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Abstract

The prediction method of ion concentration in the effluent during permeation of acid solutions
involving multiple anionic species into volcanic ash soil was examined in this study. The
method for prediction was composed of chemical reactions between acid solution and soil, and
Mixing cell model, which approximately describe solute transport in soil. The results were
summarized in the following.

1) The model could simulate well pH and monovalent anions (NO; +Cl7) in the effluent
during permeation of acid solutions involving NO;—, C1~ and SO4* into soil column. This shows
that it is possible to handle sum of NO;  and Cl™~ as a monovalent anion.

2) The simulation results agreed well with the measured values of pH and concentration of
anions and BC*' (sum total of Ca?", Mg?", K and Na") in the effluent. Therefore, it seemed that
simulation model used in this study is useful for predicting the main effects when acid rain
including multiple anionic species deposited on the Kanto loam subsoil.

Key words : acid deposition, acid buffering capacity, chemical equilibrium equation, Mixing cell

model, competitive adsorption

—J5, KWK EABYER S AT S N OB A &

VI, OREESITROSe 7TV Y = A OIKE LY

BAENCIL A L, Sl ofy50% &2 G REICEEH LokBE I H 200 A%, 1EER AR
BRIk, ot ABKT 2 8RS IE L, THITNOs, SO BEDEA A+ v HRIREZES N B K
EEO 7O 72 VA ETTSA M THBIENZL, & GEH - UM, 1988 FIH - B, 1991, KU @R

. FL®IC

T8 7 = 18 E OIRFERER LI = T ER) \&@“% (LFACHRIC L B SO/ A, hobLEEZ SN,

KK ISR ER G L, A A Y IEIC X SOIGE, BEA 4 v 2Bl d 5 LM, 1%

EREEREIC S U NI, MHEMICRLETH D, E&ﬁ%% i 50 H DR ENES,

IZE > TT WV =y 2 Ziihd sfafits ks T 72, NOy, CI" LML T, SOf kLKA
HoHTLMEfSNTOS GEH - I, 1988 @&E 5,  OBREHFMEAIHRD TRE L, SOf MhEEkicdt
1999)o T D72, MIELEIC & 2 KWK EROEELEFF  $5556TE, NOs, Cl @WactEATEsgwl

s 3D FMTFEDHETHEELEZLZ 5N 5, EE s TWS (FlA1E, Kamewada, 1996),

FECEARERFBEEEMITOR T321-8505 FE# = Tl HT 350
o CEEE R T321-8505 FEERE HHIGHT 350
F—0— N RIS, BEERE (L PHEX, Mixing Cell €7V, HAKRE



34 THEOYIEM: 5955 (2003)

o, MHRICEEN B 4 VLo fHE ©
THEIcBY a1 4 vIOBAERE L, BEA 4 v Ok
HE, NUBA A+ vIREIck > Thfish s HE o'
WS Ly, THOBHICKRES BT LEEL5
N5,

BEE T, KK E#EE R & L ciiisic L 3
THSGEE T RN RLE L o W o Th TV B
(A5, 1998a, 1998b; Hrk - ¥5H, 1998 ; Fumoto
and Sverdrup, 2000 ; ##E 5, 2001 ; &1li5, 2002), &
NoSOMRTIE, B+ YIEFICDO VT SO DA
EEENTBY, BA A4 vBEOBEREDEEICOVT
BREEESN TV,

Zo&HuHERENS, BER (BL5, 2003) T,
NO;, SO& DEH RN LS B Wi A Kk 135
NRIL 5 E Oy Fi) O HIERRIEESA, B
* VOB EWRE b a1 L AR O TE L 5 FEs
(b= E W T FRIL 720

Lo L, BRMERNoRSEIC X %35 pH Z1L, Ca’',
Mg?", K™, Na* OBz 3, HIEROBRA + vk
(AR 120 T2 <, IKGy, IWEBE) & EHICBhE L
FERE L TR ZRENDH B, E->T, BIERHOR
BTk B EEETNG, T TOBA 4 v &
DAL FHIBR LKy, WEBEEHEGT 5 Lk,
IR TREMNISFZEREMAREIC L 52 EFEZ onb (B
s, 2002),

D, KETIE, EHOREA + e ETRE
VIS KK 58103205 U 7215 8 D IR iR I 5 o il
WOWTHEZTT - oo FlITERICE, B (BILS
2003) THW 7 b S I E B B 2 i R T
Mixing Cell € 7V (Appelo and Willemsen, 1987) %
Wiz,

2. AEAE

+Hg, BLS (2003) E[EHE, HHARREERMICAE
T 5 FHE R EEBISHOEM D 40~60 cm D EE S >
SR LB o — 2 FgtzHunrs,

HNEZ3cm, EX13cm D7 27 V) LVEH T L DEERIC
H— POk, 20 ki 2mm fiZ i L gk
1A 8RR 0516~0543gcm T 10cm FHEL 72, %
LT, #56%23y O IcHiY, BEKEMEST SN
5 LEERICG A, A Ic BEERTIEEIT - 72,

ik, REKEMBSTHSEZ DR, Ny b RICES
IR E LIEPOBE KRB L TW B 7wk L 51
BN 5 ap o8y b EADA & v ORI E R NRICHIA
51O THb, A A VYORBPELTLE D & Ca,
Mg, K*, Na* HifumOflERR s SIceB8E2 52 5 &

EZ N5,

MR, pH 4.0 ® HNOs, H,SO0, E&HAK
(NO,;™ : SO2~ (348)=050: 050, 0.75:0.25, NO,~
SO2™ : Cl7 (4B =040:040:020) Z~<) X ¥ £
£y FITkD 25~28mL h ' (¥ )Ly —FR#T1.00~
109X 10 Fecms MTHEY) THIE L7, 8k, RBEIRK
DRaA A VRIS, PAREERIERE NP AR (h
RIE B £~ 4 —, 1997-2001) 1T & 2 {EHEED
5 P (NOs™ : SO : CI7 (4:E) =034 : 042 :
0.24) 2ZFEICPTE L 12,

B R 7 57 vavarysy— GEBE1LADIZD
%18 mL) THEERIL 72, 7035, FEERZ 23°C OfERE
THEIBEWITOWT 209 2fT - foo TIEFREICIFES
0.4cm, FAFLEE 160~250um DH 5 R 7 4 V5 —Z#)
&, Ry AWK DS L rcisimm L n 5 athZg5c
1254 5 & D ITHEE L7,

BEBREKIOL E2BICHZ 12 12 DR BRE O AR
DI 600 KEZKET -1, TDF, HERE 10 K1
pH, HERHE 30 Afgic A 4 VIBEAMRIE L, pH 3H
5 2 EMEET, A4~ (Al Ca, Mg, K, Na) 2@t
Y=< VETFUOLEER (v —28), A4 v
(NO;~,CI7,S0%) WA A vra= 57 4—12kD
TNENMEE LT, FEBK TR, 13Eh 5 athogkia
ZHIE L 7kER, (AFEE/KERIZ 0.737~0.772cm?cm ° T
35 el f:o

F 72, ABRIEE TR AT Bowiglt (L8sik
H1d NO;~, Cl7, SO WK =PI FoAkicky
Kb tzo

9, AR &AM kot iR A AR, BE A
W% Uik, h 5 N0 EEE 50 mL FELE T
FTANI, T D%, EILE 2O HEL CHEE M
S, FEBEAEERHR LI, LT, AV T340V
Y —CLBAHOLRTFEREL, 14 vra= b5
7 4+ —TNO;, Cl, SO OWIHAEREE ZHIE L 72,

3. fAEAE

3.1 LEEHRX

TBIRE D A & v EEETEICH O I L P, SEE
¥, &t ErELIORL, 8IS (2003) &FEIEED &
DERWI, D, Ca?t,Mg? K", Na" O&31E 2
MDA 4 v ZGEL7Z BCT & LT TR K-
72o NOs -, CI° b[EIfRIC, FHREZEE/LT 25 729,
NO;~, ClI- O&EHE Llifg1f 4 v & LTE EHTHY
-1

58, L PERAETET 2O+ VBEERETE
JVIEREE (molL™Y) TEHE L1z, 2Dz, BC* ItH>W\WT



WX HE DA A A EUIRIEARZ KK TN 20E U 78556 O sk = il 35

R-1 AP SC A O 7o b i3

Table 1 Chemical equilibrium equations, equilibrium constants and conditions used in ion concentration

prediction of the effluents
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