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Abstract

In order to assess the contribution of acid precipitation on water quality of river and lake, the
results obtained by batch experiments were analyzed based on chemical equilibrium technique.
In this study, four soils collected in Ishikawa Pref. were mixed with an acid solution at various
pH. All of the soils contained little carbonates. Sulfate ion was not adsorbed on the soils except
one soil sample. It was recognized that cation-exchange and dissolution of aluminum from the
soils principally contributed to neutralization of acid precipitation by soils. The amounts of H*
ion replaced by exchangeable cations in soil, AH*, were estimated from the pH value of an acid
solution before and after equilibration with soils. From the relationship between values of AH*
and concentrations of cations released from the soil, it was found that the soil contained some
neutral salts. It was suggested that the existence of neutral salts in soils might give overesti-
mates for the value of base saturation of soil. Since the obtained values of AH* approximately
agreed with sum of cation released from the soil samples, measurement of AH* was believed to
be simple and useful method to estimate total amounts of exchanged cations.

Key words: soil, acid precipitation, cation exchange, acid neutralizing capacity, chemical
equilibrium
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Fig.1 Sampling sites of soil

Table 1 General conditions of sampling sites

Soil Hg]ilg)ht Classification

A 635  Lithosols

Utilizing conditions

Top of Mt. Houdatsu

B 120 Lithosols Precipice
260 SB:;?I‘SVH Forest Plantation of sugi
D 360 Brown Forest Plantation of sugi,
Soils Forest Park
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Fig. 3 Relationship between pH values of the acid

solution before and after equilibration with
soils
(O: Soil A, O: Soil B, A: Soil C, O Soil D)
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Fig.4 Effect of initial pH value of the acid solution
on the leachable amounts of anions
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Table 2 A summary of the equilibrium constants

Reactions

Equilibrium constants

AP + OH-= AI(OH)?*
AI(OH)?* + OH~= AI(OH),*
Al(OH),* + OH-= Al(OH),°
AL(OH),* + OH-= AI(OH),~

Al(OH), (amorphous) = AP+ + 30H-
Al(OH), (gibbsite) = Al** + 30H-

H,O + CO,(g) = CO,H,0
CO,*H,0= H* + HCO,~
HCO;~= H* + CO4*

H,O0= H* + OH~

[ATI(OH),*]/[AHOH)**1[OH~] = 4.90x 10"

[AL(OH)**]/[AP*1[OH-]=1.02x10"°

[AI(OH),°1/[AN(OH) ,*1[OH-]= 3.2x10"®
[AHOH),~1/TAI(OH) ] [OH"]= 1.3x10"*

[AR+][OH"]>= 4.68x 107
[AP+][OH"]*= 9.33x 107

Lcoz'HzO] /Pc02: 3.4x10"%
[H*][HCO,"1/[CO,H,0] = 4.45x 107
[H*1[CO.2]/[HCO; ] = 4.68x 1071

[H*}[OH"]=1.01x10-

-3

[
<

10 -

Al concentration (mol-17)

-5
10

Fig.5 Amounts of aluminum leached from soils at

various pH

(O: Soil A, A: Soil C, & Soil D, —: cal-
culated for amorphous aluminum hydroxide,
----- : calculated for gibbsite)
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Fig.6 Relationship between the amounts of leached cations and corrected changes in hydrogen ion concentration of
the acid solution (AH*) (O: Ca, ['l: Mg, &: K, & Na)
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5 Z Ly, WEMNESI00% 2B 2 70l 23
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RN AIEORESBEORNIZ, BHh»5lEL "
TARFA A VB AHTEE UL BT RIER 5720, Fig. g
712, Ca, Mg, K, Na, R4 4 v 4B LT \S/
Bl AlEOWHIY B OESFHCT 5 AH OBIR 2 75 S
Uleo b, SCUEA 4 vEREES nksime s 0 10F
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Table 3 Cation contents of neutral salts in the soils g A
Soil  Ca Mg K a g 01 ' -
(meq-kg™) & 0.1 1 10 100
A 0.08 0 0.45  0.43 AH* (meq-kg™)
B 0.17 0.05 0.22 0.59 Fig.7 Relationship between the amounts of
C 2.79 2.03 1.8 0.97 exchangeable cations and corrected changes of
D 0.8 0.7 1.1 0.79 hydrogen ion concentration (AH")
(O: Soil A, [J: Soil B, A: Soil C, ©: Soil D)
Table 4 CEC, contents of exchangeable cations and bases saturations
Exchangeable cation
. CEC (meq-kg™)  Base Our defined
Soil (meq-kg) satugatlon base sa‘t)uratlon
Ca Mg K Na % %
A 51.1 2.2 2.5 1.6 0.1 14.4 12.4
B 95.2 45.0 41.3 2.4 0.7 95.1 93.9
C 191.0 45.5 217 6.6 0.9 43.1 39.1
D 117.3 32.2 14.7 4.1 0.4 46.9 43.9
52~ KBTS
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