s F okt ] A|18H A2 pp. 101-114, 2012. 4. 30. ISSN 1229-3431)
Journal of the Korean Society of Marine Environment & Safety

= * T AL O ** =l *k >
Lt CHEAQ™ BT . HEE

el
ol>

=
(L

r

s wx TREAEL AR T A
The Physico—chemical Characteristics in the Garorim Bay, Korea
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Abstract : The physico-chemical characteristics including water temperature, salinity, dissolved oxygen(DO), chemical oxygen demand
(COD), chlorophyll-a(ChlL a), suspended particulate matter(SPM) and dissolved inorganic nutrients were investigated in the Garolim Bay,
Yellow Sea, Korea in 2010 carried out six times per year at 11 fixed stations by Korea Fisheries Research & Development Institute. The
water temperature, salinity, COD, dissolved inorganic nutrients, Chl. a and SPM showed significant difierence between surface and bottom
water but the other parameters didn’t. There were not significant diflerence between stations. The water temperature showed typical
change patterns of the temperate seawater. The annual average of salinity showed more than 31 so that there could not have occurred low
saline water. The average of DO from June to August showed over than 3mg/L which showed higher than the below standard value of the
hypoxic (oxygen-deficient) water. The average of Chl. a varied 1.68ug/L at surface, 238ug/L at bottom layer in June and 1.68ug/L at
surfice, 157ug’L at bottom laver at August. The dissolved inorganic nutrients showed high concentration in February and low
concentration in August due to the limitation of the freshwater input in summer and phytoplankton used to the dissolved inorganic
nutrients. The ratio of DIN/DIP showed 3052 at surfice and 37.89 at bottom layer in June which was higher than other month The SPM
was 44.15mg/L at bottom layer in February which was the highest value in this study due fto the northwest monsoon. Because of the
actively water change in the open sea without inflow of freshwater from land in Garolom Bay, there were not occurred low saline water
and hypoxic water. thus, this Bay showed good water quality and required to be conserved continuously as important costal area for
fisheries.
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Fig. 2. The monthly variation of water temperature at
Garorim Bay, Yellow Sea, 2010.
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Fig. 3. The monthly variation of salinity at Garorim
Bay, Yellow Sea, 2010.
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Fig. 4. The monthly variation of pH at Garorim
Bay, Yellow Sea, 2010.
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Fig. 5. The monthly variation of dissolved oxygen
at Garorim Bay, Yellow Sea, 2010.
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Fig. 6. The monthly variation of Chemical Oxygen
Demand at Garorim Bay, Yellow Sea, 2010.
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Fig. 7. The monthly variation of chlorophyll-a at
Garorim Bay, Yellow Sea, 2010.
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Fig. 8 The monthly variation of suspended particulate
matter at Garorim Bay, Yellow Sea, 2010.

Table 1. Descriptive statistics of water quality at the Garolim Bay of Yellow Sea in February, April, June, August,

October and December 2010

Variable St.  Layer Mean Range CV(%) Variable St. Layer Mean Range CV(%)
WT 1 s 13.59 217 ~ 2553 6883 Salinity 1 S 30.95 29.35 ~ 31.97 292
b 12.97 218 ~ 2489  68.09 b 31.14 2964 ~ 31.97 2.86

2 S 13.45 236 ~ 2525  68.09 2 S 31.08 29.67 ~ 32.00 2.66

b 13.07 231 ~ 2556  68.64 b 31.15 29.83 ~ 31.99 254

3 s 13.12 241 ~ 2496  67.89 3 S 31.10 29.86 ~ 31.70 2.29

b 12.88 246 ~ 24.81 67.84 b 31.25 2995 ~ 32.01 2.55

4 S 13.84 146 ~ 2458  69.24 4 S 31.61 29.84 ~ 32.80 3.90

b 13.49 143 ~ 2407 6852 b 3151 29.08 ~ 32.78 4.64

5 s 13.10 3.63 ~ 2460  64.15 5 S 31.25 2993 ~ 32.02 2.49

b 12.75 3.65 ~ 2427  64.47 b 31.28 30.03 ~ 32.04 2.45

6 S 13.44 2.00 ~ 2331 68.38 6 S 31.76 3051 ~ 32.81 3.20

b 12.65 1.94 ~ 2223  67.83 b 31.73 305 ~ 32.76 3.20

7 S 12.91 3.65 ~ 2435 6445 7 S 31.29 30.03 ~ 32.01 2.43

b 12.55 3.63 ~ 2371 64.04 b 31.44 30.09 ~ 32.49 2.78

8 S 12.80 392 ~ 2398 6353 8 S 31.42 30.33 ~ 32.23 2.32

b 12.49 396 ~ 2369  64.10 b 31.47 30.34 ~ 32.39 2.46

9 S 12.97 332 ~ 2157  59.63 9 S 31.91 30.82 ~ 32.81 2.70

b 12.38 3.22 ~ 2157 6190 b 31.91 30.83 ~ 32.80 2.70
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Table 1. Continued
Variable St.  Layer Mean Range CV(%) Variable St. Layer Mean Range CV (%)
10 S 12.45 3.95 23.21 63.87 10 S 31.37 30.24 31.92 2,17
b 12.17 4.04 2222  63.19 b 31.42 30.37 32.04 2.14
11 S 12.44 4.09 2208  60.78 11 S 31.43 30.54 32.94 1.93
b 12.37 4.09 2167  60.69 b 31.52 30.81 32.03 1.67
pH 1 S 811 787 8.27 1.63 DO 1 S 8.68 5.83 11.43 25.88
b 8.10 7.84 8.27 1.75 b 8.72 6.53 11.17 23.93
2 S 811 7.88 8.27 1.57 2 S 8.85 6.79 11.15 21.56
b 8.10 7.86 8.27 1.64 b 8.56 5.66 10.99 25.65
3 S 811 791 8.26 1.47 3 S 8.78 6.80 11.03 21.04
b 8.10 7.87 8.27 1.63 b 8.60 6.08 10.86 23.71
4 S 8.02 7.93 8.08 0.70 4 S 9.51 7.30 12.07 22.17
b 8.03 7.89 8.12 1.13 b 9.80 754 12.99 21.70
5 S 8.09 7.88 8.26 1.72 5 s 8.79 7.00 10.50 18.06
b 8.09 7.83 8.27 1.68 b 8.70 6.97 10.50 18.06
6 S 8.05 79 8.29 1.69 6 S 9.42 750 11.84 18.36
b 8.07 79 8.29 1.67 b 9.69 8.01 12.31 16.81
7 S 8.09 791 8.27 1.72 7 S 8.92 711 10.53 16.12
b 8.09 791 8.27 1.65 b 8.74 7.33 10.41 16.88
8 S 811 7.94 8.27 1.55 8 S 9.19 7.35 11.26 17.27
b 8.10 7.99 8.27 1.48 b 8.78 7.42 10.51 17.17
9 s 8.10 792 8.28 1.74 9 s 9.75 8.37 11.98 14.42
b 811 7.94 8.28 1.76 b 9.77 8.50 12.04 13.82
10 S 8.09 792 8.27 2.07 10 S 9.30 7.66 11.44 15.83
b 8.08 7.94 8.27 1.89 b 9.35 753 11.44 15.33
11 S 8.04 7.89 8.29 1.80 11 S 9.46 7.47 11.25 15.68
b 8.04 791 8.22 1.49 b 9.54 7.34 11.94 17.75
COD 1 S 1.16 0.60 1.68 39.57 Chl-a 1 S 1.32 0.29 2.69 71.01
b 1.32 0.75 1.85 31.35 b 1.05 0.28 1.95 61.75
2 s 1.02 0.68 1.28 20.32 2 S 1.21 0.33 1.83 54.85
b 1.10 0.61 1.68 35.14 b 0.90 0.20 1.39 56.95
3 S 1.10 0.60 1.37 24.94 3 S 1.04 0.32 1.77 53.44
b 0.98 0.50 1.48 43.11 b 1.20 0.21 1.81 51.49
4 S 1.10 0.71 1.40 22.04 4 S 1.09 0.18 1.85 59.68
b 1.14 0.52 1.82 40.93 b 1.09 0.34 1.85 54.90
5 s 0.85 0.61 1.08 21.02 5 S 1.10 0.14 2.19 72.66
b 1.20 0.67 1.74 34.45 b 1.41 0.18 2.71 69.81
6 S 1.02 0.46 2.04 57.17 6 S 0.89 0.15 1.64 74.47
b 1.20 0.32 2..09 50.09 b 1.24 0.29 1.89 51.87
7 S 0.93 0.58 1.72 43.59 7 S 1.18 0.68 1.65 34.77
b 1.36 0.79 2.01 33.23 b 1.68 0.71 3.15 53.78
8 s 0.76 0.47 1.06 30.25 8 S 1.34 0.31 2.01 50.80
b 1.10 0.32 1.50 37.15 b 1.64 0.27 4.35 85.84
9 S 1.18 0.52 2.46 66.44 9 S 1.02 0.18 1.59 57.39
b 1.19 0.48 1.98 45.70 b 1.43 0.52 2.89 56.01
10 S 1.01 0.49 1.68 4578 10 S 0.94 0.21 1.80 71.43
b 1.28 0.76 1.84 35.95 b 1.62 0.56 3.53 64.77
11 S 1.10 0.31 1.87 57.24 11 S 1.02 0.23 2.00 75.52
b 1.49 0.66 2.56 45.44 b 1.06 0.19 2.35 70.71
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Table 1. Continued
Variable St. Layer Mean Range CV(%)  Variable St.  Layer Mean Range CV(%)
NH, -N 1 S 0.014 0.001 ~ 0.035 86.62 NO; -N 1 S 0.009 0.001 0.035 146.98
b 0.014 0.002 ~ 0.039 92.73 b 0.010 0.001 0.039 150.58
2 S 0.009 0.001 ~ 0.015 63.90 2 S 0.008 0.001 0.028 132.16
b 0.012 0.001 ~ 0.028 7812 b 0.011 0.001 0.038 130.69
3 s 0.011 0.006 ~ 0.020 61.63 3 S 0.009 0.002 0.025 95.89
b 0.010 0.001 ~ 0.016 59.85 b 0.010 0.001 0.038 145.81
4 s 0.009 0.002 ~ 0.016 54.04 4 S 0.009 0.002 0.034 148.39
b 0.010 0.002 ~ 0.016 61.65 b 0.008 0.002 0.033 146.12
5 S 0.011 0.002 ~ 0.034  109.28 5 S 0.008 0.002 0.023 105.58
b 0.008 0.001 ~ 0.017 69.88 b 0.010 0.001 0.037 135.35
6 S 0.008 0.005 ~ 0.012 29.58 6 S 0.008 0.002 0.028 134.86
b 0.012 0.001 ~ 0.017 47.73 b 0.008 0.002 0.028 134.59
7 s 0.009 0.003 ~ 0.020 67.40 7 S 0.009 0.002 0.036 159.02
b 0.010 0.001 ~ 0.021 80.65 b 0.009 0.001 0.037 146.39
8 s 0.007 0.003 ~ 0.014 65.49 8 S 0.006 0.002 0.019 106.98
b 0.013 0.002 ~ 0.033 87.84 b 0.009 0.001 0.033 133.15
9 S 0.006 0.001 ~ 0.010 61.04 9 S 0.006 0.001 0.026 152.65
b 0.010 0.002 ~ 0.018 59.82 b 0.007 0.002 0.026 142.51
10 S 0.007 0.003 ~ 0.013 53.45 10 S 0.009 0.002 0.034 140.38
b 0.013 0.002 ~ 0.023 72.93 b 0.007 0.001 0.028 143.23
11 s 0.008 0.001 ~ 0.017 73.64 11 S 0.008 0.002 0.033 153.30
b 0.017 0.001 ~ 0.039 94.57 b 0.008 0.001 0.028 135.65
NOs; -N 1 S 0.072 0.015 ~ 0.125 62.51 DIN 1 S 0.095 0.033 0.152 49.21
b 0.083 0.039 ~ 0.122 41.84 b 0.107 0.052 0.145 34.59
2 s 0.074 0.019 ~ 0.117 55.02 2 S 0.090 0.038 0.136 45.33
b 0.092 0.055 ~ 0.128 28.38 b 0.114 0.072 0.161 2811
3 s 0.089 0.046 ~ 0.119 34.81 3 S 0.109 0.077 0.144 25.29
b 0.098 0.066 ~ 0.113 18.63 b 0.117 0.089 0.130 13.32
4 s 0.081 0.011 ~ 0.127 52.75 4 S 0.098 0.029 0.139 39.90
b 0.088 0.017 ~ 0.123 45.25 b 0.106 0.03 0.137 37.35
5 s 0.101 0.04 ~ 0.173 45.54 5 S 0.119 0.065 0.180 31.47
b 0.109 0.064 ~ 0.183 38.41 b 0.128 0.081 0.187 2718
6 s 0.088 0.026 ~ 0.142 53.47 6 S 0.104 0.043 0.149 38.76
b 0.097 0.007 ~ 0.146 56.18 b 0.116 0.025 0.166 45.34
7 s 0.103 0.007 ~ 0.180 59.92 7 S 0.121 0.019 0.191 50.26
b 0.109 0.035 ~ 0.180 46.70 b 0.128 0.051 0.183 36.30
8 s 0.099 0.025 ~ 0.191 64.30 8 S 0.113 0.043 0.207 53.90
b 0.111 0.049 ~ 0.169 45.71 b 0.133 0.09 0.188 29.76
9 s 0.098 0.005 ~ 0.164 67.36 9 S 0.110 0.015 0.177 57.27
b 0.105 0.001 ~ 0.191 67.50 b 0.122 0.017 0.201 55.11
10 s 0.112 0.027 ~ 0.193 59.09 10 S 0.128 0.043 0.208 48.46
b 0.103 0.017 ~ 0.187 64.00 b 0.123 0.037 0.212 51.57
11 s 0.122 0.011 ~ 0.234 69.00 11 S 0.138 0.024 0.254 59.37
b 0.113 0.013 ~ 0.206 65.83 b 0.137 0.049 0.251 53.52
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Table 1. Continued

Variable St. Layer Mean Range CV(%)  Variable St.  Layer Mean Range CV(%)
PO4 1 S 0.012 0.003 0.021 56.82 DIN/DIP 1 S 19.72 1413 ~ 28.05 275
b 0.014 0.009 0.022 36.03 b 16.81 1268 ~ 22.93 249
2 S 0.013 0.007 0.023 45.17 2 S 14.98 12.02 ~ 2197 23.8
b 0.015 0.007 0.022 36.82 b 18.02 10.07 ~ 27.42 35.6
3 s 0.019 0.011 0.043 64.49 3 S 14.87 741 ~ 24.36 38.6
b 0.017 0.01 0.024 30.46 b 16.58 10.37 ~ 28.78 42.0
4 s 0.014 0.007 0.023 43.33 4 S 17.26 8.03 ~ 3891 63.2
b 0.016 0.009 0.024 30.79 b 14.52 738 ~ 185 28.2
5 s 0.016 0.009 0.024 37.68 5 S 17.11 13.29 ~ 28.05 32.6
b 0.018 0.008 0.026 36.41 b 17.90 1055 ~ 35.43 50.9
6 S 0.016 0.009 0.023 36.03 6 S 14.75 10.58 ~ 22.7 29.0
b 0.014 0.004 0.023 56.17 b 24.74 9.23 ~ 70.85 92.6
7 s 0.016 0.005 0.026 51.22 7 S 16.81 841 ~ 2851 41.0
b 0.017 0.008 0.023 40.34 b 17.97 13.89 ~ 29.03 314
8 s 0.016 0.007 0.026 55.16 8 S 17.27 10.58 ~ 32.58 459
b 0.018 0.011 0.023 29.08 b 17.16 1379 ~ 23.75 21.6
9 s 0.015 0.003 0.023 60.63 9 S 22.87 554 ~ 71.59 106.0
b 0.014 0.003 0.025 67.57 b 28.02 1255 ~ 86.35 103.6
10 s 0.019 0.008 0.027 45.23 10 S 15.06 11.75 ~ 20.33 22.7
b 0.017 0.005 0.028 54.42 b 17.13 11.96 ~ 27.23 30.5
11 s 0.018 0.007 0.026 41.95 11 S 16.10 759 ~ 21.63 30.7
b 0.017 0.001 0.029 63.68 b 32.64 1369 ~ 108.5 114.6
Silcate 1 s 0.226 0.085 0.345 47.49 SPM 1 S 15.27 6.8 ~ 244 40.27
b 0.244 0.090 0.392 44.64 b 23.60 126 ~ 36.6 35.37
2 s 0.234 0.104 0.384 45.87 2 S 25.77 126 ~ 588 73.26
b 0.276 0.130 0.366 34.83 b 23.37 86 ~ 372 52.86
3 s 0.285 0.171 0.422 37.39 3 S 18.27 9.2 ~ 352 53.73
b 0.275 0.104 0.413 39.36 b 30.83 14.2 ~ 604 54.13
4 s 0.296 0.063 0.442 4718 4 S 31.33 158 ~ 54.2 46.68
b 0.295 0.066 0.468 47.79 b 40.50 204 ~ 86.2 59.90
5 s 0.289 0.128 0.548 50.73 5 S 25.33 9.4 ~ 66.6 89.66
b 0.298 0.098 0.547 48.42 b 36.57 10 ~ 754 66.69
6 S 0.277 0.150 0.491 45.44 6 S 22.77 86 ~ 35 47.29
b 0.252 0.036 0.495 63.79 b 33.90 12 ~ 81 74.78
7 s 0.264 0.051 0.576 72.97 7 S 17.87 6.6 ~ 404 75.71
b 0.273 0.074 0.544 60.11 b 23.17 9.8 ~ 59 83.94
8 s 0.251 0.069 0.475 67.58 8 S 17.57 4.8 ~ 324 66.31
b 0.270 0.059 0.533 59.21 b 25.83 92 ~ 58 74.41
9 s 0.246 0.095 0.497 65.92 9 S 22.97 6.4 ~ 51.6 72.89
b 0.244 0.045 0.531 74.47 b 21.40 134 ~ 276 23.67
10 S 0.284 0.055 0.560 65.15 10 S 19.77 5 ~ 428 69.38
b 0.228 0.048 0.501 81.25 b 21.77 58 ~ 49.8 81.87
11 S 0.264 0.030 0.564 79.00 11 S 28.07 56 ~ 59.8 72.41
b 0.260 0.059 0.569 79.07 b 20.60 56 ~ 444 75.48

- 108 -



Hzgue olsey 4

)
Lo
>
oft
~
a2
A
ox.

Table 2. Descriptive statistics of water quality at the Garolim Bay of Yellow Sea in February, April, June, August, October
and December 2010

Variable Mon Layer  Mean Range CV(%) Grouping  Variable Mon Layer Mean Range CV(%) Grouping
WT 2 S 3.00 146 ~ 4.09 31.09 F Salinity 2 S 32.09 31.7 ~ 3251 0.86 A
b 2.99 1.43 ~ 4.09 31.86 F b 32.15 3197 ~ 3252 0.72 A
4 S 591 4.82 ~ 6.93 11.98 E 4 S 32.02 3155 ~ 3281 1.57 A
b 5.77 480 ~ 6.58 11.02 E b 32.05 3159 ~ 32.80 1.49 A
6 S 17.25 1242 ~ 22.36 18.58 C 6 S 31.97 31.16 ~ 32.80 1.70 A
b 15.37 12.13 ~ 20.63 17.33 C b 32.16 31.63 ~ 32.78 1.31 A
8 S 23.95 21.57 ~ 2553 5.33 A 8 S 31.25 30.74 ~ 31.67 0.92 B
b 23.52 21.57 ~25.56 5.89 A b 31.28 30.82 ~ 31.67 0.89 B
10 S 19.99 19.36 ~ 20.79 2.33 B 10 S 30.12 29.35 ~ 31.02 1.55 D
b 20.03 19.35 ~ 20.78 252 B b 30.16 29.08 ~ 31.01 1.84 D
12 S 8.50 729 ~ 10.88 13.73 D 12 S 30.82 30.66 ~ 31.07 0.43 C
b 8.55 729 ~ 1096 13.54 D b 30.83 3067 ~ 31.11 0.43 C
pH 2 S 8.03 794 ~ 813 0.79 B DO 2 S 11.07 1045 ~ 12.07 4.32 A
b 8.04 796 ~ 813 0.70 B b 10.79 1021 ~ 1144 414 A
4 S 8.04 794 ~ 817 0.84 B 4 S 10.89 10.36 ~ 11.98 6.09 A
b 8.03 794 ~ 815 0.87 B b 11.06 10.33 ~ 12.99 8.43 A
6 S 8.18 8.08 ~ 8.29 0.76 A 6 S 8.15 583 ~ 11.25 18.36 C
b 8.17 81 ~ 822 0.55 A b 8.03 566 ~ 1194 2344 C
8 S 792 787 ~ 8.08 0.76 C 8 S 7.37 6.68 ~ 8.57 8.15 C
b 791 784 ~ 7.99 0.59 C b 747 6.56 ~ 85 8.79 C
10 S 8.16 8.02 ~ 829 0.97 A 10 S 793 747 ~ 878 5.67 C
b 8.16 8.10 ~ 8.29 0.80 A b 7.96 734 ~ 9.73 9.32 C
12 S 8.18 793 ~ 827 1.67 A 12 S 9.49 892 ~ 9.76 2.49 B
b 8.19 789 ~ 827 1.66 A b 9.38 892 ~ 9.62 2.32 B
COD 2 S 0.82 0.31 ~ 1.68 46.43 C Chl-a 2 S 1.46 1.13 ~ 1.73 14.58 A
b 1.32 099 ~ 1.77 17.02 BC b 1.40 101 ~ 1.81 17.46 B
4 S 0.72 046 ~ 1.20 31.79 C 4 S 0.86 0.18 ~ 1.53 51.31 B
b 1.75 1.3 ~ 256 19.05 A b 1.36 084 ~ 1.89 31.50 B
6 S 1.50 1.06 ~ 2.04 22.23 A 6 S 1.68 0.72 ~ 2.69 32.59 A
b 1.53 1.05 ~ 2.09 22.90 AB b 2.38 082 ~ 4.35 4493 A
8 S 1.25 0.78 ~ 2.46 38.75 AB 8 S 1.68 1.31 ~ 2.00 12.31 A
b 1.08 061 ~ 1.8 32.06 CD b 1.58 095 ~ 197 20.55 B
10 S 0.93 061 ~ 1.15 16.91 BC 10 S 0.59 014 ~ 1.75 82.49 BC
b 0.93 067 ~ 1.21 16.77 DE b 0.72 019 ~ 181 66.16 C
12 S 0.89 052 ~ 1.87 43.11 BC 12 S 0.35 0.15 ~ 0.68 50.85 C
b 0.67 032 ~ 151 50.46 E b 0.39 018 ~ 0.71 4543 C
NH, N 2 S 0.007 0.004 ~ 0.011 38.26 BC NO; -N 2 S 0.002 0.002 ~ 0.004 2852 B
b 0.006 0.002 ~ 0.017 70.79 BC b 0.001 0.001 ~ 0.003 56.39 C
4 S 0.010 0.005 ~ 0.020 44.32 B 4 S 0.003 0.001 ~ 0.005 4768 B
b 0.016 0.007 ~ 0.039 55.76 A b 0.003 0.001 ~ 0.006 — 47.27 BC
6 S 0.009 0.003 ~ 0.021 53.52 BC 6 S 0.004 0.002 ~ 0.006  33.61 B
b 0.018 0.014 ~ 0.028 23.41 A b 0.004 0.002 ~ 0.006  31.79 BC
8 S 0.017 0.009 ~ 0.035 56.28 A 8 S 0.004 0.001 ~ 0.009 60.21 B
b 0.018 0.008 ~ 0.039 58.73 A b 0.006 0.002 ~ 0.009 46.58 B
10 S 0.003 0.001 ~ 0.008 81.74 C 10 S 0.029 0.019 ~ 0.036  19.19 A
b 0.001 0.001 ~ 0.002 35.90 C b 0.033 0.026 ~ 0.039 14.81 A
12 S 0.008 0.002 ~ 0.020 67.25 BC 12 S 0.005 0.003 ~ 0.006  24.16 B
b 0.009 0.006 ~ 0.014 24.48 B b 0.005 0.003 ~ 0.006  20.37 B
NO3s-N 2 S 0.141 0.071 ~ 0.189 27.83 A DIN 2 S 0.150 0.085 ~ 0.196  25.66 A
b 0.145 0.087 ~ 0.183 25.70 A b 0.152 0.093 ~ 0.187  24.40 A
4 S 0.122 0.027 ~ 0.234 56.40 A 4 S 0.135 0.033 ~ 0.254  54.02 A
b 0.130 0.042 ~ 0.206 42.09 AB b 0.149 0.052 ~ 0.251 40.97 A
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Table 2. Continued

X . i Groupin
Variable Mon Layer Mea Range CV(%) Grouping Variable Mon Layer Mean Range CV(%) o
NOs -N 6 s 0.102 0.086 ~ 0.125 12.27 A DIN 6 S 0.115 0.097 ~ 0.152 14.35 AB

b 0.108 0.097 ~ 0.128 9.56 B b 0.130 0.117 ~ 0.161 10.28 AB

8 s 0.026 0.005 ~ 0.077 90.27 B 8 S 0.047 0.015 ~ 0.108  66.95 C

b 0.034 0.001 ~ 0.071 73.30 D b 0.058 0.017 ~ 0.091 49.44 C

10 s 0.051 0.031 ~ 0.076 26.78 B 10 S 0.083 0.053 ~ 0.112 2210 BC

b 0.070 0.048 ~ 0.101 26.59 C b 0.104 0077 ~ 0.142 2212 B

12 s 0.125 0.116 ~ 0.151 7.69 A 12 S 0.138 0.131 ~ 0.159 5.75 A

b 0.118 0.096 ~ 0.132 9.26 AB b 0.132 0.108 ~ 0.148 772 AB

DIN/DIP 2 s 16.08 13.84 ~ 1887 8.66 B SPM 2 S 26.55 10.8 ~ 42.8 44.24 A
b 16.89 12.95 ~ 20.59 12.40 B b 44.15 18 ~ 81 41.90 A

4 s 17.81 14.87 ~ 24.36 16.98 B 4 S 29.15 13.8 ~ 40 30.26 A

b 19.16 12.79 ~ 26.18 17.87 AB b 34.36 26 ~ 40.8 14.00 AB

6 s 30.52 1864 ~ 7159 4855 A 6 S 17.24 4.8 ~ b51.6 79.07 A

b 35.87 1784 ~ 86.34 60.91 A b 15.93 58 ~ 386 54.94 B

8 s 10.71 554 ~ 19.19 33.75 B 8 S 1547 6.6 ~ 54.2 84.67 A

b 20.79 7.38 ~ 108.50 140.56 AB b 24.47 106 ~ 60.4 65.99 B

10 s 14.01 12.09 ~ 1550 8.20 B 10 S 15.53 5 ~ 59.8 104.43 A

b 15.12 13.46 ~ 16.55 5.92 B b 21.93 84 ~ 86.2 101.03 B

12 s 12.77 7.41 ~ 16.00 16.41 B 12 S 29.69 154 ~ 66.6 60.38 A

b 12.97 1141 ~ 14.25 750 B b 23.64 56 ~ 754 79.88 B

EX 5714 2 (Dissolved Inorganic Nitrogen; DIN)¢] 7] ZAAZIE Hit BF 0.047 mg/L(8¥)~0.150 mg/L(2¥),

o] AL E BE BH %9 AF 83%, Y=ol 2 A% 0.068 mg/L8Y)~0152mg/LRY)= ¥-A= ;% ZA}
X = 10%, M2 dars 8% 7% A% A7 2 AolE BIrhp<0.0001). WEATE T2 57512
Atk DIN®| 3%-A3 #H+2 0111, 0.121 H)~66.95 %(8Y), AZF 7.72(29)~49.44 %L 2 ALK}
mg/Li 2 7PV 5, 20092)¢] B AEel W o] & JEjo]ti(Table 1, Table 2, Fig. 9).

Ho} 006 mg/LAE W& A ngrh gAY Hite 55

0.090mg/L(FA 2)~0138mg/L(AA 11), A5 0106 mg/L 0.200
(A" 49~0137Tmg/L(8- 11)ZE ¥-AF 5 A4- 7+ 79
7 ol glglon], WEASE ¥ 252044 3~ 5937 o
%A 11, AF 1332(HF 3)~5611%(FH 9= v = go‘m
ur} 950 WE Fo| 2 AHich 2P 2e w) £
s2dnre] DING Wws) 3 Az gygutolse vss Ang g oom
}\}\———D:L (¢} E?_ﬂ} ‘/\E;:ﬂ‘:"_}iq Lx"% 7334‘% E/\A‘:}(Table 3).
(.00 —e— surface
Table 3. Comparison of dissolved inorganic nitrogen and o0 S
phosphate between major Bays in the coast of Feb Apr lune o Alg Oct Dec
orea Fig. 9. The monthly variation of dissolved inorganic
Area Period DIN DIP References nitrogen at Garorim Bay, Yellow Sea, 2010.
M) (M)
Garorim Bay 2010 832 052 In this study AdYE WE e Aidse] Asdy fAeE JHE
wolw glow, elgel /b e ghe Btk ot 9Rm
Hampyeong Bay o 848 063 e e RE FUEE Jgdel B B Ao Hop 2wy
1900 Ko et al 4, 2008)9] AF} wgE DAt o Bl HEREYa
Yungil Bay —_jgg8 1183 04 2002 Eol oF A AA7 7P An AREARAA ] 9
2008 Jang and 288 7H e doju et ko] Aakede] AlA
Suncheon Bay 9909 659 29 g 9010 A7) weleka Abgt,

- 110 -



AEEGAEY] 4 Agste AR FoAjAA Hets)
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(B3 6)~2287(84 9), A% 1452(84 4)~3264(84 11)
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AdE E5 227(33F 10)~106.0 %(H
474 8)~1146 %(AA 1DE Ad ¥E Zo

E-AZ BT 2 Aot A EE F3F B3 107168
4) ~3052(69Y), AE 129729)~3HI76EHE F-AS ZF
ZAF A7 2Fo] E(EZE p<0.0001, A1Z p=0.0109) Hgom,
T 3052, A% 37.89% T2 ZAAZ|E R

° S Btk NP RI7F 690l 16 oo & <lakeloe]
1 EZYgaE] Ageclorn 243} HEV SR
3 £ . RMEASE 8
A AZFolAM 14056 %= HEakEo] g Egkow, I 9E
= 820(109)~4855 %(69), A% 592(108)~60.91 %(6¢)
o] $=5=0]AtHTable 1, Table 2, Fig. 10).
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Fig. 10. The monthly variation of DIN/DIP at Garorim
Bay, Yellow Sea, 2010.

HtH(Table 4). o] A¥E 1 5(2009a)°] AF3 7h=
o Avje} e Age Bt ST AV|E2

of gtAl Als}l H =], 71E9] EFAE TS THA
of sl I ~MG&we F2o] HAARE, AEA vk 3l
7o et slg FEVES sgEE S, o
d, Ay, A, AT 574 fgom 7S
o] Agol HAth i) 7ES Asle FEH}
Z(Water Quality Index; WQI=[10x DO %] +
[(Chl~a ug/L + SD)/2] + 4 x [(DIN pg/L + DIP ug/L)/2D)2 A&
AaEBE(%), B5L awg/l), %% DIN(ug/L), %% DIP
(ug/l), FH% o] 5717 dHo=r [ ~Veg9 &2& T3
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Table 4. Spatial and temporal differences in water quality at the Garorim Bay of Yellow Sea, 2010 by ANOVA

Variable Source Layer F Pr>F Variable Source Layer F Pr>F

Water Station Surface 0.02 1 Salinity Station Surface 0.72 0.7009
Temperature

Bottom 0.01 1 Bottom 0.42 0.9311

Month Surface 317.36 <.0001 Month Surface 44 .44 <.0001

Bottom 373.25 <.0001 Bottom 52.73 <.0001

pH Station Surface 0.36 0.9583 DO Station Surface 0.26 0.9864

Bottom 0.26 0.9872 Bottom 0.5 0.8798

Month Surface 18.13 <.0001 Month Surface 46.85 <.0001

Bottom 22.15 <.0001 Bottom 217 <.0001

COD Station Surface 0.5 0.8851 NH, -N Station Surface 0.66 0.7587

Bottom 0.51 0.8723 Bottom 0.44 0.9189

Month Surface 7.99 <.0001 Month Surface 7.78 <.0001

Bottom 19.12 <.0001 Bottom 13.66 <.0001

NO; -N Station Surface 0.05 1 NO; -N Station Surface 0.46 0.9084

Bottom 0.07 1 Bottom 0.23 0.9914

Month Surface 168.79 <.0001 Month Surface 19 <.0001

Bottom 267.86 <.0001 Bottom 20.12 <.0001

DIN Station Surface 0.45 0.9153 SPM Station Surface 0.65 0.7619

Bottom 0.26 0.987 Bottom 0.86 0.5782

Month Surface 11.89 <.0001 Month Surface 2.71 0.0284

Bottom 12.02 <.0001 Bottom 4.37 0.0019

Chl-a Station Surface 0.28 0.9837 DIN/DIP Station Surface 0.41 0.9373

Bottom 0.61 0.7978 Bottom 0.71 0.7122

Month Surface 26.22 <.0001 Month Surface 13.27 <.0001

Bottom 18.22 <.0001 Bottom 3.29 0.0109
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Grade

WQI
36
40
40
20
30
26
30
30
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20
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20
26
28
29
26
26
20
23
20
20
20

St
10
11
10
11

12

Mon

Grade

WQI
20
20
20
26
29
23
29
26
20
29
32
20
20
20
20
20
20
20
20
20
20
20
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St
10
11
10
11

10

Mon

Grade

20
20
23
29
29
29
29
29
20
29
29
20
20
20
20
20
20
20
20
20
20
20

August, October and December from 2010 in the Garolim Bay of Yellow Sea
WQI

St
10
11
10
11

Mon

Table 5. Water Quality Index(WQI) of water quality parameters at the sampling stations collected in February, April, June,
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“able 6. Pearson’s correlation analysis among water quality parameters in the Garorim Bay of Yellow Sea, 2010(surface)

Salinity pH DO COD chl.a DIN PO4 DIN/DIP SPM SD
W.T -0.085 -0.156 -0.204 0.269 0.227 =877 -.637+ 0.095 0.201 =799
0.804 0.648 0.547 0.425 0.502 0 0.035 0.782 0.553 0.003
Salinity -0.511 9245 0.101 -0.544 0.164 -0.023 0.324 0.398 0.127
0.109 0 0.767 0.084 0.629 0.947 0.332 0.225 0.711
pH -0.582 -0.215 0.485 -0.225 -0.034 0.193 =137 0.202
0.06 0.526 0.13 0.506 0.922 0.57 0.01 0.552
DO 0.256 -0.528 0.271 -0.104 0.288 0.478 0.283
0.447 0.095 0.42 0.761 0.39 0.137 0.399
COD -0.322 -0.192 -0.583 0.327 0.179 0.052
0.335 0.572 0.06 0.327 0.598 0.879
chl.a -0.404 -0.3 0.262 -0.361 0.028
0.218 0.37 0.436 0.276 0.935
DIN -0.404 -0.3 0.262 -0.361
0.218 0.37 0.436 0.276
PO4 -0.557 -0.247 0.135
0.075 0.463 0.691
DIN/DIP -0.104 0.404
0.761 0.217
SPM -0.113
0.741

Table 7. Pearson’s

correlation analysis among water quality parameters in the Garorim Bay of Yellow Sea, 2010(bottom)

Salinity pH DO COD chla DIN PO4 DIN/DIP SPM SD
W.T -0.407 -0.247 -0.135 -0.43 -.636% -.650% 0.067 -0.518 641 =751 5%
0.214 0.464 0.693 0.186 0.035 0.03 0.844 0.102 0.034 0.008
Salinity -0.196 819k 0.134 0.321 0.24 -0.424 614 -0.019 0.269
0.563 0.002 0.695 0.336 0.478 0.194 0.044 0.956 0.423
pH —.608: -0.365 0.294 -0.138 -0.261 -0.209 -0.388 0.158
0.047 0.27 0.379 0.685 0.438 0.537 0.238 0.642
DO 0.259 -0.038 -0.001 -0.351 0.534 0.137 0.094
0.441 0.912 0.997 0.29 0.091 0.687 0.784
COD 0.073 0.462 -0.106 0.509 -0.459 0.572
0.832 0.153 0.756 0.11 0.156 0.066
chla 0.459 0.158 -0.138 -0.156 0.299
0.155 0.642 0.687 0.647 0.372
DIN 0.337 0.511 -0.23 609
0.311 0.108 0.497 0.047
PO4 -0.343 0.104 0.025
0.302 0.762 0.942
DIN.DIP -0.398 623
0.225 0.041
SPM =799
0.003
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