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English summary
1. Background

Until recently, it was believed that the tranport of chemicals to the groundwater
would happen mainly in the form of chemicals dissolved in the soil-water. Thus, it
was believed that the chemicals would mainly move in dissolved form in the
infiltrating water (from rainfall or irrigation) towards the groundwater.

However, recent studies indicate that small inorganic and organic particles
(colloidal particles < 10 _ m) in the soil are relatively mobile and can be transported
with the infiltrating water. These colloidal particles have a large surface area per
gram of dry particles (typically in the order of 100 — 1000 m?/g). In theory, the
_colloids may therefore be able to carry significant amounts of sorbing chemicals
with them through the soil.

This process is called colloid-facillitated transport of chemicals. Very little is known
about this process. We need to find out if significant amounts of chemical transport
can be in the form of colloid-facilitated transport. Also, we need to find out what
env{ronmental factors control colloid transport and colloid-facilitated transport of
chemicals.

Based on such knowledge we can hopefully predict in what situations there is a risk
for colloid-facilitated transport of chemicals to the groundwater, and design
preventive actions to decrease colloid-facilitated transport and thus decrease soil
and groundwater pollution.

2. Our research hypothesis: Factors important for colloid-facilitated
tranport

The research hypothesis we wanted to investigate in this project is as follows.
In order for colloid-facilitated transport of a chemical to occur, we believe that
three criteria must be met:

1) The chemical must have an affinity to adsorb onto the soil colloids. These

colloid-chemical interactions will likely be dependent on both chemical



characteristics (hydrofobicity and solubility of the chemical), on soil-water
characteristics (pH, ionic strength, and content of certain ions such as sodium in
the soil water), and on soil-colloid characteristics (particle size, specific surface
area, and organic matter content of the soil colloids).

2) The small soil particles (colloids) must be mobile. This requires that the colloids
must be able to desorb from the soil matrix or from the soil aggregates in a
stable (water-dissolved) form and, after that, the colloids must be able to move
through the soil pores without getting filtrated or adsorbed to soil surfaces
futher down the soil profile. This colloid mobility will likely be dependent on
both soil-water characteristics (pH, ionic strength, and content of certain ions
such as sodium), and on soil-colloid characteristics (particle size, specific surface
area, organic matter content).

3) The soil structure at the actual soil site must allow the colloids to move
through the soil. The possibility of colloid transport will likely depend on
the pore-size distribution of the soil, the content of macropores, and the
continuity of macropores through the soil profile. -

3. Accomplishments of this project

In this project, we have focused on all three of the factors that are likely to control
colloid-facilitated transport of chemicals, ie. colloid-chemical interactions, colloid
mobility processes, and soil structure. In close cooporation with researchers from
Denmark (Dept. of Civil Engineering at Aalborg University, and Danish-Institute of
Agricultural Sciences at Research Centre Foulum), we have been able to make a
significant progress towards better understanding how each of the three factors
influence colloid-facillitated transport of chemicals.

The research has been published as 4 papers in highly-ranked international
journals (JSCE Journal, Soils and Foundations, Soil Science, and Water Resources
Research) plus one short communications at the annual Environmental
Engineering Forum meetings in Sendai. Additionally, important parts of our
research will be presented at the 93" annual Soil Science Society of America
meetings in North Carolina, US_A, this autumn.



Concerning colloid-chemical interactions, we have focused on two groups of
strongly-sorbing chemicals, namely selected pesticides (glyphosate and simazine)
and phosphorus. The research is published in papers no.1 and 2 (Farcasanu et al.
1999, and de Jonge et al. 2001).

In paper no.1 (Farcasanu et al. 1999) we have shown that the small particle
size fractions of the soil with high soil surface area have higher capacity to adsorp
chemicals and that the adsorption strongly depends on soil-water pH and ionic
strength. From measurements on two different soil types from the Hiroshima
prefecture, we found that the colloidal-chemical reactions are not instantaneous but,
strongly time-dependent and likely controlled by diffusion-limited processes at the
colloidal surfaces. The time-dependent processed seemed mainly controlled by the
organic matter fraction of the soil colloids.

In paper no.2 (de Jonge et al. 2001), we found that when both a strongly-
sorbing pesticide (glyphosate) and phosphorus are present in the soil, these two
chemicals will compete for the total sorption capacity. The experiments showed that
if the soil colloids have a high phosphorus content, they will adsorp less glyphosate.
Thus, not only pH and ionic strength but also the concentration of multiple
adsorbing chemicals will decide the adsorbing capacity for each chemical on the
colloids and thereby decide the potential for colloid-facilitated transport of each
cheinjcal.

Concerning colloid mobility and soil structure, we have focused on measuring
colloid mobility in soil columns under different environmental factors and
developing a numerical model for colloid transport that takes into account some of
the most important factors controlling colloid mobility. The research is published in
papers no. 3 and 4 (Motoshita et al. 2001, and Schelde et al. 2001).

In paper no. 3, a large measurement programme on a loamy soil from
Hiroshima prefecture showed the effect of several factors on colloid mobility during
intermittend rainfall events. Experiments were carried out with both undisturbed
soil columns and with repacked soil columns. Furthermore, in some of the repacked
soil columns artificial continuous macropores were constructed. Large effects of
both irrigation water composition (sodium content and ionic strength) and of soil
structure (undisturbed compared to repacked soil and ,also, soil without continuous
macropores compared to soil with continuous macropores) were observed. We found
that accumulated colloid leaching from soils containing continuous macropores
could be described by a parabolic diffusion type model. The study on the Hiroshima



loam soil therefore implied that the mobilization of colloids was controlled by colloid
diffusion from the soil into the macropore.

In paper no. 4 we therefore developed a model to describe diffusion-controlled

mobilization, release and transport of colloids in undisturbed soils with continuous
macropores. The model includes the processes of first-order colloid release from the
soil matrix, diffusion of colloids within the water film along the macropore walls,
and convection and dispersion of colloids in the mobile water flowing in the
macropores. The model was found to well describe measured data of colloid leaching
from 21 undisturbed soil cores.
Concerning colloid-facillitated transport we have focused on colloid-bound
phosphorus movement in soil lysimeters, constructed at a dam site (Nukui Dam).
The research is published in paper no5 (Motoshita et al. 2001, short
communication).

For all soil types investigated, around 20% of the total phosphorus that
leached from the lysimeters during natural rainfall and during irrigation was in the
form of colloidal-bound phosphorus. Thus, we have proved that colloid-facillitated
transport can constitute a significant part of the overall chemical transport.

4. éummary

In summary, we have been able to prove '(for phosphorus ) that colloid-facilitated
transport can be an important part of total chemical transport in soil, and we have
been able to prove our research hypothesis that colloid-chemical interactions, colloid

mobility processes and soil structure all play an important role in deciding the
magnitude of colloid-facilitated transport. Especially, we have identified diffusion-
limited processes to be very important in deciding colloid release and mobility in
natural, structured soils, and we have been able to develop models that can describe

diffusion-controlled colloid transport through structured soils and that agree well
with our measured data. Thus, we have established an improved platform of
knowledge concerning colloid transport and colloid-facilitated transport in natural

soil systems.
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