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Abstract

Historically, soil physics research in Japan and worldwide has focused on soil-water physics
with a majority of studies on cultivated surface soils, and with the objective of optimizing water
supply to plants and minimize leaching of pesticides and nutrients below the root zone. Recent-
ly, transport, fate and emissions of greenhouse gases such as carbon dioxide and methane is an
area where rapidly growing environmental concerns about global warming and climate effects
has provided new challenges for soil physicists.

Another important challenge originates from the increasing problems in most urban areas with
contaminated sites, where soil and groundwater have been polluted with EICs (Environmental
Impact Chemicals) including gasoline and chlorinated compounds. To respond to these chal-
lenges, a broader focus in soil physics research and more emphasis on soil physical properties and
processes in an environmental engineering perspective is needed.

Improved understanding and better predictive models together with reliable in-situ measure-
ment methods for a larger variety of soil physical parameters can give soil physicists a major role
within the rapidly emerging research field that combines environmental engineering and polluted
soil science ; soil environmental engineering. Detailed knowledge of soil physical processes in all
three soil compartments (the soil-air, water and particle phases) is the platform for soil en-
vironmental engineering, including :

- Realistic calculations of transport and fate of EICs at contaminated soil sites
- Risk assessments concerning indoor and outdoor air and groundwater pollution
- Development and optimization of remediation methods for soil and groundwater

In this perspective, future soil physics research should focus on chemical diffusion, sorption,
release, and convective transport in both the soil-water and soil-air phases and, also, evaluate the
significance of particle-facilitated chemical transport through soil. As examples of less in-
vestigated soil physical parameters that are key parameters in soil environmental engineering, we
advocate the importance of gas and solute diffusivity, air permeability, and vapor sorption
coefficients in relation to both risk assessment and to remediation by soil vapor extraction and
pump and treat methods.

For soil environmental engineering purposes, not only the surface soil but the entire vadose

zone between the soil surface and the groundwater table should be considered during studies of
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soil physical parameters.

The dominating role of soil-physical processes in controlling and

optimizing biodegradation of pollutants during soil remediation should be investigated and

highlighted. With this emerging role of soil physics in environmental engineering combined

with the rapid developments in process understanding and non-destructive measurement equip-

ments, we are on the brink of an exciting new era in soil physics.

Key words : Soil Physics, Environmental Engineering, Fate and Transport of Chemicals, Envi-

ronmental Impact Chemicals (EICs), Soil Remediation
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“Soil physics : The branch of soil science that deals
with the physical properties of the soil, with empha-
sis on the state and transport of matter (especially
water) and energy in the soil.”
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+ Fundamentals of Soil Physics. 1980

- Applications of Soil Physics. 1980
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- Environmental Soil Physics. 1998
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1. General soil physical characteristics

2. The soil solid phase

3. The soil water phase

4, The soil gaseous phase
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5. Soil temperature and heat flow
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Fig.1 Relative number of polluted soil sites exceeding the environmental soil quality standard (data

from Ministry of the Environment, 2005).
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Fig. 2 Frequency of detected contaminants at 1082 polluted soil sites in Japan (~2003.3). (data from

Ministry of the Environment, 2005).
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Fig. 3 Fate and transport of Environmental Impact Chemicals (EICs).
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Fig.4 The three physical phases (solids, wa-
ter, air) of a soil system. Environmental
Impact Chemicals (EICs) can distribute
among the three phases and can be
transported by all three phases (colloid-
facilitated transport, solute transport,

solids

S

and gas transport).

Table 1 Soil physical and physical-chemical processes and measurement methods

Processes in soils Parameters

Measurement methods*

Unsaturated and satu-

rated water flow hydraulic conductivity

unsaturated and saturated

TDR (Time Domain Reflectometry) and mini-TDR

Solute dispersion and dif-

fusion fusivity

dispersivity and solute dif-

EC sensors (electrical conductivity sensors),

HPLC micro-column method**, and undisturbed
half-cell methods***

Air and gas transport
sivity

air permeability, gas diffu-

air permeameter, GC micro-column method****

and gas diffusion chambers

Heat transport thermal conductivity

heat probes

Physical / Physical-chem-
ical sorption (hydropho-

bic sorption) tion coefficient

linear or Freundlich sorp-
tion coefficient, vapor sorp-

batch and column set-ups, and HPLC and GC

skokok

micro-column methods

*Dane and Top (2002), ** Komatsu (2002), *** Olesen (2000), *** Yamaguchi (Komatsu) (1997).
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factor) & LTCHDIAEN G, bEAAIBITOVWT S
FkETH 2 (Fick’s law)o
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Fig. 5 Schematic illustration of a Soil Vapor Extraction (SVE) system.
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Fig. 6 Schematic illustration of a pump and treat system setup.
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