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Similarity of Surface Seawater Quality in Estuaries and Semi-enclosed Bays in
Korean Coastal Waters

ZIHAPE . RES®* . I PR . o|RSHH* . XM L ==A

TTOoO O

Bora Kim + Chun Ok Jo * Naryeong Kim - Suho Lee - Jisun Lee - Jongseong Ryu

2 o ¥ AT HURAS AT 200485 E 20204 FoF PEE HF 42, P, §EAADO), B}
@/&iﬁ?—%‘ﬁ(COD), $25704(DIN), NH,", NO, NOy, ZHA(TN), ££57]9(DIP), Z2I(TP), SiO,,

pH, S-8-5IA2(SS), %, Chl-a® olgstol, 95 2leks sher 2 wiolahy shel 1672 Pk, of
Aelge) 4 B8] A ARG ASFRAUNLAU SRS Hgolod -t Hislc
S8 B0 Ak el ek 167 e Al 1EoR B, Fal Fi) ol sHu oS, el
e S S, GAPY, B S 9 W s 9Bl 42 fARE B4 Rert olg
27 WS, QA S, SEEL JUR ek skEeue 18 S5t o Eyel
2 E4S w9} 37457 DIN, TN, DIP, TP, 3+@ule DIP, TP, Si0, SS7} th2 dldxc) d=
TEE H¥on, Jdvte DIN, TN, DIP, TP, SiO,7} t}2 oH‘Z}P_I’% Z Ue & Bk Anke
7heol & CODS} Chl-a, 7H2 YRS Bofl & DIPR} U Chl-a, JAPFSHLE o] B2 & DINS 1
ol A2 vebiteh dsbels 2 ofelie} o] & DIN, DIP7} 31 Chlra 52271 514 2
e Ao viehgrh Selbet sfole Ashol el S G wA S oR ST Bxo] TRE|w
Shf, A1) B70] ujel Aol 44 EAE Mol slelo] AR, olelet BeEE 1 Aole] BAwsE

0.

BHIEE 28 54 AAstolok Tk
IS SHF T, B W SPBAEHY, AR

Abstract This study investigated characteristics of surface water quality in estuary and bay areas in the
coastal waters of Korea using water quality parameters, temperature, salinity, DO, COD, DIN, NH,", NOy,
NO;, TN, DIP, TP, SiO,, pH, SS, transparency, and Chl-a from 2004 to 2020 provided by the Marine
Environmental Monitoring System. The characteristics of seawater quality were mainly divided into three
groups: estuary and bay areas located in the central Yellow Sea, estuary and bay areas in the South Sea, and
the estuary areas affected by the Yeongsan River, Nakdong River, and Tachwa River. However, the seawater
quality in the Han River Estuary, Hampyeong Bay, Yeongil Bay, and Jinhae Bay, respectively, show a unique
characteristic that distinguishes them from the three groups. The Han River Estuary and Hampyeong Bay show
relatively high concentrations of DIN, TN, DIP, and TP and DIP, TP, SiO,, and SS, respectively, during all
seasons compared with other estuary and bay areas. Yeongil Bay shows lower concentrations of DIN, TN, DIP,
TP, and SiO, than other areas during all seasons. The relatively high COD and Chl-a in spring and fall
characterize Jinhae Bay. The higher DIP and lower Chl-a in spring represent Garolim Bay, and the higher DIN
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in summer describes the Yeongsan River Estuary. The Taehwa River Estuary shows higher

temperature, DIN, and DIP and lower Chl-a in winter than other areas. Korean waters are often

categorized into the West and South Seas, estuaries, and bays but there are waters with different

water quality characteristics depending on the local environment, and these waters should be

presented with water quality characteristics that meet the environmental changes of the region.
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Table 1. Number of stations used for characterizing seawater quality environment in estuary and bay areas in the

coastal waters of Korea

35.75°N 36.75°N

34.75°N

Subarea Name

ESO01 Han River Estuary ES09 Yeoja Bay
ES02 Garorim Bay ES10 Gamak Bay
ES03 Cheonsu Bay ES11 Seomijin River Estuary
ES04 Geum River Estuary ES12 Jinju Bay

ES05 Hampyeong Bay ES13 Jinhae Bay
ES06 Yeongsan River Estuary ES14 MNakdon River Estuary
ES07 Doam Bay ES15 Taehwa River Estuary
ES08 Deungnyang Bay ES16 Yeongil Bay

Subarea Name All seasons Spring(5) Summer(8) Fall(11) Winter(2)
ES01 Han River Estuary 2304 576 576 576 576
ES02 Garorim Bay 124 31 31 31 31
ES03 Cheonsu_Bay 532 133 133 133 133
ES04 Geum River Estuary 1476 369 369 369 369
ES05 Hampyeong Bay 232 58 58 58 58
ES06 Yeongsan River Estuary 724 181 181 181 181
ES07 Doam Bay 180 45 45 45 45
ES08 Deungnyang Bay 252 63 63 63 63
ES09 Yeoja Bay 204 51 51 51 51
ES10 Gamak Bay 300 75 75 75 75
ESl11 Seomjin River Estuary 1144 286 286 286 286
ESI12 Jinju Bay 136 34 34 34 34
ES13 Jinhae Bay 1680 420 420 420 420
ES14 Nakdon River Estuary 1400 350 350 350 350
ES15 Taehwa River Estuary 868 217 217 217 217
ES16 Yeongil Bay 884 221 221 221 221
125.5°E 127.5°E 129.5°E

Figure 1. Estuary and bay areas (ESO1~ES16) in the coastal waters of Korea issued by the Marine Environmental

and Management Act of Korea and long-term monitoring stations operated by the Marine

Environmental Monitoring System of Korea Marine Environment Management Corporation
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gon, 222(v1.7570)F FE(V1.53psu)o] e 3f
< Bk 3F G2+ FHUHESS)o|H, AHH TP
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Figure 2. Dendrogram derived from the hierarchical cluster analysis using the annual means of seawater quality

parameters in the estuary and bay areas. The pink dotted line is the criteria to divide groups (G) with

similar seawater quality environments
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Table 2. Annual means and standard deviations (STD) of water quality parameters in each group identified by the

hierarchical cluster analysis in Figure 2. Symbols are used to show higher (A) or lower (V) values than

annual means in all estuary and bay areas

Clusters
Water quality Gl G2 G3 G4 G5 G6 G7 G1-G7
parameters Mean Mean Mean Mean Mean Mean Mean Mean
STD STD STD STD STD STD STD
Temperature Vv 14.05 15.79 A17.32 14.35 16.15 A17.35 15.61 15.80
(©) 0.00 0.00 0.21 0.95 0.08 0.00 0.00
Salinity v30.47 31.76 32.32 31.55 32.43 32.05 A33.42 32.00
(psu) 0.00 0.00 0.32 0.24 1.10 0.00 0.00
DO 8.67 v8.24 v8.26 8.77 8.52 AN9.14 AN9.12
(mg L) 0.00 0.00 0.15 0.15 0.07 0.00 0.00 8.67
CODl 1.55 1.27 1.31 1.38 1.26 A1.95 v1.07 1.40
(mg L) 0.00 0.00 0.17 0.23 0.05 0.00 0.00
DIN A19.99 11.37 4.08 6.44 11.33 V3.53 3.30 2,58
(uM) 0.00 0.00 1.93 2.94 2.52 0.00 0.00
NH," A3.52 1.00 0.93 1.04 1.70 1.47 v0.87 150
(uM) 0.00 0.00 0.17 0.38 0.85 0.00 0.00 )
NOy A0.69 0.56 v0.22 v0.22 0.59 v0.21 v0.20 038
(LM) 0.00 0.00 0.09 0.07 0.12 0.00 0.00
NOs’ A14.57 9.39 2.39 4.43 8.20 V1.36 1.64 5.99
(M) 0.00 0.00 1.45 3.17 2.27 0.00 0.00
TN A35.03 28.88 19.68 21.64 25.07 22.83 v14.28 23.91
(uM) 0.00 0.00 3.55 1.94 3.86 0.00 0.00
DIP 2N0.76 0.62 0.31 0.49 0.47 0.23 V0.16 043
(uM) 0.00 0.00 0.09 0.09 0.12 0.00 0.00
TP Al.54 A1.65 1.05 1.05 0.95 1.17 V0.67 115
(uM) 0.00 0.00 0.19 0.05 0.10 0.00 0.00
Si0, 11.33 A17.37 12.38 8.72 11.61 6.30 v4.35 10.29
(LM) 0.00 0.00 3.28 0.67 1.54 0.00 0.00
oH 8.08 Vv38.00 8.13 8.11 8.13 A8.21 AB.19 212
0.00 0.00 0.02 0.03 0.02 0.00 0.00
SS 14.25 A34.15 11.45 11.78 8.02 5.90 V5.40
(mg L) 0.00 0.00 3.27 3.52 3.54 0.00 0.00 1299
Chl-a 2.41 2.17 3.10 2.28 2.59 A5.00 v1.90
(ug LY 0.00 0.00 0.58 0.36 0.87 0.00 0.00 278
Transparency 1.50 0.68 1.71 1.75 2.38 2.90 AS5.50 234
(m) 0.00 0.00 0.59 0.45 0.76 0.00 0.00
Areas ESO1 ES05 ES07~12 ES02~04 Eglsz(l)fis ES13 ES16
NO: (V0711 M), NOS (V463 M7k & b2 B9l 4 $2 323 vlmstol, 2 159] 24 373 &
o OE 67 JUUKESI6OIH, AWF FE(A S AHSEITKTable 3). T1F G1S FBHKES0D)
1.42psu), DO(AO.45mg'l), pH(A0.07), EHZ=(A o]u, &2 o] DIN(A6.09x M), NH4+(A1.04;¢ M), NO;
3.16m)7} =& 7FS HEFow, COD(V0,33mg'1), (A0.21y M), NO5 (2447 M), TN(AT.72u M)O| =
NH,'(v0.631 M), NO,(V0.18x M), TN(V0.63x M), & Zre Hgon, 222(v2.180)7 FXE(VI1.12psu)
DIP(V0.27u M), TP(V0.48y M), SiOx(V5.94u M), o] o 7o weth I1F G2+ FEHTHES05)o|H,

SS(v7.59mg™), Chl-a(v0.88; g7} wre- 7he mach

32 =23

%

R fARE B4 Kol
TtHFig. 3a). 87 159

-
o

o
i
A
Ju
i)

H3of| DIP(A0.034 M), TP(A0.09z M), SiOx(A3.81
i M), SS(A21.01mg™")7} =& ZHS ®glow, DO(V
0.5mg"), COD(v0.41mg™"), pH(V0.13), Chl-a(v0.63
n g7k S e Bk 1% G AT
(ES06), =RITHES07), AX78HHESL), HYa7dsht
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Figure 3. Dendrogram derived from the hierarchical cluster analysis using the spring (a), summer (b), fall (c), and
winter (d) means of seawater quality parameters in the estuary and bay areas. The pink dotted line is
the criteria to divide groups (G) with similar seawater quality environments
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Table 3. Spring means and standard deviations (STD) of water quality parameters in each group identified by the
hierarchical cluster analysis in Figure 3a. Symbols are used to show higher (A) or lower (V) values than

spring means in all estuary and bay areas

Clusters G1-G8
Water quality Gl G2 G3 G4 G5 G6 G7 G8
parameters Mean Mean Mean Mean Mean Mean Mean Mean Mean
STD STD STD STD STD STD STD STD
Temperature V13.62 17.71 16.25 11.61 A18.75 14.77 17.04 14.83 15.80
(©) 0.00 0.00 1.10 0.00 0.82 0.88 0.00 0.00 )
Salinity v30.88 31.83 32.79 31.73 32.74 31.48 3242 A33.83 32.00
(psu) 0.00 0.00 0.67 0.00 0.48 0.38 0.00 0.00 )
DO 9.10 Vv8.17 8.66 9.19 v8.20 9.07 9.20 N9.52 3.67
(mg L) 0.00 0.00 0.36 0.00 0.22 0.06 0.00 0.00 )
COD 1.39 v0.99 1.28 1.12 1.41 1.60 A2.11 1.21 1.40
(mg L) 0.00 0.00 0.05 0.00 0.20 0.27 0.00 0.00 )
DIN Al4.67 9.34 7.57 9.85 1.96 1.91 1.75 V1.36 358
(uUM) 0.00 0.00 1.89 0.00 0.35 0.39 0.00 0.00 )
NH," N2.54 0.89 1.18 0.64 0.60 0.89 0.66 V0.51 150
(uUM) 0.00 0.00 0.23 0.00 0.16 0.25 0.00 0.00 )
NOy A0.59 0.42 0.41 0.26 v0.10 v0.09 v0.10 0.10 038
(uUM) 0.00 0.00 0.14 0.00 0.04 0.00 0.00 0.00 )
NO5 A10.46 8.00 5.59 9.58 1.49 0.72 v0.39 v0.43 5.99
(uM) 0.00 0.00 1.68 0.00 0.45 0.29 0.00 0.00 )
N A31.63 27.08 24.08 22.54 17.23 19.42 23.85 V13.84 2391
(uM) 0.00 0.00 1.60 0.00 1.56 4.04 0.00 0.00
DIP 0.36 A0.46 0.29 A0.49 0.18 0.11 0.12 V0.05 043
(uM) 0.00 0.00 0.05 0.00 0.03 0.01 0.00 0.00 )
TP 0.99 Al.24 0.92 0.99 0.81 0.73 1.02 v0.59 115
(uM) 0.00 0.00 0.10 0.00 0.18 0.11 0.00 0.00 )
Si0; 3.43 A14.10 9.14 4.96 11.18 2.09 7.50 v0.83 1029
(uM) 0.00 0.00 3.61 0.00 5.67 0.46 0.00 0.00 )
pH 8.10 V799 8.14 8.07 8.13 8.15 A8.29 8.23 312
0.00 0.00 0.06 0.00 0.02 0.01 0.00 0.00 )
SS 12.00 A34.00 11.06 15.40 14.08 8.00 6.60 7.60 12.99
(mg L) 0.00 0.00 4.54 0.00 5.10 0.57 0.00 0.00 )
Chl-a 2.50 Vv2.15 3.59 V2.06 3.06 2.23 N6.24 2.52 278
(ng LY 0.00 0.00 0.67 0.00 0.84 0.45 0.00 0.00 )
Transparency 1.50 0.90 1.92 1.40 1.71 2.80 2.45 AS5.50 234
(m) 0.00 0.00 0.77 0.00 0.68 0.42 0.00 0.00 )
ES06~07
Areas ESO1 ES05 ESI11, ES02 ES08-10 ES03~04 ES13 ES16
ES14~15 ESI2

(ES14), Bjsbdsl-HES15)= &l |52t "afoll e
sht-grolw, =7 3 A2 Ho|z] ofofth 1%
G4= 7} 2YTKHES02)0]w, E-3 o) DIP(A0.064 M)7}
=2 ZHe Bgloen, Chl-a(vV0.72mg')7 B e
Heloh IF C5= SHRHES08), oJAFKES9), 7t
THES10), XFRHESI2)C &2 Fafoll Qli= ¥ a0l
o, B $2(A2.95C)°] %3l DO(V0.47mg"),
NOy(V0.28; M)7} & k& Hloh IF Goe= A
FRHES03)9} F73HHES04) = - sl Stoll
UE sh-RkelH, E3ol NOy(V0.29, My7} W2 3k
< HYrh IF G722 ZFUNESI3)olH, EHo

COD(A2.11mg™"), pH(A0.17), Chl-a(A3.46mg™")7}
Lo ZkS ®Wlom, NO,(V0.28x M), NOs(V5.64
M), SS(V6.39mg )7} e ke Bk I8 G8
FUTHESIO)O]H, FHo| HE(AL1.83psu), DO(A
0.85mg”), EUE(A3.16m)7} =& S Hgon,
DIN(V7.22 M), NH4(vV0.99x M), NO;(V5.564
M), TN(V10.07x M), DIP(V0.38x M), SiOy(V9.46
p M7 22 7k ®elch
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Table 4. Summer means and standard deviations (STD) of water quality parameters in each group identified by the

hierarchical cluster analysis in Figure 3b. Symbols are used to show higher (A) or lower (V) values than

summer means in all estuary and bay areas

Clusters
Water quality Gl G2 G3 G4 G5 G6 G1-G6
parameters Mean Mean Mean Mean Mean Mean Mean
STD STD STD STD STD STD
Temperature 25.11 A27.98 26.42 Vv23.43 25.92 Vv23.49 2539
(©) 0.00 0.00 1.46 2.58 0.00 0.00
Salinity V28.41 31.30 30.96 31.72 28.97 A32.80 30.69
(psu) 0.00 0.00 0.73 0.42 0.00 0.00
DO 6.98 V6.56 7.30 8.52 7.77 AB.80
(mg L™ 0.00 0.00 0.28 0.34 0.00 0.00 7.66
COD 1.66 V1.06 1.65 N2.12 1.62 1.42
(mg L™ 0.00 0.00 0.37 0.70 0.00 0.00 1.39
DIN A21.96 12.11 3.74 3.67 12.91 V1.78 936
(uLM) 0.00 0.00 1.68 0.71 0.00 0.00
NH," £6.47 v0.83 1.13 0.99 1.24 0.98 Loa
(uM) 0.00 0.00 0.34 0.08 0.00 0.00 )
NOy 1.26 1.08 0.28 0.21 A1.39 Vv0.14 073
(uM) 0.00 0.00 0.18 0.09 0.00 0.00
NO;” 10.06 9.56 1.32 1.80 A10.41 Vv0.54 562
(uM) 0.00 0.00 0.99 1.22 0.00 0.00
™N A41.71 32.79 21.39 21.93 3235 V14.06 2737
(uM) 0.00 0.00 5.74 3.25 0.00 0.00
DIP A0.94 0.73 0.31 0.20 0.38 Vv0.10 0.44
(1M) 0.00 0.00 0.09 0.03 0.00 0.00
TP AL.76 1.49 1.14 1.06 1.04 v0.66 119
(uM) 0.00 0.00 0.21 0.21 0.00 0.00
SiO, 16.53 N22.07 15.75 5.96 17.29 Vv2.20 13.30
(uM) 0.00 0.00 5.84 1.08 0.00 0.00
pH V7.96 V1798 8.10 A8.19 8.15 A8.20 3.09
0.00 0.00 0.06 0.05 0.00 0.00
SS 10.60 A21.30 9.85 Vv6.03 9.80 6.70
(mg L) 0.00 0.00 2.08 0.21 0.00 0.00 1071
Chl-a 2.62 V243 422 A5.60 4.92 2.54
(ug L 0.00 0.00 1.25 0.78 0.00 0.00 372
Transparency 1.60 V0.85 1.88 2.42 1.50 AS5.00 291
(m) 0.00 0.00 0.45 0.28 0.00 0.00
ES02~04,
Areas ESO1 ES05 ES07~12 ES13~15 ES06 ES16
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Holon, E(v2.28psu), pH(V0.13)7} &
Bk 18 G2+ FHIHES05)o]H, &3
2(A2.59°C), SiOx(A8.77u M), SS(A10.59mg™)
2 78 Hyow, DO(V1.Img'), COD(V
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LZQIRKES07), SFTHES08), oIRWHES09), 7Rt
(ES10), AHXZsHHESI 2 ZHalf F5-2F dflol =
ah-gtoln, =7 34 EA4LS Holx] ot F
G4 Z3IUKES13), F573H(ES14), Eiskgal
(ES15)8 g9 digafigol Q= sht-RtolH, &
Ao COD(A0.53mg™), pH(AO.1), Chl-a(A1.88x g)
7b =2 e Biow, £(V1.96T), SS(V
4.68mg")7h Fe Fe Btk IF GSE FAgE
(ES06)0]H, o230 NO,(A0.664 M), NO5(A4.79
g M7} =& 7 Btk T1F Gox JUTHES16)9]
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o, o] 2 Ao 9E(A2.11psu), DO(Al.14mg"), pH(A
0.11), EEE(A2.79m)7} & ZHS BYon, 2o
(V1.9C), DIN(V7.58z M), NO,(V0.59% M), NOy
(V5.08; M), TN(V13.31x M), DIP(V0.34, M), TP
(v0.53 M), SiOx(V11.1g M)7} $& 78 Hrk

3.4 712 43 B 54

e ES BAR A3 AEE AR B4 B
=0

ol TAY IFOR BREUCHFig. 3o). T 1Fe
SAYT 8 PP vastel, 2 1Fe| HAAA 5

=
48 AAsIYTKTable 5). 18 G12 3H481HESO1)

S EECIET R AR 79

o, 7}&Hol| DIN(A8.64y M), NOy(A1.01x M),
NO5;(A6.864 M), TN(A8.86x M), DIP(A0.4y M)7}+
=2 e HYon, JE(V1Spsu), Chl-a(V
0.76mg)7b *e e ®Yth I8 G- vt
(ES05)0]H, 7}F&H| TP(A0.894 M), SiOxA6.194

M), SS(A37.22mg")7} & S Bow, v
1.7C), NH4'(V1.554 M), pH(V0.04), EHE(V
234m)7} W2 S Btk 1% G3= FAPSSHE

(ES06), AZ7}8}7HES11), AFUKES12)C 2 3a)}
Wl 9l shnto|n], A 34 EAL Holx| ¢
odth 1E G4= 7FEYTHES02), H4YHES03), 27
SHHES04), EMKES07), STHES08), ik

Table 5. Fall means and standard deviations (STD) of water quality parameters in each group identified by the

hierarchical cluster analysis in Figure 3c. Symbols are used to show higher (A) or lower (V) values than

autumn means in all estuary and bay areas

Clusters
Water quality Gl G2 G3 G4 G5 G6 G7 G167
parameters Mean Mean Mean Mean Mean Mean Mean Mean
STD STD STD STD STD STD STD
Temperature 15.39 V14.46 16.78 15.80 16.86 16.24 N17.62 16.16
(©) 0.00 0.00 1.20 0.77 0.12 0.00 0.00
Salinity Vv30.32 31.64 31.47 31.81 32.81 A33.03 31.70 31.82
(psu) 0.00 0.00 0.51 0.30 0.18 0.00 0.00
DO 7.96 8.17 7.96 8.01 V1.37 A8.51 7.77
(mg L") 0.00 0.00 0.34 0.21 0.08 0.00 0.00 796
COD] 1.33 1.28 1.01 1.15 1.08 v 0.96 A1.55 119
(mg L) 0.00 0.00 0.13 0.11 0.00 0.00 0.00 ’
DIN 1999 13.69 12.31 7.00 12.60 v5.71 8.17 1135
(uM) 0.00 0.00 1.23 1.84 4.59 0.00 0.00
NH," 3.11 V0.64 1.92 1.50 3.29 1.12 A3.79 219
(uM) 0.00 0.00 0.87 0.57 2.40 0.00 0.00 ’
NOy A2.00 0.97 1.28 0.63 0.67 v0.43 0.99 0.99
(uM) 0.00 0.00 0.17 0.16 0.09 0.00 0.00 ’
NOs A14.63 12.29 8.18 4.17 7.87 V2.83 4.42 777
(uM) 0.00 0.00 3.04 1.85 1.37 0.00 0.00
TN A32.92 28.85 24.34 20.45 23.93 Vv14.21 23.73 24.06
(uM) 0.00 0.00 2.25 1.52 4.94 0.00 0.00
DIP A1.10 0.88 0.77 0.57 0.67 v0.17 0.73 0.70
(uM) 0.00 0.00 0.12 0.13 0.12 0.00 0.00 ’
TP 1.67 AN2.24 1.22 1.14 0.99 v0.69 1.54 135
(uM) 0.00 0.00 0.15 0.20 0.01 0.00 0.00
Si0O, 14.24 N22.14 16.86 13.22 14.60 V8.67 21.95 15.95
(uM) 0.00 0.00 1.98 4.08 0.09 0.00 0.00
8.07 V8.04 8.07 8.09 A8.13 8.12 8.06
pH 8.08
0.00 0.00 0.01 0.02 0.01 0.00 0.00
SS ] 14.30 A51.60 9.28 12.10 4.68 5.10 V3.60 1438
(mg L) 0.00 0.00 1.85 3.94 0.67 0.00 0.00
Chl-a Vv1.51 1.82 1.95 2.24 Vv1.52 1.78 N5.06 227
(ng L'l) 0.00 0.00 0.14 0.94 0.07 0.00 0.00 ’
Transparency 1.80 v0.30 2.06 1.70 3.60 AS5.50 3.50 2 64
(m) 0.00 0.00 0.05 0.60 0.14 0.00 0.00 ’
ES06, ES02~04, ES14,
Areas ESO1 ESO05 ES11~12 ES07~10 ESI5 ES16 ES13
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I GS& HEsHES4), BiebdsHESIS) = -
AE it del = shtelH, 7REEe] pH(A0.05)
7} Eo 7S H9lon, DO(v0.59mg )2} Chl-a(v
0.75¢ gh7b e e ®Bolth I8 Go: Uyt
(ES16)°0]t, 7o  PE(Al2lpsu), DO(A
0.55mg"), E=PE(A2.86m)7} = FHS HYo
COD(v0.23mg™"), DIN(V5.64y M), NO,(V0.56,
M), NO3(V4.94, M), TN(V9.85, M), DIP(3/0.53
M), TP(0.66x M), SiOx(V7.28x M)7} W& Zhe w1
ek I G7& MTHES13)olm, 7HEo] (A

[SAR=N
AT

o - olAAl - §EA

1.467), COD(A0.36mg™), NH,y ' Al.64 M), Chl-a(A
279 gyt 2o e Hglon, SS(V10.78mg )7t
w2 32 Bt

e A 548
oz 1) 2o EReicirie 30, 7] 189 £
7+ g20] 24 37 EA
Z Gle urEﬂoFHESM)
] HE(A191psu), F

o1, COD(V0.54mg’ ),

Table 6. Winter means and standard deviations (STD) of water quality parameters in each group identified by the

hierarchical cluster analysis in Figure 3d. Symbols are used to show higher (A) or lower (V) values than

winter means in all estuary and bay areas

Clusters
Water quality Gl G2 G3 G4 G5 G6 G1-G6
parameters Mean Mean Mean Mean Mean Mean Mean
STD STD STD STD STD STD
Temperature 10.65 All.14 4.14 5.99 V2.65 3.01 227
(©) 0.84 0.00 0.57 0.85 0.00 0.00
Salinity A33.91 33.43 31.76 33.12 V31.18 31.92 32.00
(psu) 0.05 0.00 0.29 0.26 0.00 0.00
DO 9.26 V8.69 11.32 10.82 A11.63 A11.55
(mg L) 0.21 0.00 0.18 0.22 0.00 0.00 8.67
CODI V0.86 1.14 1.27 1.29 A1.62 1.52 .40
(mg L) 0.06 0.00 0.17 0.26 0.00 0.00
DIN 9.14 17.51 10.65 V2.58 A23.69 10.29 2.58
(uLM) 1.02 0.00 2.00 1.15 0.00 0.00
NH," 1.49 A4.00 V0.64 0.80 3.79 1.57 1.50
(LM) 0.82 0.00 0.23 0.46 0.00 0.00 )
NOy 0.44 20.60 0.20 V0.11 0.49 Vv0.10 038
(LM) 0.02 0.00 0.09 0.06 0.00 0.00
NO5 6.83 12.44 9.70 Vv1.48 A19.91 9.00 5.99
(LM) 0.46 0.00 2.22 1.01 0.00 0.00
N 17.65 33.92 24.13 V16.57 A37.05 28.92 23,91
(uM) 3.67 0.00 3.60 2.86 0.00 0.00
DIP 0.43 20.80 0.51 v0.23 0.76 0.52 043
(LM) 0.06 0.00 0.20 0.07 0.00 0.00 )
TP Vv0.77 1.03 1.09 0.90 1.68 A1.98 115
(1M) 0.08 0.00 0.17 0.22 0.00 0.00
SiO, 10.44 13.53 10.96 V3.86 14.55 A16.17 10.29
(LM) 0.10 0.00 1.63 3.24 0.00 0.00
oH 8.13 8.09 8.16 A8.23 8.12 Vv38.01 312
0.02 0.00 0.08 0.02 0.00 0.00
SS V5.15 7.00 14.84 13.17 21.65 A44.80
(mg L) 0.92 0.00 3.88 6.71 0.00 0.00 1299
Chl-a 1.20 v0.92 3.74 2.73 A5.00 2.17
(ng LY 0.18 0.00 1.89 0.72 0.00 0.00 278
Transparency A4.50 2.50 1.31 1.91 1.00 v0.40 234
(m) 2.12 0.00 0.29 0.99 0.00 0.00
ES14, ES02~04,
Areas ESl6 ES15 £S06 ES07~13 ESO1 ESO05
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TP(0.38x M), SS(V7.84mg )7} o 7hS B}
I G2+ HiEPYSHHESIS)olH, ALH (A
8.877), NH, (A2.54 M), NO,(A0.224 M), DIP(A
037 M)7} =& 7S Hgon, DO(V0.02mgl),
Chl-a(V1.86y g7} W& re By 1% G3& 7}
ZRTHES02), HTHES03), 7d8HHES04), FAH
SHHES06)Z Fafio] = sl rto|n, #-&-of| NH,'
(V0.86u M)7} w2 k& Btk 15 G4 =4
(ES07), S=FTHES08), AMKES09), 7FYKES10),
ARAZFBHHESTD), ZFTHESL2), ASiIHESI3)Z &
ol &= shrolw, AL pH(A0.11)7} &
e Hglow, DIN(V6.00x M), NO,(V0.27u, M),
NO;(V4.51x M), TN(V7.34x M), DIP(V0.2xz M),
SiOx(V6.43; M)7} W& e ®Yth 1% G5
ZBHHES0) oW, Ao DO(A2.96mg”), COD
(A0.22mg™), DIN(A15.11x M), NOs;(A13.924 M),
TN(A13.144 M), Chl-a(A2.22y g7 =& 748 =
Rom, $L(V0.38C), H(V0.82psu)o] W2 I
Bk 5 G6w= THEUHES0S) sfjejoln, A&l
DO(A2.88mg"), TP(A0.83x M), SiOx(A5.88y M),
SS(A31.81mg" )7} =& 7S HPon, NO,(v0.28
2 M), pH(V0.11), EHE(V1.94m)7} e 1S HY
c}.
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FHFSHHESO) = A& dglo]l A% WY DIN
(£6.09~15.114 M), TN(A7.27~14.34y M), DIP(A
0.334 M), TP(A0.32~0.57, M)Z A 3o FFrc}
Y53 ¥ U4 MYt FERYYARE F2
V71082 X3kehy F3kagof oe shHeE &
Sepo R GUE/IE SN A3 FE 492

il

o

rSL'—&

[e}

e 9 i Ajkyte] -4, st

oo o3t AoR d#A SlckPark et al., 2000;
Kim et al., 2004). & A-2] kst § 9L} v]s=3t

4o o 2 o

E-)
-
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J W) 351 SAY 81

ALE 4=3Y3F Lim et al. (2007)9] Zy}E B, o3
sjede] DINDIP vl HHHO® 75711 (Fe
33.3) Helolw, A Hot2 & 44.8, o]F 39.2, 7}
13.5 78|31 AL 3540[cf 7FEEE AQgt =
A&l o 4] DIN/DIP H|: Redfield H]Ql 16 o]JAFo
Sohon, ol giRE A % 2o ofh
o o] §ERs|AA ) o A H
A9] %Sl DIN/DIP H|7} B+ 26301,
0.75, o123 23.36, 7}-24 19.99, A4 31.17
L& BYth Kwon et al. (2006)2 317} 5}
FAFE HE A A =2 Rl
vl AL gEFETh= sHd fYol wE w3
PF 9ol o & Ao= oA v qitk &2
e v = ) shR7E AR il

FYEE Age sty gk

rl

o2 2 to do du hu oo rfz HE WU o
1o e i
i% ridl o flo 5

m-lg 1 me X
X
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K,

N
N
o
OFl
2

FFPIHES05)-2> AHof Adgleo] A5 Wl TP(A
0.09~0.89, M), SiOx(A3.81~8.77u M), SS(A10.59~
37.22mgH2 A so FHET £ =S =Bt
ET] HS, E BHe AFETE EHES of
&(Chu at al, 2000), Z9JH3lo| T2 FIE HE
(Kang at al. 2009), all<= 54 F+x2 9 25 EAX(Lee
at al., 2009), O] FYeFHsF D =
3t A7HKim at al., 2016) 5 $=21} 2g
o] 3= A77F A=At ¥ AT
ETE] Ql, FAFA, EREAY w2 FEol i)
=8 B 4= Yo ARt o] f= et 4= gl
Kim et al. (2016) dguko] BA22] ATS vpAR
dleof Hgste] sy At 19 545 Ued=
o], 7ol ZF$-9] JFS wol JYFEFIL HoEH,
e 5249 AE AlFste A0 ® UEyTh DINE
o2 fYEo] AEEHAE o FHAY ¢
2 FEE= 545 E9, DIPY -9 vy |71
Aol el o8l a4, 2FE QT HHE &,
A& &8 Fsvk & A& YERT Kang at al
(2009) Ao W= FET YR FFE= AH
LdYe glor, sieafAQl ¥
g o] Ak, §&
of KU AL AAEE Rl Ut} o9} o]

o
N
CO
it
4
N
N
b
N
2
1

I L =

Al gelo] A-goh= Ao Helrh gy Yo §
REA HE7} =2 o]f Chu at al, (2000)] &
TollA f5=8l & 4= qdch FEIRE 2Ao] LAgH B

Aoz 2A7t A FE AT WE 257 AA A
At AEaE s, Rl QYA HaRe A
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W3] Fheigrol Hgwd s} Brha AlAstech
43 gunt

FUTHES16)> Ade] Adglo] A% W ok 3
At} oFedEel DIN(V5.28~7.584 M), NH,(V
0.63~1.074 M), NO, (v0.18~0.594 M), NO5 (V4.35~
5.564 M), TN(V9.63~13.31y M), DIP(v/0.27~0.534
M), TP(V0.48~0.66, M), SiOx(V5.94~7.28, M)<] &
Tt Ao W 3s Booh JUnke 23|
A T et AR AR H 4ot A g4
5ol FdEo do] ofFEy Q= A7 o|tH(Kang
at al., 2002, Yoon at al., 2003). Gt =A] AR 7}
AT FA, HH 5o s S ddTe
FH S7tel FFE PIXIcKKim at al., 2004). L,
2 A9 179 A7) BUEE A3 32 4UdE 5
L5 HAth 2004 23) ShpFEA 28R Al
o] AE o|F, 20079 FAHTAES A& o,
20099 F-FsteA Al A4, 2014 ZFA] A7F
A st AR FARER, Sk Aol g AP AlE AR
= 20300714 Bl BREE 97.7%S 94 ExE
F2 SOt Z3A, sh=7gdu] 72 A 2(H7), 2017).
Kwon at al. (2019)2 2013~2017d 53] <Aote] al|oF
AT FEFAY A A ATE 5T A
T Hee &% SH, X Ao R JUn FdH=
A7t JARE G HLE oo & 4 ek
A71ZE Bt F3 A2te] DINZ 0.11~24.19 ¢ M,
DIPX 0.01~1.53 1 M, SiOy= 0.17~32.80 x M2] W
AE Beow, NP (HAd A A1) Hl= 11.67~
13.75 ¥ Q& Redfield v]7} 16 X} o}, Z3] <ot
oAl A Aavt AEZHIES Y At 4
o7 Hokth 2 Ao JYv-S A%+ DIN 3.30 4
M, DIP 0.16 z M, Si0, 435 4 M2 53] %ok H9Y
Qroll E9tE E3 N:PE EH, A% 1025, £3
8.6, 23 54, 7F2H 6.1, ALH 17322 16X}
AU vt 2 Btk ol XA SheA

ke felo] Zof JAnto] &
o] e Qo WA £F S Holk Ao vy
o},
4.4 Tisat

ZBUHESI3)S AH, 54, 7FEHe| CoD(A
0.36~0.71mg ™)@} Chl-a(A2.22~3.46mg™) 2] =7} &=
Ao eyt aut oS upahgl Yotk
AT YREL FIPE, AFW 5 ofe wEo] ug
o, QJsfia=el f-9lo] oFsto] whHAA sfHa

HRAFIES 200010] SHT o R A FH

B Koo
Q9
e

AU - ol4 % - ol - FEA

S 20079d  sFsFAAMAQ FEHCOD), 2012¢ A
(DIN)&} QI(DIP)of| thate] L HFFe] 7t 43 Fol
CHKwon at al., 2014). upAHgE} ZS0FS nfAkr] 9}
RN FAE: Agele} 67% 5 298
o] A&A FHom FI ol AF HitasE
A, 108704 A&E= Aoz dEA ok
(Kim at al, 2012). 3} upAbgES] =2 goFg o g 9]
sfol 5998 Az27b 27 Aol Y= Agoltt
(Park at al., 2012).

Kwon at al. (2014)9] 2000~20121 =21} Zb7]s
T A%E Y, COD& nHAHEL sighito A =2 &
E WS olu), Zopel QiR A% s
%t} ol ke ©QHsh Qo] =m gutoz 7+
= ofslsst Esl] 04 akgo] dskE Ao
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oF TN AL Bt 7HSo] ARBFAES GhFlo]
oluxTh(Harvey, 1955), wale] Wk A S0l
ol BH FE AT YYY FFo| Fre A9
o 3 270] FHE|L oA HEEYAE thE
Ao] elofe 4 gleki W1 QlekChung at al,

2013). Na at al. (2021)9] d7to] 2™, Chl-a9] &
Tl 70| HFHoR M =a(Hd 154443 4
gh), 1290 7P SFACEE 3.540.6 x gh) FHEA
of. v 79 Ak 2 oA Qo w=st
oo E BEkT wje e Chla 3HS Hol: A&
golatlet. o) 7Ho] TAAHcRRE FH T
7h deloz 2AH 9] A ANE BEgE {33
Bel, B dtox B-R 7H2d Chlad] $E7} &=
o AL ot Fjole] YurAgl Efoz Qg Hog
HolW, oJ23 Chl-¢9] %7} We Ao Auto]
DA @4 §E2 Chl-a S27F wf$ wrobA Hsfgt
o2 AHET} Chl-a®] = 3 ) 24 5=
7b WA b Zlez etk

45 7t228t

7} 2 HTHES02)-2 &2 o) DIP+= 0.49+0.00 # M (F
043 n MZ A 3o FEuct driHoz s g
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& B Oom, Chl-ais 2.06£0.00 1 g' (B 278 1 gV
2 A 89 gtol vl W EHS Kot =N
2 Ao gom 2] £o0= Zl&o] ThylE v
A e Wi ok & shdo] WastA] ) 2
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H= @t W XﬂUHEV] 2ol @] i, T3t
I7F Bx7l #d3lch(Park at al., 2009; Nam at al.,

2012). 7k2ute] =43}k #AE A7 Park at al.
(2009)0] 533t 448k 2] B4 47| %, Nam at
al. (2012)0] =33t o|gfel#] 20| Al gzHe B4
o] Qltt. Zl2uke] A-Y ooFY el = ol

7}—0 75131]..%_ Xﬂ*]o]—oﬂ‘:— ] g’\_
7&%%: A5 HloH ALl =
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