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A Study on the Discharged Characteristics of the Pollutants using the Empirical
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Abstract

This study was conducted to characterize the discharge feature of pollutant load from the upper and lower watershed
influencing on the water quality of South Han River using the empirical equation and Factor Analysis. The results of
regression analysis between flow rate and pollutant load were as follows. In the streams of the upper watershed of South Han
river, BODs and CODw, were increased as the flow rate was increased. Also, steep increases in SS and TP were observed with
positive correlation with the flow rate while change in TN was slightly shown. On the other hand, in the streams of the lower
watershed of South Han river, BODs was negatively correlated with the flow rate, being decreased with the increase in the
flow rate. However, changes in CODwn, TN, SS, and TP showed a similar trend with those observed in the upper watershed.
With Factor Analysis of the water quality and various components, it was appeared that the flow rate, SS, and TP were
significantly correlated each other and they were indicated as the principal component influencing on water quality in the
streams of the upper watershed. In contrast, BODs, CODw,, and TOC were significantly correlated each other and they were
included as the principal pollution component of the streams in the lower watershed. From these results, it was conclusive that
the upper watershed of South Han River was mainly affected by non point source pollutants while the lower watershed was
influenced by point source pollutants from the developed areas.
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Table 1. Relation equation between flow rate and the pollutants load at the study sites (Q: CMS, L: ton/d, Ltp : kg/d)
Watershed BOD;s CODwy SS N TP
Relation Eq. L=0.04Q"™ L=0.15Q"" L=0.04Q"" L=0.20Q"" L=0.40Q""
G.l. R’ 0.84 0.95 0.87 0.95 0.89
b 1.08 1.17 1.82 1.01 1.55
Relation Eq. L=0.05Q"" L=0.14Q"" L=0.08Q"" L=0.14Q"" L=1.03Q""”
Ok.D. R’ 0.88 0.95 0.85 0.98 0.84
b 0.95 L11 131 1.00 1.05
Relation Eq. L=0.06Q"" L=0.15Q"" L=0.03Q"" L=0.26Q"" L=0.37Q"*
P.C. R’ 0.85 0.95 0.84 0.96 0.87
b 1.03 1.15 1.78 0.99 1.46
Relation Eq. L=0.20Q"" L=0.44Q"" L=0.35Q"* L=0.20Q"" L=6.81Q""
CM. R’ 0.72 091 0.75 0.91 0.89
b 0.93 1.05 138 1.19 1.17
. 0.93 1.13 1.82 0.79 1.12
Relation Eq. L=0.27Q L=0.41Q L=0.33Q L=0.73Q L=16.89Q
B.H. R’ 0.61 0.87 0.73 0.89 0.81
b 0.93 113 1.82 0.79 112
Relation Eq. L=0.09Q"" L=0.25Q"" L=0.20Q"* L=0.21Q"" L=2.07Q""
HC. R’ 0.77 091 0.74 0.95 0.79
b 0.93 1.04 1.44 1.01 1.15
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Table 2. Pearson correlation coefficient among the water quality parameters at the upstreams of the watershed of South Han river

Variable Flow rate  Temp. pH EC DO BOD;s CODwn SS TN TP TOC

Flow rate 1
Temp. 1577 1
pH 192" 280" 1
EC 22867 284" -011 1
DO -1937 792" -101° 245" 1

U(isfseoa;‘;s BOD; 03 ATt s st 1
CODy 416 404 080  -236 -383 584 1
SS 802" 1997 -1377 269" L2167 148" 575" 1
TN 109" -3637 2362”7 309" 183" -014 1217 067 1
TP 624" 2927 -159" 300" -2827 209" 5237 832" 073 1
TOC 326" 3117 018 -100°  -327" 457" 6337 463" 1297 4197 1
Flow rate 1
Temp. .101 1
pH -175" 4417 1
EC -453" -131 055 1
DO 151 -816"  -304” 122 1

(nfi?O) BOD; .013 ‘478: .282*: -‘093 -.401: 1
CODy 546 394 178 -370 -395 567 1
SS 927" 155° 144 3457 -191" 097 6117 1
TN -018  -5787 424" 110 4477 423" 299" -032 1
TP 811" 271" -138 0 -4417 22667 104 527 891" -015 1
TOC 440" 354" 056 -2447 387" 336" 66175117 -269" 4277 1
Flow rate 1
Temp. 173" 1
pH -.066 177 1
EC -598" 3517 190" 1
DO -2107 -719” 037 4117 1

Ok.D. . " -

(3=174) BOD; 162 300" 053 004 259" !
CODyp 390 312 150 -438 -269 297 1
SS 609" 163° -034 3747 -176" 215" 588" 1
TN 007 -264" 295" -102 071 223" 097 -014 1
TP 350" .006 -194" -.149" -.041 173 2047 443" 225" 1
TOC 259" 290" 087 198" 241" 354" 4287 376" 029 201" 1
Flow rate 1
Temp. 199" 1
pH -181 228" 1
EC -5 5017 052 1
DO 22047 846" -124 448" 1

(HZ‘SS) BOD; -.10i 4412: 265" -.240: -.318:: 1
CODyy 335 509 144 448 -412 624 1
SS 845" 278" -130 0 -478T 269" 107 533" 1
TN 110 646" 277" 276" 5577 -2597 278" -137 1
TP 651" 4557 1720 -sa7T i4s4” 3127 5977 780" -173 1
TOC 234" 305" 107 22557 281" 5207 5807 4247 177 4627 1

" Correlation is significant at the 0.05 level (2-tailed). " Correlation is significant at the 0.01 level (2-tailed).

2 7Y 4R FA% RV E DO 2 (-9
F(1=-0.679, p<0.01)Z E AT} BODs= CODwm,, TOC

A AHE Table 39 YeRl Ak o4 sHd A 5t
< &
7ve] ABAFE 42 0.774 (p<0.01), 0.744 (p<0.0)E ¥
KX
A
Bs

< A
o A ZAEE F FTAF r=0.020~08682 G
39 4F FAY nAE 2AMEGE 7 2 2olE B
Aok ZAMGE 7F A#de AvEd, 333 SS, TP FB9E JeEdTh o8 53 F7129ER
CRis E 7FAEgol Fetd FFHE AF FAd vs =A4

S
ol

oy
Hu
¥
X
Iy
o
=
v
[
XE
rlo
oy
=)
ox.
tjo
[iid
32
&
P
rlo
rlo
o

S g = ATk SS9 CODwy, TPZFY A #A

Journal of Korean Society on Water Quality, Vol. 27, No. 6, 2011



Table 3. Pearson correlation coefficient among the water quality parameters at the downstreams of the watershed of South Han river

Variable Flow rate  Temp. pH EC DO BOD COD SS TN TP TOC
Flow rate 1
Temp. 1907 1
pH -269" 106" 1
EC 228" 027 -228" 1
Down- DO 22047 679" 216" -.063 1
streams BOD; 090" 067 -179" 3857 -158" 1
(n=528)  CODyy 403" 2377 -236" 2297 281" 774" 1
SS 602" 1050 -163" -048 1707 3357 692" 1
™ -070  -231" -428" 780" 020 3257 186" 065 1
TP 4317 2167 -382" 457 337" 5847 755 719" 4957 1
TOC 238" 2537 -192” 2057 3177 7447 868" 484" 17" 635" 1
Flow rate 1
Temp. 2207 1
pH -337" 2017 1
EC 506" -419" 267" 1
DO 159" -646" 125 322" 1
(ngi\gé) BOD; 063 138 052 061 036 1
CODuy 399 294 -141 118 =243 798 1
SS 705" 126 -164" -191° -105 208" 572" 1
™ 121 -665" 2397 075 399" -138 118 105 1
TP 7447 2577 22607 -356°  -2497 3727 683" ga4” 087 1
TOC 158" 285" -.069 -039  -280" 7137 840" 3807 -2507 493" 1
Flow rate 1
Temp. 141 1
pH 22277 236" 1
EC -534" -148" 289" 1
DO 22527 L534” 238" 2957 1
(n]i'1H7‘6) BOD: .213: -1977-076 162 ~117 1
CODyy 691 110 -055 -134 243 682 1
SS 8317 058 -091 =303 -193 3687 815" 1
TN 398" -.684" -.009 6157 467" 228" -130 -177 1
TP 676" 049 -.090 -091 264" 5267 780" 821" -034 1
TOC 4307 173" 042 -035  -289" 6917 868" 562" 134 589" 1
Flow rate 1
Temp. 215" 1
pH -312" 167" 1
EC 479" -298" 256 1
DO 22677 -807" -014 360" 1
(nljﬁg) BOD; .00:1 .281: 275" 193" -.093 1
CODyy 313 353 065 -019  -250 745 1
SS 5317 171 -160° -173° -192" 398" 774" 1
™ -013  -388" 261" -.042 188" 037 063 114 1
TP 4257 3027 -033 -104  -261" 5687 816" 895" .089 1
TOC 324" 323" 093 -010  -293" 5337 638" 58" -040 665" 1
" Correlation is significant at the 0.05 level (2-tailed). " Correlation is significant at the 0.01 level (2-tailed).
FE 47 0.692 (p<0.01), 0.719 (p<0.01)9] F&F& et 371 2REFE @¢dd sbF FAe 4 78 #UsA
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Table 5. Rotated component matrix. (a) Upstreams of the watershed of South Han river, (b) Downstreams

South Han river

Table 4. Total variance explained at the study sites

Initial eigen values

Component

Total % of variance  Cumulative %
1 4.028 36.620 36.620
Upstreams 2 2.126 19.324 55.944
3 1.423 12.932 68.877
G 1 4410 40.095 40.095
A 2 2.642 24.019 64.114
1 3.430 31.185 31.185
2 1.798 16.347 47.533
Ok.D. 3 1.427 12.972 60.505
4 1.238 11.258 71.763
1 4.680 42.545 42.545
P.C. 2 2.090 18.996 61.541
3 1.310 11.908 73.449
1 4436 40.327 40.327
Downstreams 2 2.126 19.326 59.654
3 1.430 13.004 72.658
4 1.196 10.870 83.529
1 4.133 37.574 37.574
CM. 2 2.247 20.427 58.001
3 1.867 16.975 74.976
1 4.507 40.970 40.970
BH 2 2.423 22.032 63.001
3 1.445 13.135 76.136
4 1.020 9.276 85.412
1 4216 38.330 38.330
H.C. 2 1.982 18.015 56.345
3 1.861 16.921 73.266

of the watershed of

(a) Component
Variable Upstreams G.J. Ok.D. P.C.
1 2 3 1 2 1 2 3 4 1 2 3
Flow rate 872 .084 011 929 -.076 818 -210 -324 -.046 .902 .085 -018
Temp. 114 535 -.695 171 .855 .090 -.846 224 255 181 .881 265
pH -.360 218 -486 =227 .650 .002 .083 209 818 -.445 326 338
EC -472 .100 564 -552 -.054 -.542 570 234 248 -.587 -447 -.148
DO -.164 -.526 547 -221 -764 -.081 .890 -.159 .041 =217 -.842 -.168
BOD;s -.078 .832 -.093 133 .695 .024 -.188 .873 -.109 -.100 236 .852
CODwp 433 760 -.032 .684 487 .690 -210 358 107 379 270 750
SS .894 258 011 .947 -010 851 -.056 144 .035 .883 .081 251
N .092 178 817 -.010 -754 .053 184 310 -.743 015 -.823 -.087
TP .822 293 -.045 903 .031 .588 155 218 -332 790 225 369
TOC 332 728 .080 601 404 453 -177 516 138 271 .051 785
(b) Component
Variable Downstreams C.M. B.H. H.C
1 2 3 4 1 2 3 1 2 3 4 1 2 3
Flow rate 138 -.081 .868 130 133 873 -.140 589 -078  -739  -.080 347 0 -113 0 -747
Temp. 146 -164 005 .906 153 067  -920 008  -884  -.089 294 268 -890  -.101
pH 055 -669  -492  -064 082  -607 -222| -015 -071 .186 927 076  -332 722
EC 322 790 -.345 .061 185 -599 484 .041 263 794 276 051 312 741
DO -109  -114  -156  -898 | -.068  -.182 760 | -.226 790 013 3971 -190 797 295
BOD:s 871 214 -.048 .007 896 -.071 -.002 .803 .093 348 -.188 774 -.082 373
CODwma .893 .083 335 138 904 314 -140 950  -089  -.179 .009 929 -095  -.012
SS 549 -.049 705 -.004 443 712 -.002 776 .040  -538 .043 .845 064 -356
TN .185 907  -.053 -.153 -.169 375 779 .050 749 536 -.077 128 634 -219
TP .653 448 442 .186 .520 763 -126 .845 014 -257  -.022 915 -045  -.196
TOC .879 .093 120 203 .876 086  -202 868  -237 .088 .034 777 -190  -.014
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Table 6. Variables in the factors extracted from Factor Analysis at the study sites

Watershed Factor
1 2 3 4
Upstreams Flow rate, SS, TP BODs, CODw,, TOC TN -
G.J. Flow rate, EC, SS, TP Temp, pH, DO, BODs, TN - -
Ok.D. Flow rate, CODw,, SS Temp, DO BOD;s pH, TN
P.C. Flow rate, SS, TP Temp, DO, TN BODs, CODy, TOC -
Downstreams BODs, CODmy, TOC EC, TN Flow rate Temp, DO
CM. BODs, CODwy,, TOC Flow rate, pH, SS Temp, DO, TN -
B.H. BODs, CODy,, TOC, TP Temp, DO EC pH
H.C. BODs, CODw,, SS, TOC, TP Temp, DO, TN Flow rate, EC, pH -
B $ otk 29 2+ 19326% 7198k 9le™, TN, EC SS¢t TP= Ee+d 59 4-atF 4 EE FYskd
o} FHe FRAAEZ deho] “BaAD 29ER 1 A fFAS A dEY #F 9520 2 298D
S} o] Y= Aog FdHET 291 3L 13.004% 719 ds & F AR
i glom, §3F FH FRVAS B, “HFHsp =3, FHd 259 A7 FAE £ SS, TP F2<
s} B9 oz AP EF 99 4= 10870% 7ol A Zhe] £F £39 FHY FBBAS Yehha, oS
Fi glom, 3 Fo FAWAE, DO7F £ & FRAASo] £AME A | 2o FAIE Ao
BAAE 2ol “ADF 2o FHT F 9 vehgt
@$obd F5d s A Sk Al die adRA 2 W, 9ebd 59 8 $AlE BODs, CODw,, TOCH
A= A 1 8202 FEZHLZ BODs, CODwi, TOCS FARJMA ol FoS FF9 FHH FAFAE UYehi L,
B0l T EF 2 FAWAS Hol: Aoz Yeht,  oE FAAAES] FAMs A 1 2o FEHAL.
3 39 AR o A FAZ ez @ ) %, AF FANA) £ WMEY F8202 FPA, 4
2gd fAZ $AF 23E B o] e 49d Y AR 499 544, ¥9d 25
3 AR FAE 297 Mgl w34 98, =A
4 A = o] A58 FIF 59 7 AL 9099 4T 9
& Zoz A= o2 ¢ o 2 5o ZFPL
GG FFY 43 FAY BAA 5 o Fa ey L F AN T8 9 BegA E ol 2
dAL ddos, FANH 2ARNS B 9B g7 O HIstdor w2 AAEH
54 24 AR 0 2L 2EL ESdqn metd, 2 AFAA AN FHeR FF A W v
BODs ®3te] #aAs e dad 59 47 A9 oIl 29I RS54 seke ¢ 2uHY Al
2% AR 1 ode, GF HFY 5 FAs 1 ojg  TUSL AWAL ke ol w2 wd eded
2 Bl Ustg A-ol8 7 SSEH Fo)= nad T 9ot 5 Z84 FEEA g 2 #d &828 F
BOD:Sl olst & Az #9 Y Fodds vyey WS AR dwdd
Qo wE wgd B Aoz BUET, Fodde IF
2 37 Be FYHAE §F3IM B2 FHaHE § ANEH
A%/ 1 vnes Jerde, vdedde) 98¢ A
we fade fF57t mE HEedY M M2 2UE, A5Y(1997). 22 HAE 24 083 £ 2
STASTF 1 o)L JE = Aoz A2 dTh Ao FE2584¥7L. dotrES S, 11(4), pp. 99-109.
GEH 09 AXZ YRS CODy, S71EZ Ealo FE55(1992). 35y SFTAHTH AF. GAGY =7,
SIS B L 33D a8 P 25 10 SINIR L s o, e
Bel #8 5714 CODwy SEE S7Iehs FAS2 ehd Y7eB3y 29 4 97 ALEREATFA,
o, g AR A R FARG FYATTE B zg4 g4 o197, 2, HA32006b). HeFA
A gt $357k BE uEedd 9L F o B 29EY w2 ¥ #IUE Y B A7), I3
= ez #Agdd E8ZAdTA
TN %3k #3A5 e 1 Wz dag 59 4. A7k oM@, 2ZH007). HaFEAUE |8 B2
S5 A g FAW S2EYS wolx dgtom. wa o $PeASAH AT FYEI FFEHF A, 23(1),
28 =99 T FFHE EHolx Fyth A4 @ogr_)z;_(lzf)i);f&_zr/g%%ﬁq] 8 EA|E29 $A 7}
Wt BF 25 WM F5dol ARR AE GRS 2 B AT #7282 537, 92), pp. 197-203.
PBESE A fFol AW MR FEF FED A9 5199 95 FAZAET G- BARTA. @
£ 9E40) ¥e Aoz wuHEY. BErAAA L,
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