SHAYSEHE I} Vol. 27, No. 4(2018) pp.353~366  J. Environ. Impact Assess. 27(4): 353~366(2018) ISSN 1225-7184
https://doi.org/10.14249/eia.2018.27.4.353

Research Paper

AAF 7 L HE2A FFBIE AT F-2 A=Y AL

Statistical Analysis of Water Flow and Water Quality Data
in the Imjin River Basin for Total Pollutant Load Management

Yong-Chul Cho - Hyeon-Mi Choi - Young Joon Lee - Ingu Ryu -
Myung-Gu Lee - Donghoi Gu - Kyungwan Choi - Soonju Yu

Han-River Environment Research Center, National Institute of Environmental Research

gt Tl 9 20124 19%HE] 2016 129
Hrkehe Zloltt, Rkt 442 Bt 8Y

7] ot SAARE BALAT Ml o] §3te] FAERE )
HAOR ZARGOM 1) GES AT, FAE BA, 01, ZHRH Agatch, 2HEA
of At Frrasto] wet 4y S, BAY S, LAY Faol F AH FOR o] 1FoR B
A v
. -

o
AR 4 CODwet TOCS] A2HAI%:7} 0,951(p¢0.00 2 ATHo] SAZ 02 Rofsh] £ Uit
o AR B 23 340 FHEOR A £ASHE 1292 AT 5 on] LARHe|4 F 8
91 EC, BODs, CODw, TN, TP, TOC #2082 e} 97120} QoFea 7ba x| 87} 220| Qe
B A A0 2 ekt B ATlH AHSE T AR SR B Esto] 31 PN AN
A% § AT 4715 2 JUAT AR R Helt Fasihn B
F20|: YFIZ 9%, +UHEURANE, SAZY, 9, 43

First Author: Yong-Chul Cho, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: + 82-31-770-7238, E-mail:
yc800222@korea.kr

Corresponding Author: Hyeon-Mi Choi, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: + 82-31-770-7228,
E-mail: choihmi@korea kr

Co-Authors: Young Joon Lee, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: + 82-31-770-7220, E-mail:
8djoon@korea.kr
Ingu Ryu, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: +82-31-770-7221, E-mail: ilovmi@korea kr
Myung-Gu Lee, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: +82-31-770-7241, E-mail: ucul@korea kr
Donghoi Gu, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: +82-31-770-7224, E-mail: gdh1233@korea.kr
Kyungwan Choi, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: +82-31-770-7245, E-mail: jrjjrj@korea kr
Soonju Yu, Han-River Environment Research Center, Gyeonggi-do, 12585, Korea, Tel: +82-31-770-7201, E-mail: ysul221@korea kr

Received: 4 June, 2018. Revised: 19 June, 2018. Accepted: 13 July, 2018.



354 EHFSEI M2rE M4E

Abstract : The purpose of this study was assessment the quality of water by using the statistical

analysis technique of the Water flow and water quality from January 2012 to December 2016 at the

unit basin for total pollutant load management system (TPLMS) in the Imjin River. Water flow and

water quality were monitored at an average of 8 day intervals, 11 parameters were used for

correlation analysis, principal component analysis (PCA), factor analysis (FA), and cluster analysis

(CA). The Hierarchical CA was classified into three according to the change of space, such as natural

rivers, urban rivers, point with large influence of point pollution source, it was found that the type

of contamination source the similarity of water quality affected the classification of cluster. Using

one-way analysis of variance (ANOVA) and post-hoc Analysis, there were statistically significant

differences between mean values among the clusters. Correlation analysis showed the correlation

coefficient between CODwn and TOC was 0.951 (p<0.01) and the correlation was statistically

significantly higher. According to the result PCA and FA, 3 principal components can explaining

72% of the total variations in water quality characteristics and main factor was EC, BODs, CODux,

TN, TP and TOC indirect indicators of organic matter and nutrients were influenced. This study

presented the regression equation obtained by applying the factor scores to the multiple linear

regression analysis and concluded that the management Indirect indicators of organic matter and

nutrients is important for water quality management in the Imjin River basin.

Key words : Imjin River Basin, TPLMS, Statistics analysis, Water Flow, Water Quality
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Table 1. Methods and instruments for analysis

Analysis parameter Analysis methods Analysis instruments
WF Middle cross section F 10W'1Z‘]1§1§3r ((Igg;sl,‘i lm/o/:; +1 %)
WT Temperature probe YSI 600 XLM (-5~50 °C, £0.15 °C)
pH pH probe YSI 600 XLM (0~ 14, £0.2 unit)
EC Conductometry YSI 600 XLM (0~1000000 pS/cm, £0.5%)
DO DO probe YSI 600 XLM (0~50 mg/L, 2 mg/L)
BOD;s Diaphragm electrode DO Meter (YSI 5910), BOD Incubator
CODwn Potassium permanganate Water Bath (100 °C Acid)
SS Gravimetric Whatman GF/C Filter
N Continuous flow analysis AACS _V (0.06 mg/L, +25%)
TP Continuous flow analysis AACS V (0.03 mg/L, £25%)

TOC High temperature combustion

multi N/C 3100 (Analytikjena)
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Table 2. Descriptive statistics for observed water quality of monitoring sites in Imjin River

MOl’litOI‘il’lg site Item BODSI) CODM"” S5 L e Toc
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Minimum 02 1.5 0.3 0.231 0.004 0.8

Imjin A Maximum 22 7.7 103.0 2391 0.169 42
(N=201) Mean 0.9 3.1 6.4 0.882 0.023 1.8
Class? Ia Ib Ta v Ib Ta

Minimum 0.2 1.5 03 0.619 0.011 0.7

Hantan A Maximum 7.0 12.9 191.0 3471 0.483 78
(N=206) Mean 13 3.7 10.8 1.849 0.049 2.1
Class Ib Ib Ta \% I Ib

Minimum 0.7 38 12 2.970 0.024 1.8

Yeongpyeong A Maximum 18.3 272 332.0 15.525 0.618 16.9
(N=207) Mean 43 8.8 111 6.610 0.101 5.8
Class 111 v la VI 111 v

Minimum 23 6.4 40 3.546 0.060 29

Shincheon A Maximum 323 624 1753.3 19.820 2.565 55.0

(N=207) Mean 115 18.3 317 9.949 0.232 134
Class VI VI Ib VI v VI

Minimum 04 2.9 13 1.814 0.024 1.9

Hantan B Maximum 142 2.9 139.5 12.615 1.390 14.2
(N=206) Mean 40 83 13.0 5.692 0.108 5.7
Class 11 \% la VI 11 v

Minimum 0.6 32 49 1.718 0.038 1.9

Moonsan A Maximum 11.9 28 3564.0 18.725 0.930 16.7
(N=208) Mean 3.7 7.7 140.8 4319 0.185 52
Class 11 v % VI 111 I\

Minimum 04 2.8 13 1331 0.016 13

Imjin B Maximum 7.7 14.0 267.0 8.961 0.426 11.0
(N=196) Mean 2.1 5.8 25.0 3.084 0.077 3.8
Class il il la VI il il

D River (Stream) environmental standard for water quality.
2 Lake environmental standard for water quality
3 In score: Excellent (I a), Good (I b), Above average (II), Average (III), Fair (IV), Poor (V), Very poor (VI)

3
@] AR AdAE B
18.3 mg/LZ e} 312 AEs
poor) 5 F22 2A} H2ir}, SsE

mg/L2 Ueh shd AEe 71%ef w2tV (Poor)
THlE AT TNS Be Ao A Bt 3t

2 AE3HA 712 V (Poor)~VI (Very poor) S22
2 ZAME o TP YAANA H4 0.023 mg/L
2 Tb(Good)5F2o2 AHAL 0.232 mg/LE IV

(Poor)6 522 A= LY,

A7 9 FEEAS Ab-sharte] 45 9
A glo] A $-E5AS YeRh 2 w3}
£ A<l 7123 AFA EAo] vk o] vrekt
o 20159 AIHAOA Hat 18 7CE A YE
o}, o] &3t o]f= AFA Aol YAIE AFIAI Ao
A B &8k Hre] Gl Aoz wekEd pHe
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Figure 3. Time courses BODs, CODwn, TN and TP concentration of monitoring site’s from 2012 to 2016.
7.0~9.4 HYZ Hyt oFet A714ES YeRt EC 5.7~17.6 mg/Le M2 Hd 5% 10.9 mg/LE
£ 53~3,132 uS/em®) MR et A7 A veht e pES Bylon, Q7% G AR
o7} AA Yehgth 53] 2015 AlHACA Bt HAGE A EY sHRof YAIE Ao A DO &=
2,111 uS/em® w9 A vrebtom 20139 AA - 7F WA v S4E Hoh
oA Bt 120 pS/cm= A UEsth DO == AT 79 STEAHY 2AP717H2012~2016'd)
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of e f7lEn YT ARFHY +HLYE
W3} 0] & Figure 3o UetHlth, f71=<] 1A
F¢1 BODs =4 9= 0.2~32.3 mg/LE 20124
AZIA A Het 0.8 mg/L2 WA Uehd sk A
34 7|12 (a)S2o2 A om 20129 AlHA
oAl B+t 13,3 mg/L=E w7 Ueh s A
4 712(VD)e a2 2AE AT CODw &%
Q)= 1.5~62.4 mg/LE 2012¥ AlHAo|A &
20.9 mg/L& 7V =7 v shd ek l
(VD532 2AEQITH BODs: HHEejA &
e HET 5 e dEOI oty 7] EHTOH
CODmni= 814 715 23T 4 Sith= OM
53] Fmafof & AMO]E}(Lee & Seo 2015), 3H4]
s BODaoﬂ H|5to] CODwn2] =8 A =7} 3 o]

o FEY sheA Al a3k A5l
A&k Xial%xéi?n RS F71E9] Aol
SAZF Q7] wfZolgtal R astglh(Park et al,
2009). TOC &= ¥$= 0.7~55.9 mg/LE 2013
W AIHAA Bt 13,6 mg/LE EA UEkaL
2013\ AXIA0|A B+t 1.5 mg/L=2 WA Uekyit,
SS FEH = 0.3~3564,0 mg/L=Z dlo|E 9] H
L ARER IA ZFol7} vepyltt, o] 23t o]+
7450l ofpt Jafat i e ste] whE gk v
+ Ao E wtEh 55] FAAE ARl 9AE =
Al 7oA e BEdEo] YEaL, s F3F
o B2 o §9 o0& 20149 HF 249.6 mg/L
2 A epETh

ok ol 7h A # el TN S EH o= 0,231~
19.820 mg/LE 2015\ AlH Ao A H4t 11,904
mg/LE YER} ARIAS] HF 0,718 mg/L H} oF
178} =A Ykt TP w=1 = 0.004~2.565

>4\1
J_HNﬁLIuE

mg/L=Z Uepton 74 8l ol 5o 4

Al 71
Eo| thF FY5 o] =2 7S YeERITH(Ministry of
Environment 2007).

=5 AHAL A 9 913 5
T VA B B A ESHE B4
7 5 o) AT 9T

=
} HE I tHKim & Lee 2011). ©
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wm% SE 1
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UERd, ol= w3 7t 3717 22 9] 39 Ah
Table 3o|A] & 4= it} 183 Ward's 2

o A7}k 9olo] A AY 2338t
| %= (Dendrogram) & UERHtH(Figure 4).
HEA 23T 252 ARIA, A, T
A, SHEB, FAFA, 9AIB, [T 152 Al
HREo] UEtTh JxIAQL FHFAL] 2
c ﬂ 2] (Euclidean distance)7} 7} ZFgkom o
ZAQ} A1HAL] Euclidean distance?} 714 2 22
2 UET [ 258 JA78 T e 279 A
7\]% °os Xﬁé 29l Adg shdolal, 1T 152 9
F AR E EAIY ko,
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Table 3. Relationship between coefficient and number of cluster

Number of clusters Agglomeration of last step Coefficients of this step Change
2 1,819.391 806.810 1,012.581
3 806.810 262.853 543.957
4 262.853 109.273 153.580
5 109.273 28417 80.856
6 28417 10.980 17.437
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0 5 10 15 20 25
- | 1 1 1
L Cluster 1 : ;
Hantan A —
Yeongpyeong A |—
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Imyjin B |
Cluster 3
Shi A $ :

Figure 4. Dendrogram of spatial from Ward’s method
cluster analysis.

Aol &al= AHES A= AR FEEA ] & Y
EfLb Qlom, E3] AHAE T2 IF9 vlste] 4
AEA o] F55HA Yepsttt, o]l o]+ A7
99 5-d BEx|o]-& EAT} sk £l
QAN FrS vk Flo = et #REA A
Fho] efd A doti ] Yste] 4 7ke] el Ab
0|7} 9l=2] Lol 7] €5to] one—way ANOVAS}
AP A S AABEE T, ECE 0.000(p< 0.05),

BODs+= 0.002(p<0.05), CODmn= 0.001(p< 0.05),
TOCL 0.001(p<0.05)= YeY Z} gH&of st o+
A 7ke] BAROR folh oA 2 7 Aol
P EEERED
QU 99 Ao ME £AHE SHS
17] Slstel ALY TULAES ST, 24P
[e]
o

7H2012~2016)9] A3 717191(10~68)7k $7]¢]
(1~99)2 7)) TFOR $F Hylonl ¥, 7L,
A% .91 24 9 AR et Figure 5)

one—way ANOVAQ} ALE Ao A} G
0.000(p<0.05), 422 0.027(p<0.05), EC+ 0.000
(p<0.05), DO 0.034(p<0.05), TNS 0.023(p<
0.05)2 7+ 2o tfat 24 7te] EA Moz §9o|
gh A L ZF o7t Qe AR EAEQ
th, ol2fgt A= Y A A AEE 54 A
FollA o F5715E 7H7A(1~109)9) 5

7104 2457 (11~69) 9] Ao} ulsgt 4
UEPATHKim & Lee 2011), o]2|3t 72 }=
AL A7)0 w2 fgFalat Ao whE AEA

EN mE i

oX

Rescaled Distance Cluster Combine
10 15 20 25
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Figure 5. Dendrogram of temporal from Ward’s method
cluster analysis.
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(Figure 6), /g4 23k =231 DO9| AJ8Al+=
—0.696(p<0.01)2A] =& &

et al. (2017)2 LE7} =948 Abao] Lawr) o
ofx = AAA ol Yeloz 453t EC
NS A @A ¢+ 0.804(p<0.0)F Kim et al.
(2013)9] Mg A-FollA] Hargh vpe} Zro] =2 ko
SRS UEdo] AaAE A=l RSt &
A d Ao sE Fol AR frdoll thEt el
A yetd= Ao 2 dddt(Gwak & Kim
2016). BODs2} CODwn, TOCO] AF3HA| 4= 247}
0.922(p<0.01), 0.908(p<0.01) & =2 2] A4
& Uttt 53] f71& 7 A13E21 CODwnet TOC
O] A= 247} 0.951(p<0.0D = "9 =& %9
S YetlgleH, TP2F CODwn, TOCY| A3t
A4 0.653(p<0.01), 0.634 (p<0,01)2] AL
Ueto] f71E2 JIAG Y] 3 7Ho] AdaiAde] =
& AR AT 4= Qi o3 Aif= AF A
QA 5l f71E AR R FE1e A
A Ao A= & Yebhar Qltk(Park et al,
2001). SS€F BODs9] “AtA 4= 0.120(p0.01) =

=
i
l‘l

flo
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Figure 6. Pearson’s correlation analysis of the Imjin River basin, Korea.

Table 4. Total variance explained by principal component analysis

Component Initial Eigenvalues Rotation Sums of Squared Loadings
Total % of Variance | Cumulative % Total % of Variance Cumulative %
1 4732 43.020 43.020 4.673 42477 42477
2 1.828 16.614 59.634 1.812 16.469 58.946
3 1.364 12.399 72.033 1.440 13.086 72.033
BAHOR GOT 52w Yol YA g 7] 9J5tel 2 Y A3 Kaiser Meyer Olkin

SS¢} BODs, CODwn] AFHA|4=7F 2421 0,191, 0,192
2 vpeh - W2 A YR thKim 2002),
G AR T8 5o Ak At A= SSot
CODw, TPl thgt AkAI=7F 2k} 0,575(p<0.01),
0.832(p<0.0)2A =2 IS veffo] A4 W
SS9| ¥3t= CODwnet TPO] Hte} WA T A4

A0 ehdeh Hael

J

test (KMO test)2t @93 d 7521 Bartlett's test
= AT KMO testi= zFaof tigh w4=0] 7t
o] BlgAS et LR 19 77k 3 A=
FAS] gf/do] =11, 0.5 o|atY 7-$-oll= e
v} Bartlett's tests W= 7F Alaigo)] o3y
IR opd ] AAsh= AL Wofrt, W4k A
25 oA BAR ok 00 717k ghol

7do

LS Hol= Ao Z e th(Park et al. 2011), ©]7] §9oJ40] =rHKim et al, 2007; Kim et al, 2016).
S o)== YA G931 S ok 99 4 KMO teste} Bartlett test 2 ¥ KMO 0,798,
HE T8RS AFEA| 9 S A 7F W2 R A Bartlett 0.000(p<0.05) 2.2 b} 8 2ls-4o] g
FoHETt BEXo]g A% W EAISFE QI thefet & Fotrtar EAE I, Gtk dlolHof thgh 82l
o] EA 57| wiizel Ao = ke =419 v 3] -3t SHEA 9 o] wE AuE U

Eplor 1 Ayt 379 o] FEEH U, oY
3t Aab= (17he] HEE 379 AR o7 Ayst
= Qitk, o2 Ak 3G (Bigenvalue)©] 1.0
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Figure 7. According to the change of principal component
numbers with changes of eigenvalues.
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Figure 8. Component plot in rotated space of the Imjin
River basin, Korea.

Table 5. Comparison of principal component loading values in non-rotated and rotated condition’s

. Component Matrix . Rotated Component Matrix
Variable Variable
1 2 3 1 2 3
CODwin 0.968 0.026 0.052 CODwn 0.965 0.051 0.083
TOC 0.955 0.046 0.080 TOC 0.955 0.075 0.057
BOD: 0.932 0.032 0.120 BODs 0.938 0.069 0.013
EC 0.856 -0.105 0.203 EC 0.879 -0.050 -0.104
™ 0.840 -0.326 0.043 ™ 0.851 -0.298 0.009
TP 0.708 0.250 -0.418 TP 0.638 0.178 0.548
WT 0.001 0.868 0.327 WT 0.007 0.914 -0.157
DO -0.064 -0.859 0.001 DO -0.028 -0.844 -0.169
WF -0.141 0212 -0.184 SS 0.119 0.170 0.748
pH -0.041 0.129 0.719 pH 0.046 0.262 -0.682
SS 0.220 0.301 -0.681 WF -0.171 0.171 0.200

ol Fh= A= & SN Lefste] A3 3

2 BAH(Variance)©] &2 3] 2o}
A 7] A-A7A] &f A=A Rk J—Eﬂf"} A A
2 et Slth(Figure 7). 2% 221500 93
AR E = W #4bs Ued= 384804 =
CODwn 350] 94,1%8] A8 4= lokal Urebgtt,
1Pjal g]lso] 7hxl Mo E4b A 4 9l
tlolEl o] A =g A A5t tHTable 4). PC19] 1L
$2)%E 4,673 42.477%0] 7]ojale, PCI 3y
PC3 7HA] A #A4r9] 72.033%5 AH T 4= it
Table 5 Aol A 3|14 #-59] 445 &4 Sl
A AR 2oy 7 FARY AT AR
t=A veh H|aL Ago] 7Hsek A= UET

2124 Varimax 34 2§ A5 53 24

4

S

14

> gii

& 234 AN tHTable 5). v Y o) 29
e AHE=Z PCle EC, BODs, CODmn, TN, TP,
TOC, PC2= %, =2, DO, PC3+= pH, SS&2 &

FEU ol2E A= S| Af- HZ o
& a9l sfjAlElo] (S Agstr] $I3t vlolE 3
Aol 7hs A b= Ao vyt 89184 At
o 88l F2E YE&3}7] $8ke] Varimax 4= 4
&% 23} PC3A 3, SS, pH7F 3E o] v|9]
A ) 2-got At =212 Ql Az 4ol 7}

5% AR et WS HREAG] P
A4(Score) LEAF A} 22T FABEO A2 A
A7 E& A0 & Vet

Varimax 412 488 2R3 JRE 4%
ool o] PC1 FC, BODs, CODws, TN, TP, TOCE
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Table 6. Regression equation using multiple linear regression analysis

Model Multiple linear regression models
1 y1=-2.373+0.00032EC+0.046BODs+0.034CODwm:+0.054 TN+0.806 TP+0.044TOC
2 y2=-1.845+0.061WT-0.229DO
3 y3=10.334+0.00103WF-1.237pH+0.004SS
B9tk P2k +2, DO, PO3E 4%, pH SS A verdth ofejst At FHRAIANE Al
2 BREoIchFigure §), o3t A nigtom o) § obH, RAIY ohd, Mo ddel Agel 2 4d 5
A% FE] SN 1 8918 7183 9YaR OB $H0] fAR S4E A ple 2les B
AT 80", 2 Q1L o] W o0 Wsl @ AEo] etk T 2HECEY) AR F
o” 3 @ole “ouk M ul B} Qol”o 02 QYA FESAY LT shHel &
2 Aolak = ity 1 919 PR TA| 2|99l uhE SHaL QA= Rk, whebA o] Abof sk ke
Aok oA @ E2AA SolA SQE wA sl EoE A4 ZHEE) fr3ol WE 545k wEvt 2
o] Jgo] AA et Aoz sjist 4 gk 2 gel A AOR WL
o] FFLS 317} 22| 0] BalF A A0 FA AT -8 AV o AP S5 2719k A7)0 wE
3} D09 Rl Rajo] A Ukt AgH ol TEFEO] FHEMA Tl HERT, ol o]
ojat =z wslol o] 9 Aoz wyusigry e /1T R AR nE o] wistel 4
(Kim et al, 2016), 3 221 794 §57pe] ot Aol FUHe HHe A Sof FFom W
_1,ﬂ_‘oTnxlo] 30 © olgg/q 2270 GRS 21 7 ™ F52 p—Valueﬂ_ 7V ooz 23 Ao &
E A o} }o% W gie] Qlm g D08 S Rhe s TPt COD, 1009
- _ _ _ A A S~ oF
A 5 Qe SIS Table 60] Astetet sl T j‘jL 0.655(p .00, Ojff@@ Olii K _4
A9 BAH GUNE AHY 4 AL oneway o o0 O] 1B BVET FEAT Y
= 7ke] o] folatA orom ssi the 4
ANOVAQ] A3} F—5A %2 p—valueZ| 0.05Etc} 2} A1 55 7hol AL C A0 oo
3] It L EX]Co
of A BAH R Foleichn 4 gtk S GRS ST e S S
o 2124 AT gAY 22§72 W 9
73 AR AT F2of A 7Y A FFL WE 5
V.d= oo vehyth, olelgt 499 422 E SlshA
B ol A TPLMS Aldo] mhe a7 4o = W HelA s eadel At £ 2
o gato s AR A-27HA 22 uE EAS B =4 A dj#o] asirial AbrE, 207 &
slom AlEA 9 2AFAS oate] EAEY  BUHPE o83t the ARl of 283t
S Aot AFAT YWY fofe] FPAYy T SUATRIE IHAST 5] 7 2
2AEHS Exole © 24 s wlet e g AS ?H‘:‘e‘ﬁ_}oﬂ Zﬂ*lﬁ_ Rov 5 AN T
EHET Q12 HolFSAL, AP el ApRol 917 SIS FIR AErEel L GR AL TAE BIhS 4
T UAA, BEA, GBAL 0 9B prsp e TVIRGESEEE S SIS Ao vidEd
skl wlg L G TR AR AHAE 4]
23} R AR G50l A et 2954 Ah A
& vehich, Eeh 2@ 2 S GUoR L RE DGR Rk
SR HER o] Fol7 BAME 859 sk ATHUO] ARG ot S35l tHNIER-
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