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Evaluation of Water Quality Characteristics at Kyeongan Stream
Using the Flow-Loading Equation and Factor Analysis
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ABSTRACT: In this study, we aimed to analyze the characteristics of water quality variation at Kyeongan Stream for a decade
and to investigate by the flow-loading equation. The correlation analysis of water quality parameters and the influence factors
were examined by statistical analysis. The characteristics of water quality variation showed that the fluctuations in BODs,
CODwi, and TOC were repeated from year to year. TN and TP were decreased by year. By the flow-loading equation, the
concentrations of BODs, CODwi, TOC and TN were decreased when the flow rate was on the rise. However, the flow did not
affect the concentration of TP. According to correlation analysis, BODs was highly correlated with CODy, and TOC with the
correlation coefficients of 0.890 (p<0.01) and 0.721 (p<0.01). The result of factor analysis, we identified that the water quality
in Kyeongan Stream has been highly influenced by the organic matter index, followed by nitrogenous substance depending
on the seasonal variations and the influx of suspended solid in accordance with the increase of flow.

KEYWORDS: Correlation analysis, Factor analysis, Flow-loading equation, Kyeongan stream, Multivariate statistics analysis
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Fig. 1. Water quality monitoring site in Kyeongan B.
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Table 13} 72}
A7) 7F =0k 2F2-12.737 m/so|H],

_ﬁ_
ﬁg& %ako] 25.170 m3/si

o ] X*gij_ 2014%1_01]&1 2015 Lﬁ_Eoﬂ WT 17.5 C,
pH+= 8.4, EC+=430 ps/cm, DO+= 11.6 mg/L=Z 714
& g Uehgict
BODs, CODyy, TOC B4 27} B r
mg/L (I1)517, 6.1 mg/L (Ill)5-+, 3.8 mg/L (I)55
o7 Yyehton drda 2yl ZIAS HkEst= A
O 2 uEpyith Al 24283 540 BODs, CODw,
TOCHE7} A Ueh b 38 1] 214:7] o) 7}
ol ol 7 W L H=H o] U= s=7t oA
L Ao gebErh (GIHN 2010). SS9] B sl
12.6 mg/L (la) 5--0.2 LERtch. o] 7174 ok
1201191 16,5 mglLs /14 57 el 2
Fol AT E= AFH Tt moAl= A= Yk
r:} TN B 54,835 mg/L 2 20079 FisE
7}5.765 mg/L2 7P =9FoH, 2016 Hisrs
4432 mg/L 2 7k AFS Wtk AHE 2
I AEH TN F=7F #oMA)= AFC 2 Yebth

ZV7+2 8

Table 1. Average concentrations for 10 years of water quality in Kyeongan B
Veur ':22’ WT | pH EC DO BOD5 CODMn ss ™ s TOC
m¥/s | (°C) | SU |Class|(us/cm)| (mg/L) |Class |(mg/L) |Class | (mg/L) | Class | (mg/L) | Class | (mg/L) | (mg/L) | Class |(mg/L)(Class
2007 [13.879| 139 |76 | la | 335 | 107 | la | 34 | Il | 63 | Il | 143 | la |5765(/0247| IV | 31 | I
2008 [13.545| 146 |79 | la | 360 | 106 | la | 28 I 62 | Il | 123 | la |5177]|0225| IV | 36 | Il
2009 [13.285| 152 (82| la | 355 | 109 | la | 33 | Il | 69 | Wl | 147 | la |5092(0210| IV | 46 | Il
2010 [13.151| 148 [ 79| la | 310 | 108 | la | 23 I 59 | Il | 99 | la [4.812]0121| I | 34 | 1l
2011 [25.170| 143 |80 | la | 327 | 109 | la | 26 I 6.1 N | 165 | la [5042(0122| Wl | 36 | Il
2012 [14.641| 139 (81| la | 335 | 112 | la | 26 I 62 | Il | 99 | la |5183|0.067| I | 38| Il
2013 |14.652| 13.8 | 8.1 la 304 10.9 la 2.0 I 5.2 I} 111 la |4.334]0.063| Il 29 | Ib
2014 6.777| 157 | 83 | la 402 11.6 la 35 1 6.6 1} 131 la |4.413]0.067| |l 42 (1
2015 6.131| 175 | 84 | la 430 10.8 la 2.8 ] 5.7 I} 13.0 la |4.100 | 0.055| |l 41 1]
2016 6.136| 17.1 | 8.1 la 414 10.6 la 2.7 ] 6.1 I} 10.7 la |4.432]0.066| Il 42 (1
Average|12.737| 15.1 | 8.1 la 357 10.9 la 2.8 1] 6.1 I} 12.6 la [4.835|0.124 | 1l 3.8 I
Spring | 7.007| 13.8 | 8.1 la 354 11.0 la 4.0 I} 6.9 I} 1.7 la [4.974 (0141 1l 41 n
Summer|27.858| 24.0 | 8.1 la 299 9.2 la 29 I 6.6 1 23.6 la |3.180 | 0.116| 1l 41 I
Autumn | 8.421| 154 | 8.1 la 361 10.6 la 1.8 Ib 5.0 I 74 la |4.24410.094 | |l 3.2 1]
Winter | 4.802| 29 |78 | la 439 13.7 la 2.0 Ib 5.6 1 4.4 la |7.893|0.145| 1l 34 1]

River (Stream) environmental standard for water quality.
In score :

Excellent (la), Good (lb), Above average (ll), Average (lll), Fair (IV), Poor (V), Very poor (VI).

Spring (3 - 5), Summer (6 - 8), Autumn (9 - 11), Winter (12 - 2)
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Table 2. Relation equation between flow rate and the pollutants load at the study site (Q: CMS, L: ton/d, LTP: kg/d)

Watershed BODs CODwn SS TN TP TOC
RelationEq | L=0.29Q%7® | L=0.63Q°%® | L=0.31Q"* | L=0.50Q%¥ | L=8.7Q"® | L=0.38Q%%
Kyeongan B R? 0.56 0.87 0.73 0.82 0.62 0.84
b 0.78 0.88 1.44 0.87 1.00 0.88
N = 461 N = 461
R? = 056 R? = 087
1,000 1000
g a al
H E o 2 0 @0 °
g 10 é 10 W%\
0 0
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Fig. 2. Correlation between flow rate and pollutants load in Kyeongan B.
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Fig. 3. Correlation analysis of water quality data in Kyeongan B.
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Fig. 4. Correlation analysis of seasonal water quality data in Kyeongan B.
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FHEN A D FEHF AE FE ol & AAS] a @A A “Aldsl g W dEel g 712
O = et A7, A ||t HAaAE L F=H Y] 74,
3.4 ZMEEMS 0|25t QOISA Zin} “FEETl b FREA ST 22 A 2gl
O = UEbgT
1EAS AdYsH7| A A=l Bt e A2 ot A 2@ Ay 4719 8low w27
1H7] 93FKMO test A1} =215 0.741, Al AER ol & 84.4%, AJ2HL 3719 QQlog R=A7|olg
H.0.665, 6 20.769, 7F2-0.755, 72 0.685 2 E-A ] 77.3%, 7F&H-2- 3712] 2210 = 27|08 77.2%,
9111, Bartlett test 27} =232 0 AAE pT o ALH L4719 QQlo R =A7]|0 8 75.1%E At
©JgHE 0.000 (<0.05)= LEhfo] Al o] o3 =0tk 3 29112 (pH, CODwy, TOC) 37850114
&2 Uehd 29lEA o] 7hs o ATkl itk et FUEE A 7= A #ekadl, agl2
A 1170 o] o3t Q. Q1REAS AAISH AT} R4k + (WT, DO, TN) A& ®3to] w2 AaAE FUdd
I A a2 Table 3, A= QQliA] dat T A= Heka g, 89132 (BODs, TP) A&sl
+ Table 4, AAYH 29124 Zif= Table 52 £t} SollA s e 7 E A EGE 9 A
TAGEE QA A} 379 alom A | FLEHT A EFE skl 294= (% EC, SS)

501 79.2%% A3 4 9lor] TaAE 742}3 410, AE ol 2 K42 WeLaclo 2 ek, of
2.692,2.287% UFERTE @ 0110]A41=BODs, CODy, =2 99112 (BODs, CODyy, TOC) 4-7] 5 | F 3
TOCo|| 4] QRlFsFFo] =A Ueht 715 A3 35 Hotadl, 8Q2& (7, WT, EC, SS) A& 3tof wh

I

F

o §t welo] gl A0 R WHHELE AeRolAE £ B WekRel 8238 (pH, DO, TN, TP) 4
WT, DO, TN®| 915 sago] 7 et A 2iate]  avisol 02 §&4ka 8 AR A EFS Waka

whE A4 A GG Solut Pl 9l R3  9lo ekidth 7k 211 (WT, pH, BOD;,
o A9 EC, $39] 20l0] 7] Lk 5571l CODyy, S8, TOC) AR Mslo] w2 §7]8 29k
UE PR 99T Bl Qi A0R WehErh  WSkAQl 891 (§7% EC,DO) §3 U4 A EC, §

Table 3. Eigen values and cumulative percentages of factor

o Com- Initial eigen values Rotation sums of squared loadings
ponent Total % of Variance % Cumulative Total % of Variance % Cumulative
1 3.510 31.909 31.909 3.410 30.998 30.998
Kyeongan [ 3212 29.197 61.107 2.692 24.476 55.474
3 1.667 15.157 76.264 2.287 20.790 76.264
1 3.794 34.492 34.492 3.012 27.382 27.382
Spring 2 2.786 25.324 59.817 2.295 20.864 48.247
3 1.677 15.246 75.063 2.008 18.254 66.501
4 1.022 9.291 84.354 1.964 17.854 84.354
1 4.641 42.189 42.189 3.576 32.505 32.505
Summer 2 2.311 21.007 63.196 2.713 24.662 57.167
3 1.556 14.142 77.338 2.219 20.171 77.338
1 4.280 38.913 38.913 4.161 37.828 37.828
Autumn 2 2.873 26.118 65.031 2.708 24.621 62.448
3 1.335 12.141 77.172 1.620 14.724 77.172
1 3.223 29.302 29.302 3.143 28.577 28.577
Winter 2 2.512 22.836 52.139 2427 22.060 50.637
3 1.406 12.785 64.924 1.522 13.841 64.477
4 1.125 10.225 75.148 1.174 10.671 75.148
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Table 4. Rotated component matrix by water quality factor analysis

P.-S. Kwon et al. / Ecology and Resilient Infrastructure (2017) 4(4): 226-236

Variable Component1 Component2 Component3
Flow rate -0.105 -0.097 0.793
WT 0.276 -0.865 0.230
pH 0.609 -0.402 -0.410
EC 0.272 0.413 -0.702
DO 0.170 0.655 -0.423
BOD5 0.919 -0.004 -0.019
CODMn 0.949 0.034 -0.004
SS 0.367 -0.152 0.782
TN -0.148 0.914 -0.184
TP 0.430 0.557 0.345
TOC 0.872 -0.058 0.020
Table 5. Rotated component matrix by seasonal factor analysis
. Spring Summer
Variable 1 B 3 7 1 5 3
Flow rate -0.175 -0.037 -0.027 0.935 -0.167 -0.862 0.073
WT 0.238 -0.931 0.070 0.023 0.189 0.755 0.220
pH 0.857 -0.088 -0.133 -0.231 0.545 0.326 0.606
EC 0.374 0.227 0.211 -0.668 0.500 0.715 0.222
DO 0.587 0.678 -0.066 -0.235 0.400 -0.049 0.707
BOD5 0.631 -0.096 0.689 0.031 0.910 0.249 0.086
CODMnN 0.702 -0.081 0.632 -0.130 0.927 0.111 0.173
SS 0.444 -0.195 0.387 0.696 0.345 -0.806 -0.106
TN -0.184 0.885 0.157 -0.176 -0.193 -0.137 -0.808
TP -0.075 0.118 0.916 -0.002 0.546 -0.192 -0.689
TOC 0.760 -0.238 0.217 0.009 0.814 -0.015 0.268
. Autumn Winter
Variable 1 B 3 1 2 3 7
Flow rate -0.174 -0.772 0.154 0.103 -0.790 0.209 0.081
WT 0.676 -0.589 -0.201 0.232 -0.064 0.794 0.173
pH 0.774 0.283 -0.248 0.094 -0.007 0.070 0.956
EC 0.138 0.847 0.097 -0.015 0.819 0.048 0.215
DO 0.066 0.650 0.227 0.119 0.088 -0.859 0.084
BOD5 0.895 0.097 0.334 0.898 -0.011 0.131 0.058
CODMn 0.859 0.151 0.400 0.921 0.147 -0.051 -0.031
SS 0.844 -0.218 0.246 0.618 -0.548 0.026 0.085
TN -0.417 0.587 0.593 0.271 0.782 -0.057 -0.170
TP 0.291 0.081 0.856 0.582 0.431 0.282 -0.343
TOC 0.735 0.339 -0.129 0.780 -0.034 -0.003 0.105
AT 57 AEHEERQl, 22138 (TN, TP) 715 A FEQ 0] AEHEte} WA glo] FE e
YR ARFE WS aoR T ASE e AR UeRdth
211-& (BODs, CODyy, SS, TP, TOC) 5715 R 3 2
AL JYAR AXFE Woladl aWEHF 4, H =2
EC, TN) A& #sto]] mp2 AAaAE FFE 7+ A2
= 13k29l, 8313 (WT, DO), 8914 (pH)&= A ZBAHS O 20074 1 95E 20161 12
shRolos et Aokdel A R A3 97 100§ Y RS uigo g SAs
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Hokes o yepton ol 52 s=E 1
ok TP= A=A 2] Al ) i Q] 8l &7 7] A4
W 71278 0] A4 AR et

ek A oford A
A

X
FFS7hl e 2 ¥=
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FHEol 2 A T ol JIFS A ¢
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2}0.890, 0.7219] O (+)2] A, WT= DO, TN
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