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The Distribution of Phosphorus in the Gomso Bay Tidal Flat

JAE SAM YANG>l< AND YEONG TAE Kim
Department of Oceanography, Kunsan National University, Kunsan 573-701, Korea

Zant 270 HHENA 2ol 7t Fefol] et AT R} B 34 AxE AL HEE W F
Q(TP), YAMIE71Q1(PIP), 471Q1(TOP), £EF7191(DIP)e] Fawt AA Ha T+ 747} 548.8mg P kg,
426.1 mg P kg™, 122.6 mg P kg!, 0.217 mg P kg"'EM, TP F AX|3h= Al A% #s glol PIP>TOP>DIPO]
At TPE &85 AL, 34, £aze g g bshs TANA Z3)acth. o5l 23 sl A% =
2 HAEANA T TP/ RAHUT AZIF oz gifie] FHoA 8o TOP F=7F ¥4 Heht TP 5
28.90%E A 5H= vHA | TIPE 71.10%% P48k, 11901E W= TOPY} 15.63%2 FA A Z4skaL, TPt
84.38%% A3t h. DIPY T% AAle @AIN 5813 AdA e HiE Bu. DIPE BEE FA 8ol 11
2 Er} 3] 2o =2 Bath olald A3 1194 visle] 8d AP B¢ HHE W FaE A8 A
izl TxoE zlolrt glou, B $e0) osl fFo] AR ] U8, meks e HAHER
FEHE AYHA f71EFo] 715 B f7189] Bl T3 SUis Aoz Az beby I
DIPY] ¥%rt £7FEYS Aolth A8 HAEY EF dolA A 2ol 2AH HA el FFHUL
PIPS] A% 7} W& pH, Eh 34014 &3 Ae2 AdE FEE YL Aolrh. wEha] o]2igt Wste] tig 7P
Z038 990z FAT =7k HAE U Y BxE dFon ZXHA gol AFsrr) AFHLE FHEFEE
oA e TP =& HAX, A7|Z o PP DIPE 73 AEAQ o1& Yepllon, ol F&2 &d7] &
& F23 §718 3] ot g2 38 WA o2 vepte 20 AzbdErn

The temporal and spatial distributions of phosphorus have been investigated in the Gomso Bay, Korea. TP,
PIP, TOP and DIP in sediment were found 548.8 mg P kg™', 426.1 mg P kg™, 122.6 mg P kg™', and 0.217 mg P
kg™, respectively with a decreasing order of PIP>TOP>DIP. Any temporal or spatial trend has not been found
on the distribution of TP in the sediment, except the high TP values near the mouth of Julpo-chun. We found
seasonal patterns : high TOP (28.90% of TP) and low TIP (71.10% of TP) in August, but low TOP (15.63%
of TP) and high TIP (84.38% of TP) in November. There were three times higher DIP concentration in August
than in November. Such case is probably not only due to the enhanced supply of DIP directly from the decom-
position of organic matter from overlying water in summer, but also the released phosphate from the adsorbed
particulate matter such as PIP under the low pH and Eh conditions at the subsurface layers of the sediment
induced by the active microbial respiration of increased organic materials in summer. Primarily, the source of
phosphorous from municipal sewage strongly influenced the early stage of the distribution of all the phos-
phorous in the Gomso tidal flat. Notwithstanding, through the processes of diagenesis in sediment, water tem-
perature and organic contents probably functioned as the key parameters to control the temporal distributions
of TOP, TIP and DIP in the Gomso tidal flat.
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Z<%1(TP: Total Phosphorous) TIP(Total Inorganic Phosphorous)2}
TOP(Total Organic Phosphorous)Z 7435 $l.e, TIPE thA] DIP
(Dissolved Inorganic Phosphorous)®} PIP(Particulate Inorganic
Phosphorous), TOP= DOP(Dissolved Organic Phosphorus)$} POP
(Particulate Inorganic Phosphorus)® T~ 4 )t}

ol tisiA At 27 AeiAlel dAF AYake] 2ERZA
°] 824 w&oll(Smith and Atkinson, 1984), T E= 3}-7o]A
¢] ¥ (Winter and Baird, 1991; Aminot er al., 1993; Montani,
1994; Vink et al., 1997; Silva et al., 1998), <=&(Smith er al.,
1991; Lebo and Sharp, 1992; Chambers and Hollibaugh, 1993;
Jensen et al., 1995; Smith and Hollibaugh, 1998), =32 <X
(Klump, 1991; Klump et al., 1993; Warren and Hughes, 1993;
Nixon et al., 1995; Yanagi, 1999)°] &3t 77} Al&so] o},
Zelv fEjuEteA e ol EaAd T Bsial Asligte] =
27t v g 5 7Rl ofsted Ha}F AR AL flom, 2t
A AN FYske 9E8% 2 ol EAiske o 87 AR
Sl tisiA ough Ale] 715 g A tid AU 4
T7F Bl A ek AdEjolt). wEkA Q17ke] FFS Ae] 9]
B2 A TR ] 20l 7 Y4 ek 2] d 2
2= 2] 71%5-E olFlsiaL A&t vie- BE Q] ot

2 A7 Aol Ao fFdakA Q7o) ofste] Fe] ¥
SER] e 27 3 F SRRl FAaTelA, 27 & &
SAlske <19 Fed A1F
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w2t A Easihe, HAEL JF ool 27H ] 9
o Algol wet xpolzt U1 SRR EH o] $M3 FHLEH
@ 40.7 mm yr'9] HHES 2ol JTHCE, 1995).

Fanke] M dxigo] A9 gl 1Y 238l9 dldFzg
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AHE A AT Fg 1.

EH 29| pHe} 2%, Eh(ORION/520A pH/mV meter) 5-&
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Fig. 1. Map showing the sampling sta-
tions in the Gomso Bay.
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Measured using the ascorbic acid method

: Total Inorganic Phosphorus . Al, Ca, Fe etc
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Fig. 2. Flow diagram for the analysis of TIP, Metals, and TP in sediment cores (modified from Berner and Rao, 1994).

A 4@ o)5te] AHA EHEE IN HCIo.2 £&A)7# DIPEX
EAEI9THFig. 2). B3 dRE Zhzhe] 44T HHES S
Az FE3le 22 thd, o]A-E thA] 3,500 rpmeollA 208
ol A RTEN] FHFE FE23 T, DIPS 4 81 thH(Parsons
et al., 1984). TOPE TPolA TIPS # Z+& 3319, PIP= TIP
o4 DIPE ¥l Zo = 731t

i Az

4 27 (spring tide)E ®3le], A< 491999 49
199)7 2491 92(19994 9 119), 3HAIQ) 84 (2000 8€ 15
ey, A2 1190004 119 13yl 2+ 1417 59 Bake
23 A At 1, 2, 3l At ckFig. 1).

AEY3 e FA] Egto] ofo| g ¥ vkke] &7
AN o, AEA 2 gAMbl slg AlEE A2
9] T+, DIPE GF/CE A33t s 10 mlE ok 2RL
Ho =2 885 nmol|A &4 315 th(Parsons et al., 1984).
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EIME U TP 5% 2%

Z4U HHE Y TP= 3+ 548.8 mg P kg o3k A7
2x 899 5654 mg P kg, 11€] 532.7mg P kg'E YERY
T 717k frelgk Afols RolA] egkrh. i, AFRE Hlae|

Ae 2 3 HABoM s¥3 1199 ZH2 7173 mg P kg,
6873 mg P kg0 2 F 2AL Al7]e] BF thE A ¥)3) wi¢
=8 5 BXE R THTable 1).

39, TPE A sl FeE = PIP, TOP, DIPS] 23 d F%
E 247 426.1mg P kg, 122.6 mg P kg, 0.217 mg P kg™'o]
Atk o714 3 DIPS A|$1S PIP, TOPY &=F 2 F4d9]
7Y 223 3 HAEA 84 119 BT vl A e
%THFig. 3a, b).

E|MZ L TOP, TIPS| A|ZZIY 23X

TOPS} TIPE A718 o2 X 9A o2 yige] HIE B
Atk 889 TOPE 163.4 mg P kg '(28.90%)14 11€9)+= 83.23
mg P kg'(15.63%)2 F43 2445 BIAT, TIP= 894 402.0
mg P kg '(71.10%)014 11€o]& 449.5 mg P kg™(84.38%)= &
7¥slEA TPY T8 AES 74438l Urk(Table 1, 2).

3, 23 QoA 8ol TIP= 4293 mg P kg '24 84
Z AA) HAE HFgH02.0mg P kg )3} 2Fol7k 1L, 11
Qo= 500.5 mg P kg 824 119 F AA HAE HIFHh449.5
mg P kg Hith & BEXE Brh 53] TOP: 843 1199
Z}z} 2879 mg P kg, 186.8 mg P kg'E YEh} o2 FH
HZHS v 7P & =5 290, old wel £ HHE
& ZAu 2o TP B2t 7FE & S RAU(Fig.

I M=
3a, b).
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Table 1. The phosphorus (TP, TIP, DIP, PIP, TOP) and other environmental parameters (pH, Eh, Temperature) in the Gomso Bay sediments.

Months Stations TP , TIP(=DIP+}3IP) DIP PIP ) TOP L pH Eh Water Temp.
(mgPkg™") (mgPkg') (mgPl"') (mgPkg")(mgPkg™) (mV) 0
Outer bay 542.4 317.0 0.269 316.8 2253 698 —124.1 26.5
Tidal channels Wangpo port 544.5 3331 0.248 332.8 2114 7.65 -45.4 333
Inner bay 536.5 329.2 0.325 328.9 2073 6.63 —113.1 30.4
Aug. 2000 Manhwa 540.3 477.2 0.628 476.6 63.13 685 -157.1 23.8
Streams Julpo 717.3 4293 0.306 429.0 2879  6.83 49.5 24.0
Galgok 577.5 501.6 0.337 501.3 7590  6.81 -10.6 25.0
Incheon 493.8 406.6 0.313 406.3 87.16  7.11 1242 252
sub-mean 565.4 402.0 0.349 401.6 163.4  6.98 —37.6 26.4
Outer bay 533.7 481.4 0.101 481.3 5233  6.88 28.3 16.7
Tidal channels Wangpo port 528.8 480.2 0.062 480.2 48.56 7.39 5.7 10.6
Inner bay 5154 480.4 0.059 480.3 3508  7.34 8.1 13.2
Nov. 2000 Manhwa 477.7 408.2 0.086 408.1 69.55 6.85 11.1 12.9
Streams Julpo ' 687.3 500.5 0.123 500.4 186.8  7.35 141.4 10.5
Galgok 469.1 380.6 0.088 380.5 8849  17.57 0.5 12.0
Incheon 516.7 414.9 0.100 414.8 101.8  7.69 61.2 12.5
Sub-mean 532.7 449.5 0.088 449.4 83.23 7.34 36.9 12.6
Total mean 548.8 426.1 0.217 4259 1226  7.17 -0.17 19.1
Table 2. The composition ratio of phosphorus (TIP, DIP, PIP, TOP) in the Gomso Bay sediments. (unit : %)
Months Stations TP TIP(=DIP+PIP) DIP PIP TOP
Outer bay 58.45 0.05 58.40 41.55
Tidal channels Wangpo port 61.18 0.05 61.13 38.82
Inner bay 61.36 0.06 61.30 38.64
Manhwa 100 88.32 0.12 88.20 11.68
Aug. 2000 S Julpo 59.86 0.04 59.81 40.14
treams Galgok 88.86 0.06 86.80 13.14
Incheon 82.35 0.06 82.28 17.65
Sub-mean 100 71.10 0.06 71.04 28.90
Outer bay 90.20 0.02 90.18 9.80
Tidal channels Wangpo port 90.82 0.01 90.81 9.18
Inner bay 93.19 0.01 93.18 6.81
Nov. 2000 Manhwa 100 85.44 0.02 85.42 14.56
Streams Julpo 72.82 0.02 72.81 27.18
Galgok 81.13 0.02 81.12 18.87
Incheon 80.29 0.02 80.27 19.71
Sub-mean 100 84.38 0.02 84.36 15.63
Total mean 100 77.65 0.04 77.61 22.35
=3 W DIPS| ExX E 9
TPY] & 748424 DIPE 0.04%° E35HA3, 89(0.349
mg P kg)o] 11€(0.088 mg P kg') 2t} 5=7} 38 =0} 5 Al olo] =4

7148 wislr} SFElsldti(Table 1, 2). RAE=E gdo 3H¢ 54
B w3k, EXd, 43H, A4l 22 0.628 mg P kg,
0.306 mg P kg™, 0.337 mg P kg™', 0313 mg P kg’ & YER}, 5
2 HAE A 95 X, RtelA 9] 0.269 mg P kg, 0.248
mg P kg™, 0325 mg P kg Bt} thh 2 32 YERLTE 11
Yol Y Er}t AAH o2 DIP FEr} Yol A, 94 sl &
g0l wEld, £33, 23, 37} HAENM 2 FEE
Blozy &40 2 RE gt fYshe XA DIPF 2L 5
T2 R¥sanh

HHE U <lo] Fejy FAuE B, TP i) A7) o=
£ 89l TIP(=DIP+PIP) 71.10%, TOP 28.90%°14 11<¥)| TIP
84.38%, TOP 15.63%S WP 24 | 119 7182l Q(TIP)
2 7KL F71%E ] QI(TOP)S Za-3h= 748kE BATH(Table 2).

gHH TIPY| :3l= DIPS} PIPY] 2loA, DIPE A A(TP)9
ok ZoA 8ol 0.06%, 1€+ 0.02%2] v)Fo 27t Z4)3IA
I, PIP= 89l 71.04%, 11499 84.36%= LIElyIT) olejst 2
= TP % PIPS] ZAu|7F A7) HAE YAbolA 50.5+5.9%2
= HI3I(Liebezeit, 19919 HAE o)A 80£95%H= HiL
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Fig. 3 (a) The proportion of PIP, TOP, DIP at each sediment station
(OB; Outer bay, WP; Wangpo port, IB; Inner bay, MH; Manhwa-
chun, JP; Julpo-chun, GG; Galgok-chun, IC; Incheon-gang) on
August 14, 2000 (Numbers in the vertical bar represent their per-
centage). (b) The proportion of PIP, TOP, DIP at each sediment sta-
tion (OB; Outer bay, WP; Wangpo port, IB; Inner bay, MH;
Manhwa-chun, JP; Julpo-chun, GG; Galgok-chun, IC; Incheon-
gang) on November 14, 2000 (Numbers in the vertical bar represent
their percentage).

(Vaithiyanathan er al., 1993)¢}= 285152 3lo], EF EojlA PIP
7} Qle) F8 FA4& AXEWEA TP A Q] & 293k Feh
e AL & 4 AUdhkFig. 3a, b).
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2M 70(1999)2] Akl w2, FAve 2 {-¢she vl 3ol A
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o] DIP F%7) 8ol 20, 1ol 1681t =A UrE}”t}
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A gsith 25 XA e BRI 52 A2 AFHoR
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fdste EEe] 98 g3 gl 711 ZloiH, 119
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EoA Hu T Hol7l dA A= WUTH(Fig. 4a, b). \:}
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0 o (R G
fe o X

<]

A=

TP(mg P kg™")=444(mg P kg™)+0.84 TOP(mg P kg™')(r=0.86)

o] Aoz FHE A4z HA A7t r=0.862% ] A8}
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@ 4= AthFig. 5). 8Yol 71€717F 0.6400 4 11¥€0l= 1.030.8
Z7Veka, =0.74914 0948 Zr}gtoax 114 o AAHHS
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HEN(71.10%~84.38%)S T/33he AdEoIAT, el WEel

71 2A 7195k gHE TOPY S ¢ =+ vt

34 U 2899 Dips HAEE oAl SAEE 1S
£l IFF2ZEE AAHS HAE W s5eiA "ot 4t
Hoz EAol FAHL A or Az dA A717t Fe}
A EHA wet ZreAR, BHA0] FUT HH 2] A
Lol T2 8kdel f¢lo] F33th B A= 4P(62.5
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4 mo okl

3 ¢lo] FFade AAFUY. dE B9, 9 FAFEL E
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Table 3. Water qualities of the four streams flowing into the Gomso tidal flat.

Flow rate(x10° m’ day™) DIP(umol I™") COD(mg 1)
Manhwa Julpo  Galgok Incheon Manhwa Julpo  Galgok Incheon Manhwa Julpo  Galgok Incheon
Apr. 1999 7 9 116 300 0.11 17.5 0.08 0.39 3.64 14.6 451 6.28
Aug. 1999 - 9 23 3,314 - 3.87 0.49 1.68 - 114 5.84 29.6
Nov. 1999 9 5 40 126 0.32 27.0 0.29 1.65 3.84 8.53 2.67 2.67
oo 450 am a1 450 800 0 450 900 0 1 450 900
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Fig. 4. (a) The vertical profiles of TP, PIP, TOP, and DIP at each sediment station on August 14, 2000, (b) The vertical profiles of TP, PIP,

TOP, and DIP at each sediment station on November 14, 2000.

= AHd 2 gel®lth(Richardson, 1985).
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Fig. 5. Relation between total phosphorus and total organic phos-
phorus in the Gomso Bay sediment on August and November.

A ZAgtheE B 3771 U thSundareshwar and Morris, 1999;
Suzumura, et al., 2000). AF7A] Z7HH oA <19 AlFTHEL #
X2 Al Fe, Ca0l ¥ Exai MAysleis A=r) F2 @5
Z7AM o)FX L e FRE olF= olwi= Al Feol sl
qME A nF B84 JAL A3l A= A sVl |
2olm, A% 579 Zo] FE9 Fxrt F43H walshs Xl

Mg gRoR Q9 BEE Ansles Jos gaut. o
ol B ZAlIN HAE W Q9 ¥ Bie] ate] Al Ca,
Fe ofmst Qe B UehlA) Wit

AEE 2E 54

TIPS TOPE] £X: TIPS} TOPS] £¥o SlojA $4 EA A
Q) AL wre] FRFZ Ao AT o, X, Y§k 5 A A
Ao FEE Y FHE Hol= W, AEHoE S ¢
o= gk A7k Al JE v Sle TSk, XA, 7
IR, QA T T HHEoM = 7+ dA wEt = W
Zo] vf-$- A Vel Al 88l Aol A TIP7} 501.6
mg P kg0 2 71 %, TOPE EXHA 287.9 mg P kg™
O 2o TS FRIFI AU SR FAR 11Ede 2
AelA 2=zt TIP 500.5 mg P kg™, TOP 1868 mg P kg' &2 7}
=S TS HAKTable 1). &714] /1A SHRE He &
23 HAZNA TOP 557} 847 11¥ 25 7P 52 g 8
A& o, Ehvt 22t 495 mV, 1414 mVE oig HAE HAE
o} AthEel Ate 748 Hite Aol

ool e ¢le] F g 7he] TE Aole AHYE YRS
3] Z2¥H HHE)9 3Jele} ToP T Aslszd A F3) TIP
FE PIP)E Agse Ao et FeEle Foz 2

31 Reeburgh(1983)°l 2)3PH, Eh &F 50 mV 2 E 1 9]
Aol Atz A 42 FFe)o] B84 A FeHE ATETIL
STt a3k o|2i3h akslggel 2t He oA IS 5 DIPSH
A3l vivianite[Fes(PO,), - SH,01EM A &}A ETHCarignan
and Flett, 1981). 5 A17]7F v]wof| A, apAlol A FAZ Al-o] vt
HEe B £27) 26.4°ColH 12.6°CE 74381903, Ehis 899
~37.6 mVolA] 1199%= 36.9 mVE F3E o] A3}3kel 37 0)
s EA F2HE Sl 9 Qo] YA Qo E HEEe TIP
o] =3 &ejel pIpe] Z71o) 7148t A0 2 Heltk(Nielsen, 1974).
T3 pHO) W3lE B9, 899 pH 6.98%4 1194l pH 7.342
Arsgro 23 DIP7L Ca*3t AEete] apatite[Cas(OH) - (POL)s1E
PAY 7S B9 1 ULE ¢ F Uk

A TPe 8€3 11990 §9& zpol7t gleB=E, TPl th3f
¢l Hejo] WH3ls B9, TPE PIP= 899l 401.6 mg P kg '(71.04%)
AA 1198 4494 mg P kg '(84.36%)F 13.32%7F 75ttt
Hl TOPE 899l 163.4 mg P kg '(28.90%)°141 112 83.23 mg
P kg '(15.63%)%. 13.28% 7233, 3 TP 2] el
DIP7} 8¢l 0.349 mg P kg™'(0.06%)°l1A] 112 0.088 mg P kg
(0.029%)Z 0.04%7} 7423 Ao = Yeldth(Table 1, 2). o]A&
M AFE @73 Aol 2JsiA TOP, 28] il Hrhia o2 w3l
DIP7} 7-2:3F 29 PIPE W3k Aolgks 73S Eoial Slot.

HH TOP7} 1199 & o]fol] e 58 F5del s
A A Y B (Barica, 1974)°0) AVBE F A|7bo] Z2WA] E3l = UA
U, 718 a1, AR A 5o 87 2710] BlEHA A=Y
FE7 Ao s Fd7|e 1199 TOP #3ko] Yol 9
R Ao FZFr) oo sl FAvk EH Aol fAIR A
oA & F2000°) hE AXFHFFES B g ARE
2 Z2A3 vle) whaw, & Hdle] 28 /MA(5585)% A
2] WE(1995 ind mA)E Holthr} 7+8(1769, 631 ind m )3 A
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$3(1836, 918 ind m2lle ZA HolE AEAQ] Ro|E H
At walbA ojzid Axl= AEY ZAZ s HIAE WM
TOPY] HE YolxA s& 89002 88 AHoluh

DIPS] £¥: HAHE Y TIP 94 DIPE 43R H5H]=
o) §- P ERR| T, BRE ZAMYH A FEA R et 42 8
Yo B2, 11¥0e ¥ 552 H9rh(Table 1, 2). 7 &=
24 gdoll= 0349 mg P kg, 11¥€91%= 0.088 mg P kg''2 1}
1257¢= 3

3, o7 A FAC oM HIFE FI¢ &
DIPE ¥WHHog 2%7} =7 pH 2 Ehe R elgole] &
Fol $AF A8 =& FEE E¥sh, pH, Ehel #sb A
7132, 7]&0] HolA|HA| v 2lole] &Fo] A3tEE ALH]
=9 DIPY B2+ ZAaditty g2l thJordan e al., 1991;
Forja et al., 1994). dl& E°] Buskens (1989)2] |-l wp=w,
% & Y DIPE pH 6.0~-8.5914] 2 £20] Yoju, E3] pH
6.5~7.02] HolA FHo) §&F2 Hole Ao Z et oy
A= 84l pH 6.9824 DIP7} & F=& Holt}7} pH
7343] 11¥€0le A4Fgo M olF Fukdslar ot T3t 4ks)
A 9l o) Halol] w2 &5 oM Aoz AslEdn

= $37eA DIPY §&%F] ¢ Bux Ry Yo
(Mayer ef al., 1999). 4T B X EA] 2|92 02 = Ehe| 43}
2 v Br2lsle] DIPY] 8&%e] thEA Yl A
ot AA 27k el AlZ1ACE 369mVel 11YE T
-37.6 mV<! 8¥9] DIP| s%7f B A et ujehA 1€
Z DIPY F= 74 &%, pH, Ehe 93 e A2 A8
Hch(Table 1). ©)& 3 274 TP % DIP T&H|= 11¥€9 0.02%
Ql ¥hd, ¥l = 0.06%2 AH o2 A Jelsitl ol& F3l
TRk E A Fo| XgH o gt A7)H o T F e Zfolrt AlghH

E7sla, AA BHNA BH DIP €29 7198 sl3 e

ok, FFellA ok 22, s Wl DIP $ %% 0.20~0.23 pmol
I'¢l 898t 2318 1199 0.63~0.88 umol I'E H& S B

Table 4. Comparison of DIP in porewater and in seawater.

FA - AgEl

A TH(Table. 4). YH o= E|&HF3 A 44 (overlying water) 7+
o] T FEV E4E S)-ERE AHEAA ] g2o] Bk
ok A Adrk. wpebr] gollA] 7)&d ofa) gedale] W}
o mat, AF HAEZRE Y £&F0] ZAEHE 1Y) 23]
glroll A2l DIP FE7t & ol A EEHIE 2s) anls
= DIP%Fo] ZH4E%17] W& Ro= HojH, oj33 Axj= o
B 5 23 DIP B 0.57 umol 104 AL-3 DIP
FE 142 umol N2 F7Ks 3 AR A2 Jel T o
(Miyata and Hattori, 1986).

olo| 2t&E(buffering) ¥ X& FA2Mo| =ZIC|

HHE 349 DIP 5=29 HAE Y DIPY v= ¥3H= §
AL ) DIP7} B34 ool EF B0l e&Ho] AEs &5
=, ALl Aol Eold DIP H57) HX g2 £35
£ #EE AXAEA 27007} DIPY A4t 828 Alojske 954
H(buffer) G & 7H5d°] Ut} van Raaphorst®} Kloosterhuis
(1994y= ©13 & GEL ojslslr] sl HHE Y glo] BEd

=

TEE EES AHE 2AR o, 3} 8¢ DIpY 2o
o|FX 2, 7127 AL Foke DIPYF IS B3 HAHE £o
2 A73E Aelgtx A9t

o] zAlollA §ZE ) DIP/Fe B]7} 8¥oll= 5.75X10°~17.9
X107%1H] Hlsl, 11€) 2.14X 100~5.10X 10528 7+43kgth
(Table 5). ©|A2 DIP7 vt e &, Y= FAdo] vz
UE AARREE o). 2ElA oSt FAZ Eoi 7]Lo] o
sldsled Adlo] WAlsle 129, 19, 299]& DIP/Fe H7} o1
th 98 Pold Fojghz dade & 4 Ud.

w3 g 1199 3 AFF} 55 W DIPY FE% ]
28 7P S thE SHA] ARG Table 40 YeRd Ase}
o] FF4 F HF DIP Fov 889 11.2 pmot 124 11€9]]
2.86 umol "B} oF 4 ZLdT B sy, AE5olAe] P
DIP FEE 8%l 0.21 umol I"'Z Yeh}, 11€) 0.78 pmol 17!

(unit:  mol I™)

Stations Porewater Seawater
Tidal channels Streams
Months Outer bay Wangpo Innerbay Manhwa Julpo Galgok  Incheon St. 1 St. 2 St.3
Aug. 2000 8.67 8.01 10.5 20.3 9.88 10.9 10.1 0.20 0.21 0.23
Sub-mean 11.2 0.21
Nov. 2000 3.26 2.00 1.91 2.78 3.97 2.84 3.23 0.83 0.88 0.63
Sub-mean 2.86 0.78
Table 5. The ratio of DIP/Fe for the sediments in the Gomso Bay. (unit: x107%)
Stations Tidal channels Streams
Months Outer bay Wangpo Inner bay Manhwa Julpo Galgok Incheon
Aug. 2000 6.96 6.25 8.99 17.9 5.75 8.51 9.49
Nov. 2000 4.80 2.56 2.14 5.10 3.69 4.57 3.72
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Table 6. Suspended solids in seawater of the Gomso Bay. (unit: mg 17")
Stations
Months St. 1 St.2 St. 3
Aug. 2000 15.9 12.7 16.3
Sub-mean 15.0
Nov. 2000 444 379 68.9
Sub-mean 504
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1199 419 & xlo]E Bole w) B} 4Eol
A2] DIP ¥E5& 2318 WA YeRTH
ololl thal Vidal(1994)2 ¥ B8 & 2g Fgke A)7]3}
t} = 2zo2 #4<9F DIPE HEE tisl ek 2138k
2 9)7) W] Fe AlZF Well B GAer Afste] st
gk, A g Aol 29 HHEL 24 249 27 0] AA
o AReEHA 528 YR Z2gse] o DIP7E 23E o
22X ¢] DIP ¥/}t 27161 Btk Aolth ol FARIA
SS(suspended solids)?] Ha}EHE HA, s+ NG A7t F
5k 7)ol e x, 8489 15.0 mg 12} 119 50.4 mg
12 A W o4 ¥ VERTH(Table 6). Wb AR-4E B E
o] & ukZ olo] FutEe] si W) DIPY FERE Zo] 71
Ao pelth X T v oz HAE oA <o) FE
BEo x5k PP} 8l HlE 1199 EA vk A
Fauk Z7)7t B AR FAHES B 1S HY
[e]

il
2SN ¥

i o rle of
;
2
o}
ol
F{F
it
]
il
&
ogl::
ol
Fd
9,
=
»
tlo
T
e
fd
2
2

ZavlA Qo] A % B HHES 407 mm yr
. 1995), A& ] TP H&#5=E 550 mg P kg™, 2L B4
60.7 km*E}al 7FEdbd, 97 34 20A &8 A
Fe= 919] 9F& 1,359 tons yrt 2 FAHETH

wap 27hE DIPYE SS9 &3 gahe whEe, HES
Welld 823 AR 5 Aed 3L B, FFT T
¥e2 O f2or §AHE ke ¢F 98 33 3o,
HEA o2 Qo] AR FLEAM A&S Arte AL & T U

—~
o X 5

W

EnEs

2Yx)2) Y, 1981, A Y 71 BEFRAL B (M EXTF). 56 pp.

72, 1999, TAuk] QHEA $A] AFERE B #U F

st A, T Flefd A QTSR 24 2 A

o 93t e dAsIE N, AT, 191-219.

B, olEge 1997, B7 SHFE SedimentsZ2HE FHLHEE

A g2 EA BAF AT FFFABAESA, 13: 245253,

23, H, ol&4, 1993 opatuke] FUd 2 YA F7

E. 2548k A, 26: 173—181.

3, 1995, 3 As) Famt 2] EAARE. ofghbAL T
Y= Meuiga sk, 54 pp.

AR, AZZ, ol Y@, 2000. T 7FE5 AW AHE

S
[z, ol
e

o
}Oll
=

1

Jx

o
=

2

A8 AAsks Y AMFHFEEY 2 P =3
Fet3] A, 5: 346 —356.

Aminot, A., J.F. Guillaud and F. Andrieux, 1993. Phosphorus spe-
ciation and inputs to the eastern bay of Seine. Channel sympo-
sium: Fluxes and processes within a macrotidal sea. Oceanologica
Acta, 16(5-6): 617 —623.

Barica, J., 1974. Some observations on internal recycling regenera-
tion and oscillation of dissolved nitrogen and phosphorus in shal-
low self-contained lakes. Archiv fiir Hydrobiologie. Stuttgart
[Arch. Hydrobiol.], 73(3): 334 —360.

Berner, R.A. and J.L. Rao, 1994. Phosphorus in sediments of the
Amazon River and estuary: Implications for the global flux of
phosphorus to the sea. Geochimica et Cosmochimica Acta, 58:
2333 —2339.

Buskens, RFEM., 1989. Beuven: herstel van een ecosysteem. Vak-
groep aquatische oecologie en biogeologie, Katholieke Univer-
siteit, Nijmegen, 154 pp.

Carignan, R. and R.J. Flett, 1981. Post-depositional mobility of phos-
phorus in lake sediments. Limnology and Oceanography, 26:
361 —366.

Chambers, R.M. and J.T. Hollibaugh. 1993. Nitrogen and phospho-
rus dynamics in fringing tidal marshes of Tomales Bay, Califor-
nia. ASLO AND SWS Annual Meeting. Abstracts., ASLO/SWS,
(USA), 1993, vp.

Chester, R., 1990. Marine Geochemistry. Unwin Hyman Ltd. 1: 48—
49, 198 —201.

Dam, H.V. and R.EM. Buskens, 1993. Ecology and management of
moorland pools: balancing acidification and eutrophication.
Hydrobiologia, 265: 225 —263.

Forja, JM., J. Blasco and A. Gomez-Parra, 1994. Spatial and sea-
sonal variation of in sitv benthic fluxes in the bay of Cadiz
(south-west Spain). Estuarine, Coastal and Shelf Science, 39:
127 —141.

Jensen, H.S., PB. Mortensen, F. @. Andersen, E. Rasmussen and A.
Jensen. 1995. Phosphorus cycling in a coastal marine sediment,
Aarhus Bay, Denmark. Limnology and Oceanography, 40(5):
908 —917.

Jordan, T.E., D.L. Correll, J. Miklas and D.E. Weller. 1991. Nutrients
and chlorophyll at the interface of a watershed and an estuary.
Limnology and Oceanography, 36(2): 251—267.

Klump, J.V., 1991. Sedimentary nutrient cycling and a nutrient bud-
get for Green Bay. The 34th Conference of the International
Association for Great Lakes Research, June 2—6, 1991. Program
and Abstracts., 31.

Kiump, J.V,, P. Sager and D.N. Edigington, 1993. A phosphorus



180

mass balance for the Green Bay ecosystem. OME 36th Confer-
ence of the International Association for Great Lake Reseach,
June 4—10, 1993. Program and Abstracts, 63.

Lebo, M.E. and J.H. Sharp. 1992. Modeling phosphorus cycling in a
well-mixed coastal plain estuary. 1992. Estuarine, Coastal and
Shelf Science, 35(3): 235 —252.

Liebezeit, G., 1991. Analytical phosphorus fractionation of sediment
trap material. Marine Chemistry, 33: 61—69.

Mayer, T., C. Ptacek and L. Zanini, 1999. Sediments as a source of
nutrients to hypereutrophic marshes of Point Pelee, Ontario, Can-
ada. Wat. Res., 33(6): 1460—1470.

Montani, S., 1994. Scavenging processes of marine particles in the
eutrophic coastal sea. NRCT-JSPS Joint Seminar on Marine Sci-
ence, Chulalingkorn Univ., Bangkok 254.

Miyata, K. and A. Hattori, 1986. Distribution and seasonal variation
of phosphorus in Tokyo Bay. Journal of the Oceanographical
Society of Japan. 42: 241 —254.

Nielsen, LK., 1974. Mud-water exchange of phosphate and other
ions in undisturbed sediment cores and factors affecting the
exchange rates. Arch. Hydrobiol. 73(2): 218 —237.

Nixon, S.W., S.L. Granger and B.L. Nowicki. 1995. An assessment
of the annual mass balance of carbon, nitrogen, and phosphorus
in Narragansett Bay. Biogeochemistry, 31: 15—61.

Parsons, T.R., Y. Maita and C.M. Lalli, 1984. A manual of chemical
and biological methods for seawater analysis. Pergamon Press,
New York, 173 pp. .

van Raaphorst, W. and H.T. Kloosterhuis. 1994. Phosphate sorption in
superficial intertidal sediments. Marine Chemistry, 48(1): 1—16.

Reeburgh, W.S., 1983. Rates of biogeochemical processes in anoxic
sediments. Annu. Rev. Earth planet. Sci., 11: 269 —298.

Richardson, C.J., 1985. Mechanisms controlling phosphorus reten-
tion capacity in freshwater wetlands. Science (Washington), 228
(4706): 1424—1426.

Silva, C.AR., A.A. Mozeto and A.R.C. Ovalle. 1998. Distribution
and fluxes as macrodetritus of phosphorus in red mangroves,
Sepetiba Bay, Brazil. Mangroves and Salt Marshes, 2(1): 37—42.

Smith, S.V. and M.J. Atkinson. 1984. Phosphorus limitation of net
production in a confined ecosystem. Nature, 307: 626 —627.

Smith, S.V,, J.T. Hollibaugh, S.J. Dollar and S. Vink. 1991. Tomales
Bay metabolism: C-N-P stoichiometry and ecosystem heterotro-
phy at the land-sea interface. Estuarine, Coastal and Shelf Sci-
ence, 33(3): 223 —257.

Smith, S.V. and J.T. Hollibaugh. 1998. Carbon-Nitrogen-Phosphorus

P -

Hgel

Cycling in Tomales Bay, California. Aquatic Geochemistry, 4:
395—402.

Sundareshwar, P.V. and J.T. Morris. 1999. Phosphorus sorption char-
acteristics of intertidal marsh sediments along an estuarine salin-
ity gradient. Limnology and Oceanography, 44(7): 1693 —1701.

Suzumura, M., U. Shingo and S. Eiichi. 2000. Control of phosphate
concentration through adsorption and desorption processes in
groundwater and seawater mixing at sandy beaches in Tokyo
Bay, Japan. Journal of Oceanography, 56(6): 667 —673.

To, Y.PS., 1974. Effects of sediment on water quality in the Occo-
quan reservoir. Doctor's dissertation, Dept. of Civil Enger., VPI &
St. Univ., VA.

Vaithiyanathan, P., PK. Jha and V. Subramanian. 1993. Phosphorus
distribution in the sediments of the Hooghly (Ganges) Estuary,
India. Estuarine, Coastal and Shelf Science, 37: 603 —314.

Vidal, M., 1994. Phosphate dynamics tied to sediment disturbances in
Alfacs Bay (NW Mediterranean). Marine Ecology, 110: 211—221.

Vink, S., R M. Chambers and S.V. Smith. 1997. Distribution of phos-
phorus in sediments from Tomales Bay, California. Marine Geol-
ogy, 139(1-4): 157—180.

Warren, G. and PE. Hughes. 1993. Phosphorus and nitrogen mass bud-
gets for Green Bay, 1987-1988 from the Green Bay mass balance
study. OME 36th Conference of the International Association for
Great Lake Research, June 4 —10, 1993. Program and Abstracts., 64.

Wersin, P., P. Hohener, R. Givanoli and W. Stumm. 1991. Early
diagenetic influences on iron transformation in a freshwater lake
sediment. Chemical Geology, 90: 233 —252.

Winter, PED. and D. Baird. 1991. The exchange of phosphate

- between the Swartkops estuary and Algoa Bay. South African
Journal of Science, 87(5): 192—197.

Yanagi, T., 1999. Seasonal variations in nutrient budgets of Hakata
Bay, Japan. Journal of Oceanography, 55(3): 439 —448.

Yuasa, I, E. Hashimoto and H. Ueshima, 1993. Nitrogen and phos-
phorus across the thermohaline front in Kii channel in winter.
Journal of Oceanography, 49: 407 —424.

Zwolsman, J.J.G., 1994. Seasonal variability and biogeochemistry of
phosphorus in the Sheldt estuary, South-west Netherlands. Estu-
arine, Coastal and Shelf Science, 39: 227—248.

2001 10€ 1Y a2y
2002 8¥ 6Y FHE AY
d2HI Y ol 54



