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Abstract TOC. Water quality of Daechung reservoir upstream was
mostly similar tendency in comparison to Yongdam
BACKGROUND: For effective subwatershed management, reservoir upstream. Among the 22 tributaries, water quality

it is very important to select the tributaries for improving in Daechung reservoir downstream was more polluted. T-N
water quality and understand the characteristics of contents were significantly high in Miho B4 located
tributaries. Until now, however, the case study of main Daechung reservoir downstream(annual average concentration:
streams has been managed. 17 tributaries in Geum river 13.53 mg/L). In cases of Miho Al, A2 and C1, pollution
subwatershed were monitored to regulate the source of degree was worsened during rainy season expecially.

water contaminations and identify their current situations in CONCLUSION(S): For improving water quality of Geum
this study. river subwatershed, the tributaries in the Mihocheon area

METHODS AND RESULTS: As pollution indicators, should be preferentially considered. Mihocheon tributary is
such as biological oxygen demand(BODs), chemical the highest in pollution site, and thus a study on long-term
oxygen demand(COD), suspended solid(SS), total nitrogen effects should be research.

(T-N), total phosphate(T-P) and total organic carbon(TOC)
in Geum river were examined from January to December in
2011. The results were as follows : The annual average
concentration of nutrients in Yongdam reservoir upsteam
was 0.7 mg/L for BOD, 3.0 mg/L for COD, 8.4 mg/L for SS, N 2
2.905 mg/L for T-N, 0.035 mg/L for T-P and 1.6 mg/L for

Key Words: Improving water quality, Subwatershed, Tributary,
Water quality monitoring
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Fig. 1. Geum river catchment basin map.
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Table 1. The list of observation sites on the tributaries in the Geum River Basin

No. Region Stream Name Stream Site Site Adress

1 Guryang-cheon GeumbonBl G-Bl  Jindo-ri, Anseong-myeon, Muju-gun, Jeonbuk
Upstream of Wol . h .

” Yongdam dam  Jungja-cheon GeumbonB? G-B2 olpyeong-ri, Jeongcheon-myeon, Jinan-gun,

Jeonbuk

3 Mujunamdae-cheon GeumbonC1l G-C1  Eumnae-ri, Muju-eup, Muju-gun, Jeonbuk

4 Geumgye-cheon ChogangAl C-Al Geumgye-ri, Hwanggan-myeon, Yeongdong-gun,
Upstream of Chungbuk

5 Daechung dam  Sanggok-cheon GeumbonFl G-F1  Sanggok-ri, Gunbuk-myeon, Geumsan-gun, Chungnam

6 Chupung-cheon GeumbonF2 G-F2 Seongdang-ri, Chubu-myeon, Geumsan-gun,

Chungnam
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7 Miho-cheon MihoAl M-Al Mijam-ri, Iwol-myeon, Jincheon-gun, Chungbuk
8 Han-cheon MihoA2 M-A2 Hancheon-ri, Deoksan-myeon, Jincheon-gun,
Chungbuk
9 Musim-cheon MusimAl  Mu-Al Sinsong-ri, Namil-myeon, Cheongwon-gun,
Chungbuk
10 Bogang-cheon MihoB1 M-B1 Chojung-ri, Jeungpyeong-eup, Jeungpyeong-gun,
Miho- Chungbuk
cheon -ri - i -
11 Down-stream Seongam-cheon MihoB2 M-B2 Bﬁha rllj’ i/[unbaek myeon, Jincheon-gun,
of Dae-chung ungou
12 dam Yongdu-cheon MihoB3 M-B3 Hwadeok-lirl, Dong-myeon, Dongnam-gu,
Cheonan-si, Chungnam
13 Seoknam-cheon MihoB4 M-B4 Gangseo-dong, Heungdeok-gu, Cheongju-si,
Chungbuk
14 Jo-cheon MihoC1 M-C1  Beonam-ri, Jochiwon-eup, Yeongi-gun, Chungnam
15 Nonsan-cheon NonsanAl  N-Al Singiri, Yangchon-myeon, Nonsan-si, Chungnam
16 11(;:;?;1 Yeonsan-cheon NonsanA2  N-A2  Gwangseok-ri, Eomsa-myeon, Gyeryong-si, Chungnam
17 Noseong-cheon NonsanA3  N-A3  Sinchung-ri, Sangwol-myeon, Nonsan-si, Chungnam

Table 2. Water quality parameter(variation) for statistical
analysis

Variable Abbreviation ~ Unit
Biochemical Oxygen Demand BODs mg/L
Chemical Oxygen Demand CODwin mg/L
Suspended Solid SS mg/L

Total Nitrogen T-N mg/L

Total Phosphorus T-P mg/L
Total Organic Carbon TOC mg/L
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Fig. 2. Similarity dendrogram for the sites results from
cluster analysis using stream's annually average BODs
data.

Table 3. Annual average concentration of BODs, CODuw, SS, T-N, T-P and TOC

Average concentration (mg/L)

Site BOD:s CODwin ss TN T-P TOC
G-B1 08 34 55 2855 0.040 20
G-B2 0.6 27 126 2.925 0.034 13
G-Cl 1.0 34 3.1 2.635 0.044 20
C-Al 0.7 31 29 1.804 0.024 19
G-F1 0.6 26 34 2572 0.039 15
GF2 12 38 107 4293 0.106 2.7
M-Al 36 7.6 70.7 5211 0.317 51
M-A2 27 8.4 3885 5.655 0.339 42

Mu-Al 24 56 212 2.647 0.137 39
M-B1 24 5.1 134 3.981 0.122 38
M-B2 24 49 155 2.924 0.112 33
M-B3 35 74 193 3.738 0.189 5.1
M-B4 49 10.0 465 13.421 0.199 56
M-C1 58 6.5 181 5.129 0.298 44
N-A1 0.6 23 17 2248 0.022 13
N-A2 11 32 13.8 2,622 0.080 19
N-A3 16 5.0 105 2.710 0.098 34
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Fig. 3. Spatial distribution of water quality(BODs, CODw,, SS, T-N, T-P and TOC) based on the tributary.
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Table 4. The evaluation of annual average BODs of tributaries based on environmental criteria

Site Very Good Good Fairly Good Fair Fairly Poor Poor Very Poor
(1a) (1b) (II) (II) (V) (V) (V)
G-B1 O
G-B2 O
G-C1 O
C-Al O
G-F1 O
G-F2 O
M-Al O
M-A2 O
Mu-Al O
M-B1 O
M-B2 O
M-B3 O
M-B4 O
M-C1 O
N-Al O
N-A2 O
N-A3 O
ol 29% 24% 24% 17% 6% 0% 0%
7.0 7.0
6.0 6.0 .
— 50 — 50
E 40 ¢ E 40
g 30 g 30
T a0 v=07975x+14683 T Vv=0.5996x +0.1494
o t § R* =0.7828 o § R*=0.9130
oo 00
00 10 20 30 40 50 60 70 00 20 40 60 80 100 120
BOD (mg/L) €OD (me/L)

Fig. 4. Simple Correlations between TOC and BODs, CODy,.
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Table 5. Pearson correlation matrix of the seasonal environmental factors
BOD COD SS TN TP TOC
BOD 1
COD 360 1
, ss 0% 695" 1
spring - -
TN -431 830" 6947 1
TP -207 409 863" -365 1
TOC 327 724" 817" 647" 679" 1
BOD 1
COD A54 1
ss 603" 899" 1
summer
TN -026 424 108 1
TP 502 882" 784" 507 1
TOC A51 941" 768" 576 853" 1
G-B1
BOD 1
COD 490 1
Ss 535 7917 1
fall
TN 244 -273 038 1
TP 584 902" 935" -131 1
TOC 476 697 716 107 638 1
BOD 1
COD 456 1
) ss -.180 735 1
winter
TN 392 -255 -735 1
TP 300 117 -267 140 1
TOC 075 855 790 -302 143 1
BOD COD SS TN TP TOC
BOD 1
COD -163 1
spring Ss -146 756 1
TN -.184 -127 -234 1
TP -334 388 522 291 1
TOC -409 452 297 364 867" 1
BOD 1
COD 243 1
Ss 057 668 1
summer
TN -177 071 292 1
TP 031 502 850" 316 1
G-B2 TOC 363 899" 500 049 424 1
BOD 1
COD 551 1
ssS 241 271 1
fall
TN 521 356 506 1
TP 038 302 849" 203 1
TOC 159 -262 -126 -484 -208 1
BOD 1
COD 165 1
. SS -543 212 1
winter .
TN -837 -.064 742 1
TP 278 -442 -054 113 1
TOC -729 -106 829" 684 -301 1
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BOD COD SS TN TP TOC
BOD 1
COD -037 1
) SS 029 595 1
spring * -
TN -.060 -.683 -746 1
TP -229 326 266 -.043 1
TOC -.091 655 667 -549 625 1
BOD 1
COD 194 1
ss -165 812" 1
summer .
TN -100 616 A72 1
TP 533 566 336 596 1
TOC 442 896" 710° 527 805" 1
G-C1
BOD 1
COD 242 1
SS 123 545 1
fall
TN 192 -119 -.001 1
TP -.099 -.045 .080 -309 1
TOC 665 298 310 -318 173 1
BOD 1
COD 505 1
) ss 449 900” 1
winter -
TN 921 488 382 1
TP 9257 421 366 988" 1
TOC 806 699 503 911" 865 1
BOD COD SS TN TP TOC
BOD 1
COD 350 1
spring SS -.057 .020 1
™ -254 097 764" 1
TP -171 045 919" 838" 1
TOC 261 427 548 453 664 1
BOD 1
COD 251 1
SS 277 695 1
summer
TN -071 496 529 1
TP 171 -011 479 374 1
C-Al TOC A64 882" 782" 520 350 1
BOD 1
COD .005 1
ss -146 317 1
fall
TN 527 -342 433 1
TP -156 567 604" -.188 1
TOC -252 -234 .059 -035 168 1
BOD 1
COD -390 1
) SS -308 038 1
winter "
TN -899 321 377 1
TP 567 -171 .099 -440 1
TOC -742 463 614 890" -134 1
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BOD COD SS TN TP TOC
BOD 1
COD 625 1
) SS 628 944” 1
spring
TN 124 260 073 1
TP 831" 921" 891" 223 1
TOC 635 946" 920" 225 925" 1
BOD 1
COD -462 1
ss -.081 177 1
summer
TN -242 -.086 -342 1
TP -317 -171 214 218 1
TOC -355 854" A78 084 049 1
G-F1
BOD 1
COD 017 1
Ss 095 772" 1
fall
TN 118 161 378 1
TP -.034 841" 971" 261 1
TOC 013 159 -.045 -.009 -015 1
BOD 1
COD -.647 1
) ss 190 092 1
winter
TN -097 -221 .007 1
TP 400 -.058 114 449 1
TOC -677 744 400 -.089 -390 1
BOD COD SS TN TP TOC
BOD 1
COD 934" 1
spring SS 902" 981" 1
TN 620 683 728" 1
TP 902" 981" 993" 740" 1
TOC 915" 885" 807" 548 811" 1
BOD 1
COD 8527 1
SS 210 430 1
summer
TN -437 -114 362 1
TP 438 795" 556 155 1
G-F2 TOC 822" 905" 081 -234 633" 1
BOD 1
COD 381 1
ss 732" 671 1
fall
TN 267 078 167 1
TP 492 313 459 689 1
TOC .096 127 350 -209 -210 1
BOD 1
COD 216 1
) SS 339 858" 1
winter
TN 158 -542 -236 1
TP -114 116 149 -245 1
TOC 047 783" 571 -562 -438 1
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BOD COD SS TN TP TOC
BOD 1
COD 162 1
) SS 399 465 1
spring
TN 025 496 -206 1
TP 844” 324 560 -.038 1
TOC 408 690" 673 423 511 1
BOD 1
COD 212 1
ss 011 -596 1
summer
TN -197 244 .050 1
TP -312 504 .086 297 1
TOC -.166 -.143 483 -039 .081 1
N-A1
BOD 1
COD 941" 1
SS 964" 978" 1
fall " " "
TN 817 933 900 1
TP 960" 985" 996" 909" 1
TOC 910" 952" 967" 894" 970" 1
BOD 1
COD -133 1
) ss 336 -775 1
winter
TN -455 -353 -114 1
TP 8777 -134 229 -334 1
TOC -485 351 -530 428 -712 1
BOD COD SS TN TP TOC
BOD 1
COD 260 1
spring SS 432 .523 1
TN -138 437 -099 1
TP 067 285 -.002 -361 1
TOC 116 700" 584" 205 .051 1
BOD 1
COD 949" 1
SS 926" 954" 1
summer
TN 303 251 270 1
TP 879" 912" 935" 532 1
N-A2 TOC 983" 943" 934" 397 934" 1
BOD 1
COD 839" 1 546
Ss 723 546 1
fall w .
TN 767 719 322 1
TP 812" 702" 976" 433 1
TOC 715 835" 496 703 615 1
BOD 1
COD 441 1
) SS 582 132 1
winter
TN 663 -173 069 1
TP -122 -011 450 - 442 1
TOC 571 012 791" 366 -.005 1
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BOD COD SS TN TP TOC
BOD 1
COD 714" 1
) Ss 599" 617 1
spring .
TN 346 467 600 1
TP 696 710" 732" 518 1
TOC 533 843" 729" 689" 663 1
BOD 1
COD 9517 1
ss 965" 903" 1
summer
TN 338 314 309 1
TP 955" 933" 941” 375 1
TOC 870" 945" 748" 360 838" 1
N-A3
BOD 1
COD 807" 1
SS 689" 536 1
fall
TN -219 -138 -158 1
TP 904" 662 752" -.443 1
TOC -387 =242 -350 793" -.654" 1
BOD 1
COD 650 1
) ss 764 946" 1
winter
TN A76 226 088 1
TP 920" 835 942" 256 1
TOC -617 -.059 -288 142 -532 1
BOD COD SS TN TP TOC
BOD 1
COD 454 1
spring SS 292 .548 1
™ -297 -310 -767" 1
TP -150 306 -.049 218 1
TOC 564 517 -124 -.005 -101 1
BOD 1
COD 604" 1
Ss 461 911" 1
summer
TN 292 003 .054 1
TP 441 868" 967" 052 1
M-Al TOC 602 578 218 -111 157 1
BOD 1
COD 964" 1
ss 956" 999” 1
fall .
TN 619 592 592 1
TP 971" 994” 993" 624 1
TOC 946" 962" 963" 588 943" 1
BOD 1
COD 810° 1
i SS -763 -671 1
winter
TN 072 540 -147 1
TP -702 -235 258 352 1
TOC 167 -123 -.084 .080 -394 1
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BOD COD SS TN TP TOC
BOD 1
COD 245 1
) Ss 311 995" 1
sprmg . st
TN 284 960 970 1
TP 808" 755" 803" 775" 1
TOC 398 875" 856" 753" 750" 1
BOD 1
COD 950" 1
ss 906" 929” 1
summer
TN -331 -343 -013 1
TP 881" 885" 874" -.188 1
TOC 736" 707 A73 -775" A78 1
M-A2
BOD 1
COD 961" 1
SS 946" 989" 1
fall
TN -305 -403 -363 1
TP 936" 982" 998" -353 1
TOC 529 607" 504 -399 489 1
BOD 1
COD 983" 1
) ss 638 688 1
winter
TN -307 -323 -051 1
TP 050 107 788" 141 1
TOC 794 807 779" -.030 372 1
BOD COD SS TN TP TOC
BOD 1
COD 866" 1
spring SS 282 684" 1
TN -163 286 809" 1
TP 445 8117 979" 732" 1
TOC 534 764" 532 327 650" 1
BOD 1
COD 897" 1
SS -241 -.088 1
summer . *
TN -804 -716 418 1
TP 342 562 622" -.064 1
}\g‘i TOC 898" 917" -398 -760" 379 1
BOD 1
COD 164 1
Ss 702" 336 1
fall
TN -.094 -256 225 1
TP 770" 183 971" 209 1
TOC 310 A73 365 187 238 1
BOD 1
COD 622 1
) SS -072 693 1
winter
TN 102 -155 -358 1
TP -110 -.070 -264 655 1
TOC -.050 577 919" -499 -515 1
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BOD COD SS TN TP TOC
BOD 1
COD 873" 1
) SS 766" 807" 1
spring
TN 221 267 455 1
TP 805" 851" 981" 463 1
TOC 754" 815" 716" 250 820" 1
BOD 1
COD 371 1
ss 132 674 1
summer
TN -.029 -290 034 1
TP 117 668 847" 164 1
TOC 517 596 012 -313 346 1
M-B1
BOD 1
COD 611 1
SS -.148 278 1
fall
TN 283 -141 -229 1
TP 642 756" 450 -137 1
TOC 603" 289 -265 509 189 1
BOD 1
COD 860" 1
) ss 886" 914" 1
winter ”
TN -.680 -753 -923 1
TP 623 525 581 -526 1
TOC .060 406 433 -.650 -062 1
BOD COD SS TN TP TOC
BOD 1
COD 860" 1
spring SS 6917 902" 1
™ 229 595 634 1
TP 917" 933" 790" A77 1
TOC 434 758" 705" 816" 643" 1
BOD 1
COD 9227 1
SS 393 515 1
summer
TN -413 -319 -070 1
TP 627 649 803" -331 1
M-B2 TOC 780" 8117 047 - 487 363 1
BOD 1
COD 929" 1
ss 746" 870" 1
fall v "
TN 921 779 544 1
TP 870" 914" 951" 744" 1
TOC 767" 813" 877" 619" 889" 1
BOD 1
COD 507 1
) SS 920" 732 1
winter
TN 362 001 218 1
TP 663 868 765 -209 1
TOC -350 A73 -.085 026 059 1
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BOD COD SS TN TP TOC
BOD 1
COD 887" 1
) Ss 935" 919" 1
spring . . -
TN 635 653 741 1
TP 269 300 282 314 1
TOC 8217 904™ 868" 637 197 1
BOD 1
COD 702" 1
ss 334 348 1
summer
TN -355 -528 447 1
TP 504 508 883" 177 1
TOC 334 838" -123 -737" .030 1
M-B3
BOD 1
COD 993" 1
SS 998" 993" 1
fall " " "
TN 907 893 917 1
TP 999" 993" 998" 898" 1
TOC 995" 988" 997" 914" 995" 1
BOD 1
COD 953" 1
) ss 356 325 1
winter
TN 309 390 .002 1
TP A72 624 655 446 1
TOC 926" 956" 093 503 A83 1
BOD COD SS TN TP TOC
BOD 1
COD 633 1
spring SS 870" 756 1
TN 686" -374 -703" 1
TP 796" 672" 888" -.603" 1
TOC 824" 315 686" -722" 692 1
BOD 1
COD 652 1
SS 281 058 1
summer
TN -174 188 082 1
TP 789" 437 633 -234 1
M-B4 TOC 619 881" -285 144 246 1
BOD 1
COD 494 1
ss 546 620 1
fall
TN 539 156 246 1
TP 532 768" 946" 275 1
TOC -323 -105 107 -312 -.085 1
BOD 1
COD 154 1
) SS 228 -.695 1
winter .
TN -162 793 -518 1
TP -017 814" -918" 525 1
TOC 145 945" -.850" 658 950" 1
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BOD COD SS TN TP TOC
BOD 1
COD 629 1
) Ss 521 965" 1
spring
TN 365 269 163 1
TP 600 643" 465 653 1
TOC 341 900” 859" 077 504 1
BOD 1
COD 972" 1
ss -157 029 1
summer - .
TN 969 975 -110 1
TP 957" 968" -028 921" 1
TOC 987" 954" -236 964" 911" 1
M-C1
BOD 1
COD 667 1
SS 012 179 1
fall
TN A12 144 248 1
TP -267 -193 -004 -302 1
TOC 141 A79 -044 218 -266 1
BOD 1
COD 944" 1
) ss 896" 813 1
winter - - "
TN 929 915 798 1
TP 982" 925" 871 877" 1
TOC 729 715 774 875" 655 1

Table 6. The principal component for each stream

factor

group stream

spring summer fall winter
G-B1 COD, ss, TOC COD, ss, TOC COD, ss, TOC -
G-B2 - COD, ss - -
G-C1 COD, ss, TOC COD, TOC - BOD, TN, TOC
C-Al SS, TP - - -
I G-F1 BOD, COD, SS, TP, TOC - COD -
G-F2 BOD, COD, SS, TN, TP, TOC BOD, COD, TOC SS COD
N-Al SS, TP, TOC - BOD, COD, Ss, TN, TP, TOC -
N-A2 TOC BOD, COD, SS, TP, TOC :BOD, COD, SS, TN, TP, TOC -
N-A3 BOD, COD, Ss, TN, TP, TOC: BOD, COD, SS, TP, TOC BOD, TP, TOC BOD, COD, TP
M-A1l - COD BOD, COD, SS, TP, TOC -
M-A2 COD, ss, TN, TP, TOC BOD, COD, SS, TP, TOC BOD, COD, SS, TP BOD, SS, TOC
Mu-Al COD, ss, TP BOD, COD, TN, TOC BOD -
M-B1 BOD, COD, Sss, TP, TOC COD, TP BOD, TP BOD, SS
M-B2 {BOD, COD, SS, TN, TP, TOC: BOD, COD, TP, TOC BOD, COD, SS, TN, TP, TOC TP
M-B3 BOD, COD, TN, TOC TOC BOD, COD, SS, TN, TP, TOC BOD, TOC
o M-B4 iBOD, COD, SS, TN, TP, TOC BOD, TP, TOC TP COD, TP, TOC
M-C1 BOD, COD, TP, TOC BOD, COD, TN, TP, TOC - BOD, COD, TN, TP, TOC
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