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Tidal and Seasonal Variations of Nutrients in Keunso Bay,
the Yellow Sea
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Ansan PO. Box 29, Seoul 425-600, Korea

Abstract : In order to find the effect of intertidal sediments on nutrient cycle in coastal environment, we
measured ammonia, nitrate, phosphate, and silicate concentrations every hour during at least 12 hours in the
entrance of Keunso Bay during four seasons. The content of ammonia and silicate do not change
considerably with season, but nitrate shows large seasonal variation. In summer, nitrate concentration was
much lower than in other seasons, which resulted from large biological uptake and active denitrification in
intertidal sediments during summer. Phosphate also exhibit seasonal variations, but not that large like
nitrate. N/P and N/Si ratios were lower in summer than in other seasons, which was due to active
denitrification in the intertidal sediments during summer. For all seasons, ammonia concentrations were
higher at low tide than at high tide, but nitrate concentrations were higher at high tide. Dissolved inorganic
nitrogen concentrations measured in spring, summer, and winter were higher at high tide than at low tide,
but in fall, they were higher at low tide than at high tide. For spring and winter, phosphate and silicate
concentrations were higher at low tide than at high tide, while in summer and fall, they were higher at high
tide than at low tide. In Keunso Bay, intertidal sediments affect significantly the nutrient cycle around the
coastal areas. The intertidal sediments act as a source for ammonia and silicate, but as a sink for nitrate.
However, phosphate is not considerably influenced by intertidal sediments.
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Fig. 1. Location of the sampling station in Keunso Bay.
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The hatched area indicates the area exposed at low tide.
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Fig. 2. Ammonia variations with time in Keunso Bay during (a) spring, (b) summer, (c) fall, and (d) winter. Filled
circles indicate the surface and open circles the bottom.
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Fig. 3. Nitrate variations with time in Keunso Bay during (a) spring, (b) summer, (c) fall, and (d) winter. Filled circles
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Fig. 4. Dissolved inorganic nitrogen variations with time in Keunso Bay during (a) spring, (b) summer, (c) fall, and
(d) winter. Filled circles indicate the surface and open circles the bottom.
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Fig. 5. Phosphate variations with time in Keunso Bay during (a) spring, (b) summer, (c) fall, and (d) winter. Filled
circles indicate the surface and open circles the bottom.



6 Tidal and Seasonal Variatio.

ns of Nutrients

Water depth (m)
N
N

Silicate (umol L)

12 4 —e— Suface
O+ Bottom

(b)

2 4 6 8 10 12 14 16 18 20 22 24

26

Water Depth (m)

20 A

Silicate (umol L)

6 8 1‘0 1‘2 1‘4 1‘6 18 20 6
Time (hr)

8 10 12 1 16 18
Time (hr)

20

Fig. 6. Silicate variations with time in Keunso Bay during (a) spring, (b) summer, (c) fall, and (d) winter. Filled circles

indicate the surface and open circles the bottom.

B
= "® — 15 4 /,,,,\ -
4% 14 / " \
g 12 \\»777/’ o) —
s 2 9
(a) 8
20 1 7
o 6
L
©
= 184 5
o
F4
4
16 4 3
—e— Surface 2
~O-- Bottom
14 ™ T T T ™ ™ 1
6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 22 24 26

Water Depth (m!
S &
/
/
[
ERES

14 4 18 4
13
8 17 4
®
= 12
[
L
Z 16 1
114 :
ol 15 -
101 o o} [)
9 : . : : - 14
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18
Time (hr) Time (hr)

20

Fig. 7. N/P ratio variations with time in Keunso Bay during (a) spring, (b) summer, (c) fall, and (d) winter. Filled

circles indicate the surface and open circles the bottom.



Kim, D. and Kim, K.H.

B — —
5 " // B 157 o
g 1 2] / \
5 12 \v—/"/ 9 —
g 12 05
(a) (b)
1.1
04
1.0
kel 03
®
= 091
7]
@
P4 02
0.8 -
0.1
0.7 —e— Surface
-0+ Bottom
06 0.0
6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 22 24 26
E 18 — 16
: . /’ - 2] - //’
3
o ~— 12
5 12 — ol \,\7
g
2 14 18
o
(c) (d)
12 o 16
1.0
ko) 1.4 4
=
o
= 08
[72]
4
Z 1.2
06
1.0
0.4 - 0
02 038

1‘2 1‘4
Time (hr)

10

Time (hr)

Fig. 8. N/Si ratio variations with time in Keunso Bay during (a) spring, (b) summer, (c) fall, and (d) winter. Filled
circles indicate the surface and open circles the bottom.

1o 71O

Joll 22 23S YERH o, Aol 249
W3S Holx| gt} HSolA AaAqta
o] 0.97~1.2%2 7P UL oS0l 0.08~0.38

LI

k3
o
flo
)
o

odoksde] A3}

drYol= A we 2 W3S
7heol 7k Al dRYotl FETt thE
A =9kt sARE Ak T dEYole) gl Al
o= g Z WH3E Vet ®3 ALY Het F
TE ﬁ%oﬂ 14.5 umol I'2 7H =} IF] 085
N2 7P dkon, AL} o gAatele] 10u] o]
FEAol S UERTE 24T F2 flaf oA IS
A2 FEE 20063 290l 12.2~15.0 umol /7!
2006 799lE 4.4~6.0 umol o] ATHS
2007). ¥ Ao AL #F=S AAE FEE
(2007)°] A-gell #=3H ¥

CHERRA ek
Aol wlsh 23

o] 77

O] AR 1=

A\ ol offt

W FAFSEIAAIRE, o Foll &
3 A FEE 9 5(2007)0] o Bl #=3 Rt
o] F8 AA7IAL HeEFaEol
EoAe] &d As}ra 0] Z ) 9]

fi

=3} A}
=

O:

=
o},

I

TollA S ALY o A Ao BlE| ofFol
38 ©]’ =%+=¢l(Noh, unpublished data), ] A= =
o AF-E<tel AEEFAE o A HFH7F 7
2 Ao R At g HAEA Y g AR E

o532 &) °]°1‘/]"“3] OJAL AFHe] F& T2
o ofsf mAE o] EslA F71E E8l7E FXE7
| i-0] t}(Risgaard- Petersen et al. 1994; An and Joye
2001). wEbA] 24RE JollA] A7 A5 DA F
7t 53] W A2 ZANkA AdF5Estel AEEHA
Eoll oJgk A4k HFA7E 7HE Ao A E A EolA 9 &
Aos2 g 7P hiks] dojut, 24Nk WiollA 4
St o] Hakdo] AN wEelch

N FEE AR HEE YERIA 3}
I-$- & WElE Ho|x| goit) B Qe Ht
ALl 0.96 umol ['E 717 EJL ool 0.37
umol I7'& 71 ”0}0111 ALF} JFAe]o 38 HEe]
FEAPOE YERATE o 5(2007)0] AN B o)
oA =3 FF QMY FTEE 20061 2€0) 0.62~0.73
wmol 1710113 2006 7€oll= 0.33~0.39 umol I7'2, B

1:1

T+

IR

O

Q%
ol

fom
o

—
[

AT AW QTN BEF S QG Bt 5
9} 2 2ol Holx] itk Ak QY FE
7E AL e AT WA BEEE A AFH 4



[ee]

Tidal and Seasonal Variations of Nutrients

EEFAES ALY St e ddE A S
T A 71l 2% g A} biitolth(H & 2005;
5 2005; 9 T 2007). AAAe A, 5 H| AN
YrrollA] HE5eE DAk FEot LJadolA #Eg Al
H&l] wg- Wk ghdel, 914k ARt e} e
oA #AST FhEC] FALSIATE oA AL Ie 2

Eis
o5 Hol| 4R oA QIS AATE dojuA]
= AJsiET
2‘*&0&0]% a2 FElg AdwstE
Holx] okt B3 At B ve= 53 ALl
14 gmol I~ ‘O]M oAE3 72l 10 umol I7'2 o E3}
AgArolell 2k Zpol7} Qunh. ARt H efsfofellA
El A FEE 20068 2€9lE 12.0~15.7
,umol I, 200613 5990 3.1~3.4 umol I, 20063 7€l
£ 4.2~4.8 umol I, 20063 11L& 3.7~4.9 umol /70|
ATHY & 2007). & A7olM Az A5 44 T=
= o T(007)°] AZell #AZT AT FARIRAAT, &,
AE, 7Holl A5 4 == o 5(2007)0]
Aol A5 ARG 2~ A= =T ol Y ASS
ALlet &, A, 7Heel 24t ‘%L W A= Ak
[e]

¢
P
Pk

va
l:t:l
o[}lr

Tt Qg R =& AL ZAT YR
2HE et Fof kol A l u'HTﬂ RO
ke,

ARl vl&E FElgk AdHAsE VYEeRlTE 3300A
Bt AR v LS Hol 1742 7P =9kaL o2 4.9
2 7P wokon, B3 7ES Atolel 4wl Ame] Zfolrt
ok AARl Hlgo] thE A vlE| oFol 53] W
AL oJEEole|| MHEZEo|A] ksl ©A Aslzkgo
oJ3) Ak ] @&0501 Hr} o] deHoz AA
H7] wEoltt. Aiqta HlEE thE Ao vlE] o
ol 7P w2, o] Etﬂ 04?%2} gibel @A
of oJal| AR FAkdo] B Hol ez o=m A
F7] wjiEolt}.

ook o] Az}
grYo} FrE A0 w2 Wk ngled,
AN 702 Aol & ghe VeI ¥hz Ao w

e LBl oMY Yo} Fws) vhe Alny
Be 7S ghmUe} 5} 9k oRnch Y
7] wEoln, v A hrolrt A4
AAJf STl ZARES 7EE Alo]] tiH-E-2] §F
Foll Zeubs AWE o) FoiA Q7] wiel,
oM §71% Hajol] ol st ool okmy
Ho] £Z20 2 FFHE Aor Azt =,
AEAASE 2E AL F2riols 72 FIMos
Z Atolel] 3 FRUoL & zpo|7t

N rlo rln
i 5

2>
é

o

2
of ulfe =
i flo =~

= o
T

iu}

)

i

O
U
N
bl
oX
oX,

2
#

ASEAIE 1 mol 1 N2 FA1E 7k
L 7hSl= 3 umol 17 AR T A w8
AL APHABAN FEoR FFAE ¢
o ThE AEe s 1ol 71 mTke A

WIOFSL&J%U}E
E‘—OIH r
Ezggﬁ
o°ﬂl
s

i)
B
2

-
(
-

OH AN
SRR

SE Qo AN wE A B
A% R 0 Aol s gk Lhebich

Rl %57} 72 ANEG v Al ¥ 22 2

2L
o HH‘
rlo

i)
r>'
o2
off
kit
)
1:1
_.%
hI
o
to
_l
é
12
£ ¥
>
Hir
> N
R=)
.{
o

2E U ol A @*&0501 AAE L Jes AAEED
Aol F AAVNFORE ABEFAE 9§ 43
NHE A Eo A o] edistatgo] oy NHEHEL
Bo] FHat7] wjiell, ARAE ga4stago] &
ot} o] 2005; oF 2005). weEbr Zawt W)
FoA BE A Ft Aikdo] A EEYAE g A
F o AL E A EolA o] @Rzl 93] A A== 2
o= Ak}, hxs} vz Alold] ¥ AN BE 2
o)7F B3 A= 5 pmol 17 HOIZ BwA £ e
Uebd vhA, g3 7R2olE 1.5 umol IM'E W3S
UERIT o] AL Bt AgEtel 248 WA AA
e 2ol dol g 7kl viEl o Ate As
A Al

olrtujo}, Ak, opFAAS BT gl 271 F A

L do oo H oo & >
N rﬂ&“

9

JETh g M w9k whebs] 2anke F 2
ool thallM =, o7, ALole §E7712a
2 gL 7]~—0ﬂ— H]'EHE_ Zaoz a3t} oA
MHEHZAM 5 F5= oo} o] ThE
Aol B 7l~goﬂ 7}2} 53_\:]-57_ ol sttt wEh o
AA T g 7180 24Tte] 8E77|d 4] FFdes
Agshe Ao 8 clg el JEuYaE off

HE B §71EF] 71 By RaH T, 7 A
HIELR e YRl RS fzol IR
mhe) Zow Yz,

w 23 Aol B Aol ¥ FEE Ve
5 A e TR e W, ol Thole
AN 72 Aol S SRS Uehla W Ao o

o FEE Jepith mebd Ak e B3 Agels
S5 PR} SR o)A Fof, 2auto] 149
AANSR 4§33, AFH H2ol NThE 9175
BT R URelA o, ] FRAOE Aga,
QAke) o Ao R HBEGAES o5 49}



Kim, D. and Kim, K.H. 9

£5 HAEe] FHo| Yk B, Qakdel Ay F
2 HARAA 471% 2aol I3 oo}k, 718 F
ol B AL} AUALEA 7717 29

o] AA = FEHE %k% ‘5%’7(] Q%E]'(Sundareshwar
and Morrls 1999; Coelho et al. 2004). Lillebe et al.
(2004)°] Aol WEA, AHE A ENAN FFOF FH5
= A EY e Al met Msteled], o]
=3 Aol BlEl] 7ol £ A5 7l =4 #=
HAT w1 Aol A 53 7Rl :“\“*Ol AAF
o] ZFYPo T RLal= AL AHE B A =
TEEE A Y27t A5 7Sl =7 Uﬂ-rolt‘r

23 Bt A 24wl owou AAROR 28
?-5]_{; 7qo 7)11345]%4‘301],\1 E]E c‘al/d.o:l =
as) NEERaE o8 4 15% oFrrt 27| uf
oltt.
TFAAE 2z v R B3t Agelis Wz A
o] B ErE ey 7k Ads Be FEE el
W, A5 THeele ANHE Tk Al 28w

UERAAL vk Aol @ & YERTE A%
TAEE A5 7Rl wxs} 72 Aol F= ze] 7}
10 gmol /' A2 - & Wl B3} Age] FEX}o
&tk webA 53 Theelle 24l
T o] e FEYeE ZESA N B3l AL
THAFA ¢ U]gukfﬂ‘ AALe R 285} A9 3ol
A FE AEZHIEY HH sl AAE L, HAH=
/\1 TAHA 7 A (siliceous shell)®] Fsfjol] 2]al A =] of
TR FEEh wEbs A5 7] 24nte] 4t
?-5‘4 GG FFLORE ZHEshe A AHEH A
A o] Baflol ofsl] AAEol FFoR FFEHE
*Poﬂg} ol FFolA AEZHIAES] FFH <3l Xﬂ
AEe R B7] WEolth. 3, 3 ALl 24w
o] At AAYCeR gt AL FFoA HES
FAE2] AFN olal] AAEE FAFe] ol AEEA
oA b Ao Eaflol osl AAE R F
THE GET B7] WEoltt. S AEEHA =AM Ak
ST A wg F 2ol Hole AL, 20|
2 B AGRY FL0] 12 A5 7S 2o o
S5 YE7] Wil AoE Azt

==

ru NL

HH}Eﬂ UHTOH,
7)&‘1’@ %oﬂ 1 ‘IQI‘ 1% v‘i‘—é‘ﬂﬂ %} 3] dofur, ool uh
o] w}o] AMQE} Jickells and Rae 1997). w’éﬂﬂ “iT
H $20% 99 dYPe AEZFaE o5 43

Hol f7129] Fehz APHA B ] fQHR, ol
W ARE A3} %5 Afolo] JFY o] o] Fof Tt
ole% JU¥H =l oM, 471% wahel sla) A8
ARl s FFHE JYI Pt A5 T A
BEFaEd] os) HAHE JPPe] ol o, Ay
HA83 35 Atolo] JFl Fas 27t FPol of
Fol A, AWE A Bo| Ao JF WMajo] Wrke
GG vIAA) et
AP BE JUY Fwrt 2N et 2 s
§ e A% ADAARAA dien FT B
A5 FoN HBEFAES s HAHE Fo| L
o3 A ek A& AAHFE. YELUoR: BE A
HolA mx Aok gk Al £ FES e,
CIE AUHARAA 2 FFsk= G0l 4 Tl
A HEEY=EA o) HHHE P Brke 2L o
oG, meb AEE RS drLicls] Fa FFUO
2 4490 2AAS RE AN 02 Aurt vz
Aol Fe FEE e, o2 HEEYIE] o
SR EERR S P EEEEL REEREC RERIBE
AARE F G R0l ABANEAN 52 FF
£ e} Brhe AL ANSFED meb ghmuele) 7
So} Wiz AUEAEe Aol Fo AANCR 7
_Q_f,—]_];} o]—UL]o}_ ?dA}O:l o}_ AP NS Od.% E_‘_,:_ b‘]—tﬂ. _Q_‘__,_
JALE B, o1, Aol 212 Alirk g A e
58 o]ﬁ% ¥ AR 7
Aol 8 SRS YehIC, Ge ARHAES ¥, o
= 2 8L AANOE 55T 1S
e FRACE AFUTH T} AUHHEE Sh2of
271920 FRACE A5 e AY U
2 2gal] i) U FaHowe A
Afes Agahe Ao Nekdt QuAL B} AL
ol 7k AR HE Ao B FEE Ui, o
3} 7heols Wi Alunh 7k Al B FES LR
oh. wep AME AR B3 ALl el AN

f

Flf

o2 AT lEH I2E FFUOE g, U
& WaFoss i TR 287 B ol 3

\I

= Ao A7t AR B AglE 7k ARG
Wz Al L FEE YER L, A5 7ol v
|ETh 7b% Aol 28 F5E ekt webd AU EF
& B3 Agole g AAYew Zesla ofE

 3ade® gt agd), A B3
k2 AR 5 Al 97 2 FEE YEl
W, 04—4 7heoll= WER AlHTh kR Aloll 453] =
2 FEE e E 20F Hof, B3} AL A9
AAEE FEh A5 7Hol FFEE ¥o) o B
Aoz e ueha dW HFHoz e AHEAE

>



10 Tidal and Seasonal Variations of Nutrients

o] Qlikde] AAYe R Hg3r),

AEdom Zant Al HAzo] Adsfolre] I
o ol mAl= Gl Zzke] Fddel wet vEA
ettt el deiM e aedeR, §E7712
2ol tiair = AADeR 2Hg-shH, Akl i<
HoE 92 MAA etk

AEA, dFY, A7, B34 2005, = Al HApnre
3}eHq A EA I 943t Ocean and Polar Res., 27,
45-58.

el 3], o] 54, 2005. & RHE FA3 siw A9
GERS G ofre kS]] TH |, 10, 56-68.

FER. 2005, A8t WHEF A o] At g 7§ S st
of Adwast. grre)etets <) Mupet , 10, 47-55.

AEY, =4z FE=, v, B3, JHE, oldzh
2007. &= Aal 7 71RE AbeellM o A - 7
2 W3} 543 24 29l Ocean and Polar Res., 29,
135-153.

A=, oA, AR, oA, o)X, A, 2 E, A1
. 2005, FFNA 771 FFA ] 574 =
Asl= 221, Ocean and Polar Res., 27, 359-379.

Alongi, D.M., F. Tirendi, P. Dixon, L.A. Trott, and GJ.
Brunskill. 1999. Mineralization of organic matter in
intertidal sediments of a tropical semi-closed delta. Estu.
Coast. Shelf Sci., 48, 451-467.

An, S. and S.B. Joye. 2001. Enhancement of coupled
nitrification-denitrification by benthic photosynthesis in
shallow estuarine sediments. Limnol. Oceanogr., 46, 62-74.

Bally, G, V. Mesnage, J. Deloffre, O. Clarisse, R. Lafite,
and J.-P. Dupont. 2004. Chemical characterization of

o

porewaters in an intertidal mudflat of the Seine estuary:
Relationship to erosion-deposition cycles. Mar. Pollution
Bull., 49, 163-173.

Billerbeck, M., U. Werner, K. Bosselmann, E. Walpersdorf,
and M. Huettel. 2006. Nutrient release from an exposed
intertidal sand flat. Mar. Ecol. Prog. Ser., 316, 35-51.

Coelho, J.P., M.R. Flindt, H.S. Jensen, A.l. Lillebe, and
M.A. Pardal. 2004. Phosphorus speciation and availability
in intertidal sediments of a temperate estuary: Relation to
eutrophication and annual P-fluxes. Estu. Coast. Shelf
Sci., 61, 583-590.

Jickells, T.D. and J.E. Rae. 1997. Biogeochemistry of
Intertidal Sediments. Cambridge Univ. Press, Cambridge.
193 p.

Laima, M., D. Brossard, P.-G. Sauriau, M. Girard, P.
Richard, D. Gouleau, and L. Joassard. 2002. The
influence of long emersion on biota, ammonium fluxes
and nitrification in intertidal sediments of Marennes-
Oléron Bay, France. Mar. Environ. Res., 53, 381-402.

Lillebe, A.L, J.M. Neto, M.R. Flindt, J.C. Marques, and
M.A. Pardal. 2004. Phosphorus dynamics in a temperate
intertidal estuary. Estu. Coast. Shelf Sci., 61, 101-109.

Mortimer, R.J.G, J.T. Davey, M.D. Krom, P.G. Watson, P.E.

and RJ. Clifton. 1999. The effect of

macrofauna on porewater profiles and nutrient fluxes in

Frickers,

the intertidal zone of the Humber estuary. Estu. Coast.
Shelf Sci., 48, 683-699.

Pinckney, J. and R. Zingmark. 1993. Biomass and production
of benthic microalgal communities in estuarine habitats.
Estuaries, 16, 887-897.

Risgaard-Petersen, N., S. Rysgaard, L.P. Nielsen, and N.P.
Revsbech. 1994. Diurnal variation of denitrification and
nitrification in sediments colonized by benthic microphytes.
Limnol. Oceanogr., 39, 573-579.

PV. and J.T. Morris. 1999. Phosphorus

sorption characteristics of intertidal marsh sediments

Sundareshwar,

along an estuarine salinity gradient. Limnol. Oceanogr.,
44, 1693-1701.

Received Sep. 10, 2007
Accepted Jan. 14, 2008



