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RELATIONSHIP BETWEEN LAND USE AND RIVER WATER QUALITY IN THE
URBANIZING AREA OF THE SAKA RIVER,
WESTERN PART OF THE SHIMOUSA UPLAND

HAM ' WEEE’
Yu TABAYASHI and Masumi YAMAMAURO

VRSB RE BUTKFERFRAE BEa R E R (T 277-8563 THER A THAA O %E 5-1-5)
2IERB PR AURKFERFGIAE  HEEA R R (T 277-8563 THEAA AR O %E 5-1-5)

Subsequent realization of the significance of diffuse sources necessitated the need for assessing the
impact of land use characteristics on river water composition with alternative methodological approach.
This study collected water samples from Saka River basin and the concentration of major ions were
analyzed. Proportion of land uses of the respective drainage basins were calculated from GIS data. The
results were analyzed with the objective to find out the relationship between land use characteristics and
water chemistry. Forest dominated sub-watersheds showed lowest ion concentrations. As the urbanization
progressed, sub-watershed became to contain more ions. Urbanization induced positive significant
relationships with Na™, K*, Ca®*, Mg*, CI, SO,%, TMI (Total Major lons), while farmland with K,
S0,%, TMI, and Industrialization with Na*, K*, CI, TMI. These trends are distinguished more clearly

using hexadiagram of the ion concentration and PCA scores for the sub-watersheds.

Key words: urbanization, land use, river water quality, sub-watershed
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Fig. 1 Site map of the study area.

H5 Y ZokHic, BURTIHEBOEFNHE S
ATV DERET, — iz RnWEdiaik, X
DL DFMBIZBITLMAOEREE, T baiks
HICHFET 2 RADRD BN D.

THFIA & OBIfROERICB VTS, KEHE &
U CIIRE 2 IR E OV E 2 F > 7= b D &
DR% L, B OWRFWET 9 BIU EZ DS
T A A xR & LRI 720, (REN
ZeKEREEE L TCEXRMEEE (EC: Electric
Conductivity) 238 2725, —#IZ, 1HYDHEA T30
IZBWTIXZDENE L, BEA A DY REIRED
& OFBAR E. FIIAKE & LT EC 721 T
<, 2 BB A A L H I & OBR AR
Bz 5 2 & T, FEDILRLET TIEHNnbk
WEEIDN A S DY E L THEREINEZY, $2F0

F OIS U TR SN HERY RBREE & ORALRIEN B,

RINOFEWEOFHNAR 2720, Wielko A%+
SN HTREEGD, B DWITE(L LI KBRED
SISO Z E M RWCHIFFTE 5.
AAFFETITZ D K 5 2B YIRS 5
IR R 1 A ARE O L Z o L, ZORER
IR o THIRIH OB DIGE & LT, EHERA
7.

2. FEXZRihE

A SR I T TR B AL PEER AL E T B S
WCTHD (Fig. 1). FEIRPICIZFERNEY, -
A - Wl E ORI T A E e, B~ OEEE N
Z<EEL, Xy RE T L U TOMERKREN.

PRIIZ 350 T 1960 A7) b RIUR 72 2 HIBA¥E,
TEEMMBAR NG E o 72, BEE, ADDOMOERN
FiELTWAa 00, FiEOIEEICAIET 52 5< 0T
T AT VAR OTEH - FEEHBIRENEA T, #
(EE(4ES S TAPNGAYS

TN OHIER 72 BTN S <, B E B R
FORIZTRT 2B ENOHERINS. W)INEEH E
MOIEE Y, BERORZ T, LN AT 5.
HEREFIX NG, EEEE - KTE - Fikit
& - R o — L o —n /e 0910 3z
HEIRRICHIE N S -k ch o, Theate
W7 o THEKHEL B L DR E & FepkE o B
FERSTERL ST, HVE S & MBS RIERIIZIEY
BThoHIh, HifF - MBSO ZENFIBKE D
ERICHE 2 BEBII VI NEEZLND. DL
N6, BRGETIHRL, NANREEIZ X HKE
TERAAE 2 a4 5 DIl LB & W2 5.

3. MRAE

)ik 2 & DIk B L, EnEhoik
TIIZ 31T D L HURI 0 2258 & KE & DOBIRR & Rt
T5Z LT, WHHERKEIZED X S eigBEi b 2
L0 ERRELT.

(1) KERE-SHH

B I O B Fii A BE A & L (Fig. 1), Bl
HC/KIR, EC, pH % il DKK # EC/pH &t % H
THIEL=. £/, HACH#HIFZ X L% 4 hL—
RN TpHA8 TV h ) EERIE L, HEIRFERE
(CHAR U7z, BHE RS2V, 100mL R U =5
LVURIZERKR L, obric vz, g clidy o7
IV REFTICARAT Uiz, A ATTE H 1 s B o
4> (Na®, K", Ca®?", Mg*, CI, SO, NO3)
T, 20um DAL T LT 4 H—TlEim L7,
B R ERT R E A A 4> 7 m~ R 7 LC-VP
VU= REHWTEERSIT 21T o7, BKIT 2004
£06 H, 10 H, 12 H, 2005 4D 3 HIZITV, W
THOHEEROREN /N E DI, BEHR%DRED
24 BRI DL BT ERE R T - o I 258 L7z, £7z,
SINTREROFFHUHOFE R, FHOEIZ LD AEE
XRO LN oT-T28, iS4 OV K'E % fiF
HricHW=. 7eds, SEIGHT LicA e Tok
£ 7% TMI(Total Major lons) & L L Y EJEE TFH L
7.

(2) THFIFAREN
KEZPE LSl = s, LA HEEE 2R
HL72. MRHIROFIET, etz iitik

- 1130 -



M Forest

H Farmland

& Developping area

D Industrial area

El Low-rise residential area

B High-rise residential area

E]l Commertial area

Road

Park

7 O Publicland

0% 20% 40% 60% 80% 100%

Fig. 2 Land use of the sub—watershed. Number of the left row
is the sub—-watershed number corresponds with the
Fig. 1 and Table 1.
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Fig. 4 PCA scores of the sub—watersheds.

Table 1 Water quality of the subwatersheds.

EC ™I

T
No. Sub Watershed [cl pH IuSlom] _[meq-

Na* K Mg®* ca¥  cr

" NO; SO;> HCO;
172 81 4975 1062 154 017 110 260 129 009 058 3.5

1 Asahi-s

2 Fuji 16.7 7.6 4218 8.55 100 013 085 232 071 039 072 243
3 Futatsuki 182 7.7 4705 906 155 019 076 196 111 052 064 234
4 Hiraga 183 75 3885 764 105 012 076 191 064 035 054 227
5 Hiroike 165 7.4 379.0 736 092 013 075 182 070 0.36 054 214
6 Ichijin-u 141 63 1664 291 044 001 054 048 048 058 013 0.25
7 Kamifuji 167 7.6 4425 889 1.05 014 089 241 078 044 070 247
8 Kanda 147 7.7 3908 7.82 108 012 093 187 086 031 059  2.06
9 Misaki 156 7.3 4020 797 108 014 079 202 076 029 079 210
10 Nadukari 181 7.4 4185 791 139 022 066 160 08 041 054 226
11 Nadukari-t 183 7.4 4138 8.14 109 016 0.75 198 082 043 055 235
12 Nagasaki-1 169 7.2 4353 812 132 016 082 169 094 039 064 217
13 Nagasaki-2 169 7.1 446.0 857 137 018 075 178 103 064 068 212
14 Nagatsu 163 75 4373 8.55 116 014 094 184 087 053 062 244
15 Nakabori 165 7.6 4773 1019 122 019 116 258 078 012 08 328
16 Nishiyama 163 7.5 3868 718 109 014 085 132 079 057 047 196
17  N-keisatsu 166 6.8 1315 266 037 002 044 050 039 012 0.09 073
18 Nonoshita-2 17.3 7.3 516.3 1088 187 021 102 271 134 035 084 255
19 Ooyaguchi 169 7.6 4200 830 124 015 078 204 076 046 058 229
20 Precon 149 6.6 1452 230 027 001 034 055 029 0.09 0.16  0.60
21 Saka 158 7.3 4048 781 107 014 076 198 08 036 083 1.88
22 Shinmyoubori 16.7 7.1  414.0 837 132 018 077 19 080 014 070 250
23 Yagi 184 7.7 4268 853 092 013 0.87 238 067 040 105 211

Unit of the each ion is meg-1*

Table 2 Partial correlation coefficients between PCA score

of the land use and ion concentration.

Na* K" Mg* ca’* cr NOs S0,”  HCO; TMI
PC1 0.89 0.90 0.80 0.88 0.80 0.02 0.79 0.89 0.94
PC2 0.39 0.52 0.38 0.36 0.20 0.14 0.55 0.41 0.58
PC3 -0.63 -0.63 -0.25 -0.40 -0.60 0.01 0.44 -0.30 -0.61

*Bold values are significant at 5% level by t-test
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Table 3 Simple correlation coefficients between land use and ion concentration.

T™I Na* K* Mg** ca®  Cr NO,  SO,” HCO,; PCl PC2 PC3
Forest -0.91 -0.81 -0.86 -0.79 -0.85 -0.70 -0.13 -0.78 -0.88 -0.96 -0.10 0.08
Farmland 0.50 0.37 0.52 0.42 0.48 0.28 0.24 0.71 0.42 0.29 0.78 -0.27
Developping area 0.83 0.83 0.76 0.73 0.76 0.85 -0.13 0.58 0.80 0.74 0.06 -0.47
Industrial area 0.48 0.57 0.50 0.34 0.46 0.59 0.00 0.42 0.35 0.45 -0.36 -0.73
Lowe-rise residential area 0.77 0.74 0.76 0.71 0.66 0.62 0.11 0.53 0.79 0.84 0.15 0.11
High-rise residential area 0.38 0.30 0.28 0.34 0.41 0.25 -0.04 0.20 0.40 0.66 -0.47 0.49
Commertial area 0.66 0.57 0.58 0.67 0.69 0.48 -0.24 0.56 0.66 0.84 0.05 0.19
Road 0.70 0.76 0.70 0.51 0.63 0.61 0.00 0.49 0.69 0.87 0.08 0.17
Park 0.40 0.22 0.22 0.39 0.43 0.16 0.25 0.44 0.38 0.42 0.27 0.35
Public land 0.15 0.05 0.10 0.08 0.19 0.04 0.07 0.11 0.17 0.32 -0.77 -0.10

*Bold values are significant at 5% level by t-test
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Table 4 Water quality of the 6 clustered sub—watershed.

No. T[°C] pH EC[uS/cm] TMI[meg-I-1] Na" K* _ Mg® ca® _CcI___NO; SO/ HCO,

CL1 17 74 4056 8.00 111 014 080 194 078 036 064 222
CL2 17 74 4314 8.17 134 018 077 167 094 050 059 217
CL3 17 76 4303 8.66 0.99 013 087 237 072 041 082 234
CL4 15 65 1477 2.63 0.36 0.01 044 051 039 027 012 053
CL5 17 79 4874 10.40 138 018 113 259 103 011 072 326
CL6 17 73 5163 10.88 187 021 102 271 134 035 084 255

mean 17 74 3927 7.75 111 014 080 184 080 036 060 211

*Unit of value for the ion species is meq-I-1.
For each ion, top 3 of concentration values are highlighted with bold.
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Fig. 5 Relationship between hexadiagram(water quality) and the
PCA score of sub—watersheds. Number of the each diagram
represents the CL number and the concentration of ion
species corresponds with the data on the Table 4. Right
side of the diagram represents cation (Mg?*, Ca?™ Nat+K™
from the upper row) and left side represents anion (SO,>,
HCO,", CI"+NO, from the upper row).
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