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The Effects of Adsorption on Phosphate Benthic Fluxes in the
Intertidal Sediments of Keunso Bay, Yellow Sea

Dongseon Kim" and Kyung Hee Kim

Climate Change & Coastal Disaster Research Department, KORDI
Ansan PO. Box 29, Seoul 425-600, Korea

Abstract

: We measured phosphate benthic fluxes and conducted phosphate adsorption experiments in

order to find out the effects of adsorption on phosphate benthic fluxes in the intertidal sediments of Keunso
Bay during summer and winter. Organic carbon contents showed little variation with season at St. S1, but
noticeable changes were observed at St. S2, which were three times higher in winter than in summer. The
higher organic carbon contents in winter resulted from the bloom of benthic algae in surface sediments.
Pore water phosphate concentrations were much higher in summer than in winter. The higher phosphate
concentration in summer was probably due to the faster remineralization rate of organic matter in summer.
At St. S1, benthic fluxes of phosphate showed a negative value in summer and a positive value in winter.
However, St. S2 had a negative benthic flux both in summer and winter. The negative benthic flux was
ascribed to the phosphate adsorption on iron oxides in surface sediments. The equilibrium concentrations of
phosphate obtained from the adsorption experiment were three times higher at St. S1 than at St. S2. The
relatively high adsorption coefficient and low equilibrium concentration indicated that phosphate was
strongly adsorbed on the surface sediments of Keunso Bay. The strong adsorption affinity significantly
reduced benthic fluxes of phosphate in the intertidal sediments.
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A, A3} deEE A f1ARAE Q)
Foio, e Aa9e 3 F3e

=
3 tH(De Kanel and Morse 1978; Jones

!

h A =
= A%E AY
et al. 1993).

27 A Bl Qb o] 8ke A FE o3
2 ZH(bioturbation), &H4F, ©]F-(advection), ] 4] Z=+F(benthic
algae)®] AAHE T 93] ZA FIFES W=rH(Van
Raaphorst and Kloosterhuis 1994; Sundareshwar and
Morris 1999; Lillebo et al. 2004). AXZFE= JFTAS
Qe EE HF T EA 1AM AFEY 2 2
Aol FEFS w1 v ohg}t HAE YolA s F
AAIA AT FAIE HSAII S B2 A Q14 AFE
g2 (benthic flux)oll 7H321R1 G5 mIRITh AAFE0
ol gt wehe EZE ol £ (burrow)S YHEo] EAE

28 3t e B TR S HE e T2
2 FEAE B opzt B E RHAS SUMAA &
2ol &gk QIAHA 9 o] F& FXIAXITE. o]} 7ol 7I|
HAEole e AMBESo] A2 AL lojA o
7 AR e s Eo] dolur] miEe Q1A 9
Sto] ThE ARt skl Blsf wf- B33k FEs
ek A AAA L 27 HAEoA 14He]
AFEY 29t 5T A R A= Gl gk
A7t = AR (Van Raaphorst and Kloosterhuis
1994; Sundareshwar and Morris 1999; Lillebo et al.
2004), $2ILe} 270 HAZAA ol At Ae o]
TR A] AT A 2002).
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Fig. 1. Locations of the sampling stations on the inter-
tidal flat of Keundo Bay. The hatched area indi-
cates the area exposed at low tide.
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Fig. 2. Vertical profiles of organic carbon at (a) St. S1
and (b) St. S2 on August and February.
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Fig. 3. Vertical profiles of pore water phosphate at (a)
St. S1 and (b) St. S2 on August and February.
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Table 1. Phosphate concentrations in seawater and pore
water at St. S1 and S2 on August and February

Table 2. Benthic fluxes of phosphate at St. S1 and S2 on
August and February

Phosphatein  Phosphate in Phosphate benthic
Sites Season seawater pore water Sites Season fluxes
(tamol I (tmol [ ™) (umol m™2 hr!)
S1 summer 0.23 2.44 S1 summer -2.95
S1 winter 0.95 2.00 S1 winter 0.41
S2 summer 0.32 1.68 S2 summer =341
S2 winter 0.72 0.88 S2 winter -4.21

RIS SN

A7 s1elA AE] sl4e) Qlak B o BolE A
2vo] wa} A5 N Aol ol Z71e
on), A S201A] Q1AkY FEE Y AL BE A7

728

=

o whe} A Ma}oau}( ig, 4). eI sh5e] <1t
A FE7} ARk mel 2aE A S5 F Qlatdo) |

Z—?“’ &0 §U9 2 ANFET Azl w2 ke
T 718712 Qe AFEY2E AstEdnt

o)
NREERE S

(Table 2). B4 Sloﬂ/\i o Eol =43 2]
2E 295 umol m™ hr'o]RA5L ALol= 0.41 mol m™
hr o]tk AFZ2 27t 49 el AL HHE ) Qlat
gol a5 FO2 WEE AL Uehls &9 ghe 5
F Qo] HHE $02 #9018 AL vehinh. et
A5 i T Aol HAE So08 AL A
o= WHZ HAE Y kol 4 Fo=2 WEEHS
ok 3d s2014 el gl H3 3 QA AFFYAE
0.25
1 a
v.:‘ 0.20 @)
g 0.15
@ L ]
% 010 A
& 005 .
0.00
0 2 4 6 8 10 12
1.1
~ (©)
- 10
g 1 ’ [ —
: .
% 09
g .
0.8
o
0.7

0 2 4 6 8
Time (hr)

10

—3.41 gmol m™ hr'o] 3 AL+ —4.21 gmol m™ hr!

2,959 AL BF g F Aol B8 E o= F
Y= ATt
ane 2449

HIE A4 2004 ALl AAgk Aol AAdx7}
A BES HolAR E'_E AYoA HF I F=
9} HAE F23t Q1] 2 dHA e FAAAE YE
YA th(Fig. 5). L2419 ]Eﬂi“’—a AEF2RATE

T8k th(Table 3). AP F2ATE B3R S16lA4 ALl
49 2ol 64 m/ g "2 7P =9 BAH 2004 AF
o 2738 gho] 47 ml ¢ '2 7P Wtk AP FAA S =
AvkA o2 A3 S2¢] Bls] A S1oA =}l o Fo
Bl ALl =t} EXE A (distribution coefficient, Kg)
= 52} EA -l &2 rate] 8 Tth(Table
3). & AFHlA HA =S HlES BE A7l 401U
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Fig. 4. Time evolution of phosphate concentrations in overlying water over the incubation period at (a) St. S1 on
August, (b) St. S2 on August, (¢) St. S1 on February, and (d) St. S2 on February.
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Fig. 5. Isotherms for phosphate sorption onto surface sediments at (a) St. S1 on August, (b) St. S2 on August, (c) St.
S1 on February, and (d) St. S2 on February. Solid lines were obtained by linear regression.

Table 3. Linear adsorption coefficients (K;), distribution
coefficients (Ky), and equilibrium concentations
(Ceq) of phosphate at St. S1 and S2 on August
and February

. Ky/ C
Sites  Season ( le;—1) Kq (de_l) (;an(:lql")

S1 summer 54 13.5 0.93 1.07

S1 winter 64 16.0 0.94 1.03

S2 summer 47 11.8 0.92 0.30

S2 winter 49 123 0.92 0.18

i=EavA =1
AR e

=z olAkYe

Tl |1

(KgtDe] -2 &

11.8~16.09] HE BTt FF5o) F7}
9 Kd/(Kd+1)-’] HEo A
=570l @A "ot ofEbx

D x =
e

o 2
-
=
>,

=70l F7H OJ*P“‘;,B] 92-94%+= E|Z goﬂ 5 2] 51
U2 6~8% Wro] F=iell WA Hrt. sllre] Qi ol

A5 o] o] §28A &=
2 Q19] <Fo] 0 umol g*‘%l o, 2% AArA Aolt}.
Z, Fig. 5914 HA & &
AL 7R7Ie A% %JZVJJ% e
Aotk HPFeE A S1oA dEol 1.07 gmol [7'¢]
AL Ao 1.03 umol 172 AFI AL zpo]7t A
fRem, AH S20iM= o359 0.30 wmol /701U A
2ol 0.18 umol ["'E ALl H5| o] & EHUTH(Table
3). BA S1ol4 243 PP A S04 3k gt

[Py

o] HYPFreol

Bt} oFolle 3.6 =} Agels 5.7 =Sk

4. &2 9

x]q_:; al 7;]]791315].

A S1olM H&= W fres e AE EPF/}
Z Aol7t gl Wb, A S20llM = Aol whe} vl 2
HakE UeRith AR S2 BFE A0 Aol #5339
712 FFE 0.77%=, A5l HIs) 38 ol =T
(Fig. 2). o|*1¥d A 8201]*1 74301] F71e4 ol ¢
38 =& AL o] A HzoM AMFEF E
(benthic diatom mat)”} ‘?%Z:‘_E] A7) W&ol sHAIRE 4
A S E Aol ANTFEF HEs AR stk
ANFRR EE F2 A%l TRz Wol
A=, AMtEF7E ALl Y (bloom)s: k= ©]
FE obd P48 A A AT, & T Fs
b 283 PEo| P

= Agdlle 7120] ot Aot

SHA] 24947 wjiZo]tH(Noh, personal communication).
T AN FEE AA S13 82 BRA Al

w2 WSS JeRl, AL Bls] o5l €53 =2
HES BHAtHFig. 3). 357U e =2 frlE &
el ozl AR frlE Al Ee 2= met 27
e, 25271 10°C 45 ettt {715 el
= 381718k Z7F8cH(Moeslund et al. 1994). ol ol A3
S13t S2¢f] #AS53 EAES] HF2EE 27.6°COIUAL A
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SoE 8.1°COE, 19.5°CS] zto|E Bt} wabs o
o 7= HalEEs AL vE)] ouf 71k Erlele], &
S5 Q9 FEst ALl B3l g A5 e A
o7 FUET T2 9 BrE §U)E By
o B&eae] F2l oM = IA e Eerh(Van
Raaphorst and Kloosterhuis 1994; Slomp et al. 1998). %
A S13F 82004 o Foll 53 IR Fee 2 Ao
7F QAR T A e A S200 HlE] A4 S
o anf o) Egteh. o7 Aol obnk {71% Hahel
o) Aol7] Brke HAEIe] F2d) o8 Ao
ek 54% F2o] U Eol Uzl A8 AFshe
S Stk @ 7 Frise AMle 3Y S2 BRHAE
AN Agell SAHT F71"a FiFo] o5l Hls) 47}

ool Bekal 35 Y e 23]y AF
Brp Agel S AFHA ZA S20lM = Asel A
Mt iAol doju EFE A =9 f7]8a ool
7P AMTtEFE S

ok ohjel FE5 o
FAE FIAE A AA W, B f7194
Yol Brsin FF5 QA FEE B4 %8 Jow

Azt
o])\}-O:i o] xﬂz}ia)\\: 74];4 “HU]— O]—L]E]— %}iﬂ] Uil-ﬂ-
AME F ZolE UERRTHTable 2). A4 S1ollM = AF=
34*7} oEolle 29 @S Bl v, ALl 4]
S el B 204 = AFEHET AE5H As
T 2o e e o 5ol Hlal] Agol ok =2
JNAFA o] AZFY 2 FAE UollA f7]1E0] &3l
5101 ko] A== Fret Qlitdo] EA & 53
3to] A AT = Zgo o8| A Eh(Froelich 1988).
gutHo g %71% 7ol B HAE=st wE 27
HAES QXIS A=A Bl Fo8 FdEsk= A
o2 dHA 9 E}(Forja and Gomez-Parra 1998; Coelho
et al. 2004). =3}, koA A3k npe} o] AAFol=
71& T e AR w27] g, 3=
M FETt FUksle] Hh B QlAHo] E A &4
&l $2o2 W=EFrH(Van Raaphorst and Kloosterhuis
1994; Lillebo et al. 2004). 3HA|% & A-roA= A3 S1
oA Agoll FAT AES AQstaie BT s F At

:Hﬂ o

gol HABE FYAATH. oY Aol HABE §
Qe Ae a5 Foll Fiapl EAleke ikl o

2 EZTEAEC Mg o] fAH AL, o] AkslSollA] <l
ko] HikslE Foll S3Ek7] wEe] o= dAnkE
ok EA= F2l tE Eole vk Aol A A=
SHEE 3HTh EAEA 9 Q1AM FE 2o 3L v
A= 881 FolA, AXAAES] et A Qlitdo] HA
EA B OB fEEHE AL ST E 2R B
2LE A THMichaud et al. 2006). 4 S1o|A4 ALl A4k

Bl AT UE A 2o Fef g2 nele
e A ES] WNBEH aet 48R B3 HAE
o FAH= AFEY dF o' v f 5]-5— ol

o B3] dEl He= JJrl‘/l-Eh:}
731 = A3 Ade| wet
== 74]”"“ ue} & A3t
z}olE 144:)”] A7 S29
H)s) A S1elA] 3u8) o] %ME]—(Table 3). BYFe
= 3l o) A FFE

“ﬂ:L—E-E—]]’ _‘g_‘l-:'_ﬂ-o] YS4E Hygzh 1-_{,'\_?}‘1-1:]—
(Sundareshwar and Morris 1999). whe}A E|Z Eof <]k
o] O] b‘zLO A7 S190 B8l A& S2004] EE]— ks o
ol ot} Ao HAR ) B, A, 0
Fgol] BT 1At F2FE 713 TH(Lopez et
al. 1996). & Ao x HEFL7} X0 wg} 2 zjo|=
Holg A2 Ao et HHEW 47w, 3, 25 o
ol 2] MR Ao Aes BAFEE B
it Frol FAHAYN JIL U]iJE]—(Slomp et al.
1998). & AolA BEFEHA =S 35 =
BEserr A= ELu|(Table 2), °]7/i & 3= <
5]

oﬁr

_4

fl

=
2 o

o] §71% aloll <lsh gElel B ekl mest
A £ S1] mRolet. s X3t AYel mE T
F A FE WEE HIE Wstek e Qs
31 9lo], BYFEI FAFW AN B 2 JFL
A PeE B 5 ek FEE QA BTt A 2
o wlal 4 SiolN Q5] g——;~c41<1:lg 3), ol %

g e mogA AE s 44
S1ell4] 1.03~1.07 ,umol ol B3 szoﬂ A 0.18<0.30
umol [7'Z(Table 3), T+& Z7t) HAENA =% 461 Zt
EXY )% Yt} Van Raaphorst and Kloosterhuis
(1994)7} &3l (North Sea) 27+ EH &4 S 3 14t
Yol HYFEE 5.0~10umol 2] WIS
Sundareshwar and Morris(1999)7} u]=+ g7l Ec}e|u}
(South Carolina) 271t EH &N A3 HYP 5=

B N

}\)\_L_

0.41~15.1 zamol /7'9] WS Vet £ A7xo 27b
dellA it HYPFwrt e 2 e A9 27
HU} A E ) SFu)g, d, 24 o] Fol s
A e %{01 17] w2l o= AztE) <l
FHAES B9 SAS HEFAATE BA S10A
54~64 m/ g oL AA S204 47~49 m/ g ' Z(Table

3), B8l 2700 HA B 23 3H5(6.9-22.7 ml g 7))
Rt} &=k tK(Van Raaphorst and Kloosterhuis 1994). &-3]|
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o] EAEA 493 780l A3 Qlakde A
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o) WY E w7} =y NEEHA 57} doba, o1k o]
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(Table 1). o)A ¥ &= 1Ak FE7} 85 ¢12kd &
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el A3EA

N
-~
02 =
j&
mlo
> L
2T
£
[
-
L
_‘T_‘,
ol
Y
o
=
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A= W #HbskEo] wig & FAREC BT
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Fig. 6. Phosphate changes with water depth in the inter-
tidal flat of Keunso Bay during the flooding.
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