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In this study, we investigated the physiochemical characteristics of temporal estuarine environment formed
during the summer flood season (consecutive rainy days with average 50 mm day' precipitation) in the coastal
area of South Sea of Korea. The freshwater from the Seomjin River was characterized by lower temperature,
salinity and pH, and high concentrations of COD and nutrients. In the summer flood season, such peculiar
Somejin-River freshwater was dispersed southward along the coast of Yeosubando-Dolsando-Geumodo, form-
ing temporal estuarine environment (defined as "Coastal Pseudo-Estuary” in this study) throughout the entire
study area (as far as 60 km from the Seomjin River mouth). Compared to the winter dry season, the DIN/DIP
ratio was almost doubled (16-36) during the summer flood season. This excessive nitrate supply during the
summer flood season was probably due to nitrogenous fertilizer. Distribution and behaviors of physiochemical
factors in this coastal pseudo-estuarine environment were controlled not only by the runoff of the Seomjun
River (physical mixing of river water with seawater) but also by the biogeochemical estuarine processes which

are mostly similar to those of the river estuary.
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Fig. 1. Map showing the study area and sampling sites with sample
numbers.
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Fig, 2. Spatial variations of physiochemical parameters measured during the summer flood season (Aug. 2002) and winter dry season (Jan. 2003).
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Fig. 2. continued.
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Table 1. Data of physiochemical parameters of surface water investigated during the summer flood season (upper) and the winter dry season (lower).

Station Depth Temp. DO - Salinity COD DIN (uM) Phos.  DIN/DIP

No. (m) 0 (mg ™) (%) P {psu)  (mgl") T Niwite  Nitrate  Amm. (LM) ratio
Al 8.4 222 5.9 74 7.79 16.4 59 1.0 292 34 1.0 323
A2 16.3 22.1 6.3 79 7.65 15.5 5.6 0.9 32.0 32 1.0 347
A3 18.8 219 7.1 87 7.67 17.4 4.9 1.1 29.7 3.1 0.9 35.9
Bi 18.0 223 6.7 84 7.70 13.0 39 0.9 332 3.0 1.1 333
B2 19.1 224 6.1 79 7.73 17.7 22 1.2 28.7 2.9 1.1 30.8
B3 21.1 224 6.2 80 7.73 19.0 1.6 1.0 23.6 1.9 0.9 29.7
C1 149 227 6.3 83 7.76 22.1 0.5 1.0 20.9 1.9 0.9 26.0
C2 15.5 22.4 6.4 83 7.75 21.8 0.6 0.8 18.3 1.7 1.0 21.0
C3* 17.8 22.5 8.0 107 7.95 24.2 1.9 0.7 13.8 1.9 0.8 20.1
D1 29.1 22.6 6.0 81 7.78 26.2 1.2 0.8 12.7 0.9 0.6 23.3
D2 25.2 22.6 5.8 78 7.78 25.6 0.5 1.3 17.8 2.1 1.0 21.9
D3 16.8 227 6.0 80 777 21.6 0.9 0.7 14.3 1.3 0.8 21.3
D4 17.3 22.5 6.4 85 7.82 269 0.4 1.0 16.3 12 0.8 24.2
DS 21.6 22.5 6.6 88 7.84 27.0 0.3 1.1 16.2 1.1 0.8 24.0
El 29.9 22.6 6.7 90 7.85 28.0 0.9 0.9 10.4 1.5 0.6 19.9
E2* 27.3 22.6 7.7 103 7.93 26.3 33 1.0 8.6 2.4 0.9 134
E3 28.2 22.6 7.9 108 7.97 28.7 0.5 0.6 72 1.4 0.4 22.0
F1 37.4 22.0 74 101 7.93 30.5 0.3 0.8 8.0 2.6 0.6 19.1
F2 43.6 222 7.1 96 7.91 29.7 0.7 0.9 10.2 2.7 0.7 19.9
F3 37.0 22.4 7.2 98 7.90 28.0 1.2 0.9 11.3 2.8 1.0 15.5
F4* 52.0 225 7.4 100 7.91 27.7 34 1.1 10.1 34 0.9 16.3
F5 54.4 22.6 7.4 101 7.92 28.2 0.5 0.8 11.0 2.7 0.5 29.2
F6 48.2 22.6 7.6 104 7.94 28.7 0.6 0.7 94 1.7 0.5 25.1
FGl 35.4 219 7.2 99 7.93 31.4 0.7 0.6 3.1 0.4 0.3 12.5
FG2 37.2 224 7.1 97 7.92 29.3 0.5 0.8 9.8 i1 0.6 19.8
G1* 52.8 22,5 7.6 103 7.94 285 6.5 0.8 10.6 32 0.9 16.8
G2 57.0 220 7.0 96 7.91 311 1.2 0.7 5.7 2.6 0.4 242
G3 51.1 223 7.3 99 7.92 29.2 0.3 0.7 6.7 2.5 0.6 16.6
G4 61.3 22.5 7.0 96 7.90 28.9 0.6 0.7 6.7 0.7 04 20.5
G5 58.4 22,3 7.4 102 7.95 31.0 0.2 0.3 4.4 0.6 0.2 219
Al 9.4 6.4 8.8 89 7.87 32.6 6.6 0.8 8.9 3.0 1.0 12.6
A2 17.7 6.9 8.8 89 7.70 327 8.6 0.9 9.2 2.7 1.2 1.0
A3 22.3 7.1 8.7 89 7.85 32.7 3.6 0.8 7.2 1.9 1.0 9.8
Bl 19.8 7.0 8.9 91 7.95 329 0.6 0.7 7.3 14 0.8 12.3
B2 20.7 7.8 8.7 91 7.95 331 0.6 0.6 6.9 0.9 0.7 12.6
B3 22.5 9.0 8.0 86 7.92 333 1.6 0.6 6.4 1.3 0.6 12.8
C1 16.2 7.3 8.7 89 7.95 33.0 0.9 0.7 7.0 0.9 0.7 12.0
C2 16.8 7.8 8.6 90 7.96 331 0.7 0.7 7.7 1.3 0.7 135
C3 18.8 92 8.3 89 7.97 333 1.2 0.5 7.3 0.7 0.6 13.1
DI 273 8.4 8.2 87 7.97 332 1.3 04 7.8 1.2 0.7 14.1
D2 24.9 8.9 8.4 90 7.97 332 13 0.2 8.1 0.8 0.7 137
D3 17.8 8.3 8.5 89 7.96 333 0.6 0.4 7.3 L5 0.7 13.8
D4 18.0 94 8.1 87 7.96 334 0.5 04 7.1 0.7 0.6 12.6
D5 22.1 9.6 8.0 87 8.06 333 0.9 0.3 7.7 0.5 0.6 13.3
E1 26.0 9.0 8.5 91 7.97 332 1.1 0.3 7.9 1.0 0.7 13.8
E2 28.5 9.5 83 91 7.98 333 12 0.3 8.0 0.5 0.6 13.8
E3 284 9.6 8.3 92 8.00 334 0.9 0.4 6.4 14 0.6 13.7
Fl 37.1 10.9 7.9 90 8.01 333 0.9 0.0 6.9 0.4 0.6 13.0
F2 432 10.7 8.0 89 8.00 333 0.5 0.0 6.9 0.4 0.6 13.0
F3 38.2 10.7 7.9 87 8.00 332 4.2 0.0 7.4 1.6 0.6 5.8
F4 54.4 10.5 7.9 87 7.99 33,2 0.9 0.0 7.4 0.5 0.6 13.4
F5 53.8 10.2 8.0 88 7.99 332 4.0 0.1 7.2 0.5 0.6 12.7
F6 48.0 9.5 8.1 88 8.00 33.2 1.0 0.1 7.6 1.5 0.6 14.3
FG1 329 10.6 8.0 88 7.99 33.2 0.3 0.0 7.8 Q0.5 0.6 14.0
FG2 35.3 9.7 7.9 86 8.02 33.2 0.4 0.1 7.3 0.8 0.5 15.0
Gl - - - - - - - - - - -

G2 61.0 10.4 8.0 89 7.94 332 0.5 0.1 74 04 0.6 132
G3 63.0 10.5 8.1 90 7.98 332 0.9 0.0 6.8 0.4 0.6 12.6
G4 63.0 10.4 8.2 90 7.99 332 0.9 0.0 7.0 0.6 0.5 14.0
G5 60.0 10.2 8.0 88 8.00 33.2 3.0 0.1 7.5 0.9 0.6 14.8

*denotes the stations with red tide incident.

Temp.: temperature, Amm.: ammonium, Phos.: phosphate
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Table 2. Comparison of average values of salinity, DIN, DIP and DIN/DIP ratios in surface waters close to the study area (modified from Lee

etal., 2001)
Site Salinity(psu) DIN(uM) DIP(UM) DIN/DIP

Dungyang Bay 32.25 4.00 0.65 6.2

Yeoja Bay 31.92 6.60 0.79 8.4

Gamak Bay 32.50 713 0.37 8.3

Gwangyang Bay 31.33 10.82 1.59 6.8

Gwangyang Bay Nov. 1999 29.20 13.59 341 4.1
Sep. 2000 24.62 27.77 2.82 9.8

Study area Aug. 2002 25.30 17.60 0.70 230
Jan. 2003 33.20 8.80 0.70 133
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Table 3. Average values of physiochemical parameters of each group based on the cluster analysis.
Grou Temp. DO H Salinity COD Nitrite Nitrate Amm, Phos.
P 4] (mg ™) P (psu) (mg ™) (UM) (uM) (M) (uM)
Summer I 222 6.4 7.71 16.0 4.5 1.0 30.5 3.1 1.0
flood I 22.5 6.3 7.79 242 0.8 1.0 16.7 1.5 0.8
season I 22.3 73 7.93 29.7 0.6 0.7 7.5 1.7 0.5
(Aug. 2002) v 225 7.6 7.93 26.9 33 0.9 10.9 2.7 0.9
Winter dry I 6.6 8.8 7.79 32.7 7.6 0.9 9.0 2.8 1.1
season I 74 8.7 7.93 33.0 1.3 0.7 72 1.3 0.8
(Jan. 2003) I 9.8 8.1 7.99 333 1.3 0.2 7.3 0.8 0.6
F3, F4 7203 Glo| HHES s, 24 Mol Beio] 24 24 PIM 989 Lels Fue] 24 M0 452 a3
BEIT 7 2 AR WA WOE ANRT, A @09 QAR 23 OIA 32 UER 2HeINE vsd
o7 7 LM Mg 242 dE23 pHE 27181, o]g} & szt copd vEE 2 A 7.6mg 2 ¢ =
7) COD9F BYEFe] sme Holdoz Hadth(Table 3). & v, UoA 2L E 1.5mg [ 7o R Y}, o] &
47) gt olele 2P RES} FE 54, F Avaige 5 44 A3k AR 2571 B¢ ATHI 2 $27} 9o
AR P G AN Fhdse Be ¥ B 49 & L3} 2020 o) TRIAAM, o) FUHE el
2ol ol Arfse Ao sjMET) 3 23 Ve 4EYRY, ‘;%L Tt B8 £ 93 9F FEFEA ) =
UG, §804 22T COD FEol slold TY I} MET S $e3 e §ENA B WRoz YT EF % pH

EHo| gom, Axgd e o] 77 Mo} thd ETH(Tables 1
and 3). o12l3F 54L& 3 V71 27 2 FHES 4A
Bh= Aol AT w(Table 1), lpe} G4re] Ea8l7) 3 voe
RGN dojuhs A dda B¥o| e Zler B
At B3, 2 IvelA % 424443 100% ool =&
Tz é‘%—%—%ﬂiﬂ A @Az uE Bad 94
zZhgol] 9§k 2tAe] WEe E Aoz Fagr.

0.10

%—8— FFEF COD FEE 23 o] #e
o2 "ol ALE Z57] U 34 434
JQ I°1 TXshe AT IR AdHE 2w

AeHE AAY drsder fUsEe 9y 54954
AR, e 983 pH 283 £ CODS A%
75—:14‘}03) FTLE e Bt AE Ze)de W A
FUHAT A5 Fr7lole A dAragdel] BE s

Fitlo] et B Fsie o= ddd. B
?‘]i:r“’ﬂ/‘i SEH 7] FY YA FeE PAEE E H"-‘% o
WAl 7 el FoHt(river estuary)et TE3F] <At H3HE
(¢coastal pseudo-estuary)’Z 715 S}A} St}

L
L

0.20 0.25

Jan. 2003

Fig. 3. Dendrograms by complete link-
age (Euclidian distance) based on nor-

AE8 A7 Vel $H02 ropsl, 29l A4
EE B4 954 T719 FA18ITHFigs. 3 and 4). &
G 14 /1 S g 2 mes 14 $as, o
ZA 08 §ENSE Fo] At} AR pHY AL 27
A S50 Ye2] FPEAM = ]%5& %A HolALt /"% =
o AYARE oFAUT YRUSH FEE oife)Y Fuol
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Fig. 4. Spatial distribution of station
groups divided by cluster analysis,
based on the physiochemical character-
istics of surface water.

T T T T

Table 4. Correlation matrices of physiochemical parameters.
a) Aug. 2002 (flood season)

Temp. DO pH Salinity Nitrite Nitrate Phos. Amm. COD

Temp. 1

DO -0.08 1

pH 0.10 0.79 1

Salinity 0.07 0.57 0.87 1

Nitrite 0.13 -0.50 -0.53 —0.46 1

Nitrate -0.13 -0.60 ~-0.89 -0.96 0.59 1

Phos. 0.10 -0.48 —0.68 -0.78 0.76 0.81 1

Amm. -0.25 0.01 -0.24 -0.43 0.48 0.48 0.62 1

COD -0.26 -0.05 -0.35 -0.57 0.29 0.56 0.57 0.68 1
b) Jan. 2003 (dry season)

Temp. DO pH Salinity Nitrite Nitrate Phos. Amm. COD

Temp. 1

DO -0.92 1

pH 0.67 -0.62 1

Salinity 0.77 -0.73 0.78 1

Nitrite -0.94 0.87 -0.69 —-0.66 1

Nitrate -0.41 0.38 -0.49 -0.54 0.31 1

Phos. -0.82 0.75 -0.89 —0.89 0.82 0.62 1

Amm. -0.73 0.63 -0.72 -0.77 0.71 0.52 0.83 1

COD -0.40 0.33 -0.73 -0.67 0.41 0.61 0.75 0.75

All correlations are significant at p<0.05.

oloh 5T BHUM W 54 =H L9l

AFao| Qubrd A5 W JUAF) ALEFHI9 2
27)) ATL olaial) dal VAR AAE Alle) BB
£ Qg

470 GEoE gl GRS Prste) wed 54
Ao oI5 AYHER GRS A5Ee] JRIAL o
£9) Ml Bed Beld UAEAX, T2 sl H7}
AARE B F8AAE olsfshedl 4830 oI
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Fig. 5. Correlations between salinity and physiochemical parameters, and DO against pH during the summer flood season.

Zé %7]9’] _0’_ E‘%‘Zﬁ]?l oé-t"r—‘_o—_- pHQ,]. 001:1{5]. }b]-—v —r 7“ E’_O]
£ g, §34k4sk CoDete] JRdlle Arh(Table 4a). 2e]

U elaige) AW B YHE AL, §EILFS pHS
W FE HUBAE Holn(Fig. 5), ol Yo BIH TP

A ol9d® fI1EE Bol TS vt FUFHEA A==
A ghek el oM 2HE AHE AsE &, @ &
e 718 289 AnEe §ENATe Yolx|a, 12 A3} &
THEZE BEFHE CO; £l o3 s pHrt Holle ez
B EH, ol AFH dape o9} $h2001)0] Esk vl R}
HSo] 2 AAHA #A=HE ALY 8520409 pHoLe)
FHBAE G& 23 Nl Aoz BRI &, ZF(algae)d] ™
FAL B2 49 COE sl AAS, AHnE HEd] F
AR 2% 2718 "ol g, CODe FEF sk 4
[o}

=4
2 nolu, TR FUEL A iy

HAKFig. 5). &, A& o] 531 G, E2 2 F4 F-lM A}

HE AEZHAEY 2% £ CODE A9, il
953 COD9 s 3t YR o= T2 Eii}oﬂ o8 2=
+ Ao At 18y FH BIE HIES 98 16~23 psu

Aols] ool Lk COD) @A B5sh sl
24 E5of wet Fxlo] 7igsta YAkEe] BHel A F2H
A HA HYAL olF T 3l Ho] dolxl Aew FAErh

Ao AR Y A8 B47) B JFAe) FES
AE = Y A 88 AN FdHE Besk T
E7F R ekl Effer B F Ytk &, &2 ﬁ?*’ﬂ’\i IY
97 T AVGTH AV AR FBI JDWAS VAR
Th(Table 4a). 53] A2E2 FR3 Ao 7Phe ¥ske Hole
AR Heol, Avsige] Ao wmet 37 wske @4ot 3l
Fo] gt E3toll o 28 HE BEARL A& ehdokFig.
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Fig. 6. Correlations of nitrate and phosphate against salinity during
the summer flood season.

6). ©1213F Z)2l Y olol= Aslekd Ayt AA L, £,
A g4 ABEEFIEC] s JFFOEAN Apdst
2 G719 f18o] galrlelA absteted A FEE
poolZ -7 & 2AkslaH (Kaplan, 1983), 2 EZFAE ¢
4% (Nixon and Pilson, 1983) 13131 f71&EFE A EELIE
o] AEeho] BEAER A AAHE A 5 B VML &
qloz AAHE.

QAtge] ALE dxpF oz HEHQ S Ho|, JEe
Z7te} 37 H7F @adol UehH, B ge] AxrE Y A3
5 FHA kg HrHEAe t& FElthFig. 6). YRS
2 FalolM A4ge] F8 H7F 902 QAMEe] HAE
A €2 Fe A ez R4EF 1 F2hE dikde] &

HE A 5o] UtkEdmond et al., 1985; Chester, 1990). <ol
z A FEL Axte} AFE HJEH=E olFE F, S
o HEatma gatEo] shiel ol Al kel FFAR 2
&

g0 Yo <ste] FE9 F=7F 10~33 psu7/bA] W3
e BUR o R R G5 §3E olFH, olgd EEF ¥
Aol 2 YAE2) FARA) AaE FEo] "l 4. dle
=2 A"k, 2000). 3HH, Azahl F ol AH S ity
o H7prh A 498 Qs JrHAd, & 279 e
Z AP - B3] 2o ukE) A FU1E A5 5o wkEd) 9
3k 1Akl 82 7)Zte] Qi) TEE SUME Hele=m
A"}, o2t AL 0|5 HHENM EL COD %9 &
2Ued FE 2T AAEH dRVEE 2L opEAY A}
ole] W& TL AVPAE 7otslH AxHo= o)srt 7hEst
Th(Table 4a). YRUSES S5 7t DT AHEE A9
s, AaE ) fAEA DR o FEg g BAE Belv)
Arafiolold 7] B ok slige] B35 1A}
22 A% 54 e 2 Hoh A aqle wotst
7] eiME AHES £FHeE ES Hartglen, B A
oA= R-mode L9154 (factor analysis)S F3] 2z H2&
A=) Q84 A3, F Bkl 87%E Andhe Y 8
Sl(factonZ #3IATH(Table Sa). Factor 18 & 249 60%E A
Haks Q9107 pH, 88344, A4y, 98, §E7744 T
A & AAZk(loading valueyS WERM, ofFatds) QM w
oA =2 Az 7=t} Factor 1914 AAgo] 2 ARE
Atololl= i3} 53 FEAFS 2he FEE S HolWH(Table
4q), 7L A} Factor 12 A37M FU=HE B9} sl4Y &
A Zga¢loZ )4 Hc} Factor 28 YEUSY, COD 122
olatadolA] HAlgte] L QQlo 2 & HA) 16%S AEITL
QoA AEE AAY ol Alele] FL AL ot A
o] TR AN Yok & 7)e AR EEE ggloe
2 A"} B3] A2ME-2 Factor 13 2¢] B34 gl 23
ZAY= Aoz JET) Factor 32 F20 tisiMT 22 &
Az Jehle alog & Bike) 11%E AHsht o) 2
o] W7t ZHA9 2900 o8] ZHHIL AE AASHH, F7F
B AND ZAAH F2o) GBoR LAFF FHolRor F
7¥sht 2E)Ee] MEA ] ghshe @ HESE siiE
o}, ojefet 29 BE | thesiiae FE ARG d7F B asit
247 AL 25719 A GRS £, §E8s 28
pHS} 33 AHAAAE HATH(Table 4b). HIE ALH FEe]
Wl o] oF 32~33 psu YR AR o5 AREL UAFH o
2 ge] G o8] 2dEE Ao AdEn. 583 {AL
A ALAE I wE e £ pH 5 B N, §
ENaE A543 UEA F2 250 o3 2= g B
= QUG Fole] AdtatA g S stTh(Table 4b). 4
dE il Qo) FvlslEs MNkew ashe ARE B
o] 9 AP wE AP FRES AN 2

&
A3} FRULEE FEH T BAIE BolA] deTHTable
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Table 5. Results of factor analysis for the physiochemical data and
percentage of variance explained by the individual factor loadings.

a) Aug. 2002 (summer flood season)

Variables Factor |  Factor 2 Factor 3  Communality
pH —-0.96 -0.17 0.04 0.95
DO -0.88 0.16 -0.18 0.83
Nitrate 0.86 0.46 -0.05 0.95
Salinity -0.84 -0.43 0.06 0.89
DIN 0.82 0.53 -0.04 0.96
Nitrite 0.50 0.48 0.49 0.72
Ammonium 0.09 0.93 -0.05 0.87
COD 0.22 0.81 -0.24 0.77
Phosphate 0.62 0.65 0.31 0.91
Temp. -0.05 —-0.18 0.89 0.83
Cumulative(%) 60.03 76.13 86.78

b) Jan. 2003 (winter dry season)

Variables Factor I  Factor 2 Communality
Temp. -0.94 ~0.29 0.96
Nitrite 0.93 0.24 0.93
DO 0.92 0.21 0.90
Phosphate 0.69 0.68 0.94
Salinity -0.64 ~0.63 0.81
COD 0.17 0.91 0.86
Nitrate 0.12 0.82 0.69
DIN 0.56 0.79 0.94
Ammonium 0.58 0.69 0.80
pH -0.57 ~0.66 0.76
Cumulative(%) 73.33 85.83

ol AT FiF 3 7
BA A, & Bk 86%E A
(Table 5b). Factor 12 & ¥#4F2] 73%E AW3py, 2, o}&4t
9, $&2044, AAE 23T GEAAM T2 HAZ(loading value)
< etk o3 FHAge] 58 HEES FEFHoR giH
3§ AAAAE ZH=th(Table 4b). Wty AR17-0 2 HE]
FE= gt 34 a3} Factor 18] 89108 AAETH
H, & B2 13%S 2 3R= Factor 2+ COD2} FAkg oA
< AL e, 4RUSE, pH, A4EINE ok 2
AAZS LePAT). o]= Factor 27} 819k 318l dojut
= AREE 3, & 257 Bk ©@re] o] A o
5 2 AFAIT] AR BR §7)15E Eello) o) Fatt siaE
IR, AdRURH, obdAe] =7t Biske 821oz 49
"HTHY 5. 2000).

Hir et o

DIN/DIP H|2} 7|Z= &t HM|gtolXt(H|gtedbed)

S2) 9} Gl A A BEEFAE Z40) 3t A 3A U (limiting
nutrient)> YW o 7 KX M 2, gl Aoz LA
%A THHecky and Kilham, 1988). Z721u} §x]¢} sfjfo] A3 43}
Tk el Aot Ax) Ee BRA G4t e &

1 ol dlelel] <ig Fvle) BAR Gt GekT Be) o) B9

:

d 161

J

o2 I3ty ATIYEL2 AVEEs AR 3A @3
TH(Graneli, 1987; Fisher er al., 1992). 3] £ ol xje} 7o)
Aul717k Fet o] @t fUse] dAF g e ¥
ke A, AEEFAE S AL 5HE Ae=
AZtEITh B delM s 7P 2hdslar, 2ol o]4-5+E DIN/DIP
H1E o83l @ FAH] e A28 AMTFYA S Tt
a2} gt
B APsgelr 89 BF FE7T 33.2 psuE B8 £4
o] & ALH zZ47]e| DIN/DIP ¥l 9.8~15.8 A (HF
13.3)E BE AZo)A] 160])8F0)H(Table 1). ©1&3F DIN/DIP H]
E ik golM el HagheF 16, Redfield ratio) 122 F-2A]
2 352 Zh(eF 14.5, Wong et al., 1998)7 S-AFSICE 22iu &
Ak GE 5 zbe gl dore] SEvhEd 7.2), dATE
& 8.5), 7FTHE T 7.9) ¥ FURKET 4.1)ET} 2~ 3] o4
Erhe] 5, 2001b). ©181§ A= $9] vl wsfHolAf q1AEe]
Tt Hsshe I8 u), geleke] uivkgel HiE AEE A
T AN AT A O Filexcess)H ol S on
o}, SHE st AHg FYRtelA DIN/DIP ®)7} w4
o ¢le ghile] x5k Bo g 2g 919 =71 TA
Z7FI7] o 2 s gt wiebA] DIN/DIP ¥l A E o,
3 gt BE AL Arsde] AdEYEL AU R
2 gadg,
o] BuH AEA 5719 Z$-, DINDIP Y= A B2
o} FG1-& Al98iaL 16.3~35.9 B ET 23.002 A2 vlw
3] 20l o) ZA E713IRTHTable 1). 53] 427} s+ 7}
7He Line A ARFECIME 2 H7F 30 oo E 1, @& Eh)e =
25 728t Line FoF GollA= 20 Welolt), A5d 5471
3¢t 28 DIN/DIP Bl 219 F57t ALE3 vlwsly] 24 &
7FA] @skout tixdo g AL e A 20 pMeld =
Al 715157} W&ol o2 T DIN/DIP Bi7} F£2A)Q sfl§ &
£ Redfield ratio 20} A4 &2 Ao g Wol, gergko] B &
Frle AAIA LR Qo] AEEHAE F29 AIYEez
AAE F= Ao, o]t Zo] AFH T AVHLE APl
walehs FARS U] A Ak A YH(Chesapeake Bay), =59 8
3} 31(Huanghe Estuary), Y2 9] 3] 2A]ulH(Hiroshima Bay) £
M= BIHE vt A (Harrison et al., 1990; Fisher er al., 1992;
Lee et al., 1996). 1211} -394 ¢] DIN/DIP H|:= DINY F&=
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A FEEE "ot s Eeld £, 28l 2N ellA
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