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The effect of acid rain on soil
Takahiro KUKI, Yoshio ODA, Osayoshi TANAKA, Takumi TANAKA, Atsushi YOSHIDA

Abstract

Acid rain (acid deposition) in Tottori Prefecture has been detected and recorded for many years now.
Although the effects of acid rain are recognizable, the exact influences on the ecosystem are not well-
understood. Moreover, although the ecosystem is known to express many buffer functions against acid
rain, the mechanisms and limits of these buffer functions are relatively unknown. Furthermore, we are
unable to predict the trajectory of the impact of acid rain on ecosystems.

The soil system is the key point of consideration when researching the influence of acid rain on
ecosystems. Before rainwater filters into the water system or is absorbed by plants, it must permeate
through soil. Taking all this into consideration, the goal of this study was to develop an understanding
of the basic mechanisms of acid rain buffers and develop techniques for the prediction of the influence of
acid rain on the soil system.

First we made “Artificial Acid Rain (pH:3)” based upon rainfall in Tottori Prefecture. We also made a “Soil
Pot” from a stuff soil sample collected from the surface layer of one of three representative soil types
found in Tottori Prefecture (Andisol, Grus, Sand dune soil). This soil sample was contained in a garden
pot, hence the term “Soil Pot.”

We then sprinkled “Artificial Acid Rain (pH:3)” on “Soil Pot” under controlled conditions regulated by
an artificial weather control room, whereby we measured pH, EC, basic cation(Ca*, Mg, Na*, K’) in the
outflow water filtered through “Soil Pot”.

pH values in outflow waters that were filtered through Soil Pots were higher than pH values of
Artificial Acid Rain samples. These results indicate that all soil samples express buffering properties.
However, the results also show that the concentration of basic cation in outflow water had decreased,
and consequently that the amount of acid addition increased. We can infer from this that bases have
been eluted and washed away from soils. Furthermore, the acidity of outflow from Andisol, considered
to be a strong buffer, is high; whereas, the acidity of Sand dune soils, considered to be a weak buffer, is
weak.

In a field survey and soil analysis of Andisol soil type in Mt Daisen, Andisol soil was determined to be
acidified from surface to deep horizon (depth:1m). Results from this investigation show that the acidity
of this surface horizon soil is strong; thus, lending support for the results from the above experiment. On

the other hand, the acidity of the deep horizon soil (depth>30cm) is relatively low.
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Fig1 The effect of acid rain on the ecosystem
---Soil plays a keystone role in the ecosystem.
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about 1 m
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@ Digging a pit depth about 1 m.

2 Investigating (a field survey) on this
side.
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Fig2 The method of soil investigation(a field
survey)
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Fig3 pH values in outflow waters from all Soil
Pots, sprinkling “Artificial Acid Rain(pH:3)”
soil sample, using the surface layer samples of
typical soil in Tottori prefecture
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Figd EC values in outflow waters from all Soil
Pots, when we stuffed “Artificial Acid
Rain (pH:3)” soil sample
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Horizon | Depth(cm) | pH (H,O) pH (KCl)
0~8 4.0~4.6 3.3~3.9
Al 10 (average 4.3, | (average 3.5,
0 n=10) n=10)
8 or 4.8~5.1 4.0~4.3
A2 10330 (average 4.9, | (average 4.2,
n=10) n=10)
30~ . 47~4.8
AB 50 or 75 5.3 (n=2) (n=2)
B 50 or 75~ 5.5~5.6 5.0~5.2
90 or 120 (n=2) (n=2)
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The surface of soil particles are usually
charged negative, and have abilities of
adsorption cation.

NG
Al(OH)2*

Soil Solution
(Liquid Phase)

Soil Particle
(Solid Phase) -

+—AI(OH)z*

These cations adsorbed by soil particle, are
usually exchanged and desorbed, being added many

another cations or the cation adsorbed stronger.

And these are called
Mg*'. K*, Na' are called

changeable cation”.
Especially, Ca**.

exchangeable base .

Although acid (H*) are added in soil system by acid deposition (acid rain etc), acids (H")
are desorbed and fixed by Ion Exchane Reaction with exchangeable cation (ex: Ca**)
adsorbed on the surface of soil particle. And that acidity of soil solution are keep. This is a
one of the great factor of buffer abilities of soil, but is limited.

Being advanced acidification, the proportions of H+, Al(OH)*"* in exchangeable cations

increase.

Fig7 The cation exchange abilities of soil and
exchangeable cations
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Fig8 The excangeable cation component on each
soil layer of Andisol in Mt Daisen
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