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Abstract More than 100 piezometers were installed in 0.01-ha hillslope~
wetland plot in the Tsuluba upland (Japan) to investigate in detail the three-
dimmensional distribution of nitralte concentrations and groundwater flow.
Nitrate is attenuated at the hillslope—wetland interface, where groundwater
flow is upward. However, the decrease of nitrate concentration is not
remarkable in the thick sand and gravel tayer and the thin surface soil layer.
Dissolved N,QO concentrations and denitrification rates (activity) are correlated.
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INTRODUCTION

It has become clear that riparian zones and wetland play an important role i the
attenuation of nitrate in groundwater. However, the role of the hydrological cycle in
nitrate attenuation in this buffer zone is not yet clearly understood, mainly due to the
very complicated hydrogeological conditions (Mengis et al., 1999). Therefore, there
has been little quantitative evaluation and modelling of the nitrogen cycle in the buffer
zone, Cey et al. (1999) showed that groundwater nitrate decreased when groundwater
flow became downward at the interface between an agricultural ficld and the riparian
zone. In contrast, Hedin ef af. (1998) indicated the possibility that upward flow of
groundwater to riparian sediments might induce nitrate attenuation. These research
projects indicate that further studies on the relationship between groundwater flow and
mitrate distribution in buffer zones are still necessary.

The purpose of this study is to clarify the relationship between groundwater flow
and the distribution of nitrate concentrations at an interface between a hillslope and a
wetland in Japan.

STUDY SITE AND METHODS

The study area is located about 15km northwest of Lake Kasumigaura, lbaraki
Prefecture. The uplands and hillslope of the study arca are farmed and the valley
bottom (wetland) is used for rice cuitivation, i.e. a rice paddy (Fig. 1).

The geology of the site consists of five layers. The lop layer is a soil which covers
the entire slope and thickens towards the valley bottom. The soil is underlain by a clay
layer in the upper part of the slope. Beneath the surface soil (lower slope and wetland)


mailto:tase@atm.geo.tsukuba.ac.jp

358

Seiichiro loka et al.

WFVE 140°1S'E

o &
Sm’('h-' @fﬁf@
arex’ \5:" ,

Ay
36"0'N—Lm BRI ) S 70 100m
Lake :
Kasomigaura ... D:_S__Ludy slope d:Elevation|m]
| mpmmnmmzzm==s e [E):Arable land  P7:Residenial area
NG o ’3 £ Wetland M Cliff face
14 A 43| [}:Grass land E:Paddy field
. bj};’_‘_\—/ ,__‘._..-"{22?1 []:Forest area and Non-cultivated land
124" \

Q :Observation Well for
measuring water table
s+ Piezometer Nests
@ :Staff for measuring
surface water level
Dashed contours are water table[m]
— — — Vertical cross section
in Fig.2 and Fig.3

f1{mj

Fig. 1 Map showing the location, landform, and land use of the study area, the

location of piezometers and observation wells at the hillslope—wetland plot, and water
table efevations on 1 August 2000.
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or the clay layver (upper slope), is a sand and gravel layer which is thickest under the
upper slope and thins towards the wetland. The sand and gravel is underlain by a silt
and clay layer confining a deeper sand layer (Fig. 2).

The hillslope—wetland plot was instrumented along eight transects, which are
almost parallel to the slope; more than 100 piezometers with depths from 2 to 3.5 m
were instalied (Fig. 1). Since August 2000, the groundwater samples have been
collected from the piczometers using a polyethylene tube and syringe. Electrical
conductivily and pH were measured in the field. Cations and anions were analysed
using an [CP (inductively coupled plasma) and an ion chromatograph, respectively.
Alkalinity was determined by titration. To evaluate denitrification, N,O dissolved
in the groundwater, and denitrification rate or activity of sampled soils, were
measured by gas chromatography and using the method of Yoshinari et al. (1976),
respectively.

RESULTS AND DISCUSSION

The water table as shown in Fig. 2 correlates with the landform. The nitrate and N;O
concentrations, and denitrification rate along the cross-section of A-A" (Fig. 1), and
the nitrate concentrations along each transect from N.3 through to F.F. are shown in
Fig. 3. The groundwater flow in the sand and gravel layer is mainly horizontal from
the hillslope towards the wetland, but in the silt and clay layer is downward. However,
groundwater flow is vertically upward downslope of the N.1 transect. The nitrate
concentrations in the silt and clay layer decrease with depth, which may be due to
decreased penetration or the hydraulic barrier {lower permeability) of the strata (Cey et
al., 1999}, In addition, nitrate concentrations decrease downslope of the N.1 transect in
each strata, and are relatively greater in the thick sand and gravel layer compared to the
other strata. For the F.F transect, nitrate concentrations are low at all the piezometers.
The dissolved N,0O is correlated with the denitrification rafe, but there are some
significant departures along the cross-section and within some transects, which are
being investigated.

CONCLUSIONS

The nitrate attenuation occurs not in the bottom valley or wetland itself, but within a
narrow zone at the foot of the slope. The nitrate attenuation zone is located in the lower
slope below the N.1 transect where groundwater flow is predominantly upward to the
wetland. The decrease of nitrate concentration is not remarkable in the thick sand and
gravel layer or the thin surface soil layer. The dissolved N.O gas concentrations and
the denitrification rates (capacity) are correlated but their relationship with nitrate
concentrations needs to be studied further.
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Fig. 3 Nitrate concentrations, N;O concentrations, and denitrification rates along the
transcet A-~A" (Fig. 1) of the hillslope-wetland plot.
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