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Abstract : Long-term trends and distribution patterns of water quality were investigated in the Garolim coastal areas of Yellow
Sea, Korea from 1998 to 2007. Water samples were collected at 3 stations and physicochemical parameters were analyzed
including water temperature, salinity, suspended solids(SS), chemical oxygen demand(COD), dissolved oxygen(DO) and
nutrients. Spatial distribution patterns were not clear among stations but the seasonal variations were distinct except pH and
ammonia. The trend analysis by principal component analysis(PCA) during twenty years revealed the significant variations in
water quality in the study area. Annual water qualities were clearly classified into 4 clusters by PCA. year cluster 1997, 1998 and
2000-2002, 1999 and 2003-2006/2008. By this multi-variate analysis the annual trends were summarized as llows, In recent
years, salinity increased, whereas dissolved inorganic nitrogen, nitrate nitrogen and COD decreased and water quality generally
continued to be in good condition in Garolim coastal areas without inflow of freshwater from land. Garolim coastal areas are
required to be conserved continuously as important coastal areas or fisheries.
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Table 1. ANOVA tables for spatial and temporal differences in water quality in the Garolim costal areas of
Yellow Sea from 1997 to 2008

Variable Source F Pr>F Variable Source  F Pr>F Variable Source F Pr>F
W Tenperire Station  0.06 09426  Salinity Station  0.93 03973 pH Station  0.05 0.9502
Season 900.49 <.0001 Season 11.59 <.0001 Season 1.15 0.3308
DO Station  0.03 0.9702 COD Station  0.26 0.7723 SS Station 0.13 0.8811
Season  79.38 <.0001 Season  6.17 0.0006 Season 1848  <.0001
PO& -P Station  0.06 09404 NH,/-N Station  0.34 0.7128 NO; -N Station  0.32 0.7265
Season 19.15 <.0001 Season  2.07 0.1075 Season 16.16  <.0001
NO3 -N Station 0.15 0.8606 DIN Station 0.21 0.8070 DIN/DIP Station  0.43 0.6493
Season  44.70 <.0001 Season  16.86 <.0001 Season  1.80 0.1503
Chl-a Station  0.57 05685 Trans. Station  4.17 0.0179
Season  5.93 0.0008 Season 31.74 <.0001
Table 2. Descriptive statistics of water quality parameters at the sampling stations collected in February,
May, August, and November from 1997 to 2008 in the Garolim costal areas of Yellow Sea
Variable St. N Mean+SE Range CV(%) Variable St. N Mean=SE Range CV(%)
W.T.(C) 1 48 1313 +1.02 260 ~ 2465 b3.59 NH4-N{mg/L) 1 48 0.029 +0.007 0.000 ~ 0.302 163.10
2 48 1295 +£0.98 3.00 ~ 2435 52.27 2 48 0.023 £0.005 0.000 ~ 0211 147.46
3 48 1265 +098 2.85 ~ 24.20 53.68 3 48 0.034 £0.013 0.000 ~ 0.620 271.11
Salinity 1 48 3139 £0.10 29.66 ~ 32.65 2.09 NO2-N(mg/L) 1 48 0.007 +0.001 0.000 ~ 0.025 77.00
2 48 3145 +0.09 29.85 ~ 32.97 1.96 2 48  0.007 £0.001 0.000 ~ 0.033 102.06
3 48 3156 +0.08 29.82 ~ 32.80 1.74 3 48 0.006 +0.001 0.000 ~ 0.023 96.61
pH 1 48 799 £0.02 767 ~ 832 1.67 NO3~N(mg/L) 1 48 0.134 £0.012 0.009 ~ 0.311 60.50
2 48 7.99 £0.02 7.60 ~ 827 1.75 2 48 0144 +0.015 0.006 ~ 0.453 70.94
3 48 8.00 +0.02 7.62 ~ 8.40 1.96 3 48 0.141 £0.015 0.009 ~ 0483 7552
DO(mg/L) 1 48 859 +£0.25 554 ~ 12,14 20.31 DIN(mg/L) 1 48 0167 £0.012 0.018 ~ 0.354 50.05
2 48 858 +0.23 6.12 ~ 1233 18.72 2 48 0174 £0014 0.015 ~ 0464 57.00
3 48 851 +0.24 540 ~ 1168 19.37 3 48 0.181 £0.018 0.014 ~ 0.665 68.61
COD(mg/L) 1 48 1.11 £0.06 0.13 ~ 263 39.77 PO4—P(mg/L) 1 48 0.018 +£0.001 0.001 ~ 0.053 50.64
2 48 1.07 £0.06 0.26 ~ 2.36 41.67 2 48 0.018 +0.001 0.005 ~ 0.053 51.74
3 48 1.05 £ 0.07 0.37 ~ 273 46.57 3 48 0.018 £0.001 0.003 ~ 0.050 50.13
SS(mg/1.) 1 48 2233 +205 2.60 ~ 57.30 63.51 DIN/DIP 1 48 50.16 +26.85 3.15 ~ 1304.59 370.89
2 48 21.07 £248 320 ~ 9150 81.51 2 48 2627 +3.22 1.85 ~ 144.06 84.97
3 48 2288 +3.17 240 ~ 125.00 95,93 3 48 63.35 +41.41 3.05 ~ 2008.19 452.94
Trans. 1 38 1502 03 ~58 69.3 Chl-a(ue/L) 1 41 1.65 +0.19 0.07 ~ 467 75.03
2 38 1.8 £02 02 ~73 739 2 4 158 +0.19 0.09 ~ 5.19 7567
3 38 26 £04 02 ~98 86.0 3 41 1.38 £0.19 0.08 ~ 6.02 87,51
Depth(m) 1 8 140 £09 9.0 ~ 16.0 175
2 8 208 +1.2 16.0 ~ 25,0 16.2
3 8 284 +1.2 25.0 ~ 345 116

Table 3. Descriptive statistics of water quality parameters in February, May, August, and November at three sampling stations from
1997 to 2008 in the Garolim costal areas of Yellow Sea

Variable Mon N  MeantSE Range CV(%9) (’;Eﬁg\llr% Variable Mon N Mean+SE Range CV(%) g’%ﬁg\llr%
W.TLT) 2 FH  39:016 260 ~577 287 D NH; -N(mg/L) 2 3B 0019 +0.004 0000 ~0115 127.09 A
536 1000022 7% ~136 1313 C 5 3% 00190003 0000 ~0070 9124 A
8 3% 2098+022 1953 ~%465 608 A 8 3 00800019 0005 -~060  27% A
11 37 15424036 466 ~1780 1433 B 1L 37 0027 :0006 0000 ~0I65 14011 A
Salinity 2 3% 3163:008 3083 -~ 1b5 A NO; -N(mg/L) 2 3 00030000 0000 ~0010 8972 B
5 3 3161009 298 ~3280 1B A 5 3%  0004£0000 0000 ~0012 7242 B
8 3 3100:010 2966 ~3163 18 B 8 3 0000£0001 0001 ~0031 6732 A
1137 3158:010 3045 ~297 189 A 1 37 0009 £0001 0000 ~0033 BB A
pH 2 3 800:003 760 ~832 203 A NO; -N(mg/L) 235 0219000 0035 ~0483 5273 A
5 3% 798001 78 ~815 106 A 5 3% 0190 +0010 0081 ~0313 3247 A
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Table 3. continued

Variable Mon N MeantSE Range CV(%) ggﬁg}’% Variable Mon N  Mean+SE Range CV(%) ggﬁg\{%
8 6 723 £017 554 ~9.00 14.20 C 8 3% 0107 £0019 0014 ~0665 107.75 B
1 3 74 013 540 ~9.27 10.31 C 11 37 0140 £0009 0061 ~0.258 3709 B
COD(mg/L) 2 % 120:008 056 ~2% B4 A POSPm@l) 2 3 0025 :0002 0008 ~0053 3863 A
5 36 103 +007 037 ~2.37 4144 BC 5 3% 0018 0001  0.003 ~0.029 40.18 B
8 3% 114 £008 041 ~273 44.25 AB 8 3% 0011 £0001 0001 ~0.026 46.32 C
11 37 08 +006 013 ~171 3842 C 11 37 0018 £0001 0006 ~0053 45.18 B
SS(mg/L) 2 3H 3867 +401 580 ~12500 61.41 A DIN/DIP 2 3B 28 £165 714 ~4457 42.66 A
5 36 1900 +1.79 560 ~53.80 56.63 B 5 36 3367 +413 12.67 ~145.36 7351 A
8 ¥H 1668 +240 240 ~55.60 86.44 B 8 36 11141 £64.99 185 ~200819 349.99 A
11 37 1467 £1.36 340 ~34.30 56.39 B 11 37 1851 +092 720 ~32.28 30.36 A
Trans. 2 33 07 £01 02 ~14 426 C Chl-a(ge/L) 2 29 121 £0.18 0.07 ~453 82.34 B
5 30 14 +01 07 ~26 370 C 5 3 199 £0.25 0.08 ~468 7170 A
8 24 38 05 08 ~98 60.7 A 8 30 191 £0.26 0.10 ~6.02 7391 A
11 27 25 02 10 ~64 465 B 11 3 1.00 £ 0.07 018 ~181 3871 B
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Fig. 2. Seasonal tendency of water quality in three stations from 1997 to 2008 in the Garolim costal areas of
Yellow Sea.
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Table 4. Annual descriptive statistics of water quality parameters from 1997 to 2008 in the Garolim costal
areas of Yellow Sea

Variable Year N MeantSE Range CV(%) Variable Year N Mean:SE Range CV(%)
W.T.(T) 1997 12 1282 +2.12 340 ~ 2330 5740 NH;-N(mg/L) 1997 12 0.107 £ 0.054 0005 ~ 0620 176.13
1998 12 1416 +2.21 495~ 2465 5416 1998 12 0.039 +0.013 0008 ~0.121 11512
1999 12 1294 +1.83 485~ 2190 4910 1999 12 0.020 £0.003 0.010 ~ 0.050 56.68
2000 12 1260 £2.06 372~ 2264 5670 2000 12 0.008 +0.003 0.000 ~0.035 12337
2001 13 1240 £2.16 260~ 2374 6284 2001 13 0.057 £0.010 0.011 ~ 0165 6341
2002 11 1313 £1.91 453 ~ 2217 4832 2002 11 0.020 £0.005 0.002 ~ 0.060 86.51
2003 12 1199 £1.80 3.63 ~ 1994 52.00 2003 12 0.018 £0.003 0001 ~ 0031 54.97
2004 12 1296 £2.04 390 ~ 2363 5462 2004 12 0.011 £0.002 0.005 ~0.031 62.09
2005 12 1348 £2.10 296 ~ 2290 5399 2005 12 0.013 £0.001  0.005 ~0.021 3654
2006 12 1219 £2.18 284 ~ 2361 6198 2006 12 0.008 £0.001 0.002 ~0.022 64.60
2007 12 1396 £1.89 550 ~ 2308 46.90 2007 12 0.019 £0.004 0.006 ~ 0.050 80.20
2008 12 1237 £2.05 279~ 22776 5739 2008 12 0.020 £0.010 0.000 ~ 0115 166.20
Salinity 1997 12 3215 +0.16 3124~ 3297 170 NO, -N(mg/L) 1997 12 0.009 £0.001 0001 ~ 0019 57.77
1998 12 3177 £0.17 30.80 ~ 3245 1.88 1998 12 0.008 £0.002 0002 ~0.031 107.27
1999 12 3122 £0.21 2966 ~ 31.96 237 1999 12 0.005 £0.002 0.000 ~ 0.010 104.45
2000 12 3143 £0.06 31.06 ~ 31.63 065 2000 12 0.006 £0.002 0.000 ~0.016 102.33
2001 13 3149 +0.14 3055~ 327 161 2001 13 0.007 £0.001 0.000 ~ 0010 53.77
2002 11 3133 £0.13 3032~ 3182 137 2002 11 0.006 £0.001 0003 ~ 0014 6310
2003 12 3097 £0.14 3045~ 3165 155 2003 12 0.010 £0.003 0.003 ~0.033 107.68
2004 12 3061 £0.14 2982 ~ 3098 152 2004 12 0.006 +0.002 0.001 ~0.018 100.84
2005 12 31.39 £0.11 3063 ~ 31.96 119 2005 12 0.004 £0.001 0.001 ~ 0.012 86.80
2006 12 3167 £0.12 3134~ 3240 132 2006 12 0.005 £0.001 0.003 ~ 0.010 4161
2007 12 3165 +0.11 3072~ 3205 122 2007 12 0.008 £0.002 0001 ~ 0023 90.75
2008 12 31.93 £0.10 3154~ 3265 1.11 2008 12 0.003 +0.001 0001 ~ 0.010 83.60
pH 1997 12 7.99 £0.03 7.84 ~ 811 120 NOs -N(mg/L) 1997 12 0070 £0.015 0014 ~0.160 71.74
1998 12 8.05 £0.04 791 ~ 825 1.52 1998 12 0.099 +0.013 0026 ~0.149 4595
1999 12 793 £0.04 772~ 815 1.86 1999 12 0.153 £0.022 0.050 ~ 0270 49.79
2000 12 794 £0.04 772 ~ 809 1.68 2000 12 0.118 £+0.016  0.030 ~ 0.180 46.10
2001 13 7.87 £0.05 7.60 ~ 8.27 2.34 2001 13 0.096 £0.017 0035 ~0.230 6590
2002 11 8.03 +0.05 7.86 ~ 832 2.05 2002 11 0.118 £0.021  0.031 ~ 0213 59.98
2003 12 7.96 +0.02 7.88 ~ 811 1.04 2003 12 0.163 £0.020 0.079 ~0.284 4319
2004 12 793 £0.05 764~ 815 2.01 2004 12 0.192 £0.047 0.029 ~ 0483 8529
2005 12 8.05 £0.03 791 ~ 816 1.08 2005 12 0.197 £0.027 0042 ~ 0354 46.85
2006 12 8.10 £ 0.04 7.84 ~ 8.40 164 2006 12 0.197 £0.039 0.026 ~ 0384 6890
2007 12 797 £0.01 793 ~ 805 0.59 2007 12 0.179 £0.030 0.043 ~ 0.343 5853
2008 12 8.14 £0.02 8.02 ~ 824 0.80 2008 12 0.099 £0.021 0006 ~ 0223 7254
DO(mg/L) 1997 12 802 £048 540 ~ 1006  20.80 DIN(mg/L) 1997 12 0.185 £0.051 0.061 ~ 0665 95.28
1998 12 833 041 650~ 1045 16.90 1998 12 0.145 £0.015 0.056 ~ 0216 3514
1999 12 879 £0.41 6.78 ~ 1044 1596 1999 12 0.180 +0.020 0091 ~ 0283 38.13
2000 12 720 £0.33 5.60 ~ 8.62 15.86 2000 12 0.132 £0.014 0.052 ~ 0.187 35.33
2001 13 784 £0.53 590 ~ 1096 2457 2001 13 0.160 £0.020 0.083 ~ 0305 45.73
2002 11 8.19 £ 0.59 554~ 1214 23382 2002 11 0.144 £0.021 0072 ~ 0240 4797
2003 12 9.49 +0.31 808 ~11.04 1131 2003 12 0.190 £0.021 0103 ~ 0315 3784
2004 12 9.28 +0.39 783~ 11.68 14.70 2004 12 0.209 +0.047 0042 ~ 0498 7757
2005 12 8.67 +£0.49 651 ~11.04 1966 2005 12 0.214 £0.026 0.051 ~ 0.368 42.76
2006 12 9.40 £ 0.57 671 ~ 1162 2092 2006 12 0.210 £0.039 0.042 ~ 0.392 63.73
2007 12 861 +0.54 694~ 1233 2158 2007 12 0.201 +0.027 0.073 ~ 0351 4725
2008 12 891 +0.32 745~ 1085 1253 2008 12 0.116 £0.025 0014 ~ 0260 74.06
COD{(mg/L) 1997 12 1.05 £0.11 041 ~ 145 3519 PO{ -Plmg/L) 1997 12 0.010 £0.002 0.001 ~0.025 78.08
1998 12 0.86 £0.13 0.13 ~ 1.69 51.93 1998 12 0017 £0.002 0.009 ~ 0032 3531
1999 12 1.23 £0.07 0.74 ~ 1.62 20.78 1999 12 0.015 £0.002 0008 ~ 0.026 36.23
2000 12 0.87 +0.08 043 ~ 1.32 32.87 2000 12 0.021 £0.003 0.008 ~ 0.043 55.39
2001 13 1.16 £0.14 044 ~ 2.16 44.37 2001 13 0.018 +0.003 0.008 ~0.0563 61.93
2002 11 1.02 £0.13 0.37 ~ 1.71 43.09 2002 11 0.025 £0.004 0.010 ~ 0.053 58.88
2003 12 191 £0.16 1.06 ~ 2.73 29.30 2003 12 0.018 £0.001 0011 ~ 0023 23.63
2004 12 1.36 £0.08 096 ~ 193 19.73 2004 12 0.017 £0.002 0.006 ~ 0.028 47.80
2005 12 1.03 +0.09 058 ~ 1.59 29.11 2005 12 0.019 £0.003 0.009 ~ 0.033 51.67
2006 12 0.75 £0.05 0.56 ~ 1.09 2164 2006 12 0.019 £0.003 0003 ~ 0029 4725
2007 12 0.87 £0.04 0.73 ~ 1.09 15.18 2007 12 0.021 £0.002 0.013 ~0.030 29.22
2008 12 0.80 £0.05 059 ~ 1.12 20.12 2008 12 0.016 £0.001 0010 ~ 0024 3027
SS(mg/L) 1997 12 5269 =821 27.00 ~ 125.00 5398 DIN/DIP 1997 12 4096 +24.08 774 ~ 2008.19 203.64
1998 12 30.77 +6.83 570~ 7430 7687 1998 12 18.89 + 1.76 1357 ~ 2963 31.10
1999 12 1440 +3.04 420 ~ 3340 73.05 1999 12 26.57 +3.05 9.11 ~50.13 36.61
2000 12 2148 +£3.68 340 ~ 4220 59.36 2000 12 1392 £1.26 9.71 ~ 2500 28.09
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Table 4. continued

Variable Year N Mean+SE Range CV (%) Variable Year N Mean+SE Range CV(%)
2001 13 2472 £4.33 880 ~55.60 63.10 2001 13 19.68 +3.13 720 ~ 4461 4931
2002 11 2249 £3.96 6.40 ~ 4540 58.34 2002 11 12.75 £1.62 714 ~ 2366 3725
2003 12 1758 £372 320 ~ 3820 73.36 2003 12 23.37 +1.74 1818 ~ 3567 2540
2004 12 19.03 £2.97 320 ~ 3320 54.07 2004 12 27.22 +2.82 12773 ~ 4457 4084
2005 12 1350 £1.90 740 ~ 2740 4873 2005 12 2494 +4.84 10.89 ~ 6576 57.23
2006 12 1587 £2.42 660 ~ 3780 52.75 2006 12 2447 + 3.87 1098 ~ 5896 51.28
2007 12 2342 +361 860 ~ 49.20 5344 2007 12 2119 £ 165 991 ~ 2688 2748
2008 12 893 +2.15 240 ~ 26.80 83.19 2008 12 16.05 £ 2.65 1.85 ~ 2704 5634

Trans. 1997 6 1.07 £0.27 050 ~ 220 62.94 Chl-alug/L) 1997 3 3.01 £0.55 2.12 ~ 4.00 31.36
1998 3 0.60 +0.00 0.60 ~ 0.60 0.00 1998 .o RN .
1999 12 2.48 +0.59 0.60 ~ 640 82.76 1999 12 0.86 +0.11 018 ~1.31 45.84
2000 12 213 £0.46 0.60 ~ 6.00 74.53 2000 12 0.71 £0.30 0.07 ~ 2.85 148.76
2001 9 1.63 £0.40 0.30 ~ 4.00 73.09 2001 13 050 +0.15 0.08 ~ 1.81 107.81
2002 0 L. . . 2002 11 153 £0.23 0.71 ~ 3.20 50.83
2003 12 324 +0.85 050 ~9.80 91.05 2003 12 2.18 +0.45 0.79 ~ 4.68 70.75
2004 12 2.03 £ 050 0.60 ~ 6.00 86.18 2004 12 165 £0.21 0.90 ~ 3.25 44.26
2005 12 191 = 0.38 0.80 ~ 550 68.45 2005 12 2.10 £0.37 0.81 ~ 4.48 61.70
2006 12 173 £0.19 0.70 ~ 3.10 38.23 2006 12 1.40 £0.26 050 ~ 342 65.39
2007 12 1.34 £0.32 020 ~ 3.90 83.27 2007 12 151 £0.13 0.78 ~ 231 28.95
2008 12 1.85 +0.30 0.90 ~ 450 56.15 2008 12 267 £0.50 0.86 ~ 6.02 64.87

Water temperature DO
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Fig. 3. Annual trends of water quality from 1997 to 2008 in the Garolim costal areas. Values are means by year

and vertical bars indicate one standard error of the mean data.

Ak 19.79~23.77%21 (% 5, 1999; Park and Park, 2000; GFEAQl opabder B HFRkT HlE AEEA Lo
2 F, 20065 ¥ 5, 2007 Hlel oFh A WEEE ¥ Agdd e e Hola sdrlde W gE
gt AEEEE 7.2340.17 mg/L(8¥)~10.43+0.18 ‘JrE}lH‘iiEHTable 2, Table 3, Fig. 2). dx=¥ ¥F ¢
mg/L2E)E & AolE H YoM (p<0.0001), dradd o & diAZ 9 0103 mg/L EoMAl= Ao R 20008 =
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PR LR

720+033 mg/LE Yol nirl 1 T HA Frksle 2003
dolE 949+031 mg/LE ZAVZ 3 71 =2 Alge)
Rem 17 g RHEESl 20089 = 8 32

HEAFE 11.31~2457%=  ofAbdA oyt
T, 20007 AFRd 5, 2006054 FEAt v A
= HEEE e tH(Table 4, Fig. 3).

o)
T

)

AL FFE Add HAfdo|l 1.05+0.07 mg/L
(3 1) ~ 1112006 mg/L(AA IHE AA 7F $93
Zrel7t 919 oM (p=0.8178), WEAFE 3977(RAA 1)~
4657%(AA D2 FEAK F, 2006, 4 F, 2007)°0
HjE w2 WE E2 YeEhldt A-EEE 0.86+0.05
mg/L(11¥)~1.29+0.08 mg/L(2¥)Z #2 &<l =ol7l 9l
RAom(p=0.0003) AwAo=z AW FA [EFA0
mg/Lelsh) W2 qAZ ¥5d JeHE s, 3
AT 3554(2¥)~4425%(8Y¥)E  FHAS 4821~
67.37%(%F &, 2006, = 5, 200M)xnu He AHgd
(Table 2, Table 3, Fig. 2). d=d H%E Ao dA=
A 0012 mg/L $olRlE FAZ 2003d74A & Az Eof
A 2 F Rolxle FHE R FE, 1997d 9
£ 1.0520.11 mg/Lojitirt A= Efadoz Folx
2003+ 191+0.16 mg/LE 9 2 O5FQ0
mg/Loldhel ZHtt7t 1 = HA ol 20080l &=
0.80+0.06 mg/LE sH9gd 2 [5FL Yyt
FASE 19983 51.93%E 7H4 1 200739 15.18%
2 7 ggten AWz o g 20039 o]Fd A 2 o)A
o 13| Z & el vH(Table 4, Fig. 3).

o] 21.072248 mg/L(AA 2)~
mg/L(A83E I AA T F92UA Zol7t 9l
W, W5A4E 6351(84- 1)~ BIB%AY )= F
B, 2006, ¥ 5, 2000)3 wERAARAR 9 &0
o vjd WE Fo] o AZRWEEzE sFL2HQ 11€
o] 1467+136 mg/LE 21 ALHQ 2¢90] 3867+4.01
mg/LE  Fol AZEEE {FoHd Aozl JUeH(p
<0.0001), A&do] ttE AHd 93 2~268 ®& 7
Fow olfg HAFL AL EMAEETY ggFoz A}
EHY WEASFE 56.39(119)~8644%(8¥)E o Eo]
o AAe dE &2 WHEEL e Table 2,
Table 3, Fig. 2). 9dEd M5 ¢d2 Adtxoz o 209
mg/LA % Agollom, 19979 HTF
5269821 mg/LE 7} Ested, 53 ALA2Y)0]
90.60+30.13 mg/LE 2 d4S et 2 & o}
A 19999l = 14.40£3.04 mg/LolQtirt &3
o 2008del= 8934215 mg/LS YERN T A tHTable
4, Fig. 3).

oL

In

LU

oA =

Aakele FAE Hito] 0.01820.001 me/LE FYEH
o, AAte 0.02420.002 mg/L~0.034+0.004 mg/L
(3 5, 1999; Park and Park, 2000) ol & 70% <ol
A 5, 200003 F42(E 5, 2003)°] W]
A kA, opibde( T, 2000 A RbE A<M
3 A, 2002)3= A AElolATH(Table 5, o9+ 7,
1998). WEAGF A 5013(FE 3)~5174%(BH 2=
AR Hxd WF E2g Ygddd. AddEEs
0.011+0.001 mg/L(8¥)~0.025+0.002 mg/L (2¥€)Z WA
2 AgH] B3 AdFde] W2 FHE v =2 79
Al 2ol (p <0.000D)7F URE=H, o] AL o}

2 Ago= a9

Z

F5gol

2
A
=

I 8¥ol 46.82%= oA 5, 2007)0) Hls W

0.010£0.002 mg/Lelith7F 20023 ol
0.025£0.00 mg/LE A% 78R o2 & 2004
00170002 mg/LE A% & ZF7sle] 20083l &=
0.016+0.001 mg/L %2 uyElNS Y (Table 4, Fig. 3).

H
o

8) LUZLIOFEA(NH, =N)

drYelArE AAW Hito] 0.023+0.005 mg/L(BH
2)~0.0340.013 mg/L(A 7 3)2 AA7 FAQ o7}
AR L(p=0.6602), AJ AL FAHA QA 0.202+0.025 mg/T.~
0480£0.068 mg/L(¥F %, 1999; Park and Park, 2000)<l
H 8 10% FEoz wkon AwEdA (I 3, 2002)
o] 25%, AR 5200609 50% FEOIAL, T
(% =, 20033 FA18 232 JeERHYTHTable 5).
FAFE 4T5(HE 2)~2711%(F3E 3H)E AdYE dF

SO A )

o] Z AHed. AdE=EE= AxEd FE
0.019+0.004, 0.003 mg/LE A1 oEFHo| 0.050+0.019

mg/LZ FulAez Egoy} F94% 2}oi(p=0.0673)7}
th, HEAeT 91.24(5¥8)~2273%8L)2 A= &
E Zo| EUAtHTable 2, Table 3, Fig. 2). 94548 ¥WE
Ae MubAg oz o 0004 mg/l RolA+E HEE B
a2, 19976l 0.10710.054 mg/LE A & M =
ko I F AHzal wolx 200043l 0.008+0.003 mg/LE
b

AHolx 2 F FFete]  2008del=

9) EAEA(NO; —N)

AAE gFo] 0.134x0.012 mg/L(AA 1)~
0.144+0.015 mg/IL(AXE 2)2Z AA 7T Hol7} §lted
(p=0.8837), AAMY 0.271£0.031 mg/L~0.441+0.053
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Ztegd

o 43

.

L=

mg/L(F 5, 1999; Park and Park, 2000)¢) B3} 50%<%
Fom uwekoul Agwk(ul F, 200009  0.035:0.003
mg/Loll Bl Eghon, ofatddh(dt 5, 2007) 2 A
T AHAHT 2 2002)0 ‘ﬂ]ﬁﬂ R We FRE e
WS A (Table 5). ¥EA 50% (A8 1)~7552%(4
A PR AAE 9
gnke o g
& AgAd =
(Gentilhomme and Lizon, 1998; Fock, 2003) =
o EF el 89 0.049£0.005 mg/LE 2%
A& 02190020 mg/LE Eo} A wWE =L #
9 Aol (p <0.0001)7F YUTHTable 2, Table 3, Fig. 2).
Axd WE e WA FelE 1997d9 0.070+0.015
mg/LE 7HF 2 AHoldley F7bste] 19994
o 0.153+0.022 mg/LelA k7t 2001+ 0.096+0.017
mg/LE ol & Z7ste] 20061l 0.197£0.039 mg/L
2 2L F M 22 FEE JEUdey 2008
£ 0.099+0.021 mg/LZ Yol AeE Jetgu AAA
o2 d 0007 mg/L s7hete AEE Bid
(Table 4, Fig. 3).

=

=

L

L

&
e

L

.

i

AEA

240

oAl Ao](p=0.8255) 7} 02045} E}
AZ1e) Hag d9RgE b, ‘?_17'(4040

0.504%0.043 mg/L~096+0.095 mg/L(¥F %, 1999;

and Park, 2000) Bt} A4 ve JefE, Auba el 0.298

mg/L(A3 7, 2002) Bl e =% Ll

2] 0.098 mg/L(3 &, 2006)7 FAvHYEF =

mg/LEOE 5o B

O

=
A=

, 2003)9] 0.114

27

FZo|

o7t

A

0.239£0.018 mg/L= 441

el tH(Table 5), ®E A+
L 5005(8F D-6861%(H D Fos BHE W
299

AdE=

FE

ALd<l

o & H 2 8¥ ] 0.107+0.018

9]

At

270

Lk

mg/LE =2 942 201 (p<0.0001)7F AuTh #E5A
FE 3146(59)~1078%(8E)2 EFHo] g& A

Z Ago) gtk (Table 2, Table 3, Fig. 2).

geksk Wad FHE e ey

2 mg/l. AR Frtete A B F
. 199799 = 0.185+0.051 mg/L oIttt &3 351HA
o] 2000 ol &= 0.132+0.014 mg/L2 Yola & Az}
7¥ake] 20059 & 0.21420.026 mg/LE ZA7|E 5 7t
TEE HQ & 7Adke] 2008 = 0.116+0.025
YeEt YAt (Table 4, Fig. 3).

F.REQ

s

Ll

<

o o W ¥ T b2

11) DIN/DIP H]
DIN/DIP H] ¢}
63.35x41.41(A 4 3= AA
o, QlMeActe] 89.47+18.39~179.69+56.93(
Park and Park, 2000)°0 ®]3] &4
2731£256(8 %, 2006), #A4R¥F 17.25(%
wA 32237 A, 2002)l ‘3]5
17.89~54.99(4F 5, 2007)¢F Hl&8 4
= 397(AH 2)~452.94% (4 A S)E A
o ARYEREE 7FSE 18510922
11141464992 =gew, ALHIH} FHI
H =gk 95 %S JEht dAlE A5 DIN/DI
Redfield ratlo(Redﬁeld et al,1963)%) 160]4e2 =+
S HNEEZFHIAEY AT
xls_—a].j_ %o] ] o]g/\] x%xg
1 =49t

a9 wg %ol e 4

B

o (K

H O 0O
A

= 30. 36(11%)

o% o
o

il

| olA 2002\ 12.75+1.62=2 7}%}
7hske] 2004 27.22+42.8201 0 Th7) okzh
o &= 16.05:2.658 FA&%th ok

fEoofN S orle & e

mhsbA 19976 = 53] 8¥el <l
wUold st vl§ ol ABT 40960
2 2099 % 168 o3

1
L

7+ A3 F

=

)\.J—l

2 tH(Table 4).

b =)

o]

Table b. Comparison of salinity and nutrient concentration in the different regions of Korean coastal waters

Study area Sal. NutﬁenF(mg/ L) _ DW@IP Reference Period(year)
NH/-N NO;-N _NOy-N  DIN _POS P ratio
Asan Bay 3155 0040 0008 0170 0218 0029 17.89 Moon er al, 1993 1991.11~1992.8
Asan Bay 3045 0066 0012 0180 0258 0019 5499 Park ef al, 2007 1975~2005
Cheonsu Bay 3130 0059 0005 0035 0098 0013 2731 Park er al, 2006 1983~2004
Gomso Bay 2064 0030 0004 0080 0114 0014 17.25 Yang et al, 2003 1999.4~2000.11
Saemankeum area 27.49 0115 0026 0193 0298 0020 3223  Kim and Kim, 2002 1999.7~2000.6
Inchon coastal area 2768 0250 0046 0765 1061 0030 7811  Yeo and Kang, 1968  19955~1996.1
Gyeonggi Bay 2088 0208 0026 0338 0662 0028 5250  Park and Park, 2000  1981~1998
Ji%ggtgiyésa%th 3087 0045 0011 0009 0065 0015 9.89 Choi and Kim, 2002 2000.1~2000.12
Jinhae Bay 3249 0030 0015 009 0143 0045 7.00 Hong et al, 1985 1976~1982
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o e Al

Table 6. Pearson’s correlation analysis among water quality parameters in the Garolim costal areas of

Korea from 1997 to 2008

Chl-a Trans.

DIN PO/ -P DIN/DIP SS

NO;-N  NO;-N

COD NH,/-N

DO

pH

Salinity

-0.4800
<0001

0.6239
<0001
-0.3630
<0001
-0.0969
0.3053
-0.3770
<.0001
0.1433
01283
0.0242
0.7985
0.2144
0.0220
-0.4234
<.0001
-0.4069
<.0001
~0.3982
<0001
-0.1098

0.2071
0.0368
-0.0230

-0.4244

0.1550
0.0636
0.0220
0.7940
0.0555
0.5085
-0.1069

05364
<0001
0.1260
0.1323
0.2436
0.0033
0.3961
<0001
00718
0.3924
-0.1855
0.0261
-0.2424
0.0034
0.5392
<.0001
0.3801
<.0001

PO P

-0.6740
<.0001

0.4605
<.0001

-0.2648

0.2064
0.0131
0.0250
0.7664
0.0484

-0.1549
0.0638
-0.3077
0.0002
-0.2553
0.0020

-0.7744
<.0001
0.0983
0.2410
0.1169
0.1630

-0.0483
0.5658
0.2482
0.0027

-0.3785
<.0001
Salinity

w.T

<.0001
0.1056
0.2633
-0.1040

0.0447
0.5950
0.1189
0.1558
0.4836
<.0001

0.0529
0.5289
0.1046
0.2120
0.6647
<.0001

0.8183
0.2554

0.0013
-0.0228

pH

0.0096

0.2707
0.2338
0.0123
0.2772
0.0028
0.0126
0.8945
-0.2343

0.7862
-0.4525

0.5650
-0.1849

0.1549
0.1201
0.0447
0.6555
0.0588
0.5572
-0.2419

0.2580
0.0018

COD

DO

0.2022
0.0660
0.4319
0.8831
<.0001
0.2080
0.0124
-0.1075

<.0001
-0.0710

0.0265
0.0283
0.7364

NHy'-N

0.0913
0.2766
0.4266
<.0001
-0.1638

0.0755
0.3683
-0.1946

0.3979
0.2014
0.0155

NO:-N

0.0194
-0.3586
<.0001

NOs-N

0.0143
-0.1841

0.0121
0.2656
0.0043
0.2611
0.0050

0.0498
0.8001
<.0001

DIN

0.0639
-0.2170

0.1998
0.4455
<.0001
-0.2060

0.0284
-0.2811

0.2466
0.0082
0.0910
0.33%4

0.0042
-0.0028

0.0132

DIN/DIP

0.2449

—0.5548

<.0001

0.9776
-0.16838

SS

0.0966

Chl-a

0.0744
0.4739

Top numbers are correlations coefficients(z*) and bottom numbers probabilities(p).
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Fig 4. Relationship among water quality parameters.

All the values were double transformed with square roots for the data normality.
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Table 7. Spearman’s correlation coefficient among

quality  parameters and principal
component scores using the annual means of
seasonal data from 1997 to 2008 in the costal
areas of Yellow Sea. The principal component
I and I in Fig. 5

water

scores for axes I,

Parameter\ PCA PCA 1 PCA PCAII
W.T. 0.1119 —0.0490 -0.0210
0.7292 0.8799 0.9484

Salinity 0.6713 -0.4546 0.4895
0.0168 0.1377 0.1063

pH -0.0772 -0.3930 0.7018
0.8115 0.2063 0.0110

DO -0.7203 0.4615 0.4895
0.0082 0.1309 0.1063

CoD -0.2207 0.7531 -0.4448
0.4907 0.0047 0.1473

NHs"-N 0.6877 -0.0140 -0.0456
0.0134 0.9655 0.8831

NO2—N 0.4665 0.4029 -0.4205
0.1264 0.1941 0.1735

NO3-N -0.8541 0.3585 0.3058
0.0004 0.2525 0.3337

DIN -0.5734 0.7203 0.4196
0.0513 0.0082 0.1745

PO, -P -0.2535 -0.3416 -0.3169
0.4266 0.2772 0.3155

DIN/DIP -0.2448 0.8322 0.4336
0.4433 0.0008 0.1591

SS 0.6993 0.0140 -0.4196
0.0114 0.9656 0.1745

% of variance explained 33.69 26.22 16.09

Top numbers are correlations coefficients(#%) and bottom
numbers probabilities(p). Significant correlations are in bold.
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Fig 5. Principal component ordination of 12 year water quality using the annual mean of stations from 1997 to 2008
in the Garolim costal areas of Yellow Sea. The correlations between the PCA scores and the analysed

variables are expressed with vectors.
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Fig 6. Dendrogram showing classification of 12 year water quality using the annual principal component scores of
stations from 1997 to 2008 in the Garolim costal areas of Yellow Sea.
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