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Simulating flow and transport in the deep vadose zone requires accurate estimation of three-dimensional hydraulic parameter
fields based on often limited field and/or laboratory data. Based on an extensive research program at the Maricopa Agriculture
Center (MAC) in Arizona that was started in the mid-nineties we will compare several methods that can be used to generate the
hydraulic parameter fields, while accounting for the effects of error propagation that are inherent to each method. The methods
are evaluated on infiltration (28 day) event, followed by a 300-day drainage phase. Water content dynamics were measured at
400 locations (nine wells, increments of 25 cm, down to 14.5 m). Directly measured hydraulic properties are sparse: only 21
cores were retrieved for laboratory measurements, while field retention curves can only be established at four depths. However,
abundant secondary information is available with regard to particle size distributions (429 samples) and bulk density (224) and
it is therefore attractive to use estimation methods (pedotransfer functions) to generate hydraulic properties. Several approaches
are available. For example, existing general pedotransfer functions (PTF, e.g. Schaap et al., 2001) can be used, or the existing
site data can be used to develop site-specific models as well as Bayesian approaches which merge site-data with existing models.
Each set of hydraulic parameter estimates (approx 22,000 locations in a 50x50x14.5 meter domain) is used to simulate numer-
ically space-time variations in water content for the infiltration-drainage experiments (328 days). Parameter estimates are then
further conditioned on measured water contents through inverse simulation. Results indicate that PTFs calibrated against site data
provide hydraulic parameter estimates with significantly lesser bias and uncertainty than estimates with a general PTF, resulting
in much improved reproduction of observed moisture content dynamics (methods of moments). Preliminary conclusions indicate
that collection of hydraulic site data is needed and that some form of model inversion leads to superior results. Analysis of error
propagation is still ongoing.
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沿岸域の深度100mにおける地下水流動・物質輸送特性評価のための単孔式プッシュ
プルテスト
A Single-well push-pull test for flow and mass transfer properties with the depth of 100m
at a coastal area
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Hydrogeological Investigations are conducted at the coastal area of Horonobe to realize a long-term deep groundwater flow,
especially focusing a movement of saltwater/freshwater interface. The understanding of the groundwater system is crucial for
questions that have to be solved, e.g. assumed groundwater velocities at depths of about 1,000 m below ground surface; the
”age” of groundwater; and the evolution of these systems depending on different sea levels, etc. Horonobe is located at the north-
western coast of the northern Japanese main island, Hokkaido, and is a part of a sedimentary coastal basin, which is composed
of poorly compacted sand-, silt- and mudrocks of Quaternary. In our project, the hydraulic and hydrochemical properties of an
aquifer in about 1,000 m depth should be investigated. The final goal of the project is to establish a numerical model to predict
the long-term behaviour of groundwater flow and transport. In the first phase a Single-well (”push-pull”) test was conducted as
a preliminary study in the 100 m deep well. First a tracer-groundwater mix was pumped into the aquifer (”push-phase”), and
afterwards the resulting plume was pumped back (”pull-phase”). The retardation of several different ions and their recoveries in
relation to conservative tracers were used to characterize the transport characteristics of dissolved substances within a potential
sedimentary host rock.
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砂岩の水飽和率と透水係数の関係：Katz and Thompson modelの不飽和流れへの応用
Relationship between water saturation and hydraulic conductivity of a sandstone
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地球表層環境における岩石の透水係数の評価は，溶存物質の移動や地下水収支などを考える上で重要である．地下水
面よりも上方では岩石内部は不飽和状態となるため，その岩石固有の（飽和状態の）透水係数の見積もりだけでなく，水
飽和率の変化が透水係数に及ぼす影響も考慮することが必要になる．そこで本研究では，不飽和状態下にある岩石の透水
係数の予測式を構築することを目的に，砂岩を試料として用いて，様々な水飽和率の下で透水係数を測定した．透水係数
K は，水飽和率 Sが下がるに従って指数関数的に減少し，K は Sの 3-4乗に比例する関係が認められた．さらに，ガス
で間隙中の水を押し出して間隙径ごとの含水量を定量する方法（水押し出し法）を用いて，各水飽和率における含水間
隙径分布を測定した．それらの実験結果を基に，飽和状態の堆積岩の浸透率の解析によく用いられる Katz and Thompson
model (K-T model)の不飽和流れへの応用可能性を検証した．このモデルでは，水銀圧入試験による間隙径分布の測定結
果を用いて，フィッティングパラメータを使わずに浸透率の値を計算することができる．オリジナルの K-T modelでは水
銀圧入法のデータを対象としているが，水押し出し法によって得られる各水飽和率での含水間隙径分布を用いれば，各水
飽和率における浸透率の推定が可能となる．ただし，不飽和状態では，飽和状態における浸透率と間隙構造との関係に
加えて，水飽和率の減少による流路体積の減少の効果と流路の連結度の減少の効果を考慮する必要がある．本研究では，
これらの効果を，パーコレーション理論に基づいて K-T modelに組み込むことで，不飽和透水係数の定式化を試みた．
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人工マクロポアによる土壌水下方浸透の促進と有機物貯留
Enhancing Infiltration and Carbon Storage in Soils by Artificial Macropore Systems
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世界各地で，土壌流亡を 1つの要因として土壌劣化が進んでいる．貧栄養化，ガリ・リル浸食，富栄養化などの影響を
与える土壌流亡の発生は，難透水性土壌の形成という土壌物理性の劣悪化により，雨水の下方浸透が妨げられているこ
とが 1つの要因と考えられている．農耕地では，一般に耕耘により通水性の改善を図るが，団粒の細粒化により土壌間
隙が目詰まりを起こし，再び難透水性土壌が形成されるという悪循環を生じやすくなる．ここでは団粒を破壊すること
なく降雨の下方浸透を促し，土壌環境を修復することを考えた．農林地にならない斜面に鉛直中空孔を空け中にグラス
ファイバーを挿入し人工マクロポアとした．処理を施した処理区と未処理区を隣接して設け，体積含水率，電気伝導度，
地温を測定した．また，半年に一度土壌を採取し，含水比，全有機体炭素量 TOC，全窒素量 TNを測定した．降雨に応
じた体積含水率の増減を計算し相関を調べたところ，処理区および未処理区ともに相関を調べる時間を互いに 2時間ず
つずらしていくと徐々に相関が強く現れるようになった．相関のピークは降雨到達時間とみなせ，処理区の方が早い時間
でピークを得たため，より下方浸透が促されていると判断した．さらに土壌水分と TOCの量を比較すると，土壌水分が
多いほど炭素量も多い結果になった．つまり，下方浸透を促せばより多くの有機物を下方に誘導できる．しかし，必ずし
も有機物の増加は下方浸透の効果と連動しておらず，季節を変えて計測を続けると一定の増減を示さなかった．土壌中
の有機物は栄養条件と温度環境の影響を受けながら，生成と分解によって増減を繰り返している．本技術の適用に向く
土地や実施に最適な季節，また，人工マクロポアの構造の改善など，さらに最適な条件を探る必要があると考えられた．

キーワード:土壌,マクロポア,浸透現象,炭素貯留
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Mitigation and emission of greenhouse gases such as carbon dioxide, methane as well as other environmental impact gases
from terrestrial environments to the atmosphere gives increasing concerns for climatic, human and ecosystem health. Landfill
sites, have been one of the largest sources of anthropogenic CH{sub}4{sub} emission over the last few decades. Gas exchange
through compacted earthen final covers at landfill sites plays a vital role on emission of greenhouse gases, fate and transport of
toxic landfill gases. Numerous studies have been dome for the hydraulic performance of landfill final cover soil but studies on
gas transport parameters and their dependence have adequately not addressed.

The gas exchange through the final cover soils is controlled basically by advective and diffusive gas transport. Air permeability
(k{sub}a{sub}) governs the advective gas transport while the soil-gas diffusion coefficient (D{sub}p{sub}) governs diffusive
gas transport. In this study, the effects of compaction level (different dry bulk density) size fractions (finer and coarser) on
k{sub}a{sub} and D{sub}p{sub} for landfill final cover soil were investigated. The disturbed soil samples were taken from
landfill final covers at Saitama prefecture in Japan. Compaction tests were performed for the soil samples with two different size
fractions (< 35.0 mm and< 2.0 mm). In the compaction tests at field water content , the soil samples were repacked into soil cores
(i.d. 15-cm, height 12-cm) at two different compaction levels (2700 kN/m{sup}2{sup} and 600 kN/m{sup}2{sup}) correspon-
dent to the modified and standard proctor compaction tests. Having completed the compaction tests, two 100-cm{sup}3{sup}
intact core samples (i.d. 5.1 cm, height 4.1 cm) were taken each mold which 2 mm fraction soil were compacted at 9.0 and
10.0% moisture content. After the compaction tests, k{sub}a{sub} and D{sub}p{sub} were measured and then samples were
saturated and subsequently drained at different soil-water matric potential of 1.5, 2.0, 3.0, 4.1, and with air-dried (pF 6.0) and
oven-dried (pF 6.9) conditions. Further hand compaction was done at relatively low dry bulk densities (i.e., 1.40, 1.55 and 1.70
g cm{sup}-3{sup}) at different water contents ranging from 0.0 to 17.5 %.

Based on the normalized relationships between measured gas transport parameters [D{sub}p{sub}/D{sub}f{sub}, ratio of
measured D{sub}p{sub} to D{sub}p{sub} at total porosity (f), and k{sub}a{sub}/k{sub}a,pF4.1{sub}, ratio of measured
k{sub}a{sub} to k{sub}a{sub} at 1235 kPa suction (= pF 4.1)] and air-saturation, predictive D{sub}p{sub} and k{sub}a{sub}
models in an exponential form with a single parameter (M for D{sub}p{sub} model and P for k{sub}a{sub} model) were de-
veloped. The model parameters, M and P, were correlated linearly to dry bulk density values, and the effects of compaction on
D{sub}p{sub} and k{sub}a{sub} well-expressed graphically for both coarser and finer fractions.

キーワード: Gas transport, Dry bulk density, Landfill final cover
Keywords: Gas transport, Dry bulk density, Landfill final cover
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Alternative soil-based covers are commonly recognized as useful and interesting technical-solutions for landfill final cover
systems. However, the material used for constructing of these capping layers is expensive and not affordable by developing coun-
tries. The capping system can vary from a simple soil layer to multiple layers. Capillary barriers consisting of inclined fine over
coarse soil layers recognized as another cover system. In developing the concept of hydrophobic capillary barriers, development
of possible technique to enhance the impermeable properties of capillary barriers, which consists of turning the coarse grain
surface of subsoil water repellent by mixing it with low-cost and locally available hydrophobic material were discussed. Soil
water repellency is the common phenomenon that reduces water infiltration; enhance surface runoff and erosion, and forming of
preferential flow pattern in the soil. The soil water repellency is affected by composition and content of the organic matter. The
relationship between the composition of organic matter and soil physical properties like water repellency is largely unknown. Soil
water repellency is an important soil property varying with soil water contact time. In the present study, the effects of hydrophobic
organic matter contents on the water repellency of the hydrophobized sands were investigated. Secondly, the time dependency of
the sessile drop contact angle was determined. Lastly, the effect of wetting and drying process on contact angle were evaluated.

The degrees of water repellency of hydrophobized sands were assessed using the water drop penetration time test (WDPT),
the molarity of ethanol droplet test (MED) and the sessile drop method (SDM). Water repellency category of the hydrophobized
sands showed strong repellency at an oleic acid content of 0.25 g kg-1 to 5 g kg-1. Directly measured contact angles using the
SDM were in good agreement with indirectly obtained contact angles using the MED test. The contact angle decreased expo-
nentially and almost reached apparent equilibrium after 25 minutes of the soil-water contact time. The wetting and drying of
hydrophobized sand were performed by hanging water column system. The contact angle measured before and after wetting and
drying process showed the good agreement. The contact angle measured after wetting and drying process decreased exponentially
and almost reached apparent equilibrium after 20 minutes of the soil-water contact time.
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A challenge of soil water transport modeling is the assessment of various uncertainties resulting from parameterization of
soil hydraulic characteristics, from boundary condition applied and estimation of source/sink terms like plant water uptake. The
objective of this paper is, adopting three contrasting and widely used parameterization methods for the defined error source
(including the parameters and input data), to assess the model uncertainty in predicting plot-scaled soil moisture. HYDRUS,
a physically-based hydrologic model was used to incorporate these uncertainties, and the model outputs were compared with
measured water content collected in semiarid Inner Mongolia steppe, China. Soil hydraulic characteristics (expressed by van
Genuchten model) were parameterized by two direct methods (water retention data and evaporation method), and an indirect
method (pedotransfer function), respectively. While each hydraulic parameter approach generally simulated well the trend of soil
moisture, the evaporation method showed the perfect agreements. This suggested that the measurement in unsaturated hydraulic
conductivity be necessary or even critical to ensure reasonable simulation of soil-water patterns, especially in a semiarid area
where soil is mostly under an extreme dry (unsaturated) situation. Based on this best validated hydraulic parameters, we further
showed the dependence of simulated soil moisture on the inputted boundary data, i.e. reference FAO evapotranspiration (ET) was
partitioned by i) soil fraction cover, ii) leaf area index, and iii) crop height. The results showed the partitioning via soil fraction
cover reflected the better simulation. Moreover, the uncertainty of a root constant model with root water uptake parameters ref-
erenced to i) grass and ii) pasture, and iii) a root growth model (only referenced to grass) in prediction were also compared, and
no significant difference was found. Compared with three sources of uncertainty in predicting soil moisture, we conclude that the
input parameter (e.g. soil hydraulic characteristics) is more sensitive than input data (e.g. ET partitioning or root quantification).

キーワード: Uncertainty analysis, Soil water simulation, Unsaturated conductivity, Evapotranspiration, Root water uptake
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In fractured rocks with low matrix permeability, fluid flow and transport are dominated by flow paths that occupy discrete frac-
ture networks. In these systems fractures act as the main channels for the distribution of fluids and for the migration of pollutants,
solid particles (colloids), and microorganisms. An accurate understanding of how fluid flows through fractures is fundamental to
protecting groundwater against contamination, assessing the safety of long-term hazardous waste sites, and determining remedia-
tion strategies for contaminated sites. In this paper we explore the influence of the geometry and distribution of surface roughness
on the directional anisotropy of fluid flow and transport properties of natural fractures. For this study, a Phoenix v|tome|x s 240
micro X-ray Computed Tomography (CT) system is used to obtain high-resolution 3D geometry of a fractured sample. The ge-
ometry of the fractures and their aperture spatial distribution was input into directly coupled numerical model of fluid flow and
transport. We simulated the transport of particles through the fracture and, as suggested data collected during laboratory flow
tests, found significant sensitivity of the particle breakthrough to flow direction of the fracture. Particles were observed to be
trapped in low velocity and recirculation zones (named as trapping areas) on the lee side of fracture walls. These observations
have significant implications for quantifying the transport of dissolved and solid phase materials through fractured rock. The
results also show a promising venue for the use of micro-CT technique for obtaining the real geometry of fractured samples and
the use of these data as input for numerical modeling. Moreover, micro-CT data allow to map the real micro-structure of the
fracture surface, allowing for more in depth study on the effect of mineral composition on the growth of biofilm colonies.

キーワード: lattice Boltzman, micro CT, colloid transport, roughness, fracture
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Characterization of natural colloids and knowledge of their transport and deposition behavior in the subsurface and at extreme
environmental conditions is required to effectively manage and remediate soil and groundwater pollution caused by colloid as-
sociated contaminant transport. In the present study, suspended soil-colloids with diameter less than 1 micrometer, extracted
from a volcanic ash-soil (VAS colloids) from Nishi-Tokyo, Japan and a red-yellow soil (RYS colloids) from Okinawa, Japan
were characterized in terms of their surface charge and stability and their transport and deposition in saturated sand columns
was investigated. The extracted soil colloids, characterized as variably-charged colloids, were applied to 10-cm long saturated
sand columns repacked with either Narita sand (mean dia. = 0.64 mm) or Toyoura sand (mean dia. = 0.21 mm) at different flow
rates and pH conditions. NaBr (0.01M) was used as conservative tracer and pH was adjusted using 0.01M HCl. Colloid transport
and deposition were studied by analyzing colloid effluent concentration breakthrough curves and deposition profiles. Based on
zeta potential measurement, VAS colloids were characterized as pH-dependent surface charge dominant colloids whereas, RYS
colloids were categorized as less pH-dependent or permanent surface charge dominant colloids. The results of column studies
indicated that higher deposition was observed for decreasing flow rate, decreasing pH and for soil-colloids dominated by pH-
dependent surface charge (VAS colloids). At natural pH and high flow rate, higher elution and less deposition was observed
for RYS colloids as compared to VAS colloids and the deposition of both colloids was mainly due to attachment. At low pH,
the deposition was mainly controlled by depth-dependent straining for VAS colloids in both Narita and Toyoura sands, and for
RYS colloids in Toyoura sand. Due to pH-dependent surface charge characteristics of VAS colloids, charge neutralization of col-
loids occurred and hence the deposition was enhanced leading to ripening with decreasing pH. The transport and deposition of
variably-charged colloid was highly influenced by the surface charge characteristics of colloids coupled with solution chemistry
and receiving medium surface properties.

キーワード: Variably-charged colloids, zeta potential, colloid transport, deposition profile
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In 2004, Mid Niigata Prefecture had faced an earthquake that caused more than 3,000 slope failures. Before the earthquake,
heavy rainfalls had occurred and the water content of the soil surface on slopes was high. These slope failures may be at-
tributed to the combined earthquake and rainfalls effects, defined as cyclic loadings. In fact, little information is known about the
cyclic loads effects. The investigation of such problems should introduce saturated-unsaturated consolidation analysis method or
saturated-unsaturated seepage analysis methods which deal, in certain way, with such dynamic factors.

This presentation introduces a hysteresis model of soil water retention curve based on bounded surface concept. In the bound-
ing surface concept, the plastic modulus is defined as a function of the distance between a current stress point and the conjugated
stress point on the bounding surface. We have adopted the similar idea that the slope c of the soil water retention curves are
defined as a function of the normalized distance between a current stress point and the conjugated points on main curves (main
drying and wetting curves). The experimental process used to establish a soil water retention characteristics model consisted of
those related to saturated-unsaturated consolidation analysis methods.

The modeling of main curves was conducted by the tangential model proposed by the author. Usually, in the modeling of water
retention characteristics, the positive suction values were mostly taken into account. But the tangential model considers both of
the effects of positive and negative suction values; and in another hand, it insures the continuity of the slopes of the soil water
retention curves.

In order to verify the model, soil water retention curves of three samples, with cycles (drying and wetting) were simulated. The
samples were: (1) white silica sand, (2) glass beads consisting of uniform glass spheres of about 180 micrometers in diameter
and (3) smaller glass beads lightly sintered into aggregates, roughly 200 micrometers in diameter.

The simulation results were conclusive. Three main conclusions can be retained from the results: (i) the normalized distance
was expressed by a variable r and only two parameters (hd and hw: material parameters) were required to describe the scanning
curves; (ii) the tangential model may trace the retention curves as if pore water pressures are both positive and negative; and (iii)
only three points are selected and the degree of saturation Sr, the suction s and the slope c at those points may be input.

キーワード: constitutive equation, degree of saturation, hysteresis, numerical analysis, soil water retention curve, suction (IGC:
D4E7)
Keywords: constitutive equation, degree of saturation, hysteresis, numerical analysis, soil water retention curve, suction (IGC:
D4E7)
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Soil-temperature is one of the important factors to control the emissions of the greenhouse gases, especially methane, from the
wetlands because methane formed by anaerobic bacteria activity which is highly affected by soil-temperature. Unique physical
characteristics of peat soils such as high total porosity, high organic matter contents, and shrinkage characteristics may influence
heat transport properties of peat soils. In this study, the thermal properties for differently-decomposed and variably-saturated peat
soils were measured to investigate the effects of decomposition level and volume shrinkage on heat transport.

The study site was Bibai marsh, Hokkaido in Japan. Undisturbed peat samples were taken from three different sites in Hokkaido
Bibai marsh at different depths using 100cm3 cylindrical cores. Peat 1 samples were sampled inside the marsh area, while Peat 2
samples were sampled from the area nearby a drainage ditch surrounding the marsh. Peat 3 samples were obtained from forested
area located outside the wetland. Fiber contents showed that Peat 3 samples were the most decomposed followed by Peat 2 and
Peat 1 samples.

The peat samples were initially saturated and subsequently drained using two different methods corresponding to the matric
suction ranges. The thermal properties of the samples at different soil moisture suction levels were measured by using Decagon
KD2-Pro probe.

All Peat samples gradually shrank with increasing pF, showing 50% to 85% of shrinkage during very dry conditions. Peat 1 at
20 cm depth and Peat 2 at 50 cm depth showed high volume shrinkage at pF 4 condition, while the volume shrinkage for Peat
1 at 10 cm was not significant as compared to that for other soils likely because a surface layer in Peat 1 is mainly composed of
fresh Sphagnum mosses. In general, the thermal conductivity (TC) and heat capacity (HC) for all peat samples linearly increased
with increasing volumetric water content (?). However, changes in the slope of the TC with ? under dry conditions, indicated
shrinkage effects on the TC, giving the enhancement of TC due to the increased solid contents. The TC and HC of the deeper
layers of Peat 3 samples were higher than surface layers and other Peat 1 and 2 samples. Since the Peat 3 samples, especially
deeper samples, are more decomposed, higher solid contents and the difference in solid constituent might affect the TC and HC
behaviors for deeper layers of Peat 3.

In perspective, with accumulations of TC and HC data for Peat soils including more decomposed deeper layers, micro-scale
observations of pore structure e.g., using X-ray CT scanner and the effects of solid matter content on thermal properties should
be further investigated and accurate predictive TC and HC models available for peat soils will be developed.
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Sorption-desorption behavior of 2,4-Dichlorophenoxyacetic Acid in Volcanic Ash Soil
and Kaolinite
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Pesticide desorption process controls release rate of adsorbed pesticide and its subsequent movement towards groundwater
resource. Understanding of hysteretic characteristic, which is typically observed in desorption of pesticide from soils is very im-
portant. Although the sorption of 2,4-dichlorophenoxyacetic acid (2,4-D) herbicide onto various soils has been widely reported,
the study of 2,4-D desorption from the soils especially volcanic ash soils having variable pH-dependent charged characteristic is
still very scarce. In this study, sorption-desorption behavior of 2,4-D from a volcanic ash soil sampled from Nishi-Tokyo, Japan
was investigated under different pH conditions. In addition, kaolinite (pure clay mineral) obtained from Clay Science Society of
Japan (CSSJ) was also used as a comparison of volcanic ash soil.

Consecutive desorption experiments were conducted after batch adsorption experiments with three concentrations of 2,4-D
(2.5, 5, and 10 mg/L) in triplicate under three pH conditions (natural pH, 5.0, 4.0). The 2,4-D solutions were prepared in artificial
rain water (ARW= 0.085 mM NaCl + 0.015 mM CaCl2) for volcanic ash soil and in deionized water for kaolinite. The sample
solutions were prepared by adding 10 mL of 2,4-D solution into either 1 g of the soil for volcanic ash soil or 0.5 g of kaolinite.
Under a specified pH condition, consecutive desorption experiment was repeated three times after one batch adsorption experi-
ment to obtain a desorption isotherm with three desorption steps.

All sorption and desorption isotherms followed well with the Freundlich isotherm model. The adsorption of 2,4-D increased
significantly for volcanic ash soil and slightly for kaolinite with decreasing pH. Moreover, volcanic ash soil has higher adsorption
capacity of 2,4-D than kaolinite under the same pH because volcanic ash soil has higher organic matter content and different clay
minerals including kaolinite. The desorption of 2,4-D from both volcanic ash soil and kaolinite exhibited hysteresis at each
concentration under each pH condition. Hysteretic behavior in volcanic ash soil was markedly affected by pH and concentration
of 2,4-D. The higher hysteretic index showing lesser desorption was obtained at lower pH and lower 2,4-D concentration. This
observation related to hysteresis indicated that the adsorption of 2,4-D in volcanic ash soil under lower pH was mainly controlled
by strong adsorption mechanisms. In addition, the association of 2,4-D to the soil at lower 2,4-D concentration was probably
occurred at higher energy binding sites of the soil resulting in less desorption. For kaolinite, the effect of pH and 2,4-D con-
centration on hysteresis was very less as compared to volcanic ash soil likely due to the simple clay mineral characteristic of
kaolinite.

キーワード: sorption-desorption, 2,4-Dichlorophenoxyacetic acid, volcanic ash soil, kaolinite, pH
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不確実性入力値を用いた水田環境における育苗箱施用殺虫剤の生態リスク評価手法
の検証
Evaluation of ecological risk assessment of nursery box applied insecticide via uncer-
tainty inputs in rice paddy
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Rice paddy fields share about 55% of total farm land in Japan. Nearly 40% of total domestic pesticides such as herbicide and
insecticide have been applied for stable productivity and labor saving in paddy fields. In the process of paddy rice cultivation, ap-
plication of insecticide to nursery box plays an important role on preventing young rice seedling from being damaged by insects.
Meanwhile, its toxic mode of action of insecticide can also affect other species living in rice paddy environment. The objective of
this study was therefore to assess the environmental risk of insecticide application using process-based model under the various
uncertainty condition of insecticide fate and transport processes through stochastic approach.

PCPF-1 model (Pesticide Concentration in Paddy Field type-1), which predicts pesticide concentrations in paddy water and
top 1 cm surface paddy soil compartments, was used. Fipronil was chosen as the target insecticide. Input parameters of determin-
istic simulation of fipronil were calibrated by the results of field and laboratory experiments. Considering various responses in
fipronil fate and transport processes, uncertainty analysis incorporating Monte Carlo techniques was carried out by characteriz-
ing input parameters using probability density functions for both physicochemical parameters and water management parameters
with different practices and regions. Simulation results were rearranged as exposure concentration distribution (ECD) expressed
as exceedance function for both paddy water and surface paddy soil. Next, species sensitivity to the toxicity of fipronil was
described by species sensitivity distribution (SSD) using literature values of median effective concentration (EC50) and median
lethal concentration (LC50). Since lognormal distribution is widely used to express the SSD, literature values were fitted into
lognormal distribution using goodness of fitting test. Effect of fipronil exposure on aquatic biota was evaluated by overlapping
ECD and SSD. Ecological risk of fipronil was estimated as probability of failure which indicates the proportion of species.

This study showed that aforementioned evaluation method was applicable for ecological risk assessment of nursery box ap-
plied insecticide. Furthermore, by coupling other models, ecological risk assessment can be extended for vadose zone and ground
water in both on-farm plot and regional scale.
Keywords: Rice paddy, insecticide, process-based model, ecological risk, species sensitivity distribution, uncertainty analysis
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