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Multi-variate Statistical Analysis for Evaluation of Water Quality Properties in

Korean Rural Watershed

Jin-Ho Klm Chul-Mann Choi, Won-Il Kim, Jong-Sik, Lee, Goo-Bok Jung, Kuk-Heon Han, Jong-Soo Ryu,
Jung-Taek Lee, and Soon-Kuk Kwun” (Div. of Environment and Ecology, National Institute of Agricultural
Science and Technology, RDA, Suwon 441-707, Korea, "Dept. of Landscape Architecture and Rural System
Engineering, Seoul National University, Seoul 151-742, Korea)

ABSTRACT: This study was canied out to classify the streams at rural watersheds by characteristics of
water quality. The water quality data of 319 streams at rural watersheds in Korea were selected. Multivariate
analysis was used for this purpose. The cases were divided into 5 types, and then factor analysis and cluster
analysis were done. The characteristics of water quality of rural watersheds can be showed more than 40%
of total water quality by first factor(organic matters and nutrients). The cluster analysis of extracted factors
using factor analysis was cammied out. The results showed that the Case 1 and Case 2 were classified 4
communities, Case 3 was classified 5 communities and Case 4 and 5 were classified 3 communities. Among
5 types cases, to classified the streams of rural watersheds, Case 4 - 7 water quality items - was selected
as a desirable case. Many kinds of statistical analysis can be used to classify the streams of rural watersheds.
Our results showed a good example to evaluate the water quality properties in Korean rural watershed.

Key Words: Water quality assessment, Factor analysis, Cluster analysis, Watershed management
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£33t
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CHHZF BN

T4 Y AR(F 319 33 E 0838t 22l(dxhEA
(factor analysis)® 74X (cluster analysis)S FA57]
Z|31 SPSS ver. 12,0004 AASHITE?. QEAe 4|
IS TE o FEE F 529 N6 N9t w2
AUAEE gHH 07 32387 Y3}o] 5714 Casez #-8)3}
o] AAIEITE Case 12 w98 dF5FEE< EC,
pH, DO¢] 38=% f71& ¥5< BOD, CODwn, CODc;,
SS9 48, JU¥AF 5 T-N, T-P, NH:-N, NOs-N,
PO,P9| 585, %ol %<l Na', K', Ca™, Mg™'9] 4%
%, S0l C, 5079 2385 5 44 18/ #4%%S o
FOR BI5iTE Case 2+ 187 EATEF S43k) 949,
& AgFE YErE DOE Al
At 1770 FAFE-S Ao 7 191, Case 3 DOS} &
EE7H] @97t O E pH, EC(dS/m)E AYE 15828
tdoz siSith Case 4+ SUEFE F7HE W B4 ot
%<2l EC, BOD, CODwmy, SS, T-N, T-P, NH>-N9| 774
FES WOz 3133, Case 5= T2 2 PFFA A4
gerH o2 ol gHE ¥4 ot F59 BOD, TN, T-P, SS
o] 4 FEE R F435ickTable 1).

Table 1. Selected water quality parameters of each case
used for factor analysis

Case Analysis parameters No. of
parameters
EC, pH, DO, BOD, CODwy,
1 CODx, SS, T-N, T-P, NHz-N, 18
NOs-N, POs-P, Na*, K', Ca™,
Mg*, CI, SO
EC, pH, BOD, CODyi, CODc,
2 SS, T-N, T-P, NH3-N, NOs-N, 17
PO.-P, Na*, K', Ca®*, Mg,
CI, SOs*
BOD, CODws, CODc:, SS,
3 T-N, T-P, NH;-N, NOs-N, 15
POsP, Na', K', Ca*,
Mg*, CI, SO
4 EC, BOD, CODwms, SS, T-N, 7
T-P, NH:-N
5 BOD, T-N, T-P, 55 4
319x189] ARFHE olgsto] AAsgldl, $4 B
WEEe) ok} A 9L T8 the FHE B
(principal components analysis)s ©|43to] 4 A5E
7V E 7E8 F e 522 (common factor) S FF

ek 2719 Q9lRal#H(factor loading) FES AES}
o 2219 Juig §4slrle olF7] Wi, FEAAE T
o] BAIAE Folu W Yu|E B & HHoR
App-stego] Zhz wake] Aol HuistE RS ag 33
7l WX (varimax) P& olgst] QAEE HuI
(orthogonal rotation) A1 AT,

TARAE QAT 7R 57H] Case: 723t
o] stk ZREY & Ma® 9} Rim™9] d7-elA
g ol 27 Aol i kA o F o) &5 Ward ¥
Hel gaielet. ol BE WEESY T4 Hito] A &
] Gl vigt 7 Alo) 28 FETt AlgA e (squared
euclidean distance)’} A= WHOR o] Aglg &
£ Aol2E gkt Zloluh R A8 AR 7E
AT Al Alg SEETie ARE ol gsiqich 57
CaseZ 7V vlga et & CaseVhs tio® 11 FA4E +
¥ Z(tree dendrogram)Z #4ste] sHHE& AL
T4 H7HE AT

du 3 O

SYE &F 59 J|=8AF

TEAY 23EB197)e] B 4% BODy 1.8
mg/LE #4389 sls FREANF [bSIFS £
#) TEOIT S5 104 mg/LE [a%a (ER) TEI
on, BF FULSE 0|87k o]t Table 2).
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Table 2. Average and standard deviation of water
quality parameters in the 319 streams of rural area

(Unit: mg/ L)
Water quality Average Standard
parameters deviation
EC 0.166 (dS/m) 0.078
pH 7.4 0.3
DO 9.0 1.5
BOD 1.8 1.1
CODwn 34 1.7
CODc, 6.1 34
SS 104 11.0
™ 3.480 1.760
TP 0.090 0.101
NHz-N 0.287 0.637
NOs-N 2.140 1.003
PO,-P 0.049 0.054
Na* 10.54 7.49
K 2.90 1.99
Ca™ 16.00 13.22
Mg* 413 6.05
cr 10.9 10.7
SO;™ 12.1 8.4
g poad
5 Casecl tfsto] T4 2RNE AAE A3 264t
(eigenvalue)©] 10]144<1 gh& 7]F0 8 Q918 253 43}

= Table 3% 72t}

Zt Case 2 ¢1A522] £8 X1 Case 17 Case 2=
7z} 571 AAHfactor) 7} FEF O] AAL) 73.0%, 76.2%=
AP F T Case 32 47 QAP FEHo] A2
72.4%, Case 49} Case 5+ 212} 17) Q1A17} #&5o] A4
2] 52.6%, 51.6%% A & YAtk

B TN 329 7} Case QAN = FAE Z Ql
o] 75 2 Qlo] FH719980] 60~80% o|4tolefo
BHaL #4 50% o)Ak HoJok gk Jung®9] dAte) 4
= WAl glof AAEAM Exst SjMRrhks o] ry}
FestAA SARThs QAR Ba Ealt HaEr)

Table 304 F&% A1) o) tha}o] zF Case™d A4
o g d¥E 4 & HEER FA7]9E(cumulative
%)< Table 40 YNt Table 4014 Hol= g}t
FEFY LB oA diF-E T Al 1A0AKH7) %
7} JUAF)EL Table 3914 BE H9} 720] 7} Case 2
A FA2] oF 40% oS AEE 4 Qg

Choi™ 9] ¢FtAl b 7ol 9Jaha, &9 47) Qb2
TRHA7E 14347 2 AN Hoks 23 59 Choi

haant

A

Table 3. Eigenvalue and cumulative proportion after
rotation of factor in Case 1~5

Factor Factor
Case 1 2 3 4 5
E 7.0 22 15 1.3 1.1
Case 1 V° 390 122 85 72 6.0
C” 390 512 597 669 73.0
E 7.0 2.1 1.5 1.2 1.1
Case 2V 412 125 90 72 6.3
C 412 537 626 699 76.2
E 6.4 1.9 15 1.1
Case 3V 28 124 102 71
C 428 552 654 724
E 3.7
Case 4 V 52.6
C 52.6
E 2.1
Case 5 V 51.6
C 51.6

E: Eigenvalue. "V: % of Variance. " C: Cumulative %.

Table 4. Cumulative proportion and factor which are
selected by the factor analysis

Case Factor Variable Cumulative
(%)
1 NHz-N, BOD, CODMni
CODq¢, T-P, POsP, K
2 Cl, EC, Na*, SO&
b3 NO»N, T-N 730
4 Ca*, Mg2+
5 SS, pH, DO
1 NH:-N, BOD, CODMn;
CODc,, T-P, POsP, K
2 CI, EC, Na', SO~
2 3 NOsN, T-N 762
4 Ca2+, M g2+
5 S5, pH
1 NH;3-N, BOD, COD,
CODq¢:, T-P, PO+P, SS
3 2 Na", SO, CI, K* 704
NOs-N, T-N
Ca2+, Mg2+
1 VT e
5 1 BOD, T-P, SS, T-N 51.6
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CB-47(47)A4 7} CB-59(59)A14, CN-9(67)A4 3 JN-10
(16)73, GG-1100)AHT GG-2(105)A13H, GG-43(136)
-3 GN-4(284)A14, JB-2(172)A1 3 IN-20(226)A174,
JB-5 (175)%13 3% GN-36(316)#174, JB-11(181)*3} GN-
11(291)#14, JB-22(192) A A7} JN-40(245)A417, GN-14(294)
2174, GN-16(296)A174, JB-32(202) 43} IN-40(245)A14,
JB-38(206) A3} JN-34(240)<H, GN-38(319)%1H, JN-42
(247)3} GN-13(294) %1, TN-43(248) 41 2 GN-39(320)A
7, GN-35(316)1 47 GN-21(301)#17%, GN-33(313)# 7]
R 7 Aeldt AP fFEtet At 278724 JB-
18(188) %183 GW-16(1500A - 0.2 FAls]o] e A
T A A8, A AgAGel ] dickr x5e] 7
AR 72 BA4E AU das € 7 USUTHTable 5).

THE ERIuA @ o LRGN 2 AT
(coefficient)= FAH 30| AEHSch= Z1& 2vlst
I 2 AFE Y- O FRE0] AgE vk S dvjst
oz AgzE 2A w A ole A-elA FAe] & A5
= 7o) Blgalf?, B Aoa e FHstd g Rl oshd
316etAlol A 317412 dolZd w] A7) 1001302 vl

Table 5. Proximity matrix of the results of the cluster analysis

shokbbk xreeE

Sites CB-1' CN-9” GG-43™ JB-18"" JB-32 JN-42 GN-38
CB-2 0.006 0.056 0.087 0.204 0.116 0.154 0.107
GW-16 1.664 2.006 2.047 2.787 2.447 2.560 2.297
IN-10 0.039 0.000 0.010 0.064 0.023 0.035 0.010
IN-40 0.089 0.019 0.028 0.015 0.000 0.004 0.003
GN-5 0.066 0.012 0.000 0.075 0.036 0.037 0.021
GN-13 0.126 0.033 0.034 0.007 0.004 0.000 0.007
GN-39 0.078 0.015 0.021 0.023 0.002 0.007 0.003

:CF : Chungbuk. "CN : Chungnam. GG - Gyeonggi. ~ JB : Jeonbuk.

*************

"IN : Jeonnam. GN : Gyeongnam.
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o|ti(Fig 1). o} 13k 74 712 QM e THA] 27 dEE V)
TAEANY A7, 889 349 18 7A Surs g M £4 78S vl a9y e 9y
shz Aol ulgA g Ao P, F 7K 5E 148}
Table 6. List of community showing the stage of joint o wEeie) shS welshs glo] I sEfelel gl
community A apERlel shd el Wakolet At
Stage Joint commmunity Coefficient Next stage R Qf
Community 1 Community2
1 247 293 0.000 37 B ATE 598 sk S A aEla v 83
2 104 105 0.000 81 2 E Al oM 7EAEEA E8at7] $ste, A
3 172 226 0.000 54 9] ¥259 319 o] U HYLF FARAREZ o
4 291 296 0.000 17 L3lo] QRN FHEAE 5714 CaseE 5510 24
5 40 203 0.000 33 a5tk 2t Case’d IAFE2] 47, Case 13} Case 2= 2
6 206 239 0.001 21 Z+ 571 1AKfactor) 7} FEH o] AAL 73.0%, 76.2%= A
§ek 4= 91931 Case 32 47 QA7) F2H o] AA|2) 72.4%,
Case 45} Case 5t 217 17 AP} 250 1A 2] 52.6%,
313 7 9 15.644 316 51.6%% A & Atk AARRA Y] A7 FE¥ AR
314 12 99 18.093 316 A RS AAISE A, Case 134 29 A% 47) 74,
315 1 4 21.453 317 Case 3-0/] 7(5]‘?‘ 57H :\LL;S, Case 49} 594 73‘?‘ 37H3] %@g
316 7 12 97791 318 2 F¥39oy, 5719 Cased w40l 23t +4 2=
317 1 )8 37,980 318 o] dwrd A, 1FsE A 3191 34419 7H_¢ ol J3t
318 1 7 78.633 0 o Case 48] 4591 709 FAFHORE FA% FHE4 9

Table 7. Classification of the water quality characteristics
of the small streams by cluster analysis

Groups of Characteristics of Sites Number
stream water quality of stream
A Common. water CB-3, CN-1 12
quahty ......
B Average SS High CB-32, CB-43 98
nitrate and phosphate -
Low nitrate, GW-4, GW-8 95

phosphate and SS -

A3k, 3F0 7 Setet FEAY AR FYBE 2
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TR 719 AR slEol Fohe AYoE 889w
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Fig. 1. Dendrogram by cluster analysis of 319 rural areas in Korea.
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