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1. Introduction

River water chemistry is controlled by numerous natural and anthropogenic factors. Land use
impact on stream chemistry can either be spatially diffused or concentrated (point source). Land
use change is known to influence the biogeochemistry of watersheds. Due to changes of land use
from unaltered natural landscapes to agricultural and urban uses, forests and wetlands have been
lost; road density has increased; surface runoff has increased; and anthropogenic chemical and
wastewater inputs have increased. As a result of these human activities, the conditions of many
aquatic environments have been degraded. There are a number of studies focused on areas in the
vicinity of pollution sources or specific land use like agricultural lands. However, the effects of
multiple land use on the water quality and their controls have not been systematically examined
yet. Watershed management and catchment scale studies have become more important in
determining the impact of human development on water quality. Therefore, in this research, river
water quality will be discussed in relation to land uses in an upland urbanized river basin by
analyzing concentrations of major inorganic ion.
2. Study Area

The study area is the Ohori River basin, which is located in the northwestern part of the
Shimousa Upland, Chiba Prefecture. Landforms of the basin consist of upland surfaces (15-30 m)
and alluvial lowland (2-9m). The length of the Ohori River is 6.9 km and the major tributary,
Jiganehori River is 6 km. Many other tributaries of the two rivers divide the upland in the basin.
The total area of the drainage basin is 31km’. The land use in the Ohori River basin is complex
with forests, farmland, residential, industrial and commercial area, parks etc.
3. Methodology

Surface water grab samples were collected from 24 sites along the main river and tributaries
four times from August 2006 to April 2007 during base flow condition. Water temperature,
Electrical conductivity (EC), pH and Alkalinity (HCO3;) were measured in the field. Major
inorganic ion (Na+, K, Caz+, Mg2+, CI, NOs, SO42') concentrations were determined by ion-
chromatography in the laboratory. To analyze the land use, detailed digital information published
by Geographical Survey Institute of Japan in 1994 was used. Drainage divide map of
subwatersheds was collected from City Office and land use proportion of sourcesheds of each

sampling site was calculated by GIS.



4. Results and discussion

The water quality parameters showed considerable variability among the sampling sites and
significant temporal variability. EC and the concentration of Na', K', CI', NOs and TMI showed
significant seasonal variation. Comparison of means of different seasons showed that the EC value
of fall was lower and significantly different from others. Concentration of Na" and CI" were about
half of other three seasons. The average water quality data of summer, winter and spring showed
significant difference only in Mg2+ and NOs” concentration and temperature.

The water quality of Ohori River mainstream changed from Ca-HCO; type to Na-HCO;-Cl
type. Tributaries had unique characteristics, which water quality types were Ca-HCO; type, Na-
HCO; type, Na-Ca-HCOs type, Na-NOs type and Na-Cl-HCO; type. EC in the Ohori River basin
increased from headwaters to river mouth. This is because the number of tributaries and the
intensity of anthropogenic activity increase downstream.

Relationship between water quality and land use variables was better explained with the
average of summer, winter and spring water quality data rather than fall data. This may have been
the result of relatively higher discharge within watersheds affected by the heavy rainfall one week
before fall sampling and to some extend by ‘weekend effect” where the samples were collected in
weekend. Forest area was negatively correlated with all ions (Table 1). Farmland showed
significant positive correlations with mean concentrations of K, NO;™ and SO,> but only with
NOj;™ in the case of fall season data. Urban developing area was positively correlated with Ca™"
and HCOs". Industrial area showed significant positive correlation with fall Na“ concentrations
while the correlation was very weak with the average data. Low-rise residential area showed
positive significant correlations with the average concentrations of Mg2+, Ca”", NO3™ and SO4~
while high-rise residential area was positively correlated with K, Ca®" and HCO5". There were no
significant correlations between fall water quality data and residential land use except NOs'. Mg2+,
Ca”" and HCO5 were positively correlated with commercial land use in case of average water
quality data and the fall data showed significant correlations with Ca”" and SO4>. The cluster
analysis on water quality variables produced three distinct clusters and the water quality of each
cluster reflected the dominant land uses in the watersheds. Factor analysis on the combined dataset
of water quality and land use showed two major factors like farmland and urban land use
controlling the river water chemistry.

Table 1. Relationships between major ion concentrations and land use characteristics (indicated by correlation
coefficient, r). The water quality data is the mean concentration of summer, winter and spring season. Bold values
are significant correlation at p<0.05

EC Na© K Mg Cd o NO_ S0 HCO, TM™I
Forest 067 037 066 -0.68 -085 030 -036 -0.61 073 -0.67
Farmland 037 024 052 025 038 -004 060 061 036 036
Developing area 022 007 009 037 041 015 -030 -005 039 025
Industrial arca 0.14 026 006 -0.12 -001 030 -0.57 -038 025 0.6
Low-rise res. area 034 008 035 048 054 -001 070 062 029 032
High-rise res. area 046 035 0.60 032 044 036 026 035 037 046
Commercial area 027 014 033 041 048 012 -003 031 043 033
Park 036 030 028 005 028 029 -0.02 009 031 032

Others 0.29 0.10 0.31 0.44 0.42 0.15 0.19 0.33 0.25 0.28




