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Long-term trends and distribution patterns of water quality were investigated in the Cheonsu Bay of Korea
from 1983 to 2004. Water samples were collected at 4 stations and physicochemical parameters were analyzed
including water temperature, salinity, suspended solids (S8S), chemical oxygen demand (COD), dissolved oxygen
(DO) and nutrients. Spatial distribution patterns were not clear between stations but the seasonal variations were
distinctive except COD, SS and nitrate. Twenty two year long-term trend analysis by PCA revealed the sig-
nificant changes in water quality in the study area. Water quality during 1980's and early 1990's showed high
SS, low nutrients and low COD which increased during the mid and late 1990's and early 2000's. Overall water
quality in the Cheonsu Bay indicated the increase in nutrients and COD concentration.
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Fig. 1. The location of sampling stations in the study
area.
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Table 1. ANOVA tables for spatial and temporal variations in the water quality in the Cheonsu Bay of Yellow

Sea from 1983 through 2004

Vanable source F Pr>F Variable source F Pr>F Variable source F Pr>F
yl‘ve?;ecferat ure station 000 10000 Salinity station 093 04253 pH station 050 0.6791
season 3432 <0.0001 season 9298 <0.0001 season 501 0.0020
DO station 020 0.893 COD station 036 0.7828 SS station 116 03244
season 157.14 <0.0001 season 241 0.0671 season 043 0.7289
POs-P station 070 05525 NH4-N  station 003 09917 NO2-N station 122 0.3017
season 881 <0.0001 season 548  0.0011 season 3843 <0.0001
NOs;-N station 204 01083 DIN station 040 0.7565 DIN/DIP station 015 0.9301
season 205 0.1071 season 360 0.0138 season 427 0.0056
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Table 2. Descriptive statistics of water quality parameters by the stations collected in February, April, August,
and November from 1983 to 2004 in the Cheonsu Bay of Yellow Sea

Variable St.  MeantSE Range CV(%)  Varlable St. MeantSE Range CV(%)
W.T.(C) 1 1346091 040~2830 6318 SS (mg/L) 1 2773:216  240~16480 7320
2 1346093 -050~2865 6476 2 24431145 1.80~59.20 5561
3 1351094 -060~29.40 6517 3 2378t166  4.00~10920 6547
4 1348094 -060~2865 6548 4 2378+1.68 040~9%60 66.22
Salinity 1 3147£0.15 2663~33.06 440 DIPGM) 1 0.46£0.04 001~314 &R66
2 31.39+0.16 27.11~33.12 463 2 0.41+0.03 0.01~152 62.20
3 31.22+0.17 24.98~33.15 5.23 3 0.41+0.03 0.01~1.84 70.06
4 31.12+0.19 25.80~33.16 558 4 047005 001~351 10006
pH 1 7.99+0.02 7.28~8.46 229 NH; -N@M) 1 4.15+0.59 001~3454 13167
2 7.99£0.02 6.91~8.50 2.78 2 4.09£0.64 0.02~51.06 146.01
3 8.01+0.03 6.92~852 2.92 3 4.360.91 001~79.15 196.27
4 8.02:0.02 7.39~8.37 2.38 4 4.30+0.49 0.07~2453 106.29
DO(%) 1 100.06x167 4696~13820 1566 NO; - N(uM) 1 0.39+0.03 0.01~191 83.02
2 10210+164 3714~13285 1504 2 0.380.04 0.00~1.81 90.85
3 101.15£2.03 22.30~16067 1879 3 0.33+0.03 0.00~1.80 85.86
4 10029+162 4417~14262 1516 4 0.31+0.03 000~125 840
DO(mg/L) 1 8.79+0.18 3.14~1137 1950 NO; - N@M) 1 3.30£0.58 0.03~35.37 16357
2 9.01+0.19 245~1209  20.04 2 2.25+0.28 0.03~1126 11594
3 893+0.22 180~13.06 2268 3 2.19£0.34 001~21.36 14367
4 8.88+0.20 2.90~13.00 2151 4 2.13+0.29 0.00~1272 12983
COD(mg/L) 1 1.29+0.07 0.09~3.46 50.88 DIN(uM) 1 77909} 0.38~62.32  109.37
2 1.37+0.08 0.30~4.58 5794 2 6.72+0.69 0.08~51.78 96.39
3 1.40+0.10 0.14~5.76 64.91 3 6.89+0.98 0.08~8028 133.33
4 1.3840.08 0.31~366 56.55 4 6.7310.62 0.46~3551 86.47
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Table 3. Descriptive statistics of water quality parameters in February, April, August, and November collected at
the 4 stations from 1983 to 2004 in the Cheonsu Bay of Yellow Sea

Variable Month MeantSE Range  CV(%) Grouping Variable Month Mean*SE Range  CV(%)Grouping
W.TAT) 2 351x017 -060~8056 4585 D SS{mg/L) 2 2650+149 100~5250 5268 A
4 873+021 452~1401 2210 C 4 2464145 217~5200 5508 A
8 2633:015 2215~2940 549 A 8  2371+133 300~5320 5252 A
11 1535+0.13 1167~1748 8.16 B 11 2487252 040~16480 9511 A
Salinity 2 3194013 2663~3309 373 A DIPuM) 2 037£003 001~132 7572 B
4 3204:007 3005~3316 197 A 4 032+004 001~351 11882 B
8 2952019 2498~3225 587 B 8 049004 003~206 7357 A
11 31.70:008 2987~33.03 247 A 11 0562004 017~314 6192 A
pH 2 B800+0.02 728~844 287 AB  NHsNGuM) 2 363+050 010~3454 12996 B
4 801002 691~830 270 A 4 361+041 0.01~2067 10497 B
8 7942002 754~852 258 B 8 652+1.12 072~79.15 16121 A
11 806+002 766~840 201 A 11 315+025 016~1011 7482 B
DO(%) 2 96.75£1.12 6941~12053 10.38 B NOr-NuM) 2 030£003 000~098 7791 B
4 10680£0.82 90.33~12369 717 A 4 019+002 000~07% 8.7 C
8 104.36+262 37.14~16067 2351 A 8 0324002 003~108 6106 B
11 9569156 2230~11685 1525 B 11 060£004 001~191 6688 A
DO(mg/L) 2 1041*0.11 749~1306 986 A NOs-NuM) 2 318#046 003~2748 13675 A
4 1015008 870~11.76 7.15 A 4 1.8+030 001~21.36 15343 A
8 713#018 245~11.06 2369 C 8 229:032 000~1272 13295 A
11 791x013  180~965 1547 B 11 252045 006~3537 16401 A
COD(mg/L) 2 137008 (028~366 56.33 A DIN@uM) 2 7114080 051~62.32 10644 AB
4  125+007 033~458 51.09 A 4 560050 008~2364 8294 B
8 154009 009~394 5453 A 8 912£120 095~8028 12290 A
11 128+009 024~576 6737 A 11 6304051 023~3743 7634 B

Water Temperature
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Fig. 2. Seasonal trends of water quality at the 4 stations from 1983 to 2004 in the Cheonsu Bay of Yellow Sea.
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Table 4. Annual descriptive statistics of water quality parameters from 1983 to 2004 in the Cheonsu Bay of
Yellow Sea

Water temperature(C) Salinity pH
Years N MeantSE Range CV(%) MeantSE Range CV(%) Mean+SE Range CV(%)
1983 16 1381245 130~2760 71.01 31.09+051 2752~3315 658 8024003 7.84~821 150
1984 16 12154273 -060~2810 90.04 31.35+037 2685~3262 477 801x002 78~817 1.16
1985 16 13444241 3.10~27.80 7176 31.01£0.25 2950~3236 326 810£0.02 800~821 0.73
1986 16 1261+228 165~2590 7226 2973043 2663~31.78 572 778008 7.28~8.18 4.00
1987 16 12.08+2.11 290~2455 6993 3121052 2725~3262 660 784005 7.60~8.07 2.30
1988 16 13.21#226 295~2725 6830 32.33+#0.10 31.34~3274 127 78003 7.71~806 1.60
1989 16 13104215 375~2725 6577 3246+011 3141~3287 129 795006 754~814 2.83
1990 16 13344225 3.00~2730 6734 32.06£032 29.05~3309 404 799+003 7.77~812 142
1991 16 1312212 410~259 6468 3186030 29.75~32.89 379 7.98+002 783~812 1.15
1992 16 14.14+2.07 355~2665 5851 31.95#0.08 3146~3252 1.03 805+002 793~821 1.01
1993 16 1247£193 3.05~2370 6196 31.18+059 2498~3283 750 823+002 808~831 1.01
1994 16 14.194237 3.35~2940 6684 3199+0.22 30.10~3316 273 814+0.02 794~827 1.10
1995 16 14264232 3.15~2820 6513 3177017 2988~3247 211 8.09+0.04 788~826 172
1996 16 1266255 165~2806 8061 31361026 2885~3243 333 8062002 790~820 1.10
1997 16 1413229 350~2865 6479 32.05+#0.31 29.30~33.03 382 7.99+003 7.82~8.20 1.66
1998 16 14801212 3.37~2684 5743 3056059 2601~3279 768 823005 7.90~852 2.49
1999 16 1534+155 767~2469 4051 3052046 2580~3203 6.04 7.98+007 757~837 368
2000 16 1367+2.18 248~2649 6385 3125012 3045~31.80 158 786004 762~805 195
2001 16 1383+233 270~2768 6730 31.27£020 2914~31.8 253 781£010 691~830 516
2002 16 13.29+207 366~2652 6241 3099+035 2815~3245 448 814+0.03 7.99~84 156
2003 16 12.69+203 233~2445 6384 30.19+048 2665~3158 632 797002 7.82~8.09 0.80
2004 16 14.19+2.14 316~2701 6038 3046+0.39 2737~3155 517 804004 7.78~834 2.00
Mean 352 1347046 -060~29.40 6433 31.30:0.08 2498~33.16 498 8.00:001 6.91~852 2.60

DO(%) DO(mg/L) COD(mg/L)

Years N  MeantSE Range CV(%) MeantSE Range CV(%) MeantSE Range  CV(%)
1983 16 103.37+3.82 8296~126.19 1477 891+015 784~960 678 148+0.18 054~278 48.32
1934 16 10273487 7934~14368 189 014+014 751~971 632 145012 058~216 3177
1985 16 106.85:4.85 82.38~13481 1816 9.22+007 881~979 315 1172009 064~173 2932
198 16 105134385 86.02~13820 1466 941028 7.79~1080 11.79 055+0.09 0.09~146 66.16
1987 16 106.78+1.69 93.74~11373 6.33 062+028 801~11.09 1165 066003 050~099 2081
1988 16 111124253 9254~12454 9.09 971029 806~1138 1208 065005 034~101 3210
1989 16 106.76:11.89 88.31~117.46 7.08 9364030 751~11.24 1300 073006 031~1.08 33.35
1990 16 109.06t1.67 93.77~11836 6.11 957035 7.16~11.34 1468 0.783x0.05 0.39~1.11 2440
1991 16 10749259 93.29~13059 962 946037 774~11.29 1548 0.77+0.07 046~136 3546
1992 16 10042+3.06 7879~12360 1219 882056 526~1154 2545 165015 072~260 37.29
1993 16 10291+259 91.04~12369 1008 930050 6.68~11.76 2131 176007 1.18~213 1567
1994 16 99.95+2.06 8830~11374 823 872045 58~1087 2047 1.06+0.12 046~211 44.14
1995 16 97804594 2230~11828 2430 864+0.76 18~1280 3520 1.80+009 139~254 1967
1996 16 9145+3.66 53.78~108.12 1603 845x064 363~1220 3024 247+0.33 059~576 5268
1997 16 7982+682 37.14~11203 3416 7.27+083 245~11.15 4574 1.39+0.17 030~252 4833
1998 16 108344527 84.75~16067 1946 912024 751~1106 1049 18+025 0.72~38) 5334
1999 16 9864+2.38 79.46~110.20 9.66 841+£042 57~1042 1974 153014 074~241 36.00
2000 16 82421245 6941~9892 1190 7.27£040 521~975 2189 1.01+0.08 038~167 3229
2001 16 93.20+2.07 8092~103.15 8&R 8.29+052 581~1099 249 143014 077~238 3811
2002 16 94.23+4.17 6572~120.14 1769 8471059 450~11.15 2761 147+0.15 0.74~250 3953
2003 16 100.79+1.78 92.15~113.14 706 907+038 7.12~1133 1678 237t028 1.04~458 4683
2004 16 11052#¢345 90.95~13247 1250 960+045 758~13.06 1853 1.90+0.16 1.02~328 3375

Mean 352 100.90+0.87 2230~160.67 1619 890+0.10 18~1306 2091 1362004 0.09~576 57.93
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Years

N

SS(mg/L)
Mean+SE

Range

CV(%)

DIP(uM)
Mean+SE

Range

CV(%)

NHs - NuM)
Mean+SE  Range

CvV(%)

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Mean 352

33.19+1.10
33.66+0.66
29.59+2.06
36.17+1.58
33.56t1.25
30.88+0.95
29.91+1.37
33.39+1.59
25.66+3.00
13.97+2.12
19.841+2.70
10.58+2.01
26.96+5.24
45.66+10.76
35.7041.99
29.16x4.41
9.9912.93
11.34+1.63
18.5613.26
17.4512.74
10.10£1.30
13.15+2.83
24.93+0.88

26.00~44.40
29.68~38.08
10.92~36.64
26.50~48.50
24.25~40.50
24.50~36.00
23.50~41.50
24.00~47.00
2.50~40.00
1.00~31.50
5.00~52.50
3.00~35.00
2.17~53.80
7.20~164.80
19.67~49.00
8.00~52.33
3.00~52.00
0.40~24.80
1.60~52.60
3.60~47.40
3.60~21.00
1.60~40.00
0.40~164.80

13.31
7.85
2789
1752
14.93
12.25
1825
19.01
46.74
60.63
54.33
76.15
7172
94.29
22.34
60.45
117.48
51.37
70.23
62.76
51.40
86.04
66.17

0.33+0.03
0.28+0.05
0.4420.03
0.38+0.04
0.32+0.02
0.27+0.02
0.32+0.04
0.31+0.02
0.37£0.02
0.39+0.03
0.27£0.07
0.330.07
0.50£0.11
0.45+0.08
0.5310.21
0.3620.07
0.87£0.15
0.62+0.07
0.51+0.07
0.85+0.18
0.52+0.06
0.38£0.05
0.4320.02

0.14~053
0.06~0.78
0.24~064
0.08~0.60
0.17~0.46
0.15~040
0.03~0.85
0.17~043
024~047
0.16~0.55
0.01~0.69
0.01~0.81
0.03~141
0.10~1.15
0.02~3.51
0.02~092
0.21~2.06
0.01~121
0.15~1.00
0.16~3.14
0.14~1.06
0.14~0.76
0.01~351

313t
67.31
2491
41.35
26.38
2311
5415
2097
22.22
33.34
96.83
84.67
84.98
73.98
16017
80.77
68.86
4358
56.78
82.31
39.60
51.52
83.56

830+1.34 297~19.73
6.38+143 1.73~20.67
3.32+0.50 0.80~6.51
415047 2.09~791
5154028 355~728
501£0.18 391~6.18
460+021 297~599
383+022 281~563
2.6020.39 0.20~5.03
18+0.74 016~1192
1.31£038 001~464
42022.05 1.04~3434
1.77+068 0.10~11.28
2551046 0.23~6.21
12514582 0.24~79.15
4.03+0.72 0.66~9.48
6.77£159 0.33~22.03
320£051 1.39~9.18
482+067 193~1011
197061 007~6.96
233x0.27 1.23~5.18
2261055 1.39~9.18
4231034 0.01~79.15

64.71
89.34
59.63
4479
21.39
1456
1794
2242
60.49
159.72
11595
195.37
15415
7172
186.13
7179
93.85
63.63
55.66
12459
44.27
9753
14898

Years

N

NOs; - N(uM)

Mean+SE

Range

CV(%)

DIN(uM)
MeantSE

Range

CV(%)

DIN/DIP
Mean+SE Range

Cv(%)

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
Mean

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
352

3.73+0.50
1.00:0.24
0540.19
0.15+0.02
0.21+0.03
0.25+0.01
0.29+0.02
0.57+0.08
0.70£0.16
1.77+0.72
1.49+0.40
5.10+1.70
1.6520.36
502+2.14
1.75+0.32
2.67+0.47
5.24+1.04
3544051
4.07+1.27
3.8210.71
6.800.69
396+1.07
2.47+0.20

1.65~835

0.13~342

0.04~3.15

0.04~0.36

0.13~0.64

0.17~0.37

0.18~050

021~1.34

025~250

0.00~9.04

0.03~4.36
0.01~27.48
0.12~4.55
0.15~35.37
0.45~3.81

0.32~5.75

0.06~12.72
0.68~7.68
0.43~21.36
0.25~8.04

1.82~11.86
0.68~18.48
0.00~35.37

5394
9%.11
140.06
53.34
58.44
19.30
30.00
58.55
91.87
161.41
108.58
133.54
87.14
170.61
73.39
7091
79.20
56.98
124.86
74.10
40.62
108.16
148.84

12.63+1.74
7.74+1.32
4.17+0.61
460051
5.66+0.30
554£0.19
5.14+0.20
4,72+0.23
3.77:0.31
3.75:0.91
3.2320.74
950+3.66
3.71+0.94
7.88+2.09
14.69+5.68
7.05£0.84
12.44+2.56
7.07+0.63
9.42+1.42
6.33+1.23
9.36+0.71
6.38+0.93
7.03x0.41

5.23~2494
3.10~2141
1.47~997
2.32~883
3.95~828
4.371~6.87
3.56~6.65
357~6.32
0.67~5.77
0.23~12.19
0.08~8.27
1.08~62.32
051~15.11
2.49~37.43
1.73~80.28
1.45~11.43
1.04~3551
2.74~1027
2.75~2364
0.46~15.18
594~13.78
3.14~18.89
0.08~80.28

5.13
68.28
58.97
44.03
21.53
14.00
1552
1919
32.96
97.09
91.53
154.11
10141
105.92
154.92
4785
82.33
35.75
60.22
7193
30.39
5845
108.20

3981574 17.38~104.96
55.64+1863 6.08~243.27
10.14£1.78  3.97~30.21
1445238  7.48~4653
19581244 9.44~50.18
2172168 14.61~4383
27294972 516~171.00
16.01+1.11 9.78~25.26
1101+1.17 1.85~1849
10541278 0.72~30.33
30.65+786 2.72~95.18
53.86+13.28 10.82~186.33
839+1.10 3.25~17.35
23431628 2.37~111.80
104.58+40.12 1.32~471.67
3864£10.15 10.834~139.43
1637+2.22  1.69~31.45
23981254 438~211.59
2439+493 7.28~81.44
757¢126 181~1545
22.88t511 563~95.55
19.81+269 5.33~3841
27.31+2.56  0.72~471.67

5763
13391
70.49
65.99
49.94
31.00
142.44
27.65
4253
105.54
102.53
98.63
52.62
107.21
156345
105.07
54.26
209.19
80.84
66.62
89.33
5421
176.06
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27. 12(PO, -P)
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HE Fo] & ZHog AR AdYEE ALH
W EBHo] Yhgtn JEH I 7LeHo] ol £-4H-Q
ZFo](p<0.000D7F YR o, WEAFE 11490 61.92%
o)ii 4¥e] 11882%% Egton] 293 8Ue I
7 &0l Table 2, 3, Fig. 2). &9 WEqk
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gow ATrFASt 50% FEo|Pm TiutErh
€ Eoton- opiigtnt A ARE e
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-3 4

TaFE- Y& G

A1 Zpol(p=0.0011)7F ATk BEAFE 74.829%(11
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Ex Fha WAEE 94 Zo(Table 2, 3, Fig. 2).
ded ¥E 4L BIA FHE Holn g9
19839+ 830+1.34uM o[ eu Hap drolA
1993d o+ 131+0.38uM=Z 7} wroko}t 19979 o
T 120145.82uME 714 =91 E3] 8¥9 4717
MZ 4Yetlgdth 2 F HA Yolx 2004del=
2.2610.550ME  1983del= FUTL M ol
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Z AT o]AE WA FTAZ A% 99RE
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Al 4%l 1.852030uME 25k A&H 290
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Table 5. Occurrences of red tides in the Cheonsu Bay of Yellow Sea from 1983 to 2004 (NFRDI, unpublished data)

dates dominant species density(cells/mé)
19936.13~6.18  Noctiluca scintillans, Dinophysis acuminata 40~4,006, 60~100
1994.76~7.15 Mesodinium rubrum 5,975~49,000
1995.7.18~7.19  Noctiluca scintillans 50~300
1996.79~729  Chroomonas sdling, Skeletonema costatum, Noctiluca scintillans, 1,900~17,750

Mesodinium rubrum

1998.7.3~7.10  Ceratium sp. Noctiluca scintillans 100~1,500
1998.7.7~7.16 - Skeletonema costatum
1998.8.19~8.21 Skeletonema costatum, Chaetoceros sp. 8,500~32,000
1999.8.11~8.13  Chaetoceros sp., Thalassiosira decipiens, Skeletonema costatum 2,500~25,000
20006.30~7.10  Prorocentrum minimum, Ceratium fusus 2,500~3,000, 2,500~3,000
2003.79~7.13  Prorocentrum micans 1,900~10,000
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Fig. 3. Annual trends of water quality from 1983 to 2004 in the Cheonsu Bay.
Values are station means by years and vertical bars indicate one standard error of the station mean data.
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Table 6. Comparison of salinity and nutrient concentrations in the different regions of Korean coastal waters

Nutrient(uM) DIN/DIP : ]
Study area Sal. NH-N NO,-NNO:-N DIN PO.-P ratio References Time(year)
Asan Bay 3155 28 057 1215 1555 093 17.89 Moon et al, 193 1991.11~1992.8

Gomso Bay 2064 213 030 573 816 046 1725 Yang ef al,, 2003  1999.4~2000.11
Saemankeum area 2749 818 184 1378 2127 066 3223 Kim and Kim, 2002 1999.7~2000.6
Inchon coastal area 2768 178 328 5464 7577 097 7811  Yeo and Kang, 1998 19955~1996.1

Gyeonggi Bay 2988 2126 188 2411 4725 090 5250  Park and Park, 2000 1981~1998

Jinhae Bay 3087 321 078 066 465 047 9389 Choi and Kim, 2002 2000.1~2000.12

Jinhae Bay 3249 211 104 707 1022 146 700 Hong et al, 1985  1976~1982

B #atE wo 1997del= 10458440122 #AE Holn AlddE FRHOXE EAS e
953 Egx o F ujad g 2004dols Wz Jdon FEALGE 4o HHAS 45T,
1981+2.695 et ITH(Table 4). et Al TR, AR, FEYokd A, A4
L o AT} AL S O A o3
33 £AREN AR j;m‘“ﬁo"o:°;ﬁﬂﬁ°j R
DAL FAARM-BDE Fohe] gupe  Looln WEE A4S ST THERS 31
© B} 3E7 foFel Aol Qo o)RE A
ABRENATG £ AR L£E2Ai9 29 Ay N e oo = s e
oI E B [ s vy ai, T i=] [« A 7]‘]]_19)94 A%_y 71{3 Z}-E_ ]}‘19']’ 7‘51‘_0] ;é]_l_}_'xa]_)x\_gl' To‘[‘
A droe gzaAsol oko]l AFA JEAAAQ
O, B GRRE 07 et MU 71He FoAol gl A% e Az g0
TH3 g0 ApA, pHE serdALg TR o by g = °—
S mT SR PR SEUA 0 S REY 49 Fa Mo 2w A S
o] AlTiAl LEBAIAL 9lAlel olmu]ojA A o ! ) e
A SR S e R Addge) 9Fg Bol wE Ao 4%y
Mde, $EPI1ALG o AR, HANdaL o T
Foe AL B AB4, Audle ohagn oA D
&, AAz, $EF71A4s do Au4gel 9% 34 $49 WNE
HAHTable 7). 2FAM 482 +&3 &9 4 2237 =AY 4 874 2dEd Fd HE ©

Table 7. Pearson’s correlation analysis between water quality parameters in the Cheonsu Bay of Korea from 1983
to 2004
Salinty pH DO COD SS DIP NH; -N NO, -N NO; -N DIN
WT -05810 -0.0648 ~0.7232 01079  -0.0674 0.1859 0.1644 0.1083 -0.0422  0.1206
<0001~ <-02252 <0001 0.0430- * * 0.2068 - . 00005 ... 0.0020 0.0424 0429  0.0237
Salinity 0.17% 03434  -0.2748 01003  -0.1540 -0.1522 -0.0799 -0.1083 -0.1815

0.0007 <0001 <0001 0.0601 0.0038 0.0043 0.1348 0.0423  0.0006
pH 0.0790 02092 -0.0391 -00320 -01052  -0.0222  -0.1039 -1.1379

0.1391 <0001 0.4652 0.5500 0.0488 0.6784 0.0515  0.009%
DO -0.0227 00046 -03325 -03404 -0345%6  -01054 -0.3471

06714 09315  <.0001 <.0001 <0001 0.0482 <0001
COD  -00158 01435  -0.0909  -0.0301 03156 00760
0.7681 0.0070 0.0890 05742 <000l  0.1549

SS -0.0250 0.0865 0.1003 0.05%  0.1052

0.6409 0.1058 0.0600 02659  0.0486

DIP 0.0940 03194 03426 0.2557

0.0787 <0001 <0001  <.0001

NH, -N 0.1369 0.0815  0.8710

0.0102 01273 <0001

NO; -N 02454 02728

<0001  <.0001
NO; -N  0.5580
<.0001
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Fig. 4. Relationship between water quality parameters.
All the values were double transformed with square roots for the data normality.
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Table 8 Spearman’s correlation coefficient between
water quality parameters and principal com-
ponent scores using the annual means of
seasonal data collected from 1983 to 2004 in

the Cheonsu Bay of Korea

PCA 1 PCA O FCA I

COD 0.6996 0.4760 04478
0.0003 0.0251 0.0366

DO(%)  -0.6364 04218 -0.0808
0.0015 0.0506 0.7209

NH, -N  -0.367 -0.6782 0.0107
0.0924 0.0005 0.9622

NO; -N 0.9153 0.0356 0.0401
<0.0001 08751 0.8594

PO, -P 0.7290 -0.3168 -0.2490
0.0001 0.1509 0.2638

ss -0.6996 -0.2332 04726
0.0003 0.2963 00263

pH 0.3123 0.7019 0.6296
01571 0.0003 0.0017
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Fig. 5.

2004 in the Cheonsu Bay of Yellow Sea, Korea.
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