ol GErA S a5 K|

Journal of the Korean Society

for Marine Environmental Engineering
Vol. 11, No. 4. pp. 199-213, November 2008

Ak WA AP o) 27)e] Al Hstel] PRt A

BT ALE - AP PRS- HPE - QP
Akl e
Y EA AR

The Early-Stage Changes of Water Qualities after the Saemangeum
Sea-dike Construction

Jae Sam Yang'’, Yong Hoon Jeong', Kwang Hee Ji', hyun Soo Kim',
Joeng Hoon Choi’, and Won Jang Kim?

'Department of Oceanography, Kunsan National University, Kunsan 573-701, Korea
*Saemangum Project Office, Korea Rural community & Agriculture corporation, Kimje 605-1, Korea

FO

OF
=

o
L)

4 i o ok

)

2006\ 48 AT 912 ArE ehds] Aldgel whet BaAl W desae A8Egi
Bl Y ek 34 o MSkE Al Yatel 19999 E 2007744 48]9) 7 A5 13
SOl ol Rt ZA 7IRE F4F A, F-HEE, YFU(DIN, DIP, DISH), HF4-a5 £4510]
719 s sk AEA R JEsiivh. A AP s hEe] Tl 249 ofshe A
I R, el BREd sRE AR o2 fobgel 59 4 27
AR HeERaEe) Fdel TP Ao, oeldt A f54-ad) wvt o
= A%® vehnth A2EHaEe] FA% 98 FE FHEAY wE At #3
DA ARE e, ofel Whel] #3579] DINT DISi= WA Ad ©]
Tt A e FFoR el HEZRAES) ulelw Bska AE o) Fe] ke Ao Wit of
weh 2] NP gl F2sAl S71HA S0, DIPZE dapdate] ARz Zgal Hock. AH o
MR A L) AR Qlste] o] el vzl AdsdelA DIPTE Axgake] AlgAE ek
TR OE AREGIE. 57 sl 24 olF ashelME BUs @del velkon), Ankaee B¢ d
A Sl gl AGEL 9] wiiel A dde B3 AFoR AT SFR A8 AR 43l 2D
TR o 5ol Aol SH-ARL Matago] WA Thedo] Qo oo tinld RFAQ A7 Besith

=)

of
2
o & o X

o
o

S oo Joor B

o ol BN
4y
L N

of
>4
o 1o
@)
.%N
of Z
M oy
i
J'{Oci?l;
N
gh

>
£
o
(i
o
_{
o 1o
2 of oY

Abstract — Saemangeum salt-water Lake has been created by the completion of the sea-dike in April 2006. To
monitor the water qualities of the lake during the sea-dike construction, salinity, SS, nutrients (DIN, DIP, DIS}),
and chlorophylt-a was analyzed for the surface water from 1999 to 2007. Due to the dike construction, weaker
tidal current and lesser resuspension of bottom sediment resulted in the marked decrease of the concentrations
of SS in the lake water. Consequently the clearer lake water has provided better condition for primary pro-
duction with deeper penetration of sunlight into the water column and sufficient nutrient content in the water.
Finally the chlorophyll-a content became approximately double in the concentration after the dike construction.
Highly stimulated algal production with the marked decrease of the concentrations of SS was decreased the con-
centration of DIP in the surface water. On the other hand the concentration of DIN and DISi in surface water
was increased after dike construction due to the expansion of the freshwater and the supply from bottom layer.
As aresult, the lake revealed an extremely high N/P ratio and a DIP-limited ecosystem. The lake has been trans-
formed from a typical coastal ecosystem to a brackish one. Since the dike completion, the lake has shown a
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similar change pattern to the Geum River estuary. Due to the salt-wedge intrusion of seawater, it is highly prob-
able to expect the formation of low-oxygen zone at the bottom layer near the river-mouth area of the lake during
the summer. Therefore we need a continuous sentinel monitoring of bottom water qualities in the near future.

Keyword: Saemangeum(*l7H3), SS(F-572), Chlorophyll-a(3Z2-a), Nutrient(3F), N/P ratio(N/P B]£r)
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Fig. 1. Investigated stations for diurnal (%) and long-term (2002~
2003(@), 2006~2007(0))) observations.

Table 1. Basic environmental parameters during the study period

Periods Prez:;[l)rlrtle)lilon Mo(o(g}s/)age
Aug. 1999 8.5 29
Mooring Aug. 2002 36.0 28
Aug. 2003 16.0 5
Aug. 2006 7.5
Jun. 2002 0.0 28
Aug. 2002 36.0 15
Dec. 2002 10.0 18
May. 2003 59.5 3
Aug. 2003 16.0 5
May. 2006 2.5 4
Survey Aug. 2006 115.5 7
Sep. 2006 0.0 8
Dec. 2006 25.0 21
Feb. 2007 1.5 4
May. 2007 14.5 2
Jul. 2007 53.0 11
Oct. 2007 30.5 15

*7-day accumulated precipitation of the Buan (1999~2007, Korea
Meteorological Administration)
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Fig. 2. Diurnal variations of water quality parameters in surface
water of the diurnal observation from Aug 1999 to Aug 2006.
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Fig. 3. Horizontal distribution of salinity from surface water in
spring (a) and summer (b) during this study periods (2002~2007).
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Fig. 4. Horizontal distribution of chlorophyll-a from surface water
in spring (a) and summer (b) during this study periods (2002~2007).
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Fig. 5. Horizontal distribution of SS from surface water in spring (a)
and summer (b) during this study periods (2002~2007).
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Table 2. The correlations between the water quality parameters before and
after the sea-dike construction
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Fig. 9. Horizontal distribution of N/P ratios from surface water in
spring (a) and summer (b) during this study periods (2002~2007).
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Before

Chi-« SS NH NO; NO; DIN DISi DIP N/P
Sal.  -0.481 0255 -0.793 -0.526 -0.608 -0.750 -0.326-0314
Chi-a -0.264 0.583 0.384 -0.491 0.667
SS 0.376 0.536 0.256 -0.252
NH," 0.513 0.552 0.819 -0.264 0.309 0.533
NGy 0.502 0.898 0.452 0.730
NO; 0.706 0.666
DIN 0.681 0241
DISi -0.607
DIP 0.587 -0.396

After
Chi-e S NH, NO;y NO; DIN DISi DIP N/P

Sal. -0469 0.484 0284 -0.834 -0.793 -0.824 -0.707 -0.280

Chl-a 0479 0455 0501 0382 0.447
SS -0.347 -0.380 -0.348

NH,’ -0.344

NOy 0425 0900 0.587
NGy 0.849 0.512 0.376
DIN 0.538

DISi

DIP

Only the correlation (p<0.1 level) is illustrated.

Table 3. Comparison of water quality parameters before and after the
sea-dike construction

Parameters After - Before
Salinity(psu) -5.89*%
Chl-a(pg/L) 10.90*
SS{(mg/L) -10.62*
NH, (uM) 043
NO; (uM) 7.54*%
NOy (pM) 0.00
DIN(uM) 7.98*
DIP(uM) -0.33*
DISi(pM) 20.47*
N/P 159.96*

*p<0.1
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Fig. 10. Relationships of salinity vs. precipitation during 2002~
2006 (before (a) and after (b) the sea-dike construction).
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otk T [2007)).

S, A A ol F ARk s uje] A i A A
A ol g A vl Ao 3o AueAE et
(Fig. 10). WepA] ARE SR ddk §U9 G55 A 590

A S ZFEAG gJEl2 BEER g, Ul A4 Az o
B A F2 flushing time A} S71318 Aok, 4
Az Ak BzA d-SelA 1387 o el B
5t G AEZ 959 flushing times AXFSE 23} 199913 8L
o= 6%, 2002 8Ll 4%, 2003 8ol 74, 20064 8¢Y
ol 2592 AT A3 949 flushing time $71= 3 )
oA FkAe] B 58S 57147 (van Raaphorst et al. [2000])
I Aol HEFFTES] S R8T 7]0ig Zo|thAlpine
and Cloern [1992], Rendell er al. [1997]).
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b 2 2As) ool e 4% %, 5ol $HE 5L 7
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FREAe) BEE PR FF FFOL A AN NEE
FAEY ) FoF AR ANE 4EUE Ao wuEd

T 2719 Al At AT 207

olgf gt AR A} IMEE A AE 7)Ee] Ao B
o] R1H3 ITH(Cloern [1987], Monbet [1992], Jassby [2002],
m et al. [2002]). ¥ ATA G IHE ol HAS 24 8F

T A% 27 shrde] F2EY) o]l B RREA 55
AEZFHAES] o] ASEQAR, shdo] FxEHT F
FEAY 7has) S AEZHAESY FF3 Ado] ARt
19+ 33 119871, ©] = [1997], Yih er al [1997]). ©1% g7do] 7
Fapaa oleigt A i dslEo] o)A WERA Y BRA 2
A A FARE G8 400 FEE FA8I UTHE 5 [1999)).
J SO AL 2FIF AEY $Eo FHE
=} AE4-a® T7Rs BAF o7 ulE o] AR
e A 9 o] pdE oy FeA AT
[1991], Ohtake et al. [1982], Mori et al. [1987], Prahl et al.
[1998]). ¥ 179 &7+ B Al BxA7) APge o5 7
F=49 FE 24240%)8 F2A% 45408 5 T7H197%)
E FEe MHORE QE AESHaES AT FEo] u
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HEH 3, Bl oA HAF Rastichs 2 o 5 9l
th AsA o WAyt o AEE o)Fo] AdRog BgE
Ao FEob SRk RE Qe s Al S W] A3
Q P-HEAL FEE WA A o]Fd sk AuE e
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RAAY A& AF 2ot G27] i Ao},
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3zA) A o)dells G AABAE 7AA ¢, RHER
ol AEAE B0 ER T2 AF AF-Foll 2 3
ok Aoz wkdt 18
9] AIE AR T GET) e 2o AREAE Rygoes
(Table 2) APE o]Fell= Hepell % J3o] ARSS BoFT
3 & 9l Aot} S da A @k [2003], [2007])

oA =3 T35 DINY DISiS] B 5= whxA A4 A

WA A ol Fe] FHE4

B oo g

r—?{-" E]lo

, 33 BE Aol bgE2A 3174 #5304 DIN DISi
9] Fhs WEA A o] F A AXH BATKFig. 2 d-f). ©]
Hek Ao g Ak A AE o]F wiHES T3 35
FEYFS 183 & F o ¥ B50] AFgE 200643 82
199 Aga32] He S8 -0.64 m o0, 114 f=o] A
B 2006 82 94 10¢9] B d5HL 028 me} 038 m

& 7 #F A B AS ST B 3
5 A0l 459 GE sa5S 2, 378 B5-0 whRA)
9] Q& 26.8 psuE B o, F3F BEelM 13 #F9 997
9} T3 X939 FE-L 15 psu ©]31E VERATE Wb AR
FHEHR 7 ¢ d TSN S Gl nzkst
DIN#} DISi= #) kel E@E A g3l w5t w#
o= AE %3 .

A 3 o} tlEo] @ ol St
FFol= £33 DINT DISicks thEA AR50 3 )
DIPS] Bt Fw BEA| A 015 45% Fasiaint. ol 4
= wz2A A o)F TS0l DIPY i F57) 64% A
st Aoz AXkeE SEldATAEISARE [2003], [2007])9
#H5 A5 E had. S5y el B HEES
FTLOF DIPE ¥39ke T8 3592% AXEY ga(Fox e
al. [1986], Pettersson, [2001]), Fox et al. [1986]2 Amazon 73<i|
A aFe® fY=l DIPY) Ahl ool H-fEl HHEZHE
WEET Y BusiGitt, £ A9 33 #5004 dojx AuE
R, Afeb A Ald o) DIPE ¥-3-243 kol Aay
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o|F ANeE %] #55 Ul DIPY] ¥ HAe 53] A% =
R shelx] FElatAl VR THFig. 7). o122 Al o] % K-
=29 FrUF WA 507 el o 2 Eog fask A
e} LA FTHEFig. 5). WRAE AL oF) AuEEe ¥
& Wl DIPY] 798 ®¥= ZsholM Aikisge s ve 34

P adhe S Hola o, A o)F = vEA ole
A9 DIPS A|A7F LA dolvta Y& & F Ut 5
3] olgjst #dE oEH FHEA et 1, AE olF

F4-a0] FEIL AR o1 oAFEe et A Qelx] =4 #
1 ALSE Rol, DIPY 23 s AEEHIAEY
b} gdEo] Qg ZoF shekdct.
Al A o]Fo] 55 Wl DINY 5571 2715 31, DIPY
Fagict o]y st Ak A o)F Ae R E3 W
AstA T7M71E dedo] HAck NP vl&e] F
4% AL 249 0|39 20033 §EHE DIPY A4 ¢}
ulslo] s JebdthFig. 9). WA 4 0F Qg NP
B&9] 7k A4 DIPY 7Y tE AEEFAE) AR
o] o]g¥ DIPY o] =471 WEY Aot} AZY 74 s
o A 5 200612 AEEHAES] HFo| st Al7]d A=
2-a® F F7FE DIPY] 28 NP HIES] V12 Bdsigla
olzfgt Al7]¢] DIPE= 57 3h7 ok AEZZaEY 442
Agtehs IALR 24381a itk Tt Q1Atge] A EE
AL AFE Adshe AL sy TR E3] BaET ¢l
TH(Fisher et al. [1992], Gayoso [1998], Grelowski e al. [2000],
Sierra et al. [2002], Huang et al. [2003], Gao and Song [2004]).
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o A3tE 3 ke 2le & 5 k. 3 48]0 AA 114 #
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= e M o] AEehe k%S Y
(A W w7 5247 el tiske] 3 =4 ueE
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52 HAE ME HAH HES ofAd

ARk B2A A o]F AfE S 25 U DIPY BRE

433, DIN DISi?) F5i 5718 2o s vkttt o)d
Helow & Agofals WA Q- o]F AjEE U 25 o
& THENE 1 ), GE2ad V) FREEY A B
= AFTE 7)) ASFEAE)EREH 55 3FYE
249 &t T 3ol & Flolr} & A= o)y =
A TE& TElste] et AR S Fa) ol JUd] AS
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qpY B PRIE 49, 4%

FH 9, A el osia o

A 0024, 200313)2]
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Aotolalz[(AEterr+AEbon)/ AM] - AEphyto_ AEsctt

o37]elIA,
AOu: A2 A5 A5E AEF Wl 3559 o T wig
AE: AP 315 574 S0 258 A90se
AByr: A A5 349 ASFEA)ZNE F9He 9%

3¢ of s}

AM: A HF EAE Wl
ABpyo: A A% 575 A E2ZF 5 o) AAHE 9

ael o g
AEww A AF 598 A= ol & ¥s
51212 2 el Gusie) U AR o
o 5] FI(ImE FS
Al A o1 Fel 250 AN Uhe) s sl A
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ratio(C:N:Si:P=106:16:15:1)F &-g&35}o] AEZHFE] 438
DIN, DISi, DIPS] & AAEIT DIPS] ARwc F-HE22] 2
Fs#(SS g & 40 umol; Guillaud er al. [2000])yS 23] 7l
@a}%q DIN®} DISi®] Z-5-ollE AEwE TAISHATE AME zﬂ
A o|% Sl EE0] 4% TR T Z @ 5 [2007]) 0.56%
33Tt ABwe WA 3559 20| & AT

Belola) ARgH leud-ae] HshaMyt AA S9E B

Fo) % HEe o= AL xpor} vheA] Poprgheh WA B
£ Albol ¢md 2o aAMS) ke WA Al =7 o]

rclo\

4491 1,007 AE ol 7-9] gle) 0.562 A §3to] A A, A
A AZo) o3k sl WEHE-2] zjo]E 1%t 3472 DIP, DIN,

DISiY] F7h= 242t 2.86 ton, 36.65 ton, 132.88 tono. % UERG
ok A Al Al o) dR-2 Thhe AlRka el gl
oJojo] Zrlst A P20 F o ] ual—gq A= TETL] 9
2] & FAgtE ot
Z718S A0F wkshks Ao| ehgd /i 15} :Laij 35t

T, 7 A% ¥EE59 DIP, DIN, DISie) &= 7—}7—} 1.93 ton,
23.39 ton, 130.51 ton®. & YERGTH webd sienske] o3k X}
olg} G2 el Qg Aoyt fARRRE & 9}@

AHU&% WA AEE 918 2 Al AElel A 9] DIP, DIN, DISi%
WIS Table 40 2]k} DIP= AA o] & ¥5olM &
o] 4.10 ton AP APEE W 4‘*4 DIP #a= 27}
H AEZHE9)] /‘H](S 33 ton)ﬂ- B0 77 Qs &
(5.28 1on)0. 2 ©]52] HEERE 10.61 tonSFE AAtE L, o]
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Table 4. Variation of the total contents (ton) of nutrients in surface
water(1 m) of the lake before and after the sea-dike construction

AOhotal AEserr AEbott AEphyto AEsett
DIP -4.10 - 3.64 5.33 5.28
DIN 44.80 - 46.64 38.49 -
DISi 229.84 - 169.12 72.16 -

AQOgui: Difference of total DIP, DIN, and DISi contents in surface
water of the lake before and after sea-dike construction ((observed
concentration in lake after sea-dike construction x volume of sur-
face water) - (observed concentration in lake before sea-dike con-
struction X volume of surface water))

AE.r: Difference of DIP, DIN, and DISi contents supplied from ter-
restrial origin before and after sea-dike construction (AE.,=0,
refer text for detail)

AEye: Difference of DIP, DIN, and DISi contents released from bot-
tom layer or sediment before and after sea-dike construction (esti-
mation from this model, refer text for detail)

AEqpyo: Difference of DIP, DIN, and DISi contents consumed by
phytoplankton before and after sea-dike construction (DIP content con-
sumed by phytoplankton = (Chl-a concentration x volume of sur-
face water x 50)/41.03, DIN content consumed by phytoplankton
= (Chl-a concentration x volume of surface water x 50)/5.68,
DISi content consumed by phytoplankton = (Chl-a concentration x
volume of surface water x 50)/3.03)

AE..: Difference of DIP contents settled with SS before and after
sea-dike construction (Difference of observed SS concentrations
in lake before and after sea-dike construction x volume of surface
water x P adsorption capacity (40 umol g))

A Al o] F AZFEAE)ENH T 5T DIPY 9k 3.65
ton® 2 FAE R TE 7 S(2006] 23 vlzTE Ado)A B
3 ol AS HAEZHE THE DIPY %2 & 2o g8t
of APt B, 0.02~0.06 g/m’E FAFE 0, 2 Aol Fatel
0.01 g/m® B} 28 ~ 68l B2 828 B} o83t Xlo)=
WzTE 0] AA) M E ek AolstAl S4do) ¢, H3
g o, A5 s R 41d] vl 23S AR
7l Eos dddnt, vl2aEn 2 A7 Ao AFow
HE DIPY] §E%Fol= tha xjo|7t 9lou F 34 % piprt
2 Aoxe dAlgta k. olEdt AnE B o Al
MRS} 8] BralE7] o)) el o s &% ¢hds) &
T3} 2 o)Fel= AFoZNE DIPY §E5%0) T8 Ao
A=, o] s 572 AE S G ° AE9 Azl
el g &g oz waEn)

HEA AE o]F AvEE W 35004 DING 44.80 ton]
710 A EEZaE 23 Au]¥ DINY %2 3849 ton®
2 ANER L, AZFERE 1319 DING %R 46.64 tonC. 2
AT W2TE@ 5 [2006]) AP M= @43l o]F g
REZFE DINC| 0.13 ~ 0.18 g/m¥} TFHE A o7 24159
I, olHT A= B 979 0.12 g’ SABEAY 1.54) 2
£&%& B3tk DING 7395 DIPY n A2 #1202 HE]
EEEE 202 Yeh 5 AuEaot 98] g8l ® o) %
of olg¥ §5& B F71E 2o wakdd). 13y DINS
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R93
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(Seitzinger [1988]), =5 olA 32 (volatilization)= 7| = &}7]
(Hargreaves [1998]) Whioll I3 Alvka5.2] 27 Hale| digtk A
%29 A7} o]Fo Aokt DINY AFE °J3E 4= 9l& Ao
2 dag

WzA A2 o1 AjEE W EF5elAM DISi= 229.84 ton
o] T71t} AEEHAE o AAR DISi) ¥ 72.16 ton
2 ANENL, A ERE FHE U2 169.12 onFE FA4¢
=31t} DISi?) 7F-%elx DIPY DINY= T2 AEZHF 2
o3 AAY R AFozNE TFE U] AdFes Al
ARG} o]#3 Y107 DISi= DIPY DINTR= Tl H
HE o) Akskag g3 Wl @ wigsly) wjREdS vEs)
B 4 Qlg Aot

AREE wkzA) #A o]% DIN# DISi= 7}8k=H) %] DIP
o] At AFCZHE FFHE o) AEZFAES T F
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T o] F # WEAZE A-E T AAA] 52 o
32 g @4oE wddn) dvkstd, WA A o]
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FYstE] A A&H o HAE Aoz dudnh £
ol AN FASFREE FilEE B IRE
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Table 5. Summary of water qualities of surface water in the Saemangeum
salt-water Lake due to the sea-dike construction

Condition Change

Decreased Locally increased

Current velocity through sluice gate

Seawater mixing rate -44 %
Flushing time of freshwater Increased
Salinity -21%
SS -40%
Chl-q +197%
DIN +40%
Nutrients DI ~43%
DISi +37%
N/P +685%
Ecosystem Brackish and DIP limited

BEA GEL-ed] 55 STl 718 Zlold

}Eitﬂ Oé%ft a8l 7 59 HHEE

AsA| F7Fsted DIP7E %l Paate] AgRlAEA 28] =
oh. wpehr] EAlEARE el me Alvkse] g8 93
Aol thEA} AQFAN DIPYF A EZFIES] AR
Sohe 7l ow dgsa gl dgolr)

529 A v A olF 1559 DIPE AFelA 3
FRU; A EERAES TS e a8 A
18 2 2oz vebdy] wiee] dador A ol%

0% vieldt}. DING kA A o)F ANEES Yol
el 9oz 27h ot A2 2 o)
HEo] o5 Amle okuct 27) Wil
E JEepdtth DISI= DING R4k 338 F38 57k
ehtos, £5) A%eld FEE 9ol driHow o 2
FE At

AR AR SR Wl 37 T 24 olF %
Ao Wik Pyt Rkt T ol §2 438t BOR sl
FRHOR MAAFO] WA 715H0] Qi AFre) o 4
F82) A7 as

Y oé, ¥ ol 2

e

(‘i‘l
1% o

[*3

1

\l

of &

_

T
Mo b
o3l

i >E

{R=l

>
: &7
o ol

A ol Fe

T

Y

>E>>L

ok
N

& el Az F ASF ARl 29 BR2UERAA)
Ale] Alghs A Uk s Ae S BES 7
Abier gesjoferd 478wl FARER YT

&HIEH

[ ] %E}%?}?&}ﬂ(“t"(

A JREAE, hitp/water.nier.go.kr.

z719] aslel ¥t A 211

734, 1987 27 sl 3, AESE A

. IL. Chlorophyll-a %27 Q<]le] &}
o, gk E A, 224, 33, 207215

(3] 27, BEE, FAE, o18-F, 2005, TS AL seA
A Aekr 29 B4 S T4, dferetalA]
“vpchr 107, 435, 204-212.

A1 29, 4%, AaT, olFd, 14, HAY, A
2006, PlETFES o83 e gl &
e okara A «alul, 119, 23, 49-67.

[5] AET, AR, 2002, ARHE ARJAT-] AtelolA -
okl E 95t AejATEL] A8 1 sl o B4 9 A

He) §& B3 AV, St gabersA), 35%3, 43, 348-355.

[6] ZET, Aok, &9, 2002, ARkE ARAAITE] ALtsiel

- ]115_}: qum]mwcq x%%, 2. _Q_o:l 5}01 /L«}

sh=2pALSEE) 2] 357, 43, 356-365.

(7] A&, A%, 2003, v Adhe] i YEF. d=a
3|, 367, 63, 757-761.

AR, vhAe, 2007, st FRE A4

A5 WHElo] Bek vl AT ojekeky

?HM 297, 10, 1106-1113.

ks FaA], 1991, W$EA s $AE W AEEYA

2o FHIFF BT A I A, 264, 2%,

144-154.

[10] BFg-3, Bk, g, &5, 8T, 1783l 1997, AlEkE
Abeh-ghel 87 oM %& #, §71 BsEe AAREE AT
gharsfoy et sl A «vbry, 29, 2%, 53-68.

[11j ¢t E, oA g, $35hs, ?*%—7"—, oy, FAd,
2006. ARk HhEEAlEALR Qe k] A AXEE O
A AE. Ocean and Polar Res., 287, 43, 369-383.

[12] A, A5, s, old®, #XE, 1999, F7dsk-2
EA5A 1 ko] AR 2. aEEdetsa) i),
474, 13, 71-79.

[13] 305, AL, i, AFA, T8, 2006, Ak 2
o] ¥1A3A BA. Ocean and Polar Res., 288, 4%, 361-368.

[a] 44, 4%, &%, 44, ol&%, WAETF, 2006, ANk
2 5A 97y BEZHAE PR B WA e oE
72 W3 Qcean and Polar Res., 287, 3%, 305-315.

[15] 018, AFA, HET, ol9ul, uphed, mﬂa, 2005a. £3
7 wae o@RatE P e wars] A, 249, 29,
91-97.

[16] o174 ¥, AFA, ALF, olgul, dzxke, ZAH, 2005b. &
A7 4o eodRaler o), shEldwEheln], 24, 28,
83-90.

[17]oVdE, AL, £98, TES, 49T, FA, 387, 4
»%L, 2003a. 8HA] Aset Apaka et S Adprst &

g spaierstE A cuith, 84, .

[18] o]g_j’ kafv 1997. 1/L 5}40:3 ]}\ﬁ oJorol
S2A7 aRdsle) tish 5008718 A&5EE. =EldEER
“abc, 27, 18, 147,

[19] olEal x%_?ﬁ AR T

it

il

oh_&

[9

[

H57, A9, 25T, 2004, 73

&)
S7le) BODA] SJ% 4 7). BEEAEE

70‘” %l T



212 - ARE - AR

8)#), 239, 23, 81-84.

[20] ol el €, T el, 7334, 2003b. WEA DA F 2001-
2002 ARbE 37 o T2 A WE. gmeatst
3=, 367, 33, 298-305.

211 218F, 28, AUA, 2006. MVFHZ2A| HFe e A
3 W ol=E=X9) W3}l Ocean and Polar Res., 283, 3%,
293-303.

[22] BEF, AGHE, A&TF, o1, 1A, Ao, 45D, &
A, 2005, B7ske] A7) #5 AR Y. AP
A «wbrh, 109, 33, 139-144.

[23] B4F, A9H, 2718, 4%, AEE, A, 2006, w4
Tk Z7hjellA] Salts, DIP, TDN®] 4 4], g=3)1%F3}3]
2] «vied 119, 23, 68-81.

[24] 232, A%, FA, #7234, 2004, 20039 A 8
AFEFIRY] TAH 2WF. A=lRFEAIA, 164, 48,
321-330.

2514 &, 984, 27, A, H2d, 2005 A 3
25 9019 AR 5ol FEEA, 17Y, 23, 142-147.

[26] BFFEEFAY, 2007. AREETS FEBHTAL 9 H2get
AP, AREATE =, 01-01-06-07, 437 pp.

[27] SFGAHE, 2003, AfEE SSRFRANAS 7 AT
(AEE) $ARUEE 9 53 97, gaseaTd,
BSPM 139-03-1514-4, 298 pp.

[28] AR, 2007, AN SHPBARANHE AT FARIT
@2V AR, SRR RUER Bok, dstaiTe,
BSPM 37901-1842-4, 321 pp.

[29] X, 312, 2003, AT ZEHAR S e A -2
TATZE W dFFAEEA, 36, 63, 708-715.
[30] Alpine, A. E. and J. E. Cloern, 1992. Trophic interactions and
direct physical effects control phytoplankton biomass and pro-

duction in an estuary. Linmol. Oceanogr., 37, 946-955.

[31] Cloern, J. E., 1987. Turbidity as a control on phytoplankton bio-
mass and productivity in estuaries. Cont. Shelf Res., 7, 1367-
1381.

[32] Fisher, T. R., E. R. Peele, J. W. Ammerman and L. W. Harding,
1992. Nutrient limitation of phytoplankton in Chesapeake Bay.
Mar. Ecol. Prog. Ser., 82, 51-63.

[331Fox, L. E., S. L. Sager and S. C. Wofsy, 1986. The chemical
control of soluble phosphorus in the Amazon estuary. Geochim.
Cosmochim. Acta, 50, 783-794.

[34] Gao, X. and J. Song, 2004. Phytoplankton distributions and their
relationship with the environment in the Changjiang Estuary,
China. Mar. Pollut. Bull., 50, 327-335.

[35] Gayoso, A. M., 1998. Long-term phytoplankton studies in the
Bahia Blanca estuary, Argentina. ICES J. Mar. Sci., 55, 655-660.

[36] Grelowski, A., M. Pastuszak, S. Sitek and Z. Witek, 2000. Bud-
get calculations of nitrogen, phosphorus and BODs passing through
the Oder estuary. J Mar. Syst., 25, 221-237.

[37] Guillaud, J. -F., F. Andrieux and A. Menesguen, 2000. Bio-
geochemical modelling in the Bay of Seine (France): an improve-

Jon

ment by introducing phosphorus in nutrient cycles. J. Mar. Syst.,

T

o

H9E - 97
25, 369-386.

[38] Hargreaves, J. A., 1998. Nitrogen biogeochemistry of aquacul-
ture pond. Aquaculture, 166, 181-212.

[39] Huang, X. P, L. M. Huang and W. Z. Yue, 2003. The charac-
teristics of nutrients and eutrophication in the Pearl River estu-
ary, South China. Mar. Pollut. Bull., 47, 30-36.

[40] Jassby, A. D., 2002. Annual primary production: Patterns and
mechanisms of change in a nutrient-rich tidal ecosystem. Lin-
mol. Oceanogr., 47, 698-712.

[41]1Kocum, E., G. J. C. Underwood and D. B. Nedwell, 2002.
Simultaneous measurement of phytoplanktonic primary produc-
tion, nutrient and light availability along a turbid, eutrophic UK
east coast estuary (the Colne Estuary). Mar. Ecol. Prog. Ser.,
231, 1-12.

[42] Monbet, Y., 1992. Control of phytoplankton biomass in estuar-
ies: a comparative analysis of microtidal and macrotidal estu-
aries. Estuaries, 15, 563-571.

[43] Mori, T., H. Ohtake, K. Kondo, Y. Seike and Y. Date, 1987. Sig-
nificance of a halocline to nutrient cycles in shallow brackish
Lake Nakanoumi, Japan. Hydrobiologia, 146, 181-186.

[44] Ohtake, H., K. Kondo, Y. Seike and Y. Date, 1982. Seasonal and
areal features of the lagoonal environment in Lake Nakanoumi,
a shallow coastal lagoon in Japan. Hydrobiologia, 97, 15-26.

[45] Parsons, T. R., Y. Maita and C. M. Lalli, 1984. A Manual of
Chemical and Biological Methods for Seawater Analysis. Per-
gamon Press, 173 pp.

[46] Pettersson, K., 2001. Phosphorus characteristics of settling and
suspended particles in Lake Erken. Sci. Total Environ., 266, 79-
86.

[47] Prahl, F. G, L. F. Small, B. A. Sullivan, J. Cordell, C. A. Sim-
enstad, B. C. Crump and J. A. Baross, 1998. Biogeochemical
gradients in the lower Columbia River. Hydrobiologia 361, 37-52.

[48] van Raaphorst, W., V. N. de Jonge, D. Dijkhuizen and B. Fre-
deriks, 2000. Natural background concentrations of phosphorus
and nitrogen in the Dutch Wadden Sea. Report RIKZ/2000, 53
pp.

[49] Rendell, A. R., T. M. Horrobin, T. D. Jickells, H. M. Edmunds,
J. Brown and S. J. Malcolm, 1997. Nutrient cycling in the Great
Ouse Estuary and its impact on nutrient fluxes to the Wash,
England. Estuarine, Coastal Shelf Sci., 45, 653-668.

[50] Riemann, B., P. Simonsen and L. Stensgaard, 1989. The carbon
and chlorophyll content of phytoplankton from various nutrient
regimes. J. Plankt. Res., 11, 1037-1045.

[51]1 Rivkin, R. B., L. Legendre, D. Deibel, I. -E. Tremblay, B. Klein,
K. Crocker, S. Roy, N. Silverberg, C. Lovejoy, F. Mesplé, N.
Romero, M. R. Anderson, P. Matthews, C. Savenkoff, A. Véz-
ina, J. -C. Therriault, J. Wesson, C. Bérubé and R. G. Ingram,
1996. Vertical flux of biogenic carbon in the ocean : is there
food web control?. Science, 272, 1163-1166.

[52] Seitzinger, S. P., 1988. Denitrification in freshwater and coastal
marine ecosystems: Ecological and geochemical significance.



Ak WA A olf- 2719] Sl Ak 213

Limnol. Oceanogr., 33, 702-724.

[53] Sierra, J. P, A. Sanchez-Arcilla, J. Gonzalez Del Rio, J. Flos, E.
Movellan, C. Mosso, R. Martinez, M. Rodilla, S. Falco and 1.
Romero, 2002. Spatial distribution of nutrients in the Ebro estu-
ary and plume. Continental Shelf Res., 22, 361-378.

[54] Solorzano, L., 1969. Determination of ammonia in natural
waters by the phenolhypochlorite method. Limnol. Oceanogr.,
14, 799-801.

{55] Yang, J., Y. Kim and K. Choi, 2004. The Monitoring of Bio-

geochemical Interactions Between Sediment and Water: a
Mesocosm Study. J. Oceanol. Soc. Korea, 39, 107-118.

[56] Yih, W. H., J. S. Yang, H. J. Jeong and J. H. Shim, 1997. Recent
red tides in Kunsan inner harbor - The Kunsan Type Red Tide,
North Pacific Marine Science Organization (PICES), pp. 1-2.

20083 109 14¢ 912
2008 112 179 4

e e
w Y

ye



