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Abstract

The prediction method of ion concentration in the effluent during pH 3 sulfuric acid solution
permeation into the air-dried volcanic ash soil column was examined in this study. The method
for prediction was composed of chemical reactions between acid solution and soil, and mixing cell
model.

The chemical reactions were composed of aluminum dissolution, cation exchange between
dissolved aluminum and basic cations, bicarbonate formation, sulfate ion adsorption, charge
valance and mass balance of sulfate ion and basic cations. Cation exchange between dissolved
aluminum ion and soil bases were lumped together with the mineral weathering as acid buffering
effect. Mixing cell size depends on dispersivity and that value was determined by the break-
through curve during KCI and pH 3 sulfuric acid solution permeation.

Characteristics of the variable charge on volcanic ash soil were considered in the simulation
model by applying the anion adsorption equation (Wada, 1981) in which adsorbed amount of
sulfate ion depends on pH and sulfate ion concentration.

The simulation results agreed well with the measured values of pH, aluminum ion concentra-
tion and cumulative release of basic cations in the effluent. These represent the most serious
effects of the acid deposition on the soil. Therefore, parameters used in this simulation model are
useful for predicting the main effect of the acid deposition on the Kanto loam subsoil.

However, it could not estimate basic cations concentration of the effluent with good accuracy.
This discrepancy may reflect the assumptions that cation exchange treated as aluminum-divalent
basic cation exchange, the equilibrium constant was assumed and exchange between hydrogen
ion and cation was not included. Therefore, it is necessary to describe the cation exchange in
more detail.
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Table 1 Physical and chemical properties of soil

pH (KCD 4.93
pH (H:0) 5.37
AmEaE (%) 2.08
CEC (cmol. kg 1)* 22.36
AfErS A A~ (cmol. kg D) *
Ca** 0.62
Mg?* 0.73
K* 0.57
Na™* 0.18
AfafE A 4~ (cmol. kg D*
Cl™ 1.61
NO;~ 0.67
SO2 4.09
ARG L THT 2

WEE *:NCTF o4 HF—1ck B0
*2 . Shollenberger 7%
*3:0.01 M NaOH /A% (2g: 150m0) fhH

720
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fcd, pH &4 4 VIBEOELIT K VAL 4 v R E R
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&, THEERGO pH EHiRA 4 VIEEOZ ic LD, B
A A VISR OENT 5 ENEZ SN 5,

O EHRTEERT 5720, 14 v IkERE pH
BLOA 4 VIRE E OBRE RIS RO, 198D
AL, BRERA A VIR I Xk A EEEREE T Uk L
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Electric charge of soil.
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R-2 BEREDA A vEEERICH O LR
Table 2 Chemical equilibrium equation, equilibrium constants and conditions used in ion
concentration prediction of the effluents

L 7y =0 AFEROIRE & IKAR
@ (AP) =4.296 X 10°(H) 27
@ AP+H,O=AIOH* " H"
@ AP +2H,0=AI1(OH); +2H"
2. BEA A A
@ 2A1" +3ExCa=3Ca*" +2ExAl

(5D
logK=—5.02 (Wolt, 1994)
logK=—9.30 (Wolt, 1994)

logK (7E)

722 L, Ca 3 RIEHRSH, Ex 34853 T ExCa+ExAl=1

3. IR
® CO,+H,0=H"+HCO;~

4. WA 4 VIEE A A v T
@w% (80427> :0008 [80427]0.263 [H+:|0257
D AP +S02 =A1S0,*

5. 1 RSO JE s
® JAfL#HE Fw=9.844%x10"" (mol.g 's ")

6. BRUIHTESIE
©XCi Z =%Ci Zi
7. HEEEN

logK=—1.82 (Wolt, 1994)

(5D
logK =320 (Wolt, 1994)

(3D

@ SOt (mol) : EARTI=EAER (i (SO +AISOP) + & (SOT))

@ Ca(mol) : iBARI=EAR (& TCa+ & Ca)

SEL AL =1 _IBEARS AR
ISt 2 ) Rl e — LBETIR A A v i (mol) —RARIA A ~ 5 (mol)

BARIA A v iaE (mol)

<0.001

2 Z 12 %5 D Breakthrough Curve (BTC : # 7 &
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¥, pH 3 WEEAKIEBIC O WT b KCl AR A2 Wi
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Mg?', K', Na' o&il) & pH oK F & s+ 2
APT L DR E LTl - 720 BT, flifED 7%, CEC D
pH RGNS A A 2 IZFFER I, CEC I —E &
LTl - tee Fio, —REMIDELIC & 2 IRETRE
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LRBFERC BT BIBEPIEDO TV I =9 a4 A VEED
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FHNCERNTH 5T D3, Gaston et al. (1992) 12L& D
SHEE T WS, HIT, Ny FED BRO 1A 4 v
W RSN 5 LEBFEERC K 2 IEIE O A A v 2
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WEREE T 2858, —BINC SRR R
PHOSNTWS, LiL, HEERAEREA 4 0
#i7 Uf}"ﬂl’ﬁﬁfifﬁﬁ‘%\%f, ZREDA & v 2R HBET
FRETMEL 125, F/o, XML EZRESE 5
CEbREETh D EEZONE, £ IT, InEBEIEZIL
IFIZH D % 5 Mixing Cell € 7L 2 L 72,

T 2T}, Mixing Cell DFTLORERHILIIES 15
Appelo and Willemsen (1987) ODOFExEH W2,
Mixing Cell DFETTLIFRAN TER SN S,

Clioy=fCI'+050—1) (CiZH+CED (2)

_,_ 2a

S=1=x (3)

At:ﬂ (4)
v

~WXhoid 5 ENEN, C: vIVEKIEE (mol
LY, i: s, j: BHEES, § ERERT 0<
<D, Ax:®VE (cm), At:HFEHES (), v:
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@)X, —EoGfETh 570, AxDESITLS
INCRZEDRIENEL 5, DI, Appelo and
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THELIEDD B,

3.3 MEARM
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TIEEEOTRIBRE TS - 2o TD I, SOL,
NO;, Cl REOWIHAEM R, ERAHEE 1 AH ORER
BICHRIS N IBE DA A+ VIBE 2 U5 2 1,
SO, NOs~, Cl” IBE oWt Th, 5X1075
3X107% 5X10 *molL ! Tdh » 7o, 7o, MMEIGHE
1275-1 ORI Ca?t, Mg?*, K*, Na® O&#HlETH 3
210 cmol kg ' ZHIASA ;& L THA 72,

3.4 HEOFIE

£ B IR IR Y 29
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o1
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Fig. 2 Effluent pH and cumulative release of
basic cations.
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Fig.3 Empirical isotherm applied to sulfate
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Fig.5 Measured and predicted pH in the
effluent from soil column.
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Fig. 6 Measured and predicted concentration
of basic cations and aluminum ion in
the effluent from soil column.
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Fig. 7 Measured and predicted concentration
of Sulfate ion in the effluent from soil
column.
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release of basic cations and sulfate ion
adsorption.
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Fig. 9 Profiles of predicted pH and concentration of aluminum ion at several elapsed times.
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