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The Characteristics of Oxygen Deficient Water Mass in Gamak Bay
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Abstract — To clarify the formation process and characteristics of oxygen deficient water mass in Gamak Bay,
oxygen deficiency was weekly observed from 17 June to 12 September 2005. Surface water temperature was
significantly lower in the outer bay than in the inner bay, whereas the bottom water temperature was higher in
the central area of bay than in the outer and inner bay. The vertical stratification of water mass was strongly
formed during the period, and thermocline was observed between 3 and Sm deep. The oxygen deficiency in the
bottom layer began to appear at early July in the inner bay and gradually spread to the center area of the bay
in early August. The mean transparency and light attenuation coefficient(Ky) in water mass was 4.0m and 0.47,
respectively. Average concentrations of nutrient and chlorophyll a in the bottom layer were significantly higher
than those in surface, and those concentrations were significantly higher in the inner bay than in the outer bay.
During the formation of oxygen deficiency in the bottom layer, oxygen penetration depth in the bottom sed-
iment were extremely shallow, and oxygen consumption rate in the bottom sediment were lower than that in
the area where oxygen deficient water mass disappeared. Dissolved oxygen concentrations in the bottom layer
are negatively correlated with nutrient concentrations, whereas those in the surface layer did not show a sig-
nificant relationship with nutrient concentrations. Flevated loss of oxygen in the bottom water mass was attrib-
uted to the increase of the oxygen consumption rates in sediments and the decomposition of organic matter by
microorganism.

Keywords: Oxygen deficient(14}F4:), Dissolved oxygen(&4k4), Gamak Bay(7F%%H), Nutrient con-
centration(3 ¥ %), Phytoplankton(2E-&H-1E)
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= 728 29102 4] §ItH(Rosenberg er al[1991]). 7]20]
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NNEAIE e FINA AFo2Y §715 F3FE S A7,

] Qg f71E Ealloll 2eh Akk S E2RRICHBlumberg
& Di Toro[1990]). WY T3-29] 71k B-foll W2 4
NNAA 3] AFshe AFe] Abr IS Adsle] iz
o] A&A 07 EAYSHA Frh(Robertson & Ragotzkie[1990]).

kL 3= ol3letA 1l AAReE Q1B 98 &
o] FEF 2my/LoBtE VoAl @A R A AAe) Hedoks
g 37, §50] DR A n) nislE o) el F=
WEbdth(Severdrup er al[1972]; Hanazato[1997]; Karim et al
[2002]; Wu[2002]; Turner e al[2005]). E3], S-eluizke] Haliqh
< fAle] Badstar uigte] s 9lo} 27 A% dlee) &
Fo| A3l X8, shAl9) -3 BF & Sl o)
WeokFo] Hivish) P}, sl AEslE gt £ A
Y Ath FREE AR, BEolA tdget AEZHoEe]
st nlAE] A B3l o] Akk S HAA wlaks
T B/33TH(Hong[1987]; Kang[1991]; ©][1992]; ©][1994];
T} Z1[2003]; Lim et al[2006]).

FgolA 779 g ARE o7 FEo} BelRkg
| AR 02 JFE vixv, AMAETLH 2] 28FH A5
= WA 2-8-3ch(Hong[1987); ¢ 51994]; H 5[1994]; Wu
[2002]; Karim et al[2003); Lim et al[2006]). =3+ £5440] 2
Hell w2 F714Q1 Adeleln HAE2) f7)5 Fafol 23 25t
Thoh GEU o] YL AEA ] BE o5 A @9lo)
2 5 Qe Row el Yok, deteloA] UEhs A2 ul
2dshe AXAAE 22 wjEEnt ol ol 71K 2213
Q FEFoE A A et G 1) oHE[1998)). WA
& I AL FEZHIAEY AAFE ZaA7)1, 5 Mol
£ FIA7) viidel] AEZERIE A7) ghsl] AEZHa
9] dPge] A713} & 4+ 9lth(Hanazato[1997); €[1998]). &
& WIAbASE | ATo) vl 98 e dgow §48
735 ARAQ AEAAE sk, o) 2193 7152 A
Row deA QUehE(1998]; [1999)).

Qb Fhll A8 Yvroz FEgE 7lo]= ok
15 km, A0 Zol= oF 9 kme] BRI O Z T §l7= AT
A2 HEE E] Atk 7leete) SiA XgLe FR= o
6-7 mujelolr, B gkl e =4do] 9.11 mT 2 &3}
Atk o] 3 EAeE Sk S Zta Qe sphke U
FEE A5 Hor, vk Q9] QJsligre} ofato wRE §9)
He a3 o= Ado] o a7t 2@3he) 9 2[1990)).
olgf¥t FHEL A Y A5 FFL ol o5
S 2RE fEE 5, o] 9IS ol i YT RE H

Y= 9 E] J3e A4 = A i BYS 7
= W E FEgohelel Z[(1990). 29 Jd sk
FHAM 7R A Ve, G2 of5eg FajofA HA QR
o] Yepdtt, gjaiaae 23 Gite] a2 BAS 1
ERdThe]9} 2[1990]). sHAlS] Wk Sraj= ek Bapdel 9%

2

Thte] 2 SRRV FRREG e fAlsh, Rl
7 e HehdvhEl gt 2001]).

Fhabeel R A FU HAE AolE MR 25 F 2

R LS CEREL SR S i
Ee'Y

= 2R deete] gsiE wA vk
FEE oF 0.5-3.5 k] HYEA ATE FoA PG wEe,
L9} FAE Afoloxs o577 vreRdhe] 9} 2:[1990]; ©]
=[2006]). .

Thekgke] B3 Zola|dolls ek AFEET =) 2T
T QA A 7] ofF Aol ekl glo] Tizst
2ok, ekalAge] A7 9 A"l FUFIEE Q1% o
37 #elel B EAEEe] wAEkaL gk A ynkaid S 8
I A9} sl @ H49] $907 F-doksrt MaH i glow,
F20] T sl AT diel] AakiTo] viwa] ¥dwrh
EHEPART[2001]). E3F, w3 Thket AETol oJ8) 19841 d0]
AZF RMYAQ) Az wgo] Vel glom, HEZRRF) oJg A
FHT}E R g ATt S38hs EAE Kol FeE &
HA ArhE| A [2001]).

AA7EA 71eRke) @4 tigk A 79 Bl
(18 Z[1990]; ©1{1992]; BF 5[1999)), =27 EAEIH (=
[1994]; [2001]), 7128137} A2 (F=[1995]; & F[1996]), H-
AEF AMPEL] 4 EAAI1995)T Tk o 4ed(
S11996]; 3 E1999]; & $[2002]) v}t 77} a8 E o] ¢
ok e ZpElela] shAe] B4 UiRt sfofol RIs] halE
WAL 3 2] FA7 71 B B3 A7 2 4 Aol st
AT wRIEksIT

WA, 2 A s ZHEE sl wilakA aAle) e
1S UL Hlikd 53 34 491s Telsl| f)sk]
2005\ 695E 997k F SR ZARISIT

il
M ox

N o o

B A i) viaka a7 jids] gAEE s F
oz 3570 AellA 20053 62 17U 20053 92 1297}
2 FVAIE 2A SIItHEFig. 1). AFe 233 AFA A5
Blo] ok, £2AA(D0YS} FE A a(Chl. )F #4815} DO
= a5 3 Dol 283 F Winkler 2 02 ¥-A819i o,
Chl. = A3+ 500 mLE Whatman membrane(0.45 pum) ©13}4]



218 207w

o9 ol0giie2
) @14 915016817 @18 %’*
i ‘ Da ’
o% 2 e

o0

® 25

n, @29

12T 40 E 12745E
Fig. 1. Location of sampling stations of Gamak Bay on the southern
coast of Korea.

Z 73t T viekioll] 90% acetoneC E MAS FE3le] B
FEAZ SN ESTF T AN EEE [2005). 2AEZH

E2 1L Eelgdd AeES o]43lod A 149 BFolA )
Arstel T2 FET} oF 59 57 WPl TANRAT
A AlmE A A8 A5AE A 50-100 mlE B
3t - Sedgwick-Rafter counting chamberS ©)g-3to] A=5t1
B339 JFAL AFE AFE 2] A (cellulose
membrance filter, Millipore)=. <3t & ¢ F L oW(NH,*-N), &4k
A (NO; -N), oFAA(INO; -N), QAE (PO, -P) 18] a ALY
(Si0; -Siye &% FEHE o183k SAhESBE T A
T [2005]). -2, G, DO Chl. o8] FAH BIE= &
AS471(YSI, 600XL)=E AgellA St FHEE Secchi
diskZ 5433 0™, Secchi AONZW)E O3] Ki=1.7/Zy 2]
© 7 #43 A4 (Ka: Light attenuation coefficient)s A F8IIC)

EZ HAE AEE A4S 3ol A7 (box core, A 0.04
m)E °]83l] AT, v AT BHE AlFE 5E A
Y Fote] 94Y T olmP (@ A: 8 cm, Uol:5 em) AAI3]
st ARsigich. ARE AEE 87 L5 SAATEA
AFAZ $AA AN &5 W3} 0.1°Co131R]1 T 42
o AEE Yol dF =5 AV ARATFS AEsiA
T2 DO AHEEE o] £(2003, 2004)2] HHe) ulet F-A4
slgiTh AkA m AL A 27171 F 25 um?! Clark type)
Z=(Unisense, OX 25y AMS-3FATt. H=9] stirring sensitivity
£ 2% °l3I3em, 90% WHAIH 12 o)tk A=) H
& 7% AR ascorbic §HT} 2kav) E3E A Sl o]

o] A=ollA AEE A/ ALFE 74 AFAAES o) g
AT HEE vk vl S 424 ol% ST} 10 pm?)

He kogle

oo

0

o]

COVE R E

HES - A - o dE-

micromanupulator (Unisense, MM33)°l] Z&51o] 50 um® &
ol 23 AIshAA AlasTE S A4 Agd
pA %] 2] AFE picoammeter(Unisense, PA2000)2} o2 1 T
A" W37)(A/D converter: Unisense, ADC-216)5 A3 th& &
g AFE ] At B EF g A Y] e
IG5 FARE 1A FAREE BEE o]gsto] Y3l

R

ey
TIF U ALTES FHOE 50 um HHOE £33
2715 A THBouldin[1968]; Cai and Sayles[1996]; Epping
and Helder[1997]; ©] 5[20031).

ANOVA #49& AASIg o, 40 mhe si5el 744, &

LY
ik TS SE AL FE BEIS WA

s 1o}, Ay
AR E YA 2 dT-2 BE AL SPSS(ver.10)
T2 73S o]&3ith

3.1 giakA £=319) O[Sy Y

ZAPIZE Bt 71 A S 20 ST Tig 29 2
ok X3 28 24.2-29.1°C MR A, A% 22 21.1-26.5°C
HAZ Vepth 137 A5 22 2.0-3.0°C AolE KL
o, popFo] sk ek 1% 2L W el W
RO 2 A5 wA BEEglon, AR FH2 o] v 1
ERstth A% 20 F¥E v ¢l o] &2 w24
2 AFE o] FURIAR, URkeY] Z1E ke o] B
2 AS5H7E EASI0E Ueke] AL AFSns 88 57
EAB o, g8 dell iRk o] F7Isle] RlTE 4
Z 9o £ B2 BYthFig. 2). AP B}t =29 43

=
RER 29 ¥ Qe S0 GBS BE A0 Uehgon,
WEe] A9 E35E W 9T st ofrgoztE 9
S e G VAR, ASFE B e FAY At
EAlske Aoz ekt

d

7rakgtell A Rlakart XEE S1A1S] B $F Ak X Y
HE gelshy| 93t 6-99l 2 AHellA A A5 &< A
4 FE FHEYE Fig 3% 2ok AP 59 R 255
9] &F A ZAF AR wet 2felE BYlou), 7.54(68T)
921 mgL(78%)9 WE 52 ¥ R} 68 59 A
oA 2 Ak BEEE 40 mg/LolAr Bl o), ek o
ZoAs 78 2HE £ A T} 2 mg/LolEhe] HlAkA &
7} el kel 48 dlikA e JA vkl 88
zolle Bk ST BEE OV, 88 FETE AR Ak

gk Rk Unk A2 wikh 3 88 LR A &H
1}, 08 6U5E 74714 % 143 V] (Typhoon 14th NABI)
B3 T 98 Frolls A WAk 37 e 9k
P s 3l 237 AT D ZAF A1) WE two-
way ANOVA A3} A} 24 (p<0.01)2 A17)(p<0.01)e) =&t &

IO od I‘N

7
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Fig. 3. Horizontal distributions of bottom dissolved oxygen in Gamak Bay from 16 June to 12september 2005.

oJ%t AolE BAITh M%) FUR Tt FHET Fol8lA &

Al VERZTHp<0.01). 3E5A 4R (p<0.01) $H2 Yok (p=0.021)
TEE A A7l wet fol3t 2ol g HYloH, Ak R
88 2297HA] FTRI L 34 3] TRk th(Fig. 4A). AZolA
PR} FE= AL A7 whel 203 2] (p<0.01)E Blo
o, AP FE= 8E 9d 8¢ 3090 Hohgke ¥ SirkFig.
4B). T X 88 247 TKE F F43] Aasis
(Fig. 4B). ZAPIZY Bk 259] Y4 5 1A F5e 2
o} FE9} Frel e A (=0.809, p<0.001)E B}

Lﬂ

I
= RN

Sl
e AR AAAAE BolA edsieh A% B¢ A TE
£ A (E=0.641, p<0.001)7} LEo}1=0.810, p<0.001) E%

o frolst s Rl

FEet FLEAT K A A7 Aol et folgh A}
°)Z B0 (p<0.01), FYEI} K2 BFeE 2t} 4040159
0.47+0.02%2 VERITE Kell 8t Qx3el 10 % 53} 2ol= 2.5
(89 30%) - 4.9 m(9€ 122HHAAZ AtEgl o, Bt 3.4 m7t
A APFe 10%7F Ak A= Vet

3.2 Chlorophyll a2} 222} MSEZTE & M

FARY B9F 53 AZoA Chlorophyll a(Chl. a)2) 53
B Fig 59 2t} Chl. o8] F158 B350} A3F0] H-2sh
A JERsthp<0.001). 5 Chl. o] 5= 795€ 84x7t
A JE Qe URko 2 R Zhasigl o, uinke] AR-e) vt
FARAAE the B Jelkich ubde) 88 FRELT v
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Fig. 4. Temporal variations of ammonia, phosphate and silicate con-
centration at surface (A) and bottom (B) waters in Gamak bay from
17 June to 12 September 2005.

Yol EE WYuko 7 2% Chl. o) 557} WA Z7BI
(Fig. 5). AZI4 Chl a %E% TR UiRkellA] s ek

1;]_ __o] B]A]—_JJ]. HL}@O]__ =9t LHu]. /ﬂlﬂ ;H;HE ]/\-1 ;q&:
Aoz =A YeRdthFig. 5). AZoNX Chl. o8] 5= 78 =
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Fig. 6. Temporal changes in the standing crops of phytoplankton at
surface water from June to September 2005.
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Fig. 5. Horizontal distributions of the chlorophyll @ concentration in the surface and bottom waters from 19 July to 22 August 2005.
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Table 1. The measured oxygen penetration depths in the coastal sediments of Gamak Bay. The oxygen consumption rates(FO2) and net
reaction rates(R) were estimated from the vertical oxygen concentration profiles using the one-dimension diffusion-reaction model. The
benthic organic carbon oxidation rates were calculated from the adapted oxygen to carbon ratio, modified Radfield ratio of oxygen to carbon
(170/117) and, to measured oxygen consumption at the in sediment/water interface

. . OPD(Zmax) FOZ FCorg R
- Classification mm mmol O;m*day” mg C m™day” ~ Mday'
Occurrence of hypoxic water 048 1369 113.06 118
Eltﬁtlyeﬁqf hypoxic water 1.03 26.68 220.37 509
09 (umole/L) 02 (umole/L)
0 50 100 150 200 0 50 100 150 200
1.0 4 , : 1.0 T T g
Sediment-water interface Sediment-water interfacg o
0.0 ) 0.0 P .
® «*®
X o
— o* — o*’
E {<=— orD (0.5 mm) § Jo*!
()

= 10} = 10
& 5
X )
A < OPD (1.65 mm)

2040 2.0

3.0 . : : -3.0 ‘ ! ’

Fig. 7. Vertical profiles of DO in the sediment porewater at hypoxic (left) and non- hypoxxc (right) waters of inner bay (OPD; oxygen pen-
etration depth).

7= 27.6-34.7 mmol O, m™ *day”' HY 2 vhERgh wAkA S , DO man)
7+ FAE A1719) Redfield BlE(0y/Co=170/117)0]) W2 A : ‘ ' ) —

Chiorophyll a (ug/L)

54 7184 }g}gt 112.8-113.2 mgC m2day” H¢o]glon, 0 20 2 P & 190

Atz 7 29 B Aol 228.07-286.70 meC mday™ 20 . g O emperatre (C), Salnty . "
H.Mi —r"}ﬂﬁd\:}(Table 1. WAkE 37} F§eke S 57
W ater tem perature

B ARFARIONZ 045-0.50 mm W H0IHOM, WAk 53] TS w,
298 g A7]el= 0.65-1.65 mm HYE VERGC).

l-E

Do

3.4 BIAS 27|0] AXIM EA

WAka a7h gk 79 2799 40 ok 10 mQ) AR 140]
F&, G, Chl. o} DO F59 SARIE= Fig 83} 2} 5=
e FZoA 35 mﬁ]-/q Qe FEE Mo, 3.5-5.0 mo] 8
£ OFS8 P RS 3.0-4.0 m AJoloflA] uE
2 ngon) AZow % gyl e ok o)
hl. E% 7.0 m7kA] 3.0 ug 1" ©]5}E YJERE o1}, 80 m  Fig. 8. Vertical profile of water temperature, salinity, chlorophyll a
O]o]-oﬂl\-] FA3) _7].0}01 9.5 m o|&kel A= oF 100 pg 1744 and DO at station 14 on the 27th July 2005.

[B1355 = Doi ¥ 9.0 m7kA 5.3-10.1 pg 19 M= Vel

2
Water depth {m)

o}ir

r{rﬁ L

iZ

.ﬂ,rloBLF

o 2

Q

o, 9.0 m oJEfellA= 0.6-1.7mg 1'9) WY WAb: £319)  FEE o AR VeEhgt) 83 2 R 1% 9 3=
E48 B3t 2AF X -l wjat ?%%L 47 DO Ad) gk 9 Ak R G203 BAIS wolX Ygkont, A& Ak
< o RelE Blon), gt AR Ao 2 vkt Lol fo)sl AFEA(P=0.785, p=0.003)2 e THFig.

[CR==ywy

RhEREell A Rk 7L RS A71e] 8 Akag 9A). 85 Akk FEsl BEO| ghRuol Fhis 23t Auadl
FUH =Y FHEEE Fig. 98} Zrh §F AR 999l 2 Ro|R ggkont, FE(P=0.588, p=0.027) I AZ(r=0.498,
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Fig. 9. Relations of Si0,-Si, NH4-N and PO,-P concentrations with
vertical DO distribution at hypoxic sampling stationson the 27 July
2005.

p=0.050)¢] &=L} seh= fost o AAAAE HIATKFig.
9B). 8 Atd FES Y TEE 2% U 55 S A

(=1

HHAE Holx| Qgkot, A=
Q AHEAE BITHFig. 9C).

529, p=0.041)° = 2%t

E 9

ZAPIRE R 7HREe] Haf ik 25t Sr2okge] A
FHglon, A28 JAY ASF wikk e SA4E ®nylrk
7 Gt viwte] A ASrde S8 Balge) 3t
Shz et Q3 4ol wE DoY) AXFA FEvt 7
&tk 224 2915l o8l Wila vt 4 Rew o
24 It 5 [1994]; Kimura and Tzumi[1994); $&[1998]). &
sl Al ek dEatel AEZRA R ol dE A 1l

AbA BAT) b)) &

(Richards[1965]).
A g 240] 1020 m A E2) FHAA Uleln, &

Fol mleldt Al oz HZa7) AR EA AZ0) 7Y

23 G wHE Row e

o, =
ar

o g YeElgthel[1994]; & $[1994)). X
H HE-L 7)1, AxAIRE AeE 4

off &gt ?Zl*é%ﬁﬁ g UHsHA BASH, Az A
T A0E dHA The][1993)).
A%3 ¥ B50F5H DO 359 AL
HHAY 5 okl *’“*E*ﬂ?— At
A& &
g = UrE‘r”D}(ﬂ 5 [1994]) L=
s SH%%% ] B2 ‘% Edolla AR Hz= vl o
50 QS vlA= Ao R (©][1994), Aol 2
She WAk 8 el ] Sl BlAE A QR (sediment
oxygen demands)?} 79 F71&E /4] ¥alHS LAl A

o] o= AAHATHEI[1993]; H 5[1994)).

ZreiRtell A WiikAG e URle] 4 Bk 4do] 2la @

__)é
1;9
=
Py
11

B AP 2l s Tl A ¥t SAst
£ 70l 7P 2 99102 Vet sbl A% Wi S
_/,;‘9___' O]—EH‘,] 6}- Oﬂokoﬂl} Jé-awdoﬂ %Ot}; %1-1;_‘ ?__l/\]_
o] el Sla) ABEY=E) vpibgst, Ao Hgeh
A 53 712 wa9 HAE Ak 2790] Skl DO}

7adhe FAo% Yt %%
ol 4.0x10° cells mI'2 A YeR o, 79¢0l= 0.7x10° cells
ml'Z G Vel 24717 59 85 79 dddEEe

LHE 7Ast] 7820 7P SWoreH (Fig. 4), 789 Fwelle
T3] 9] AJF3} kA YEFATHFig. 2). ol2$t AifejA] 742
ABZHOE HEa} 7hhE F2 vl e Sa)e] A=)l
EEFIE Ul o 2% 7Y A% 5
o & Ao et 689 439 FeE X -AFTAA f
2Jsk 2ol Holx) ¢kgtont, 799) Bt AS FUR vEE E
RO 3R - 10 ol #A YelTh(Fig. 4). &

|4 AEZEAE] AL 6

X] _-‘XJ el )\1

3, Rk QRN E WakaFH 7L SRS 6d5E 92
7HA A7l BAERTE Jdde] TR £E5 AF
o] YUY TE B A 0® UspgA, SV 3 A7l

DO} YY) st $5EE & o7t VYRR kskthel
[1993]; # 511994]). o|A$t A= 3714 SAolM HHES] &
71 EEE oitERkae) BE S HEANL F714 A= 571
Eo] Ralso] dRUolR 50 &Y ulitol] AFe] 49
A 57 2 Ao E 4#A Urk(Kimura]2003]).

7reite] A oA AEEHIE o] A&EE
FEAdell Has F23 ¥, DOS} AU =} 7 Wi
Ao vepstt, ZAPIE 5 FAE AT KR 74]49 53
e A @AY 1%y B 335 m7HAR AEZHaE 3
dE AlgslR] ghe Ao E YeERdThE[2000]; [2003]) HlAkA
7 BAE A2 279)8] &, DOSH Chl. a ¥x2] 4 #
ol DO FE= #%%%011 BAC] 4 9.0 mﬁ}ﬂ 8.1 mg/

9 B FEE HSOH(Fig. 8), 9.0 m ol3telN F43] Ha
33k Chl. ¢ 5% 74 7.0 m o]3tellx] STk Al&sted
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