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Trend Analysis of the COD and Nutrients Concentrations
in the Yongwon Channel, Chinhae
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Abstract : Youngwon channel located in Chinhae city and formed by the Busan New Port Construction Project
has been concerned about the water quality degradation problems because of the flow and pollutants stagnation
due to its long-narrow shape. In this study, the water quality (hereafter WQ) variation is analysed by using the
monthly WQ data measured in Yongwon channel from 2003 to 2007. The analysis shows that the TN and TP
concentration in the inside Yongwon channel is definitely worse than the TN and TP concentration in the
entrance of the Yongwon channel based on the 95% confidence level. The COD, TN, and TP concentrations in
the Yongwon channel are 1.34, 2.08, and 1.80 times larger than that in the entrance of the Yongwon channel,
respectively. It has been found that only the TP concentration in SW-26 station has an increasing trend based on
the Mann-Kendall test with respect to 95% confidence level. The other stations and the other WQ constituent
changes do not have the any significant trends.

Keywords : Yongwon channel, water quality variation, error bounds, Mann-Kendall trend test, Busan New Port
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Fig. 1. Youngwon coastal zone before and after Busan New Port Project (Left & Right Images: before and after construction time,
respectively).
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Fig. 2. Water quality measurement stations in Yongwon Channel.

Table 1. Water quality measurement stations in Yongwon Channel

. . . Location
Stations Description of the stations - -
Latitude Longitude
SW-25 Eastern coast of the Gyeonmado 35°04'58"N 128°50"15"E
SW-26 South-East 100 m point from the Yongwon quay 35°0527"N 128°47'06"E

SW-27 South-West 20 m point from the Yongwon quay 35°0524"N 128°49"38"E
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Table 2. Mean and standard deviation of the water quality constituents

Stations SW-26 SW-27 SW-25

Items Mean  Standard Deviation = Mean Standard Deviation Mean Standard Deviation
Water temperature(°C) 16.8 7.01 16.7 6.95 16.4 6.14
Salinity (PSU) 28.2 430 28.2 4.44 29.8 4.86
pH(-) 7.9 0.36 7.8 0.31 8.0 0.45
SS(mg/L) 66.3 101.16 78.6 132.70 304 57.95
SS(mg/L)(*) 29.2 13.50 30.6 16.41 10.9 5.11
DO(mg/L) 6.6 1.37 6.7 1.60 7.0 1.50
BOD(mg/L) 2.1 1.26 22 1.55 14 1.08
COD(mg/L) 3.5 1.87 3.8 2.46 2.8 1.98
TN(mg/L) 1.11 1.021 1.09 0.809 0.53 0.220
TP(mg/L) 0.054 0.0207 0.054 0.0170 0.030 0.0144

Ref.: SS(*) = Mean SS concentration in the case the 2003 data are excluded.



424 Z%d - Ay -

Table 3. Yearly variation of the water quality constituents

Bt - A

mean DO DO standard deviation DO error bounds
Years Channel Entrance
Channel  Entrance Channel Entrance Lower bound Upper bound Lower bound Upper bound
2003 6.84 7.40 1.72 1.50 6.11 7.57 6.45 8.35
2004 7.53 8.07 1.08 1.35 7.07 7.99 721 8.93
2005 6.90 7.26 1.62 1.68 6.22 7.58 6.19 8.33
2006 6.07 6.48 1.15 1.11 5.58 6.56 5.77 7.19
2007 5.90 6.01 1.29 1.02 5.36 6.44 5.36 6.66
Mean 6.65 7.04 1.37 133 6.07 7.23 6.20 7.89
Mean(*) 6.60 6.95 1.29 1.29 6.06 7.14 6.14 7.77
mean COD COD standard deviation COD error bounds
Years Channel Entrance
Channel - Entrance Channel Entrance Lower bound Upper bound Lower bound  Upper bound
2003 6.34 5.00 3.17 3.03 5.00 7.68 3.07 6.93
2004 2.90 1.80 0.75 0.99 2.58 322 1.17 243
2005 2.47 2.12 1.44 1.29 1.86 3.08 1.30 2.94
2006 3.68 2.82 0.74 0.82 3.37 3.99 2.30 334
2007 2.85 2.08 0.86 0.85 2.49 321 1.54 2.62
Mean 3.65 2.76 1.39 1.39 3.06 4.24 1.88 3.65
Mean(*) 2.98 2.20 0.95 0.98 2.57 3.38 1.58 2.33
mean TN TN standard deviation TN error bounds
Years Channel Entrance
Channel - Entrance Channel Entrance Lower bound  Upper bound Lower bound Upper bound
2003 0.76 0.60 0.76 0.10 0.44 1.08 0.54 0.66
2004 1.30 0.64 1.30 0.34 0.75 1.85 0.42 0.86
2005 1.63 0.42 1.63 0.15 0.94 232 0.32 0.52
2006 0.85 0.46 0.85 0.21 0.49 1.21 0.33 0.59
2007 0.97 0.54 0.97 0.18 0.56 1.38 0.43 0.65
Mean 1.10 0.53 1.10 0.20 0.64 1.57 0.41 0.66
Mean(*) 1.18 0.52 1.18 022 0.69 1.69 0.38 0.65
mean TP TP standard deviation TP error bounds
Years Channel Entrance
Channel - Entrance Channel Entrance Lower bound Upper bound Lower bound Upper bound
2003 0.045 0.032 0.011 0.005 0.040 0.050 0.029 0.035
2004 0.055 0.030 0.022 0.024 0.046 0.064 0.015 0.045
2005 0.051 0.027 0.019 0.012 0.043 0.059 0.019 0.035
2006 0.063 0.034 0.013 0.014 0.058 0.068 0.025 0.043
2007 0.056 0.027 0.020 0.011 0.048 0.064 0.020 0.034
Mean 0.054 0.030 0.017 0.013 0.047 0.061 0.022 0.038
Mean(*) 0.056 0.030 0.019 0.015 0.048 0.064 0.020 0.039

Ref. : Mean(*) = Mean in the case the 2003 data are excluded. Channel

Entrance = the SW-25 station data.

Ao Z A TH(Table 3 #%; Kottegoda & Rosso,
1997; Emery & Thompson, 1997).
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HE Water quality data in Yongwon Channel

T

8

COD TN TP
Year-Month SW-25 SW-26 SW-27 SW-25 SW-26 SW-27 SW-25 SW-26 SW-27
2003-01 2.6 2.8 3.0 0.658 0.674 0.657 0.024 0.028 0.028
2003-02 2.7 2.0 3.0 0.567 0.655 0.711 0.030 0.034 0.040
2003-03 7.0 74 7.0 0.659 0.758 0.851 0.043 0.048 0.055
2003-04 5.7 79 8.0 0.664 0.698 0.732 0.031 0.043 0.059
2003-05 55 7.7 8.2 0.651 0.663 0.693 0.031 0.034 0.040
2003-06 11.3 9.7 8.2 0.667 0.760 0.854 0.030 0.043 0.049
2003-07 8.0 74 8.6 0.501 0.622 0.687 0.038 0.045 0.053
2003-08 25 2.8 34 0.672 0.735 0.942 0.026 0.037 0.045
2003-09 2.8 3.6 39 0.634 0.700 0.886 0.037 0.041 0.062
2003-10 7.8 9.8 15.6 0.649 0.713 0.862 0.030 0.036 0.046
2003-11 22 4.0 6.5 0.446 0.857 1.076 0.034 0.060 0.081
2003-12 1.9 4.1 7.5 0.378 0.735 0.750 0.027 0.036 0.047
2004-01 1.4 2.6 34 0.367 0.506 0.774 0.014 0.020 0.038
2004-02 1.1 2.6 4.1 0.531 0.685 0.917 0.021 0.045 0.077
2004-03 1.0 32 2.5 0.697 1.141 0.837 0.017 0.054 0.038
2004-04 2.4 3.8 45 0.861 1.627 1.678 0.024 0.024 0.049
2004-05 22 32 3.8 0.579 0.802 0.907 0.003 0.040 0.057
2004-06 23 32 3.6 0.419 0.781 0.824 0.019 0.071 0.081
2004-07 42 3.1 33 1.488 1.531 1.597 0.082 0.074 0.098
2004-08 2.4 3.0 32 0.872 1.439 1.723 0.078 0.106 0.063
2004-09 1.9 2.4 2.4 0.733 0.982 1.063 0.025 0.044 0.062
2004-10 1.2 23 2.0 0.548 1.454 1.541 0.026 0.065 0.069
2004-11 0.7 1.7 1.9 0.274 1.564 1.564 0.031 0.039 0.054
2004-12 0.8 2.1 1.8 0.290 2.797 2.347 0.024 0.015 0.037
2005-01 0.4 0.7 0.6 0.212 2.236 1.803 0.018 0.062 0.042
2005-02 1.4 1.2 1.8 0.565 8.233 6.370 0.025 0.043 0.025
2005-03 22 22 2.5 0.229 1.338 0.649 0.013 0.038 0.025
2005-04 1.4 1.9 1.3 0.334 1.112 2455 0.029 0.029 0.053
2005-05 1.8 3.6 1.4 0.716 1.390 1.721 0.029 0.029 0.035
2005-06 1.1 43 1.4 0.243 0.527 0.711 0.012 0.026 0.041
2005-07 4.0 3.1 3.6 0.510 1.307 0.711 0.021 0.058 0.046
2005-08 4.9 39 74 0.431 0.709 0.606 0.056 0.095 0.075
2005-09 25 2.0 32 0.434 1.139 0.863 0.038 0.088 0.065
2005-10 1.6 2.0 1.9 0.557 1.142 0.809 0.024 0.079 0.049
2005-11 2.9 2.6 3.1 0.407 0.924 0.765 0.030 0.073 0.061
2005-12 1.2 1.6 2.0 0.417 0.812 0.733 0.032 0.053 0.043
2006-01 2.2 32 3.8 0.312 0.752 0.771 0.035 0.063 0.052
2006-02 22 39 33 0.365 0.803 0.691 0.019 0.072 0.052
2006-03 3.1 3.7 35 0.305 0.659 0.611 0.011 0.037 0.041
2006-04 2.6 3.7 3.9 0.535 0.960 0.854 0.024 0.055 0.045
2006-05 25 43 42 0.512 1.217 1.029 0.036 0.052 0.043
2006-06 32 45 5.1 0.357 0.992 0.848 0.031 0.062 0.059
2006-07 3.9 4.5 5.1 0.846 1.236 1.356 0.059 0.075 0.082
2006-08 39 3.7 33 0.464 1.311 1.211 0.047 0.068 0.065
2006-09 29 4.0 39 0.889 0.911 1.280 0.046 0.073 0.071
2006-10 3.9 34 2.8 0.241 0.330 0.337 0.028 0.065 0.068
2006-11 1.4 2.3 2.3 0.353 0.526 0.514 0.049 0.075 0.069
2006-12 2.0 3.1 2.9 0.322 0.576 0.514 0.028 0.065 0.091
2007-01 0.8 1.8 2.0 0.430 0.589 0.673 0.013 0.029 0.023
2007-02 2.1 34 1.8 0.638 0.947 0.981 0.013 0.017 0.015
2007-03 1.0 2.5 1.6 0.526 1.073 0.910 0.038 0.067 0.028
2007-04 32 4.6 3.9 0.298 0.855 0.997 0.033 0.064 0.062
2007-05 1.6 2.8 22 0.421 1.086 1.096 0.020 0.064 0.062
2007-06 1.2 2.8 2.0 0.388 1.020 0.827 0.033 0.055 0.057
2007-07 32 32 3.1 0.669 1.287 1.169 0.033 0.057 0.055
2007-08 32 4.5 4.6 0.676 1.218 1.257 0.008 0.061 0.047
2007-09 2.0 29 2.5 0.471 0.904 0.971 0.020 0.078 0.073
2007-10 2.6 2.7 2.8 0.882 0.964 1.048 0.037 0.084 0.071
2007-11 2.1 2.5 2.9 0.783 0.986 0.754 0.041 0.095 0.061
2007-12 2.0 2.3 3.1 0.347 0.890 0.817 0.032 0.070 0.054




