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Abstract

The tributaries of Daechung Lake play an important role in controlling eutrophication in the lake,

which is used for agricultural purposes and as potable water. However, water quality properties were not
extensively studied in the tributaries of Daechung Lake. The objectives of this study are to investigate spatial
and temporal properties of water quality and to characterize streams which could threaten water quality of
Daechung Lake. For this study, water samples were weekly or monthly collected from February 2014 to
October 2014 in 9 streams. Water quality parameters analyzed in this study include biochemical oxygen
demand (BOD), chemical oxygen demand (COD), total organic carbon (TOC), total nitrogen and phosphorus
(TN and TP), suspended solids (SS), and chlorophyll a. Based on temporal distribution and principal compo-
nent analysis, BOD, COD, TOC, SS, and TP were controlled by not only river discharge that increased during
summer due to heavy rain fall, but also due to anthropogenic input (e.g., bridge construction and/or agricul-
tural activity). Dilution is also one of the factors explaining TN and conductivity, both of which decreased
with increased discharge. Generally, concentrations of contaminants (BOD, COD, TOC, TN and TP) in the
tributaries were higher than those of Daechung Lake. However, pollution load indicated that only the main
channel of Geum River and Sook Stream may largely influence lake waters, attributed mostly to their large
volumes. This implies that the main channel and Sook Stream are the major influences on the water quality of

Daechung Lake.
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Fig. 1. Location map showing sampling sites.
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Fig. 2. Precipitation of the towns around the tributaries of Daechung Lake.
Table 1. Monthly average discharge of the tributaries (m® s™").
Main St. Sook Annae Hoiin Deungdong Annam Myoam Poomgok Gasan
Feb 13.7 0.951 0.126 0.178 0.100 0.041 0.029 0.063 0.073
Mar 36.5 1.358 0.120 0.275 0.067 0.036 0.025 0.038 0.051
Apr 22.7 0.907 0.106 0.211 0.047 0.045 0.105 0.040 0.083
May 29.9 1.554 0.131 0.387 0.031 0.052 0.130 0.040 0.120
Jun 389 1.437 0.854 0.249 0.062 0.167 0.029 0.041 0.016
Jul 233 0.997 0.199 0.207 0.026 0.080 0.016 0.047 0.073
Aug 226 10.8 1.618 2.251 0.669 1.789 1.765 0.256 1.292
Sep 375 0.243 0.922 0.273 0.047 0.027 0.050 0.074
Oct 20.2 0.113 0.237 0.085
2, 2AMHh sis)2 SPSS (version 18)Z o¢]4-3] varimax 3)Aul o

-2 (stream discharge)-2 <& -HAW (velocity-area
method) & o] 431} F-42 AN 54 2 (Val-
eport, Valeport BFM 001 & 002 Open Channel Flow Me-
ters) ZA 8 ¥ AT E9) o] (Calpad 2003-2004)2 o] &
3 Se AAlslginh &, A7|A x % (electrical con-
ductivity), £ZAk4 (dissolved oxygen) ¥ pH+= YSI
meter (YSI 650MDS)2 o] 4-31e] &bolA] 24319tk
A 3}3H- A4 @ F-=F (biochemical oxygen demand, BOD),
3}3hA kA~ @ F8F (chemical oxygen demand, COD), -
552 (suspended solids, SS), 3¢l (total phosphorus,
TP), % 4 (total nitrogen, TN) 2}
yll a)= £ 2 33 A| W (Ministry of Environment,
2011)e]] 2] A3te] EA 8} T) 2-87]8kA (total organic
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Fig. 3. Temporal variation of water temperature, dissolved oxygen, pH, conductivity, SS, and chlorophyll a in the tributaries. Solid bar
represents third grade of Korean standards for stream water quality.
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Fig. 4. Temporal variation of BOD, COD, and TOC in the tributaries. Solid bar represents third grade of Korean standards for stream

water quality.
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Fig. 6. Seasonal variation of TN and TP in the tributaries. Solid bar represents third grade of Korean standards for stream water quality.
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Table 2. Correlation coefficients between TN/TP ratios and the other parameters.

Water T pH DO Cond. Discharge BOD COD TOC SS TN TP Chl. a
Main st. -0.719 -0.176 0.555 0.065 —0.262 —-0453 -0.307 -0.396 -0.344 0.540 -0.647 -0.122
Sook —-0.840 -0.029 0.256 0455 —-0.238 -0.201 -0.240 -0.376 -0.351 0.780 -0.588 —0.176
Annae —0.693 0.029 0.349 -0.291 -0.250 -0.594 -0.343 -0.326 —-0422 0.384 -0.680 -—0.210
Hoiin —0.847 0.384 0.651 0.057 -0.214 -0.586 —0.567 -—0.367 —0.450 0481 -0.591 -0.223
Deungdong —0.610 0.356 0.520 -0.158 -0.232 -0.560 —0.602 —0.569 -0.504 0.164 -0.671 -—0.163
Annam 0.065 —0.265 -0.053 -0.029 -0.176 -0.358 -0.669 -0.838 —0.302 0.069 -0.676 —0.199
Myoam —0.930 0.301 0.930 —0.649 0.042 -0.758 —-0.433 -0.279 -0.397 0.260 -0.454  0.057
Poomgok —0.837 0.537 0.846 0.156 —0.391 -0.332 -0.953 -0.740 -0.537 0.390 -0.898  0.639
Gasan -0.913 0.058 0.653 —0.192 0.080 —0.046 —0.085 0.580 -0.356 0.724 -0.629 0.716
ek F9Adel M T v7L 17 o]dez <le]  AE Hoh =3 27 Alsta 2E A A7)
AgE aolelebs Aol fAshet. =3 °l‘: > dAs Axzmel fFE Z Qe dgte ¥ AMAEE Y
Well= F447/%<] ¥I7F FobA (88 o4 A4k 3he)  ehlleh(Table 3). =& A HeA EAE A2g Hde
7 A Aoz ysiglon RN okt 2 FAERAME T A A A sHAeA 9
A 4=2] 738 A =9 (empirical model) & Esle] WAE  AlsE A2 peplt)(Table 4).
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Table 3. Results of principal component analysis on individual tributaries.

Variance Factor 1 Factor 2 Factor 3 Factor 4
Water temp. 210 .868 —.329 024
pH —.146 —.096 =751 —.224
DO —-.151 —.931 118 —.060
Cond. —.162 265 —.221 —.828
Discharge 916 .141 277 118

Main St. BOD 352 .387 —.062 .697
COD 901 203 211 162
TOC .885 022 115 132
SS 937 174 134 .095
N 133 —-.380 770 —.056
TP .865 204 —.238 179
Chl. a 206 727 .396 —.149
Water temp. .168 952 .039 —.015
pH -.719 .306 .039 —.241
DO -.778 —.448 —.239 —.087
Cond. —.209 —.122 —.440 —.812
Discharge .300 022 —.084 874
BOD 257 .326 776 —.083

Sook
COD .686 346 .539 137
TOC .657 056 469 .109
SS 738 138 .268 430
N —.088 —.885 —.244 —.149
TP .812 332 012 .206
Chl. a 059 .007 .906 220
Water temp. .843 —.255 —.233
pH .004 062 786
DO —.624 —.078 .621
Cond. .030 —.835 072
Discharge 612 .685 —.128

Annae BOD 796 —.045 .020
COD 552 378 251
TOC .606 231 —-.301
SS 799 .366 .110
N .053 769 —.090
TP .694 022 456
Chl. a .066 —.385 779
Water temp. 299 793 —.245
pH —.183 —.740 —.242
DO —.306 —.865 .060
Cond. —.174 —.004 —.814
Discharge .108 .356 .839

Hoiin BOD .801 420 026
COD .659 .503 .036
TOC 811 197 .169
SS 730 278 326
N -.021 -.317 .847
TP 731 478 141
Chl a .640 —.416 —.226
Water temp. .200 .859 011 —.343
pH -.012 —.842 —.138 —.188
DO —.233 —.724 .198 430

Deung D.

Cond. —.129 478 —.739 154
Discharge 129 237 .888 .096
BOD .895 185 —.035 .087
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Table 3. Continued.
Variance Factor 1 Factor 2 Factor 3 Factor 4
COD 953 135 .079 017
TOC 951 .140 .067 .049
Deung D. SS 786 .095 429 —.042
N 174 —.123 —.028 921
TP .879 181 268 058
Chl. a .810 —.340 —.104 .030
Water temp. —.972 132 .051 .100
pH 419 —.159 —.207 =770
DO 771 —.346 —.221 —.415
Cond. 715 —.670 —.083 131
Discharge —.114 981 .086 117
Annam BOD 379 016 .694 448
COD —.061 575 786 141
TOC —.272 044 .939 .004
SS 010 977 .186 .036
TN 933 .093 .061 158
TP .089 —.041 .049 799
Chl. a 723 .600 —.118 —.289
Water temp. .550 325 —.600 —.343
pH —.227 —.895 .090 122
DO -.792 —.004 473 .303
Cond. —.062 .030 -.977 -.072
Discharge 122 .634 .615 -.399
Myoam BOD 918 —.118 —.348 -.012
COD .846 442 143 .206
TOC .885 319 246 —.067
SS .104 .942 .096 259
N -.171 324 782 —.444
TP .670 569 207 —.246
Chl. a —.101 .063 —.044 .960
Water temp. 742 428 —.457 .070
pH -.977 .008 092 .058
DO =717 —.511 404 —.156
Cond. 502 —.011 .205 .810
Discharge 281 128 —.144 —.925
Poomgok BOD .002 812 —.385 .355
COD 367 .905 —.009 —.165
TOC 134 958 072 —.208
SS 752 291 410 130
N .103 —.055 957 152
TP 731 .568 075 -.315
Chl. a —.569 -.075 752 267
Water temp. .879 —.361 069
pH —.546 —.360 —.493
DO —.805 —.051 042
Cond. —.209 —.900 —.223
Discharge 431 .844 230
BOD .169 —.052 .966
Gasan
COD 118 .299 799
TOC —.181 —.047 .858
SS .663 488 .306
N -.310 .856 —.280
TP .844 178 197
Chl. a —.884 —.230 139
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Fig. 8. Comparison of water qualities between the tributaries and Daechung Lake.
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Table 4. Results of principal component analysis on the all tribu-
taries selected in this study.

Variance Factor 1 Factor 2 Factor 3
Water Temp. AT5 —.616 —.457
pH -.207 —-.067 .696
DO —.466 459 .594
Conductivity —.223 —.614 181
Discharge 486 517 —.476
BOD 781 —.133 .000
COD .848 .084 —.056
TOC 792 104 —.065
SS 816 .205 —.143
TN —.001 759 .039
TP 795 -.020 —.149
Chl. a 421 —.083 .684
Eigenvalue 4.538 1.923 1.464
Variance 37.817 16.022 12.203
Cumulative variance 37.817 53.839 66.042

Table 5. Average of pollution load (Kg day ") of pollutants in tri-
butaries during study period.

BOD COD TOC SS TN TP

Main st. 7,001 26,135 15,342 95,920 9,688 222
Sook 435 1,284 763 2981 715 16

Annae 50.3 133 90.0 253 120 2.01
Hoiin 65.5 192 99.2 1,100 152 2.86
Deungdong 22.8 76.8 479 175 32 1.82
Annam 44.6 142 52.7 427 71 2.54
Myoam 19.2 94.1 525 231 71 0.70
Poomgok 7.5 28.5 15.7 71 13 0.45
Gasan 16.7 63.3 26.6 94 60 0.43
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Fig. 9. Variation of water quality for the past 3 years in the tribu-
taries.
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