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Figure 1. Schematic Map of Sampling Points along the Yoshinogawa, Tokushima, Japan. See Table 2 for details of

monitoring points.

Table 1. Abbreviations and explanation of chemical index of water analysis

Chemical index (abbreviations)

Explanation

Dissolved Oxygen (DO)

Biochemical Oxygen Demand (BOD)

Chemical Oxygen Demand (COD)

Total Nitrogen (TN)

Total Phosphorus (TP)

Amount of dissolved oxygen that isfreely available in water to sustain fish
and other aguatic organisms. Lower DO level indicates higher level of wa-
ter pollution.

Total amount of oxygen consumed in the biological processes that break
down organic matter in the water. Higher BOD level indicates higher level
of water pollution.

Mass concentration of oxygen consumed by the chemical breakdown of
organic and inorganic matter. Higher COD level indicates higher level of
water pollution.

Total amount of nitrogen compounds contained in water. Can be divided
into inorganic and organic matter groups, as well as into dissolved matter
and particulate matter groups.

Total amount of phosphorus compounds contained in the water. Can be
divided into inorganic and organic matter groups, as well asinto dissolved
matter and particulate matter groups.
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Table 2. Values of chemical index of water analysis and distances from estuary of monitoring

pointsin the Yoshinogawa region

. pe b .

%g;n;a) Kigi% &A% BOD COD DO TN TP ;EEGJEE %g{;{m
1 SR TEHE 12 19 99 091 002 940 FEHJIAO9
2 FHINER XKIE 07 14 100 029 0.01 87.0 HEFJI;IOS8
3 AN a3% 09 15 11.0 050 002 55.0 HHJIAIO7
4 BHHNTHR HBEGEKE 08 16 100 044 001 480 HEJIFOSE
5 el 7R 05 08 100 041 001 450 FHEFJ)IAOS5
6 THITHR SHEBE 07 16 93 079 002 19.0 FHE)IEIO4
7 EHINTHR ZEERT 1.7 26 89 0.05 105 FHEIIEIOS
8  fhmE BhAME 16 31 82 098 0.11 6.5 SE)IAO2
9 FHITHR BIHINKXE 11 25 86 050 0.05 35 FEILAO
10 IBEBII LR EEE 07 18 96 073 004 185 IBEEF/IAOT7
11 IBEHINLR TiEE 10 19 93 089 004 10.7 |[HEEF)IAIO6
12 IBEBI LR HEE 15 18 92 85 IBHEEIAIOS5
13 IBEHIILR +EEH 12 22 96 089 004 70 IBEEF)AO4
14 #EEN BHRE 16 34 8.1 45 [BEFEO2
15 {&E) KEE 16 26 76 065 0.07 6.5 IBEE)IAIO3
16 IBEHFINITR KiEE 12 23 90 066 0.05 23 IBEENATAT
17 S9IILER =vEHE 16 18 91 10.7 S4)IIEIO6
18 SUNITHR  #HES 14 24 89 7.7 SEIEE5
19 SYILER HERELERE 17 26 99 093 006 75 S04
20 SYNITHER  S$IERS 20 40 81 50 E40JII3
21 SYNITHR NEABE 15 25 86 088 006 40 54112
22 SYITHR  AO 15 31 80 089 0.06 0.0 58Il
23 HHETIIEFR  #FHAETKFY 10 27 17 0.09 7.3 HHET)IAIO4
24 FHETII LR Z=vEiE 22 44 61 0.15 5.6 FETJIAIOS
25 FRETIIESR  #FETHE 34 53 60 160 020 4.2 FET)IEIO2
26 FETIITH  iEHE] 20 43 72 068 0.10 1.7 FHETIA O

Shaded parts indicate defect data
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Dendrogram using Averaze Linkaze (Between Groups)

Rescaled Distance Cluster Combine
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Figure 2. Dendrogram of the Yoshinogawa, 3 parameters, 26 monitoring points
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Table 4. Coefficientsin thefirst and second
principal component (the Yoshinogawa, 3
parameters, 26 monitoring points)

Table 3. Eigenvalues and contribution (%) of principal
components (the Yoshinogawa, 3 parameters, 26 moni-
toring points)

eigenvalue contribution cumulative fac.1 fac.2

rate(%) contribution BOD 0.936 0.332

rate(%o) COD 0.977 0.008

fac.l 2.70 90.12 90.12 DO -9.934 0.341
fac.2 0.23 7.54 97.66 facl: thefirst principal component

fac.3 0.07 2.34 100.00 fac2: the second principal component

fac1: thefirst principal component fac3: the third principal component

fac2: the second principal component
fac3: the third principal component

Table 5. Score of Factor 1, groups in cluster analysis and distances (the Yoshinogawa, 3
parameters, 26 monitoring points)
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Figure 3. K-L plots by factors 1 and 2 of the Yoshinogawa, 3 parameters, 26 monitor-

ing points
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Table 6. Eigenvalues and contribution (%) of principal
components (the Yoshinogawa, 5 parameters, 18 moni-

Dendrogram using fverage Linkage (Between Groups)

Rescaled Diztance Cluster Combine
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Figure 4. Dendrogram of the Yoshinogawa, 5 parameters, 18 monitoring points

toring points)

eigenvalue  contribution cumulative
rate(%) contirbution
rate(%)
fac.1 4.35 87.04 87.04
fac.2 0.42 8.50 95.53
fac.3 0.14 2.74 98.27
fac.4 0.05 1.07 99.34
fac.5 0.03 0.66 100.0

facl: thefirst principal component
fac2: the second principal component
fac3: the third principal component
fac4: the fourth principal component
fach: the fifth principal component
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Table 7. Coefficientsin thefirst and second
principal component (the Yoshinogawa, 5
parameters, 18 monitoring points)

fac.l fac.2
BOD 0.972 0.031
COD 0.970 -0.142
DO -0.904 0.339
TN 0.832 0.536
TP 0.978 -0.032

facl: thefirst principal component
fac2: the second principal component



Table 8. Score of Factor 1 and groupsin cluster analysis (the Yoshino-
gawa, 5 parameters, 18 monitoring points)

TRAYAN
ERA S ISR
Fig.10) : WIS 5 o
= Kigi£ REMEE F1RF N
%"? AN '—4:67
PA=] 5
=R
5 7@ AN -1.202 1
2 FHIER XIE -1.088 1
3 Byl [=F7 -0.986 1
4 SHITR BEEKE -0.916 1
6 THITR SHEE -0.557 2
10 [BEFILR EEE -0.508 2
1 SR ERE -0.351 2
11 HEHILGER hiEE -0.233 2
9 FTHITHR BTHIIXE -0.161 2
13 IBSEHILER FEERE -0.155 2
16 [HEFFHII TR KEE -0.133 2
18 SUNILER HEELRA 0.167 3
21 SYIITHR INEEFHE 0.267 4
15 =) KEE 0.389 4
22 SYNITHR A0 0.499 4
8 &R BHIE 0.798 4
26  HFHETIITHR  BsERD 1.107 5
25  EHETII_EGR  FHETEE 3.063 6
2
X A
14 xx
o~ *
¢ X
o X +
Q +
g 0
= +
S e X 6
8 a
4= 5
o _1' ’
o x|+ * 4
o
A
—0d O 3
X 2
-3 I _ _ ®
-2 -1 0 1 2 3 4

REGR factor score 1

Figure 5. K-L plots by factors 1 and 2 (5 parameters, 18 points)
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Table 9. Estimation of defect data
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Dendrogram using fAverage Linkagze (Between Groups)

Rescaled Distance Cluster Combine
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Figure 6. Dendrogram of the Yoshinogawa, 5 parameters, 26 monitoring points
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Table 10. Eigenvalues and contribution (%) of principal
components (the Yoshinogawa. 5 parameters, 26 moni-
toring points)

eigenvalue contribution cumulative
rate(%) contribution
rate(%)

fac.l 4.26 85.22 85.22
fac.2 0.47 9.38 94.59
fac.3 0.14 2.77 97.36
fac.4 0.09 1.87 99.24
fac.5 0.04 0.76 100.00

facl: thefirst principal component
fac2: the second principal component
fac3: the third principal component
fac4: the fourth principal component
fach: the fifth principal component
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Table 11. Coefficients in the first and second principal
component (the Yoshinogawa, 5 Oparameters, 26 moni-
toring points)

fac.l fac.2 fac.3
BOD 0.94 0.16 0.24
COD 0.97 -0.15 0.12
DO -0.90 0.35 0.20
TN 0.83 0.53 -0.17
TP 0.97 -0.13 -0.02

facl: thefirst principal component
fac2: the second principal component
fac3: the third principal component
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12

Table 12. Score of factor 1, groupsin cluster analysis and distances (the Yoshinogawa,
5 parameters, 26 monitoring points)
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Figure 7. K-L plots by factors 1 and 2 (5 parameters, 26 monitoring points)
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Table 13. Values of chemical index of water and distances in the Tamagawa

Figo®D - 3} ] AOMD
= FEHEE BOD CcoD DO T-N T-P DI
1 FAE 0.50 1.21 10.99 0.75 0.015 61.8
2 AfTE 0.85 2.00 10.48 0.83 0.018 59.8
3 PFHE 0.50 1.20 11.12 0.78 0.015 53.2
4 SKHEE 0.77 1.80 10.64 0.93 0.018 51.7
5 BFERKEER 0.53 1.20 11.03 1.50 0.016 478
6 HFEH 0.84 1.80 10.20 1.50 0.024 46.2
7 BB 2.05 430 9.03 470 0.380 39.8
8 MBMFE 1.42 3.70 9.12 5.20 0.400 34.6
9 ZEBE 1.59 430 9.28 5.80 0.470 315
10 ZENIRE 2.35 5.60 8.46 6.70 0.610 27.9
11 ZEKER 1.32 4.40 8.67 5.90 0.430 23.2
12 E=FEZE)IE 1.14 3.50 8.91 5.99 0.360 16.5
13 HEREHAEL 1.02 3.99 9.22 5.67 0.380 13.1
14 NEME 1.46 440 8.04 5.00 0.310 55
15 KEmE 1.39 4.40 7.49 4.20 0.260 2.4
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Figure 9. Dendrogram of the Tamagawa, 5 parameters, 16 monitoring points
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Table 14. Eigenvalues and contribution (%) of principal
components (the Tamagawa, 5 parameters, 15 monitoring
points)

eigenvalue contribution cumulative
rate(%) contribution
rate(%)

fac.1 4.49 89.88 89.88
fac.2 0.26 5.22 95.11
fac.3 0.22 4.47 99.58
fac.4 0.02 0.33 99.91
fac.5 0.00 0.09 100.00

facl: thefirst principal component
fac2: the second principal component
fac3: the third principal component
fac4: the fourth principal component
fach: the fifth principal component

oobooooooooo.0obooo0oooobooon
goboobooooobooobobooooooooa
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ooboobooooboobooboobobooobobooo
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Table 15. Coefficients in the first and second principal
component (the Tamagawa, 5 parameters 15 monitoring
points)

fac.l fac.2 fac.3
BOD 0.91 0.21 -0.34
COD 0.99 -0.04 -0.04
DO -0.91 0.42 0.07
TN 0.96 0.04 0.28
TP 0.97 0.20 0.16

facl: thefirst principal component
fac2: the second principal component
fac3: the third principal component

Table 16. Score of factor 1 and groups in cluster analysis (the Tamagawa, 5

parameters, 15 monitoring points)

ERADIIZELD

';g; ? mamss 51 EF DR g’—;? :’;ﬁ =
G
3 FIFHE -1.336 1
1 MEBE -1.314 1
5 EERKEHR R -1.242 1
4 K EB1E -1.046 1
2 IE -0.968 1
6 E#EB -0.885 1
13 HERMEL 0.429 2
12 FEFELE)IE 0.463 2
8 R 0.529 2
15 KEMHE 0.669 4
14 FNIME 0.725 4
1 ZEKER 0.770 2
9 =BIE 0.780 2
7 BE15 0.800 3
10 ZEIFRE 1.625 5
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Figure 10. K-L plots by factors 1 and 2 of the Tamagawa, 5 parameters, 15 monitoring
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Analysis of the Water Quality of the Yoshinogawa, Tokushima,
Japan, by Using M ultivariate Analysis

Junko KAMBE?, Tomoo AOYAMAP, Aiko YAMAUCHI® and Umpei NAGASHIMAYex

8Faculty of Foreign Language, Daito Bunka University
1-9-1 Takashimadaita, Itabashi, Tokyo 175-8571, Japan
bFaculty of Engineering , Miyazaki University
Gakuen Kihanadai Nishi, Miyazaki, 889-2192, Japan
¢Graduate School of Pharmaceutical Sciences, University of Tokushima
1-78 Sho-machi, Tokushima 770-8505, Japan
dResearch Institute for Computational Science, National Institute of Advanced Industrial Science and Technology
1-1-1 Umezono, Tsukuba, Ibaraki 305-8568, Japan
€Core Research for Evolutional Science and Technology (CREST), Japan Science and Technology Agency (JST)
Kawaguchi Center Building,4-1-8, Honcho, Kawaguchi, Saitama 332-0012 Japan
*e-mail: u-nagashima@aist.go.jp

Principal component analysis, cluster analysis and neural network were applied to assess the pollution
levels along the Yoshinogawa River in Tokushima, Japan, by using water quality data (Dissolved Oxygen
(DO), Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD),and Total Phosphorus (TP))
measured in 2002. Because there are a few defects in the data, we estimated them by linear equation and
neural network to avoid information loss.

In the Yoshinogawa River, there are four branching bays (Figure 1). Though it is usually difficult to find
the relationships between the water quality of the Yoshinogawa River and the distances from their estuaries,
the first principal components consisting of five parameters explained the nature of the river well.

The water quality at Heiwabashi of the Shinmachigawa River was the most contaminated in the Yoshino-
gawaRiver (Figure 6, Table 12). This suggests that there is a source of water pollution in the upper region of
Heiwabashi and that there is a source to improve water quality in the lower region of Heiwabashi.

Keywords: Water Pollution, Yoshinogawa River, Chemometrics, Principa Component Analysis, Cluster
Anaysis
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