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Abstract

In this study, we assess changes in water quality trends over time based on certain control measure-
ments in order to identify and analyze the cause of the trend in water quality. The current water pollution
in the Nakdong River was analyzed, as it suggests that the significant changes in water quality have
occurred in between 2006 and 2010. Based on monthly average data, we have examined for trends of the
Nakdong River watershed in water temperature, Biological Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), Total Nitrogen (TN), and Total Phosphorus (TP). Moreover, we have investigated seasonal
variation of water quality of sites within the Nakdong River Basin by implementing further analyses such
as, Correlation Coefficient, Regression Analysis, Hierarchical Clustering Method, and Time Series Analysis
on SPSS. Geology and topography of the watershed, controlled by various conditions such as, climate,
vegetation, topography, soil, and rain medium, have been affected by the non-homogeneity. Our study
suggests that such variables could possibly cause eutrophication problems in the river. One possible way
to overcome this particular problem is to lay up a ship on the river by increasing the nasal flow measurement
of the Nakdong River during rainy season. Moreover, the water management requires arranging the
measurement of the flow in order to secure the river while the numerous construction projects need to
be continuously observed. However, the water is not flowing tributary of the reason for the timing to be
flowing in a natural state of river water and industrial water intake because agriculture. Therefore,
ongoing research is needed in addition to configuration of all observations.

Keywords : BOD, COD, TN, TP, SPSS, discharge, water quality
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Fig. 1. Map of Nakdong River Basin and
Water Quality Monitoring Locations
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Table 1. Descriptive Statistics Value

Season and Item N Minimum Maximum Average Standard Deviation
sp_WT(C) 2139 40 29.00 14.9975 5.45481
sp_pH 2139 4.60 14.50 8.0120 59409
sp_EC(us/cm) 2139 8.00 1340.00 271.9345 153.36994
sp_DO(mg/L) 2139 5.80 19.70 10.9687 2.01880

p_BOD(mg/L) 2139 .10 13.10 2.0138 1.55021
sp_COD(mg/L) 2139 .60 16.90 4.8127 2.33471
sp_SS(mg/L) 2139 .10 308.40 11.5714 16.96125
sp_TN(mg/L) 2139 31 10.26 2.7154 1.34903
sp_TP(mg/L) 2139 .00 1.50 .0996 12468

p_Discharge (cms) 2139 .00 1385.13 47.2769 103.94504
sum_WT(C) 1653 50 34.00 24.9620 3.71831
sum_pH 1653 4.60 376.00 8.1657 9.07166
sum_EC(us/cm) 1653 9.00 1164.00 222.0496 114.80110
sum_DO(mg/L) 1653 3.90 17.80 8.6831 1.35266
sum_BOD(mg/L) 1653 .20 15.50 1.6862 1.15214
sum_COD(mg/L) 1653 .90 37.00 5.2679 2.69366
sum_SS(mg/L) 1653 .20 544.00 23.0407 47.27368
sum_TN(mg/L) 1653 .04 7.69 2.2682 1.06649
sum_TP(mg/L) 1653 .00 90 1035 .10143
sum_Discharge (cms) 1653 .02 8596.57 184.0278 583.68732
aut_ WT(C) 2038 .70 147.00 17.3359 6.58998
aut_pH 2038 6.00 9.80 79794 51965
aut_EC(us/cm) 2038 9.00 1165.00 256.5770 141.98213
aut_DO(mg/L) 2037 4.60 333.00 10.4536 10.31821
aut_BOD(mg/L) 2036 .10 7.00 1.2628 .91442
aut_COD(mg/L) 2038 1.00 16.60 3.9194 1.78753
aut_SS(mg/L) 2037 .20 254.00 9.9843 18.59267
aut_TN(mg/L) 2038 12 8.80 2.4148 1.21584
aut_TP(mg/L) 2038 .00 87 .0846 .10499
aut_Discharge (cms) 2038 .04 7130.56 82.0796 407.36855
win_WT(C) 1416 -2.00 14.00 4.9867 2.59855
win_pH 1416 4.30 9.80 77752 62627
win_EC(us/cm) 1416 58.00 1177.00 317.9082 171.02124
win_DO(mg/L) 1416 6.80 23.00 13.7869 2.08916
win_BOD(mg/L) 1416 .10 22.00 1.7690 1.59900
win_COD(mg/L) 1416 .80 13.10 44114 2.43980
win_SS(mg/L) 1416 .10 401.20 7.5292 14.51879
win_TN(mg/L) 1416 25 11.29 3.5464 1.70186
win_TP(mg/L) 1416 .00 97 1037 .14060
win_Discharge (cms) 1416 .00 561.88 22.0175 43.34902
Significant digit 1413
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Table 2. Item Corelation Coefficient _BOD (unit : mg/L)

sp_BOD sum_BOD aut_BOD win_BOD
Pearson correlation coefficient 1 -.017 241 () 274 (%)
Significance probability (Both sides) 493 .000 .000
sp_BOD Sum of squares and Cross product 5137.943 -43.187 693.926 835.837
Covariance 2.403 -.026 341 991
N 2139 1653 2036 1416
Pearson correlation coefficient -.017 1 046 152(kx)
Significance probability (Both sides) 493 .059 .000
sum_BOD Sum of squares and Cross product -43.187 2192.926 68.612 400.547
Covariance -.026 1.327 042 283
N 1653 1653 1651 1416
Pearson correlation coefficient 241 () 046 1 .208 ()
Significance probability (Both sides) .000 059 .000
aut_BOD Sum of squares and Cross product 693.926 68.612 1701.598 363.442
Covariance 341 042 .836 257
N 2036 1651 2036 1415
Pearson correlation coefficient 274(x) 152(x) .208(x) 1
Significance probability (Both sides) .000 .000 .000
win_BOD Sum of squares and Cross product 835.837 400.547 363.442 3617.885
Covariance 591 283 257 2.557
N 1416 1416 1415 1416
(xx) corelation coefficient: (prob > |7|) |7T|=%£0.01.
458 SF11%% 20124 114 1161



Table 3. Iltem Corelation Coefficient _COD (unit : mg/L)
sp_COD sum_COD aut_COD win_COD
Pearson correlation coefficient 1 .006 292 () 299 (sx)
Significance probability (Both sides) 801 .000 .000
sp_COD Sum of squares and Cross product 11653.967 62.244 2495.504 2378.271
Covariance 5.451 038 1.225 1.681
N 2139 1653 2038 1416
Pearson correlation coefficient .006 1 073(#x%) 1040k*)
Significance probability (Both sides) .801 .003 .000
sum_COD | Sum of squares and Cross product 62.244 11986.624 562.317 1010.204
Covariance .038 7.256 .340 714
N 1653 1653 1653 1416
Pearson correlation coefficient .292(%x%) 073(kx) 1 158 (k)
Significance probability (Both sides) .000 .003 .000
aut_COD Sum of squares and Cross product 2495.504 562.317 6508.731 963.181
Covariance 1.225 .340 3.195 .681
N 2038 1653 2038 1416
Pearson correlation coefficient .299(3) 104 (%) 158(x) 1
Significance probability (Both sides) .000 .000 .000
win_COD | Sum of squares and Cross product 2378.271 1010.204 963.181 8422.975
Covariance 1.681 714 681 5.953
N 1416 1416 1416 1416
(x=#)corelation coefficient : (prob > |7) |7|=%0.01
Table 4. Iltem Corelation Coefficient _TP (unit : mg/L)
sp_TP sum_TP aut_TP win_TP
Pearson correlation coefficient 1 079(kx) 190(%) 035
Significance probability (Both sides) .001 .000 188
sp_TP Sum of squares and Cross product 33.238 1.742 5.157 965
Covariance .016 .001 .003 .001
N 2139 1653 2038 1416
Pearson correlation coefficient 079() 1 134(x%) 084 ()
Significance probability (Both sides) .001 .000 .002
sum_TP Sum of squares and Cross product 1.742 16.997 2.552 1.781
Covariance .001 .010 .002 .001
N 1653 1653 1653 1416
Pearson correlation coefficient 190() 134(x) 1 .066()
Significance probability (Both sides) .000 .000 012
aut_TP Sum of squares and Cross product 5.157 2.552 22.452 1.584
Covariance .003 .002 011 .001
N 2038 1653 2038 1416
Pearson correlation coefficient .035 084 () .066(%) 1
Significance probability (Both sides) 188 .002 012
win_TP Sum of squares and Cross product 965 1.781 1.584 27971
Covariance .001 .001 .001 .020
N 1416 1416 1416 1416

x% corelation coefficient : (prob> |T|) |T|=%0.01 =
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Table 5. Iltem Corelation Coefficient_Discharge (unit : cms)

sp_Discharge |sum_Discharge| aut_Discharge | win_Discharge
Pearson correlation coefficient 1 .006 -.004 088 ()
Significance probability (Both sides) 808 856 .001
DiS(S:E;rge Sum of squares and Cross product | 23100174.921 391214.798 -294622.665 338225.770
Covariance 10804.572 236.813 -144.636 239.029
N 2139 1653 2038 1416
Pearson correlation coefficient .006 1 057(*) J10Ck*)
Significance probability (Both sides) 808 .020 .000
Dii:f;;ge Sum of squares and Cross product| 391214798 | 562821341.293 | 9189125304 | 2649673.904
Covariance 236.813 340690.885 5562.425 1872.561
N 1653 1653 1653 1416
Pearson correlation coefficient -.004 057(x) 1 277 (%)
Significance probability (Both sides) 856 .020 .000
Disif;rge Sum of squares and Cross product | -294622.665 9189125.304 | 338038390.594 | 2843611.988
Covariance -144.636 5562.425 165949.136 2009.620
N 2038 1653 2038 1416
Pearson correlation coefficient L088(3) J10(Gk*) 277 (%) 1
) Significance probability (Both sides) .001 .000 .000
Disvglr;_rge Sum of squares and Cross product| 338225.770 2649673.904 2843611.988 2658979.584
Covariance 239.029 1872.561 2009.620 1879.138
N 1416 1416 1416 1416

#* corelation

coefficient : (prob>|T|) |T|=%0.01 =

Table 6. Winter Discharge Model Summary

corelation coefficient : (prob> |T|) |T|==%0.05

Model R Square R Modified suare R Standard error of estimate
TT1 .303(a) .092 .090 41.34999
Table 7. Winter Discharge Analysis of Variance
Model Sum of square Disgpise i Mean square F Slgn1flcgpce
freedom probability
Liner regression |, 1710 869 3 81570290 | 47.707 000(a)
Analysis
1 Residual 2414268.715 1412 1709.822
Sum 2658979.584 1415

a: Estimate value: (Constant), aut_Discharge, sp_Discharge, sum_Discharge; b: Dependent variable :

Scatte Plot

Dependent Variable : Win_Discharge

Histogram

Dependent Variable : Win_Discharge

o
H o
%

Regression Standardization Rsidual

o
o

o®

Frequency
.

win_Discharge.

Regression Standardization Rsidual of

Resression Standardization Rsidual

Expect Cumulative Probabillity

Permanent P—P Plot

Dependent Variable : Win_Discharge
'

Observation Cumulative Probabillity

Fig. 3. Discharge Regression Analysis Diagram
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Table 8. Winter Discharge Coefficient

Unstandardized coefficients | Standardized coefficients Significance
Model t .
B Standard error B probability
(Constant) 16.572 1.252 13.241 .000
] sp_Discharge .053 017 077 3.052 .002
sum_Discharge 011 .003 .096 3.769 .000
aut_Discharge .070 .007 .269 10.606 .000
Dependent variable: win_Discharge
Table 9. Summer TP Model Summary
Model R Square R Modified Square R Standard error of estimate
TT1 172(a) .030 .028 10548
a: Estimate value: (Constant), aut_TP, win_TP, sp_TP; b: Dependent variable : sum_TP.
Table 10. Summer TP Analysis of Variance
Model Sum of Degree of Mean F Slgmflcfapce
square freedom Square probability
Liner Regression Analysis 479 3 .160 14.355 .000(a)
1 Residual 15.710 1412 011
Sum 16.189 1415
a: Estimate value: (Constant), aut_ TP, win_TP, sp_TP; b: Dependent variable : sum_TP.
Scatte Plot Histogram Regression Standardization Rsidual of
Permanent P—FP Plot
Dependent Variable : Sum_TP Dependent Variable : Sum_TP Dependent Variable : Sum_TP
3 4 2 G
5 g, E
g * = s
S‘:KH,TP Re-rAresslﬂn St;nﬂaréiza:mﬁ Rsid‘ual : l()hwl\;‘al.icm l:‘t;mu!au‘vus Pl()hl?:-);iliizy :
Fig. 4. TP Regression Analysis Diagram
Table 11. Summer TP Coefficient
Model Sum of | Degree of Mean P Slgn1flcgpce
square freedom Square probability
Liner Regression Analysis .082 .004 19.415 .000
1 Residual .056 .020 .073 2.793 .005
Sum .058 .021 .076 2.821 .005
Dependent variable : sum_TP.
Table 12. Summer COD Model Summary
Model R Square R Modified Square R Standard error of estimate
TT1 .116(a) .013 011 2.80569
a: Estimate value: (Constant), sp_COD, win_COD, aut_COD; b: Dependent variable : sum_COD.
1164 BEKEREEHIE




Table 13. Summer COD Analysis of Variance

i e | teodom | Square | P | probabilty.
Liner Regression Analysis 150.476 3 50.159 6.372 .000(a)
1 Residual 11115.107 1412 7.872
Sum 11265.582 1415
a: Estimate value: (Constant), sp_COD, win_COD, aut_COD; b: Dependent variable : sum_COD.
Table 14. Summer COD Coefficient
i cuare | treodom | Suare | P | robabity
Liner Regression Analysis 4.478 216 20.778 .000
1 Residual .088 .046 .055 1.928 054
Sum 116 .032 .100 3.613 .000
Dependent variable : sum_COD.

Scatte Plot

Dependent Variable : Sum_COD

Histogram

Dependent Variable : Sum_COD

. Regression Standardization Rsidual

&

2~

Frequency

Sum_coD

Regression Standardization Rsidual

Fig. 5. COD Regression Analysis Diagram

Table 15. Autumn BOD Model Summary

Regression Standardization Rsidual of

Per

Dependent Variable : Sum_COD

manent P—P Plot

Expect Cumulative Probabillity

Model R Square R Modified square R Standard error of estimate
TT1 312(a) 097 .096 73519
a: Estimate value: (Constant), sum_BOD, sp_BOD, win_BOD; b: Dependent variable : aut_BOD.
Table 16. Autumn BOD Analysis of Variance
Mok e | treodom | saumre | F | probabiity
Liner regression analysis 82.352 3 27.451 50.787 .000(a)
1 Residual 762.660 1411 541
Sum 845.012 1414
a: Estimate value: (Constant), sum_BOD, sp_BOD, win_BOD; b: Dependent variable : aut_BOD.

‘ Regression Standardization Rsidual

Scatte Plot

Dependent Variable = Aut_BOD

Histogram

Dependent Variable =

Aut_BOD

Aut_BOD

4545 BE11%5% 20124 114

Frequency
& g
I i

Regression Standardization Rsidual

Fig. 6. BOD Regression Analysis Diagram

Regression Standardization Rsidual of

Permanent P—P Plot

Dependent Variable : Aut_BOD

Expect Cumulative Probabillity

Observation Cumulative Probabillity

1165



d AdHE Yo RS Aaskdch

1 A3} Fgs. 7~10014 B, B8 3~5¢9 o]5-5 6~8
4 7HE 9~-11¢, AL 12292 Wrolx A4 ghes
T3l #AARE 53 All-(BOD, COD, TN,
TP, EC), #2+-F(SS, Discharge), #13v-H(PH) WT, DO
A o AHAE A vk A5EH Al
(COD, SS, TP, BOD), #2173 (Discharge, TN), A3%
(EC) DO, WT PHAIH o= AadAE 72 dth
7Fe-A A1-F(BOD, COD, TN, TP, EC), #2738 (SS),
PH, WT, DOAIR G522 Z4aHaAE 7M. vk A&
A1TF(BOD, COD, TN, TP, EC), Al2:-3 (Discharge),
SS, PH, WT, DOAE 502 AaaAs 7ha 9k
4170 9] AN A &, 7HS, Aso] 22 22| Ws)
= 471 e BOD, COD¢} TN, TP, EC= 71 &=
FHIAE A S & T dTh S 41709] A

o

Table 17. Autumn BOD Coefficient
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