x1071° 8.26 0.89 1.5x1071° 0.58 11.43 2.6x107° 10.12
Apr 10.68 6.0x1071° 28.55 1.14 1.8x1071° 0.92 18.32 3.2x107° 23.27
Jun 4.53 7.7x1071° 16.22 1.25 2.3x107° 1.32 18.99 4.1x107° 33.91
Jul 6.18 8.9x101° 26.00 0.22 2.6x107° 0.25 17.79 4.7x107° 35.48
Aug 4.06 8.4x1071° 14.48 0.85 2.4x107° 0.85 11.49 4.4x107° 20.00
Sep 3.03 6.4x1071° 6.86 2.50 1.9x1071° 1.68 15.58 3.4x107° 18.33
Oct 2.41 5.2x1071° 4.48 0.13 1.6x1071° 0.07 11.20 2.8x107° 10.73
Mean 14.93 0.81 21.69
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oX

o —E 71:]
AR TH(Schulz[2000]).

2010 3€~1027H4] 78]ell AA EAEZHE 22k 9
% NH,-N9| fluxt= 28k ZollA B4t 45.03 mg/m*dZ A4t

Q3, WA Zo M= H 14.93 mg/mP-dE UER} 8- Zo)
WA ZR T A UERTE PO,-PY flux'e Ao (81

1.62 mg/m?-d)ellA Wz2Al 637 0.81 mgm*-d)Rr} o =4 o

T}, DISI= NH,-N$} PO,-P9} mE X2 7338l 2@ 30.93
mg/m>d)°] WA Z(F T 21.69 mg/m>-d)¥ o} =A JEbtt
(Table 3). WA E|F =25 Al Sl 3a3wE dUaS
7 ol WA FZHUE AtiF o ® Hrhs Zle o Qi
A, ADISiy > 73l Zap xA] ZollA fARE ghs Hola 9l
of, WzA| 2] AZrelA FFEE DISic EH4EEFE 4t
atoll o8l T o o]9]el SGD & theE el 2dl S
7V o® FHE A Q= FloR dake) upebA AnEse] 2
= Pl olesh el vhakst foldell st gkl
H7r deslt.
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