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Abstract : It was analysed that spatial and temporal change patterns of general water quality constituents were
measured monthly from 2002 to 2005 in Jumunjin Harbour. The measured constituents are temperature, salinity,
pH, SS and DO. Concentration difference of upper -lower layer for general water quality constituents was small.
Temperature and DO concentration show the clear difference at temporal concentration change pattern, but SS,
pH and salinity have irregular change pattern. Also, water quality improvement effect of seawater exchange
facilities and sewage treatment plants is analysed quantitatively using averaged spatial and temporal data set.
From this result, it is found that effect of sewage treatment plants is small and seawater exchange facilities at zone
1 and 2 is clear concentration reduction effect to be about 26% and 16%, respectively. After sewage treatment plants
operation, DO concentration reduced about 10% at inner zone of Jumunjin Harbour, the other side, after seawater

exchange facilities construction, DO concentration increased about 10%. DO concentration at 2005 estimated little

than that of 2002, it is concluded that a yearly change of DO concentration has about 10%.
Keywords : Jumunjin Harbour, seawater exchange facilities, sewage treatment plants, general water quality constituents
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Fig. 1. Water quality sampling stations in Jumunjin Harbour.
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Fig. 2. Change pattern of the general water quality constituents of upper-lower layer at sampling stations.
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Fig. 3. Seasonal change pattern of the general water quality constituents of upper-lower layer.
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Table 2. Yearly change pattern of the general water quality
constituents at Jumunjin Harbour

Temperature('C) 2002 2003 20043 2005
Zone 1 129 14.6(+13%) 14.0(+8%) 14.0(+8%)
Zone 2 13.0  14.6(+12%) 14.1(+8%) 14.1(+8%)
Zone 3 128 143(+12%) 14.0(+9%) 14.1(+10%)

Salinity(%e) 20023 20039 2004d 2005
Zone 1 315 32.1(+2%) 32.4(+3%) 32.2(+2%)

Zone 2 315
Zone 3 31.8

323(13%) 32.5(+3%) 32.2(+2%)
32.5(12%) 32.8(+3%) 32.8(+3%)

pH 200241 2003 2004 2005
Zone 1 78  76(-3%)  7.8(0%) 7.7(-1%)
Zone 2 78  1.80%) 7.7(¢-1%) 7.8(0%)
Zone 3 79  80(+1%) 7.8(-1%) 7.9(0%)

SS (mg/L) 20023 20033 20043 20059
Zone 1 52 55(+6%) 3.8(-27%) 3.9(-25%)
Zone 2 47  4.8(+2%) 4.0(-15%) 3.9(¢-17%)
Zone 3 27 2.6(-4%) 25(-7%) 23(-15%)
DO (mg/L) 2002 20033 20043 20059
Zone 1 63 5.7(-10%) 6.9(+10%) 6.3(0%)
Zone 2 6.6 59(-11%) 69(+5%) 6.6(0%)
Zone 3 78 7.5(-5%) T7(¢-1%)  7.8(0%)
COD (mg/L) 2002  2003d 20048 20059
Zone 1 3.0 32(+7%) 1.7(-43%) 1.6(-47%)
Zone 2 26  26(0%) 1.6(-38%) 1.7(-35%)
Zone 3 1.8 1.7(-6%) 1.1(-39%) 1.2(-34%)
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Station 2 3
Temp. | 4 | A
2002.5 |16.1 159{16.0
2002.6 (167 162[165
2002.7 (173 172[169
2002.8 [16.7 162[165
20029 [186 182184
2002.10 (146 146145
2002.11 [136 135136
2002.12 [ 7.5 74|74
2003.1 [7.1 71|72
2003.2 |63 6269
20033 |69 69]73
20034 [135 133135
2003.5 (168 162|161
2003.6 (189 18.6(192
2003.7 [213 210[21.1
2003.8 (193 19.8]202
20039 [198 19.0{193
2003.10 (189 18.6{192
2003.11 {152 153|163
2003.12 |123 123]114
2004.1 [9.2 9.1{93
2004.2 |83 86]87
20043 |104 10.1[104
2004.4 (105 103]10.1
2004.5 [146 143(148
2004.6 [153 152{15.0
2004.7 [212 214211
- 20048 200 [20.1}19:
20049 |188 188(186
2004.10 [155 153(153
2004.11 [137 137[137
2004.12 [116 119|114
2005.1 |7.5 72177
20052 |55 54[55
20053 |63 6316.1
20054 121 11.8[122
20055 (126 135{127
2005.6 |166 170164
2005.7 [230 2331230
2005.8 [224 20{224
20059 (199 199205
2005.10 [159 16.1[159
| 2005.1 [13.7 149]137{136
2005.12 115 119[11.5

158

158

21142

12.i:|12.5V|

Bl 2HAR A0 AE A% F4 25 AR
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Station 1 2 3 4 S 6 7 8 9 10 1 12 13 14 15
DO

2002.5 [5.5015.00 [4.16 [4.44 [4.45 [4.36 [4.70(3.74(5.06 [4.92{5.10|5.28 5.09|5.02 |5.20 6.12 [4.67 |5.35 |448 5.57[5.43 | 5.38 | 6.14 | 7.44 [ 7.32| 740 7.19|6.86 | 7.49 | 7.83

2002.6 [4.844.21 [5.03 [4.16 [4.78 [4.66 [4.85 [3.68 [4.68 [5.17[5.02{5.55|5.23 |5.34 |5.45(5.45 |3.99{3.85 |542 5.354.93 | 5.30( 6.06 | 4.34( 7.26 | 8.03 [ 7.70 | 7.64 | 7.81 | 6.28
2002.7 14361436 |4.97|4.365.10|4.97|4.36 |4.12|4.36 |4.67|4.79|5.23|4.47|5.10{4.975.10|4.23 |4.31 |5.235.21| 5.14 | 5.11 | 4.97 | 4.36 | 7.96 | 8.04 | 7.87| 7.73| 7.71| 7.90
2002.8 [4.8414.21(5.03 [4.16 [4.78 [4.66 14.85 |3.68 14.68|5.17|5.02|5.55|5.23 |5.34 |5.45 [545 [3.99 3.85[5.01 [5.35[4.93 | 5.30 | 4.44 1 4.34 1 7.62| 7.78 | 7.70 | 7.48 | 7.81 | 6.28
2002.9 [4.52(3.98 [4.75 [4.10[4.32 [4.2214.5713.21 14.39 |4.98 |4.87 [4.66 | 5.11 {522 |4.89 [4.56 (341 (3.17 [4.98 (5.11 [ 5.17 | 5.21 {4.13|4.22| 7.5917.80| 7.49(7.50| 7.71 | 7.56
2002.10(5.20(5.1314.77]4.9215.02|4.9415.26 |5.11|5.31|520|5.13|5.02|5.74 |4.30 |5.25 [5.52 |5.33 [5.05 6.14 529 5.39 | 5.66 | 7.44 | 5.56 | 7.12|5.62| 7.56 [ 7.37 | 7.58 [ 6.60
2002.11{6.98 [7.02(7.11(7.00{7.35(7.25(6.78 [6.97 720|723 |724 |7.11 |7.64|7.52|7.17|7.03|721|7.20{743|7.28| 7.55 | 7.91 | 8.23 | 837 | 8.74 | 8.69 | 8.47 | 8.56 | 8.88 | 8.50
2002.12{7.14{7.38(7.12{7.21|7.88|7.08 |6.93 | 7.40 |7.44 |7.60 |7.40 | 7.65 |8.23 |7.82 |7.21{7.97{743|7.29|7.56|744| 7.84 1 8.35 | 8.80 | 8.42 1 8.82(8.90{9.30 [ 9.06 | 9.32| 9.24
2003.1[8.21(8.17[8.65|8.32 [8.47(8.24{8.39(8.11 (9.02 8.83 (9.14(9.11 (9.23 (9.1 [9.36|9.01|9.11 |8.87|8.478.89]10.35 [10.12|10.33110.45[10.11 1036 10.14]10.39 10.17 1027
2003.2(7.82(823{8.12(8.75{8.23|8.74|8.1218.95{8.72 |8.41 {8.83{9.23 {8.8718.94{9.23 [9.38 8.85 [8.47 [8.74 [921 [10.12| 9.69 | 9.89 [10.12|1034 |10.11 |10.35 {1021 |10.4710.11
2003.3 8.50(8.84(8.51(8.86[8.49[9.25(8.23[9.57(8.93 8.55[8.80(9.36|8.46 [9.30[8.67|9.478.43|8.158.51 |9.38| 9.35 [10.07] 9.57 [ 9.46 {10.12{10.25| 9.59 |10.35 | 9.81 |1048
2003.4 [725{7.10(7.33(7.42(7.24(7.18(7.41|7.52(7.30(7.28 |7.21|7.32|727|7.36 | 7.41 |7.26 [7.25|7.36 | 746 | 7.26 | 8.04 [ 8.12 | 8.36 | 8.42 | 8.40 [ 8.35 | 8.45 | 8.47 | 8.38 | 8.42
2003.5 [5.2314.75[4.98 [4.63 [3.78 [4.365.27|6.03 |5.24|5.47|4.36 |6.25|5.47|5.36 |5.38 |5.47 [4.93 |4.58 |4.93 5.03 | 5.24 [ 5.67 | 6.85 | 7.06 | 7.48(7.93| 7.77 | 7.59| 7.37 | 7.96
2003.6 4.00 (3.63[3.01 [3.50{2.2513.30 (3.8914.02 [3.3714.75[3.17|54413.96 [5.27{3.72 [5.20 (3.62 {4.04 449533 | 4.02 [ 5.18 | 5.82 [ 6.02 | 6.65 [ 6.78 | 6.75 [ 6.95 [ 6.87 | 7.02
2003.7 [4.55{4.34 [4.82 [4.36 [4.38 [4.37 [4.84 [4.29 [4.90 [4.12 [4.58 [4.52 [4.85 [3.48 [5.06 |4.15{4.53|2.75|4.93|3.82| 5.15 [ 2.71 | 5.71 [ 5.75| 6.40 [ 5.35 | 6.33 | 6.20 | 6.35 | 6.85
2003.8 |4.35|4.21 [4.54 [4.21 [4.09 4.244.39|4.17|4.2414.09|4.14 |4.06 |4.27 |4.02 [4.17|4.22 |4.68 3.07 [4.27 [4.11 | 4.87 | 3.98 | 6.38 | 6.38 | 6.58 | 6.50| 6.58  6.65 | 6.74| 6.69
2003.9 [4.32(3.95[4.23(3.82{3.41 {3.62[3.583.87[4.36 14.32(3.58 14.18 {4.03 |4.26 |4.18 [4.06 [4.18 [4.32 [4.58 [4.74 | 5.36 | 5.38 | 6.89 1 6.74 | 6.9817.06 | 7.15 [ 7.23{7.16| 7.14
2003.10 (4.1113.63{3.12{3.503.25{3.30(3.89{4.02{3.3714.75[3.17{5.44[3.96 {527 (3721520 13.60|4.04 |4.94 533 | 4.02 { 5.18 | 5.82 1 6.02 | 6.65 {6.94 1 6.75 1 6.95 | 6.83 1 7.03
2003.11{4.72|4.834.93 [5.03 |4.97 [5.11|4.78 [4.63|4.73 [4.69|4.91 |4.72|5.01 |5.21 [4.96 [5.10|5.41 [4.97|4.36 521 | 5.23 | 5.20 | 5.98 | 5.45|7.03( 7.11 | 7.11 | 6.82 [ 6.79 | 7.03
2003.12/5.19(520(5.27[4.85(5.21 |4.99|5.02|4.87[5.25|5.12[5.36|5.18 [5.61|5.75|5.41 |4.93 |5.12|4.96 5.15|5.60 | 5.56 | 4.86 [ 6.20 | 5.90 | 6.83 | 7.24 | 6.82|6.75| 7.02 | 6.98
2004.1 |8.83 [8.72(8.53[8.43(8.57 8.43(8.5218.50|8.39|8.78 |8.74 821 |8.25|8.63 [8.73 |8.47|8.39 {8.42|8.43 [842| 9.11 | 8.96 [ 9.24 | 9.36{9.10]9.03 [ 9.12 | 9.08 [ 9.01 | 8.92
2004.2 18.5218.458.40(8.2318.7518.51 |8.41 |8.68|8.80|8.65|8.9618.90|8.90|8.8219.3219.0319.30{9.21 |8.8218.14}9.28 | 9.23 | 9.64 | 9.02 | 9.86{9.71 | 9.9319.1119.9919.72
2004.3 19.02 [8.6018.358.94 |8.749.03 [8.66|8.63 [8.67 845 [8.14(9.10 (8.798.65 [9.24(9.359.34[9.62|8.66 |8.41 [ 9.03 | 8.89/9.17|9.73 | 9.92|9.8019.98 | 9.77 | 9.87 [ 9.92
2004.4 [8.56(8.37(8.50(8.539.14{9.50(8.04 18.24|8.74 |8.4218.52{8.01 {8.5916.42 {8.94 [8.26 7.63 [7.34 |23 [7.37 | 8.34 | 7.44 | 8.47|7.55|9.22|8.73 | 9.12(9.41|9.05 | 9.24
2004.5 (5.63]5.54(5.26]5.18 (5.32 6.43(6.29(6.12(5.98(5.47(5.5215.58 [5.69[5.69|5.83|5.74|5.59|5.29|5.35| 5.84 | 5.59| 6.38 [ 6.58 | 7.23 | 7.18 7.96 | 8.03 | 7.84 | 7.98
2004.6 |5.6815.90(5.7215.6316.12 16231632 6.5616.306.455.4753916.12 1623|623 1621 1620|621 |632 1625 6.25 1 6.34 | 6.54 | 6.48 | 6.8919.90| 6.87 1 6.93 1 6.92 | 6.98
2004.7|527]5.20(5.18(5.32(5.78 5.7416.21(5.68(5.72(5.29)5.30(5.68 |6.03 [6.10]6.11 |6.10 |6.05 |6.24 [6.14| 6.10 | 6.05 | 6.26 | 6.21 | 6.24 | 6.20 | 6.21 | 6.26 642

2004.9 15.69(5.70(5.685.70 |5.63 15.63 |6.13 16.18 |6.0716.12|5.4715.63|5.756.12 |6.24|6.21 |6.2016.17[6.3416.35 [ 6.29 | 6.30 | 6.45 [ 6.40 { 6.86 [ 6.74 | 6.69  6.73 | 6.81
2004.1016.386.21|5.986.21|5.96|5.87]6.26|6.36|6.24|6.28|5.42|6.02|6.32|6.28 |6.10]6.11 {6.15|6.10|6.59|6.56 | 6.60 | 6.54 | 6.68|6.75 [ 7.217.30}7.24{7.36| 7.27
2004.11(6.52[6.4816.15|6.06{6.15 |5.6416.65 6.70{6.56 |6.35|5.76 |6.16 |6.51 |6.68 |6.19[6.406.18|6.24 |6.68 |6.55| 6.69 | 6.50 | 6.94 [ 7.03 | 7.32(7.42| 7.31 | 7.40]7.51
2004.12(6.526.53(6.42|6.40|6.58 {6.56 [6.596.82 [6.58 |6.80[6.48 {6.43 |6.47 |6.48 |6.706.74 |6.46 |6.48 |6.72{6.78 | 6.83 | 6.89 | 7.72 | 7.70 | 7.75| 7.78 | 7.72 | 7.82| 7.79
2005.1 [8.61(8.63(8.51(8.72(8.71(8.38(8.26(8.79(8.058.20(8.26 821 [8.41 [8.51 [8.20|8.20|8.36 |8.53 |8.32|8.40 | 8.03 | 8.64 | 8.52(8.32|9.07 [ 9.02]9.33 [9.17|9.28
2005.2 [9.01]8.55(9.01]8.97(9.19]9.08[9.05|9.07|8.858.799.59|9.609.12[9.09|9.06 [9.04 |8.81 | 8.90 |8.66 | 8.68 | 8.97 | 9.01 [ 9.25 | 9.23 [ 9.68 | 9.59 [ 9.70 | 9.69 {10.53
2005.3 [9.21 [9.03[9.21[9.18{9.07 [8.97[9.11 [8.96 [9.83 [8.87 [9.24 [9.41 [9.02 [8.96 {8.86|9.11 |9.0318.92|8.87|8.96| 8.75 [ 9.1019.18 | 9.26 | 9.58 [ 9.4319.63 | 9.72 [ 9.63
2005.4 [7.81(7.66(7.89(7.8517.88 [8.55 [8.00 (8.35(7.99(8.10(8.07 7.94 (8.16 [8.03 [9.24|19.2517.98|8.24|8.12|8.63 | 8.35 [ 8.29 1 8.35 | 8.65 | 9.34 [ 9.71 1 9.38 19.36 [ 9.35
2005.56.50{6.30(6.20|5.706.10|6.10]6.10|5.706.20 [6.20|6.30 [6.20 |6.50 [5.90 |6.30|5.80 [6.305.80 [6.405.80 [ 6.30 | 5.90 | 7.20 [ 6.60 | 7.60 | 6.80 | 7.80 [ 6.80 | 7.70
2005.6 [6.256.12 [6.61 |6.66 [6.23 [6.06[6.61 [6.13 [6.41 {6.26 [6.28 [2.98 [6.36 (6.31 [6.36|6.59|6.15|6.346.52|6.18 6.59 | 6.69 | 6.35 | 6.52 | 6.88 | 6.63 | 7.03 | 6.86 | 7.12
2005.7 [5.18(3.20[4.10[2.80{4.28 {3.27(4.80(3.16[5.21 |2.96 [5.38 [3.49(5.46 [3.30[6.20]4.03 ]6.01 |3.40(5.9913.71 | 5.66 | 3.55| 5.83|3.55|5.9413.50(6.03|3.45{7.05
2005.8 [4.85 (432 [4.69(4.28 [4.57 (444 |4.89(4.39(4.935.10[4.67[5.02[5.20[4.69 [5.38{5.20|5.55|5.47|5.68|6.03 | 6.03 1 6.12| 6.05 | 6.21 | 6.25 | 6.08 [ 6.13 }6.20 | 5.93
2005.9|5.26[4.98|5.28(5.20(5.23 [5.24|5.28 [5.23|5.24 [5.10]5.27[4.93 |5.23 [4.85|5.74|5.23 |5.43 |5.21 |5.63 |5.38 | 5.76 | 5.47 | 5.63 | 5.55 |6.02| 6.10[ 6.13 | 6.20 | 6.10

6.03(5.85(5.95{6.53 (6.14 620
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Station 1 3 4 5 6 7 8 9 10 11 12 13 14 15
| Salinity | 4 | 3 MR RN Rk R R Rl el el e e A Rl il s

2002.5

314316

312

31.5(314

31.8[312(31.9(31.3|31.7|31.5|32.031.5|32.0|31.7[32.1|31.4 31.6|31.6{32.0|31.1|32.0322 (322|322 (323|322 [322{32.2 323

2002.6

28.8130.0

30.6

31.0{30.8

31.0{30.9(31.0{30.9(31.2{30.8{31.3 {30.7(31.1]30.7]31.1|30.5|30.930.6 {31.2130.6{31.3129.9{30.4]30.5|31.3|31.2|31.3 131.2 131.3

2002.7

299(296

313

31.0[31.0

31.2{30.4{30.3(30.6{31.0{30.2{31.0{30.7[30.6|30.3|31.0|30.7|30.6|30.8 |31.031.3|31.2|304|31.0|31.7|31.3|31.6 |31.1|31.0|31.6

2002.8

28.8(300

30.6

31.0(30.8

31.0{30.9{31.0{30.9{31.230.8[31.330.7(31.1|31.0{31.130.5|30.0|30.6 |31.2{30.6|31.3{29.930.4|30.5|31.3|31.2|31.3|31.2|31.3

2002.9

29.9(302

304

304130.7

31.0{30.8{30.9{30.0{30.7[29.1 {30.4 [29.9{30.3|29.4|29.9|29.4|30.8 |30.1 |30.6|29.930.5|28.9130.8 |30.1 |31.031.0|31.3}30.8)31.3

2002.10

30.1

30.7

309

31.0}311

31.1]31.1{31.1{30.9{31.2{29.7[31.2[30.9{30.7]29.7[30.0|29.9|31.3|31.0|30.5|29.1 |304|28.3|31.2|31.3|31.5|31.7|31.8 |31.8 |31.8

2002.11

312|310

30.7

31.11309

31.0|31.3{31.6{31.1[31.1{31.0{312[31.1{31.4[31.1[32.0(31.1[31.2[30.931.0|31.1|31.8|32.1|32.0{32.2|31.8 |32.6|32.5 [32.3]32.0

2002.12

309314

309

31.0(310

31.5{31.0431.7{31.2[31.6|30.8[31.5|30.9{31.9]30.5{32.1{30.8|31.631.3|32.2{31.3|32.0|31.4|31.8{31.2|32.0{32.4 {324 |32.0 (322

2003.1

324325

320

323|327

324{32.3132.0432.1{32.7(32.7{32.4(31.8|31.9{31.5[31.932.0(31.8{32.0{32.4 [31.932.0 [32.1 [32.2 {32.0 32.1 [32.4 [32.6 [32.2 [32.5

2003.2

31.8|32.1

322

320|322

320(31.7|32.1 [31.8]32.1(31.6|31.1]32.0{324(31.6{32.2 31.0|32.0 {31.8|32.1]32.1|32.0|31.8 32.0|32.6 (324 |31.7 [323|32.5 (324

2003.3

320

323

320

323319

32.2{32.1{32.5(32.0{32.4(31.5|32.6|31.9]32.6 {31.532.5|31.4 32.1 [31.6 [32.6 [31.6 {32.6 [30.5 [32.2 {32.3 [32.6 [31.0 [32.6 [32.3 [32.7

20034

318

319

322

32.1(320

32.1(32.0|31.8|31.9(32.2132.5|32.7|324|32.7(32.3 32,6 {32.0{32.2|31.7 {32.4 [32.0{32.2 [32.7 [32.5 [32.6 [32.7 32.7 [32.5 [32.4 {32.6

2003.5

312

315

320

314{309

31.5(32.0(31.8(32.1/31.8{313|31.7{32.0(324[31.4|31.5|31.732.1 [32.1 |32.4|32.0[32.6 |32.5(32.6|32.7 [32.8 |32.5|32.5|32.4|32.7

2003.6

30.8

314

318

322312

324131.9(32.2|31.8{32.3|31.6{32.532.0]32.7(32.0 {324 [31.5 [32.232.3 [32.5 [32.2[32.5]32.3 [32.5[32.6]32.0]32.6 |32.6 |32.5|32.6

2003.7

314

31.8

313

3170317

31.8(31.9431.9(31.7|31.8|31.231.9(31.1]32.1|31.7[31.8|30.8 [31.9]31.4 [32.330.9(32.330.2{31.931.4|31.9(31.9131.7|32.0|31.7

2003.8

32.1

322

320

323 (327

32.6]324132.0]324132.032.6|32.5|32.5|32.4(32.4[32.632.432.3[32.1[32.0|32.6{32.3 |32.4{32.3|32.2|32.4{32.3|32.2|32.3|324

2003.9

31.2

31.3

321

32.0)318

32.1(322032.1(32.3]32.1(32.4|32.1(32.2{32.3|32.1{32.5|32.0(32.0|322(32.4|32.1|32.0|32.332.4|32.7|32.9|33.0|33.0[32.8 329

2003.10

308

314

318

322312

32.4(31.9]322(31.8]32.3(31.6]32.5(32.032.7|32.0|32.4|31.5[32.2|32.3{32.5|32.2|32.5|32.3|32.5|32.6 |32.7|32.6|32.7|32.5|32.7

2003.11

321

320

32.8

32.8(330

329(32.7(32.9{33.0(32.6{32.4{32.6(32.4|32.9(32.7(32.7|32.9{32.9(33.0 (32.8 {33.0{33.0 {32.5 |33.0 {32.8 [33.0 {32.7 33.0{33.0 [32.9

2003.12

31.7

319

330

329133.1

33.0{33.0{33.0{32.9{32.9|33.1|33.1|33.1{33.1|33.0|33.0{33.033.1{32.9(33.0{332(33.1|32.6 [32.9]33.4(33.6 |33.9(33.9]32.8(33.0

2004.1

325

32.5

326

326|328

32.8{33.0{33.0{33.1|33.0{33.1{33.1|33.333.3[33.2[33.1 [33.1 {332 [33.1 |33.0(33.233.3[33.1 [33.2[33.3 {332 {33.133.0]33.2|332

2004.2

323

32.5

333

3331333

33.3133.3|33.3[33.1{33.5|33.4|33.4{33.3|33.4|33.0(33.0|33.3 [33.3]33.3 [33.3|33.4[33.0|33.5(33.5]33.6 (33.5{33.2{33.3|33.833.5

2004.3

32.5

333

33.1

334322

33.4(33.3|33.3(33233.4|32.5]33.0(32.833.4|33.0(32.833.1 [33.2|32.6 [32.2|32.9(32.5|33.0(33.4133.5{33.6 |33.6 |33.7|33.5|334

2004.4

31.8

31.8

319

32.0(31.9

32.1(31.8(31.9(31.8[31.9(31.4[31.5[31.6(31.8[31.3|31.5|31.2|31.5|31.8|31.7 {31.7]30.8 [29.1 {31.0|30.9 (32.9 (32.8 33.1 [32.9 33.1

2004.5

314)312

312

30.8/303

31.2(31.8(32.0(31.3[31.3[31.8(32.0(31.5{31.4|31.5{31.6[32.0[32.1{31.8(31.4 |31.931.5|31.7 31.8 (32.0{32.3 |32.2 32.1 [32.7 [32.8

2004.6

318

37

31.7

31.8(322

32.31320(322(32.1{32.3[31.1{312(31.3|31.4{31.2(31.1|32.1|32.0{322 {324 [32.3 (32.5[33.2 33.1 [33.1 [33.2(33.1 33.1 [33.0 [33.2

2004.7

315

316

315

18}32

32,043/

2004.9

321

323

325

324|324

2004.10

32.5

324

325

32.5{324

32.5(32.4{32.4{33.0{32.8(32.5(33.0133.0(33.1 [32.9/33.0[32.8|32.9(32.8|33.0(33.033.1{32.5(32.6|33.0(33.1|33.1 |33.1 |31.1{33.1

2004.11

32.8

32.8

32.6

32.8(328

32.8/32.8132.9]32.8/32.8|32.1/32.832.8 |32.9(32.6 {32.8 [32.732.8 [32.5[32.9(32.6 [32.6 {31.1 [31.233.1]332{33.133.2|31.0 [33.1

2004.12

329

33.0

33.0

33.1133.1

33.1(33.0033.1(33.0{33.0(33.1]33.1(32.9]32.9|32.9(33.0|32.932.0/33.0(33.1{33.1 [33.1|33.0(33.2|33.1{33.2|33.1|33.2|33.2|332

2005.1

334(334

333

3331333

33.4(33.3(33.4(33.2(33.3(333(33.4(33.3[33.4|33.3{33.4(33.3|33.433.3|33.4 (332{33.533.2{33.3|33.6 33.5|33.6 |33.5[33.4 335

2005.2

32.8

328

325

327|328

32.7(32.8(32.7{32.1(31.8(32.8(32.5(32.9|32.9|32.8 (31.9|32.2|31.9132.9{31.8 [32.8 [32.7[32.5 |32.4 [33.3[33.533.3 (332 (33.3 [33.2

2005.3

325

325

326

323)329

329(32.5(32.7(323|32.8(32.4|32.633.0|332{33.0{32.532.6|32.8 [32.9|33.0{33.0|33.132.6|32.833.2(33.1 |33.3 333|332 (333

2005.4

33.8|342

33.7

343|337

34.5(34.1(34.5(34.0{33.9133.633.1 |33.6{34.2|33.9 [34.433.5 [34.3 |34.1 |34.4|34.0 (34.3|33.3 [34.3|34.6 [34.7 |34.5 [34.5 |34.3 344

2005.5

32.5

32.7

324

3281328

32.7{32.7{32.7|32.7{32.8 324 32.7{32.7|33.0[32.4 [32.5 |32.1 {32.5 [32.2 [33.0 {32.8 [33.1 [32.9(33.1 {33.2[33.3 [33.1 [33.2 [33.3[33.3

2005.6

324

32.5

32.5

32.3(32.6

32.5(32.7|32.3(32.5]32.5|32.5|32.4|32.6 |32.6|32.6 [32.6 |32.5 [32.5|32.6 [32.5|32.6 [32.832.6 (32.4]33.1(33.3|33.2|33.3]33.1 {333

2005.7

312

315

323

3251313

31.6303]31.0/30.7|31.2{31.9/32.031.6|32.230.7[32.2[30.9[31.4 [31.1 [31.6 [31.8 [32.0{30.1 {30.5 {32.7 [33.0 {32.8 |33.1{32.9133.1

2005.8

303

305

30.3

304(30.8

31.0{302(30.5[30.4 [30.631.5[31.8{30.4{30.9]30.2[30.3|302[30.8|31.6[31.8{32.2|32.4{32.6|32.8|32.8{33.0{33.0 (33.1 [33.2{333

2005.9

310[312

311

323|312

32.1/31.8{31.2|31.4(31.6/30.230.6|30.5130.7(30.6{30.2 [31.031.1 [31.3|31.5|31.1|31.4|31.8|32.0{32.2|33.0{32.4|33.0|32.3[32.5

2005.10

320|316

320

3201322

12005.11

21317

32

322132403

2005.12

324

|322 318

323 325

324l328 326324 323 326(322(32.5|32.5(324 323 326(322(32.6|32.5|324|33.2|32.6(32.0 327324326 32.8 330 331
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Station 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

pH

2002.6|745(7.31|7.5717.56{7.66|7.60(7.69)7.6917.73|7.71|7.7317.76 |1.74|7.75|7.77| 746 | 1.66 |7.71 | 7.97 | 7.77| 769 | 7.80|7.84 |7.82|7.93 |7.94|7.97(7.98 [7.95(7.99
2002.7|7.69|7.60 7.61 [7.63(7.68(7.69(7.70|7.64{7.60|7.63|7.68|7.66|7.61 | 7.68|7.69|7.63|7.64|7.66|7.70|7.71|7.71 |7.72|7.80{7.8317.84 |7.80 |7.83 |7.84(7.85|7.84
2002.8|745(7.31{7.5717.56(7.66(7.64(7.69|7.6917.73|7.71|7.73|7.76 |7.74|1.75|7.77|7.76 | 7.66 | 7.71 | 7.79|7.77|7.69|7.80 | 7.84 | 7.82| 726 {8.03 | 7.97 | 7.64 |7.81 | 7.99
2002.917.38(7.34(7.5017.53(7.62(7.61(7.58|7.57{7.69|7.64|7.63|761|7.65|7.61 |7.687.66|7.63|7.61|7.71{7.7617.64|7.68 |7.87|7.88|7.81|7.91|7.99 (8.05 (8.03 |8.06
002.1017.52(7.60{7.76 7.78 |7.81 |7.807.83 |8.82|7.82|7.81|7.82|7.78 |7.89 |7.88 [7.85|7.84|7.80|7.78{7.88 {7.87 | 7.69 |7.66 [7.937.80(7.94 [7.98 [ 7.98 {7.37|8.05{8.02
[2002.11(7.7317.74|7.79|7.80|7.76 |7.78 | 7.84 | 7.85 7.81 | 7.79(7.80|7.82|7.77{7.79|7.87|7.81 | 7.80(7.82 | 7.86|7.87 | 7.81|7.83 [ 7.98 | 8.03 [8.04 | 8.10|8.08 {8.05 |8.10 |8.07
[2002.1217.57|7.74|7.84 (7.827.88 (7.86 |7.89|7.87 (7.88 | 7.89(7.86 |7.87|7.87(7.91 | 7.89(7.90|7.88 (7.89|7.90{7.89 | 7.88 | 7.89 7.93 | 7.94(7.99|8.01|7.998.00 |8.11 [8.03
2003.17.76|7.80(7.92(7.95(7.91(7.90|7.968.01 |8.0618.04|7.99|7.96|7.94|7.93 |7.94|7.93{7.95|7.98|7.96|7.93 |8.01 |8.03 |8.06|8.04 |8.01 |8.03 |8.06|8.05 [8.098.05
2003.2(8.14]8.12(8.18(8.12(8.10|8.11 |8.03 |8.01|8.04 |8.0318.128.11 |8.03|8.05|8.32|82818.11{8.10|8.11 {8.07 |8.06 {8.07 |8.04 [8.01 |8.02 [7.98 |7.97 [8.01 | 7.99{8.02
2003.3825825(830(8.33(8.30(8.27|8.34|8.34|8.378.30|8.31 |8.40|8.42 845|845 84718441841 |8.43 842|844 846(8.52|8.42(8.54(8.52(8.54{8.54 [8.55{8.55
2003.4|793|7.90|7.82(7.85(7.93(7.88|7.83|7.87|7.83|7.88|7.78 |7.83|7.95(7.92|7.93|7.87{79217.90|7.93|7.95|8.12|8.10(8.11 |8.10|8.138.148.21 |8.18 8.16{8.17
2003.5(7.4217.4817.467.39(7.51|745|748 (7.63|7.54(7.75|749|7.487.51|7.50|7.60|7.58 |7.69(7.70|7.73 |7.75|7.77|7.75|7.93 (7.94|7.90 (7.98 |8.03 {8.01 | 8.06 | 8.10
2003.6(6.9817.13{7.05(6.9617.2416.9517.15|7.3517.43 | 7.28|7.53|7.52|7.537.59{7.53|7.62|7.59|7.59|7.70|7.75|7.66 | 7.73 | 7.79|7.82| 7.9417.97|7.99 (7.957.96 | 7.96
2003.7(7.6117.6017.62|7.55(7.60|7.44|7.56 7.7217.55|7.5617.60 |7.37|7.51(7.93|7.55|7.78 | 7.55 |7.42|7.97 |8.05|742{7.76|8.10(8.10|8.18 [8.26 |8.26 |8.15 |8.25 |8.26
2003.8(7.53{7.50(7.56(7.54(7.55|7.5017.66|7.5317.49|7.56 | 7.61 |749|7.53|7.60|7.487.59|7.78|7.36|7.49|7.93 |7.58 | 7.87|7.968.04|7.96|7.93 |8.03 (7.96 8.03 |8.11
2003.9(7.42|743|741|7.38{7.41|720{7.38(7.27{7.267.37|743|7.39|743(7.60{7.69{7.72|7.73 |7.69|7.75|7.80{7.777.70|7.81{7.75|7.81 |7.79|8.06 | 7.98 |8.01 [8.03
[2003.10(7.28|7.23|7.25|7.1817.24]6.95|7.15|7.35{7.13 (728 |7.537.52(7.53(7.59|7.53 |7.62 |7.59|7.5917.70{7.75|7.66(7.73(7.79{7.82| 7.94|7.97|7.99|8.02 17.96 | 7.99
[2003.11(7.36|7.33|7.35|7.33|7.45|7.39|7.26|7.30{7.38 |7.33|747 {740 (7.3517.4817.49{7.40 |7.41 |7.52{7.63|7.60{7.59(7.6317.7917.7317.84|7.85|7.80|7.73 | 7.85|7.79
[2003.12{7.53]7.52|7.58 |7.6017.5717.56 |7.54|7.56|7.57 |7.55|7.53 |7.54(7.53(7.57{7.53{7.57 |7.54|7.5317.59|7.60{7.61 [7.6217.58{7.57|7.56 |7.57 |7.54 |7.55{7.56 | 7.54
2004.1(7.96|7.98(7.9617.89{7.93|7.95|7.96|7.95|7.95|7.96|7.98|7.96|7.93{7.96 |7.96|7.95|7.93 | 7.958.03 |8.06|8.07|8.05 |8.11 8.10|8.10 (8.07 |8.1318.11 [8.12{8.10
2004.2|7.83|7.85(7.9917.95(8.00|7.968.03|7.82|8.03 |8.02|8.06 |8.06|8.0618.05 (8.04 |8.02 |8.11 |8.06|8.06|8.11 |8.128.04 18.08 (8.03 |8.06 (8.03 (8.04 {8.01 [8.04 {8.02
2004.3|7.51|7.53(7.44{7.48(7.53|7.56|7.63|7.60|7.71|7.70|7.63|7.69|7.71 {7.68 |7.68 |7.63 | 7.68 | 7.63 |7.74|7.75|7.82|7.80|7.83 |7.79 |7.86 |7.84 | 7.85|7.83 [7.88|7.86
2004.4|7.85(7.83(7.82|7.80|7.83|7.82|7.80|7.96|7.86|7.76|7.597.63 | 7.65|7.66 |7.62|7.60|7.76|7.77|7.75|7.74|7.70| 768 {7.74 |7.70 | 7.84 |7.81 | 7.807.83 [ 7.86 | 7.86
2004.5|7.95(7.90(8.02|8.01|7.96|7.97]7.89|7.96|7.91|1.93|746749(7.56{7.60 7.77|7.74|1.75|1.75|7.78 | 7.80|7.73|7.74|7.71 |7.72|7.95 790 |7.96 (794 7.94 795
2004.6(7.7317.71(7.85(7.92(7.7417.75|7.68 |7.67 |7.74|1.73|7.56|7.54|7.63 |7.62 |7.69|7.63 | 7.65 | 7.60|7.63 | 7.60|7.66{7.65 |7.72|7.74 |7.69{7.70 17.74(7.72(7.71 |7.70
2004.7|7.6817.65(7.62|7.68(7.64|7.60(7.62|7.61|7.69 (7.637.65(7.60|7.58 |7.64|7.64|7.60|7.57|7.62|7.69|7.62(7.64|7.60|7.68 |7.65|7.62|7.65|7.65[7.61|7.69(7.63

2004.917.84|7.85|7.86|7.8517.90|7.86|7.93{7.90|7.86|7.76|7.84|7.80{7.73
[2004.10 7.867.84|7.96 |7.98 18.00(7.96|7.967.98 |7.95|7.94(7.86|7.8917.83 |7.84 | 7.67 |7.627.65 [7.71 | 7.70(7.72|7.84|7.80|7.76 | 7.75|7.60| 7.65|7.68 | 7.70|7.74{7.70
[2004.117.92(7.90{8.01 |8.00|8.02|8.03 18.01 |8.02|7.92|7.98|7.921793 |7.81 |7.86(7.69|7.73|7.71|1.73{7.77|7.75|7.87 |7.83|7.73(7.71 |7.587.80(7.70|7.80 | 7.1817.62
P004.12/7.78|7.76|7.79|7.75 | 7.80(7.82|7.79|7.80{7.75 | 7.76 [7.797.78 | 7.80 | 7.82 | 7.81 | 7.82 | 7.84 (7.80|7.76 {7.77{7.73 | 7.75|7.70|7.72|7.73 | 7.72|7.72| 7.68 | 7.70 | 7.68
2005.1|7.72[7.70{7.73|7.73(7.80(7.7417.79|7.76 |7.79|7.75|7.7917.76 | 7.79|7.77|7.80 | 7.77 | 7.80|7.78 7.80{7.78 | 7.81 | 7.79| 7.81 | 7.79| 7.83 | 7.81 | 7.85 | 7.84 | 7.88 {7.86
2005.2{7.88(7.89|7.93{7.95(7.96|7.98{7.99 |7.987.96(7.99|8.01{8.01 {7.98|8.02 [8.02{8.04 [7.99]7.98(8.0218.00 |8.02 (8.078.03 [8.08 | 8.08 [8.10|8.06 8.11 [8.07{8.12
2005.3|7.68(7.65(7.70|7.72(7.69|7.71|7.86 | 7.89|7.93 [7.86|7.93|7.95 |7.94|7.86[7.93|7.95 [8.03|18.02|7.93 | 7.96 | 7.99 | 7.96 | 7.94 [8.06 | 8.12 [8.08 | 8.10{8.07 8.11 |8.10
2005.4]727(7.30|7.41|740(7.46|742{7.53 |7.52|7.62(7.60|7.5417.58 |7.69|7.65|7.74]7.70|7.68 |7.63|7.75|7.70|7.76 |7.72 | 7.78 |7.76 | 7.88 | 7.80| 7.90 | 7.86 | 7.84 | 7.80
2005.517.54(7.62|7.61)7.56(7.65|7.61|7.73 |7.68 |7.74(7.65|7.75{7.63 |7.82|7.72(7.83|7.80 | 7.83|7.80{7.83 | 7.84|7.85 | 7.86 | 7.88 [ 7.85 | 7.89(7.82 | 7.94 | 7.88 | 7.947.86
2005.67.397.49(7.53(7.56(7.58[7.53{7.53|7.6517.63|7.65]|7.591|7.67|7.67|7.92|7.9317.90|7.79|7.85|7.91|7.97|7.98|7.99(8.01 |8.01 |8.02|8.03|8.13 [8.07 |8.06 |8.06
2005.717.53(7.50|7.56|7.53(7.65|7.63]7.60 |7.63|7.64(7.62|7.61{7.54 |7.65|7.62(7.65|7.63 7.64]|7.60|7.68|7.64|7.757.70|7.73 7.65 | 7.78|7.71 | 7.80{7.74 |7.77{7.70
2005.8(7.437.45|748(7.46(7.47(7.4817.50|7.46|7.52|7.48|7.5317.50|7.49|7.53 |7.52|7.48|7.57 |7.55]|7.53 | 1.52 | 7.60|7.63 | 7.62|7.61 | 7.6317.687.67 |7.66 |7.63 | 7.63
2005.917.72(7.68 |7.70|7.68 (7.69|7.65{7.63 | 7.65|7.68 [7.707.63 [7.62 |7.68|7.65 [7.68 17.64|7.70|7.64{7.6517.61 |7.68 |7.71 |7.70(7.68 |7.727.73|7.74|7.70 | .71 | 7.69
2005.10{7.7017.20(7.46 |7.79|7.83 |7.81 | 7.78 | 7.78 | 7.82 | 7.85 |7.89|7.83 | 7.90 | 7.84 | 7.90

7.81 8.11(8.06{7.95|7.8617.92(7.84|7.80|8.15|8.10|821
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