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STMCERSY FHEFMEOEHVIZ W TH S
DT, 1979 45 1993 4 £ THE A ULINE) 540 HLLT
FHER AL BT &4 1ry ) 1966 2Lz
B S AL T A ARG LR L RO A

(D) WD FHED L PO BT, T L
PR M A A B OBV B T o LA TH
St BOR7 B (Lo ZZYE )T L5 it
1966 Ai21% 12cgK20kg' Th-o7-H 0738 1991 4{?::&
39cgK20kg' &7 oi-. El-ol# B #EIT 1966 11
7cgP205kg" TH 7= D 45 1991 4E 21T 37cgP205kg" &
e,

(2) Lo gy o 75 5hos 8 fie, Bamln, Wele, W7
TR T AL L TR L7285 B, B A
UHUTAR R CIT TR f@%'ld)%@’?’@ tAhL
AN LA LAY AT bR R L, UEREN ARG
BT U ozl B 471“‘/&5(/)/%7‘/10);5&{15
AHIE, R LLEL A, BT LG AE B AT
WHAEMOE P RES, ARARMERB 255G
WA AIT LOMARR L ETHS. )i, sy LR
R 8 3bhok 52505,

(B VAT IR O Z &L ICERNLGED, &

WTIL 59 ~ 82 4, £/o5i % Tl 28 AEFIE L, HI
W CaMUT Y L AREN R Lo HEGRL T
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HORZ 10

I [EAF 4

1 [IL®HIC

FHER I b o SR A RIS, FEH DD
FTOOMIEIN (LT, TOFIO TEMNBILGRED S
TS, s A A (NO3) T, MM f- b rp o e g ve
FO ERAALIEETHD, {FHOBE R EHO 2O
HF O RIEOREF BRSNS, £ %I HIE
DFEAF L WATH T A A2 7R G- To Aty
INEL, BBAA L O3 MRS D729, BN b

MR A A BRI, R A A BRI LT D,

TRLO MM, TRETIHEM (IR W olza4
W C W T2 E B S, M EEO EEIZ S0
THEHESORGEBHHONES 1985, [t £55 1981, {A: ik
% 1983, {fti% 1985).

B ARO I Z AT i 57T e 7 e T TGR
g, Mk LT a v e BERAETTARG
Dk -FW, BRI ONZERE LN L 3= L) KR
el I R e S 2 5 2, ERmEE o, =
neo ‘kﬁﬁr}"bﬂéhk 31t pH A% FiZ k- TIEfiEZ %
BLL, 8512V fEA AL (HPOLY), filigA 41 (S04, 7 v
e A4 (F’), A A A A (H2SI049) S ok A A Mk
Fr MW A9 52 8 S Ty 5 (BARROW 1987,
KAMEWADA and TAKAHASHI 1996, rf fi& 1989, fiill
1981). U723 T, 205 o LR o 40
AT XF LT, BEA AR o [ — WA o F RIS 0
WEBNNELS, FOMMBIOE L P79,
(A A O SRS RS D28 ETHS
LLIRET, A DM ANZEAMW f IZ B L T,
GFTE R ME O W E B S o W Tt ® % (WADA  and
OKAMURA 1980, OKAMURA and WADA 1983, KAMEWADA
and TAKAHASHI 1996) /38 %%, 00 Ml I 330 HFa A A
RO RIEC Y AWML Th W LD
1982). £/l2A A2 B Wi oy AT 2 ORI D &1L AL B
WOEAFT Y AFIZEY DREEA RS ML LT
DD TRmELRD

FITARMTH, HE AR e 233 HEALo M) D ER
sz 324 1o FHEREO WL FTE S JOUKHINPERR
AA R ATL, RV I SO T BRI
[EAA L OBTFLIMOKREWLNEL, TROHD AT
DI LD I il ~O R EIZ DD TS

IBILERAKSBEEAEY LT

S5 DHEERE AR

HE &Rk

1) #AH

AOEHT, LIEBRBIEMMAMIZE ST 1987 405
1991 FE0D 5 4 M HF AN BN O i 233 M 2 HERIRE
Nni= 1324 i THD

AR L BRI Ao £ 1-3 1207z,

2) SmAE

PR % 2mm O THEB S, AAEPER &
U FRERRA A UL FO ik THorEnsz. /581 &t
DlzaA 0, KRHYE, WAEEL TS LY A4
(CL), FfEA A+ (NO3), B LU A 2 (S04 EL /-,

(1) WMABEERA A (0.01M NaOH it iz
AX )

We ATREER A A2 o0 Sy BTIL N -CLOTHIER(1991) &) /i
WZHEL T =72 2%, b 2g Mo R ez £
0.01IM ©> NaOH % 100mL Mz, 1R ED L i %1

A rawh T T7 - TR LT

RE3, TSRS T ARENRPERE A A 7 o i
ACECCAR L R AT RE W 3 I TR
T EIARMNBYER 32 H . o T, M L TR
SLZRET D280, ABIZE VLT IO RIET 0.0IM NaOH
R R B

U WA o > FE(HPO4" H2PO4) 1 L o) [ A A4 > Bl & ]
AN S TRANIIY (2 (e AP Y s WA 2 i
o, LEED IR A Em o th, Vo RS LB (X
Ly Py AN BEOUVRET A= b (ONUHA1) Fo
HERPEEL L L THAfE3 5. TR OO IT pH o B4k
T(BOLT and BRUGENWERT 1980), 0.01M NaOH #ifi {t} i
TN B ERD. > T, KIETIE
HENDV S TR A R &L o7z,

AL o T,

(2) K HEa+ >

EC M@ oz A4y it > TR PERR A
EUTZ. 2 FEDE L 10g AR O R BT R K RS
50mL &7 b LDz KEMAZ, IMFHIEED, Hlth, A4
YUk 777 - TiERLTL

3 R

(1) 001M NaOH HMHHEB A AV SEBNEESH
0.01M NaOH Hh{BVERR A Ao 75 Ko B oo T 855 A
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Wi A UL BR e S BR 5 O 20 35 46 55

0. 01uNaOH I AEBE  + v & B cmol (-)kg!

Cl- NO3~  804°°

soft

cm

IRHIGTERZ T 4 S EE
cmol (- kg !
1

S04*

|
|

B1—12 0. OlMNaOH mtﬂirf“»fz‘/ﬁga)il_ ?ﬁ

(1 JF ’F HL_MH @ # %]
T PRV B I ORI EENIZIK 1-12 12507 BUR
74 it a% LA A s b e, S JEIOR Y b AT
WA AL A e 2 7D TH W2 BRR O FHH B IO
PEE R ST OB TR O LB THo 7.

HURZ -t e CI, NO3$s LY SO4% 4% oo 3 3f
Lo L, bk, BHER, PP M TR £ 170 =
LS7CEE = pE e 72, LL FIER), 4.87 + 396, 572 =
39lcmol(-)kg' T, FRIEE MBI TH-T=. FEAAF
Mok T, #het SOLE B kb @mo/. £
72 S04 Bt FRIEE @<, BHIE FRo S04 5 ool
)L 5.16 * 3.48cmol(-)kg’ THY, BIEAA L G DK
90 % iz, K> NO3TH BT 0.22 £ 0.69 ~ 0.31 =
0.86cmol(-)kg' O FPIZHY, {F 15 PHE PR £ TR
K AETH 7=, %k CIf BEIE 0.07 2 0.18 ~ 0.30 =

24

i M[ﬂ]m t JI ‘L

B1—-13 KAKRBAAVEEDEEST
JLG R - 12020

flL

i %
1.()1cmol(-)kg1 DT, FRIESSVEIN Th -7z,

HOR7 b - BHE A 0.01MNaOH fil{BPERE 4 A4 & i
{}éi‘ﬁé: FEAE I, B, MR FE TENRE R 134 ¢
1.86, 3.99 294, 4.91 = 1.79cmol(-)kg' TH->7-. £7-
PR & - fifloz i, #hF 142 - 112, 1.83 =
1.41,3.28 = 2.21cmol(-)kg” Th-7=. FEHOEEHRE 7

D&, BAF LRI, AT S IIE L TR IR,
BHEE PR CRL G Fodiniddame ik Th o7z,
KO V%R MR Tl 58, BHRE, BHR

F R &6 (T i > s > A O PR T o 7. £7- 8
(3] s O tﬂﬂf‘%ﬁ& W TREA A M T SO4™ 7% &t
Db, &850 SO E RIT TR NS, ZolhiT
% H'-LIH & il RO TH - 72
, JEBUR 7 @ e % kg o> 0.01M NaOH Hhi H



VN e

PEREA A 0 G EHIELAE L3, BHRE, BHR T RIS
hEh 0314029, 033+0.19, 0.70  0.41cmol(-)kg" T
BY, FRIEZ SV ATIHERARY - @Bk Tho
TS, OIS TN ST R A A s FEIR O b

T HOR Y L AR, %58 SO G ke s 7s.

F iy SO4™ 5 it 0.18 = 0.26 ~ 0.52 *+ 0.43cmol(-)kg’
T, FRILE @RI THD A TR L2k TH -
Ty, BORT oo MM IL -2 THIT A
K ARMETH 7=, 0.01M NaOH i1t SO4 75 oA
AF RO LEIGY 60~74% T, [EA A4 M T
b K2R Gchotow, IR EeoEh kit
NSl (o NO3E #E1E, 0.05 = 0.02 ~ 0.06¢mol
(kg OFEIT, BB IS o QO
I 0.07 7 0.09 ~ 0.13 = 0.03cmol(-)kg' T, FRHES
ML T B o 7

JEIBR 7 LB o £ k00 0.01MNaOH il 2 A

ool kg EOM
ik RO . 1 20, 100
€1~ 0.00 - 0.10 N\ 1
0.10 - 0.20 A
0.20 - 0.30
0.30 - 0.40
0.40 - 0.50
0.50 - 0.60
0.60 - 0.70
0.70 - 0.80 []
0.80 - 0.90
0.90 - 1.00
>1. 00 :
Pl K# 0 .10 20 100
NG5~ 0.00 - 0.10 N\
0.10 - 0.20 -
0.20 - 0.30
0.30 - 0.40
0.40 - 0.50
0.50 - 0.60
0.60 - 0.70
0.70 - 0.80
0.80 - 0.90
0.90 - 1.00
>1. 00
Db R 30
80427 0.00 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00
1.00 - 1.25
1.25 - 1.50
1.50 - 1.75
1.75 - 2.00
2,00 - 2.25
2.25 - 2.50
2.50 - 2.75
2.75 - 3.00 |
>3. 00

M1—14 SRUTEHFMAMELBED 0.01MNaOH
W EIEAA L DERS T

TOEASBEBLAEM G 2 EERBGROTA

F o B EHIEEL 0.05 = 0.07 ~ 0.21 = 0.15cmol(-)kg"
DEFHIZHY, CI, NOIE IV SOLE BOWVT Y IE
BOR & - ”‘i@' Mz R K ETH 7. £l o0
R ECR Y b BRI LV LI IR KETH 5 7.

JERRY + - Mia& O 0.01M NaOH iz A4+ &
B EHEILIE 75 4.28 = 4.69, 888 78 1.51 £ 0.89,
TR 0.78 = 0.27cmol(-)kg’ "C i MM F3 UK [ e
AR TERELITDNIZMAKETH T2, B H O
BT Lo b & B P ELIRS ZoMThH
BBy LGOI ORI A ELT R > Tz, 372
i, Cl, NOZE LW SO DV 3t LRIEE G hid
G s S m. LMo NO3E Rt 135 =
1.28cmol(-)kg® THY, Zo it LHERUY, R ER
SO BNIK Jy D R Thet g <, R4 GEHI b
WOHEIG L KEDh o7,

(2) m#mmfirf“«r?r‘/é*% BEEHM

A YRR A A G R O TR0 A A b AR
w‘LUTIHﬁﬁ/ﬁL%* 2 1-13 2 AR L 7=

SRV o g R, fEoKitE Clis Lo
NO3 & BiLB B i 0.0IMNaOH i YEfE A4 & &
FRIAKHETH- . ThCK L, SBo kY S04 E
BRI E M, B, S TERE i 031 £ 025~ 0.48
- 0.28, 0.28 £ 0.26 ~ 029 * 020, 0.14 * 0.08 ~ 0.23 *
0.11cmol(-)kg" &7 M H O % &t 0.01MNaOH il ih 4%
IVERAKAET, EBAL RO EL /NEhoTz, o TR M
A, &RBoKkMHEREAA4T G aGHIES, 0.01M
NaOH i HitE & 12 b~ TIRS, i, B[R, i
THFAFH 068 1.07~099 £ 1.19, 0.59*031~0.70
1.01, 0.36 % 0.18 ~ 0.50 * 0.13cmol(-)kg' Th 7=, Kl

HIYERE A A & Bix 0.01MNaOH fili Y PERE A Ao 7 B2
MR FRIEE @O EH Tho 1228, REILHE 'ED
FEIT B NS o T

JERGR 7 1 WMo Ko KRR A A F B
A FHIIE 013 £ 0.09-0.19 = 0.09cmol(-)kg" > %ubﬂ by,
Cl, NO3$ LU S04* &4,(Z 0.0IMNaOH il (H & &t L0
LR, PO TRAKETH- /2. ")f, 1 [ oo
AR PEEE A A & B G AT 014 © 0.06 ~ 025 £
0.14cmol(-)kg" D #EPRIZHY, CINO3IFB LT S04 &
(2 0.01MNaOH i HPESE BEED LR W TH - 72,

R bR o KB YERR A 4 o & B G AT
fi2 2% 4.04 + 4.08 , HHERE 25 1.30 £ 0.84 , E/BHE T
i 25 051 £ 021cmol(-)kg" T, 1 LRI OBHERM OTEA
FrHEONGHEL, BE7 Lem oo

NEYVKEIVMmoT2, £-2R5DHTT 0.0IM NaOH
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A UL B s BRI AT TR 55 46 &

HPE S REE KT, BRI OE 4 4
%% 0.01M NaOH HiHitE 75 o> 7 2 e No."
nEtETho7. ClI, NO3I L s 3t o 3 .
O SO4 4 B, 338 42 0.01M NaOH ﬁ o
H AR LK T 2. D2 2 20
~ o
o 5
H
(3) 0.01M NaOH i t4fa o« gl- 1 $
TUoOERUERSH ®
BoR7 - Mo R . . .
7 I O O 0.01M o 1 : . e : 2 5 2
NaOH *HHJ T’PI”“/UT‘/U)ﬁ‘ E}%IJEE 0. 01uNaOHfi i tE & 1 F > 2 B cmol(-)kg™! _
By iz 1-14 2L, CI, .
NO3H L SO4 L\"th%), {R th i —é
S gb
DRIFFEHIEN KEL, G &N g
GRS AR DR E HE NS A2 2 ) . A *
4
Thholm. ZOMUAE, CIEs L g
NO3CHi# Th-o7-. g o
¥ 2f %
.Oo fo °
(4) 0.01MNaOH Hititt & & & baapies 2of © 987
KipEEEE DB E 9% 2 4 6 8

#% Bl CI, NO3#$ LU S04
¢ 0.01M NaOH i L VE 75 fx & K Hh
HPEE s EOBFRE Y 1-15 2R
L7=. CI75 8% 0.01MNaOH #t i1k, m#m‘l'ﬂ‘k% a3
KEOR BN Z, HL2ER KEW{oo, BARY 1,
JEERR T Lt ﬂlrdxu‘?w ity o6micho7-.
NO37& LR 7 b JEHUR 7 E2512 0.01MNaOH Hh it
PEG m & AR YE & L BRI e BR Io o 7208, K
HHHPEG AR REWHMIZH 72, —F, SO T
HEBAR 7 ¢ 0.01MNaOH #h i PEE &L KN ES &
MEELR -HLU7-28, BRY T 0.01MNaOH il i
M & BT 0~4demol (kg DO FRIRIZ I3 AL 7=DITXL, K
HLYEA BT 0.5cmol (kg FRIE TIAST S L7 D46 1A 23
Hoh-.

4 ER

HORZ o 4 B IEC & R o0 KA S04
it 7% 0.0IMNaOH B VET R EVIRAHETHY, SHIZHE

7 TR OB O KRR PE SO4°E B2 0.01M
NaOH i ME&E BLIV IR K ETH LT &0%, BA Y 3
SOSEW KL, RMDBIEZ L FEETVLIEE AL
TW5. £7-8R7 1Tt 0.01MNaOH H i 1kEfa 1 4
RERDIZEDD SOLHE G i 228, Tl

26

0. 01uNaOHM HIERE 1 4 > & B cmol(-)kg ™!

B1—15 LKEAAED 0.01MNaOH S ELKHHEESEOME
O; Ry |,

@A

FRAZIOR Y 1o SO W AT @ IRMEDS, o244 FRIZ
AR TREWIEERTHOEEZLND

)5, EEGR 740> 0.01MNaOH Hh it & & & kit
PEB LOARIHYED Cl, NO3 SO 78 3 g RS
LDFENSIVIKS, £8P0 A4 FE & (] 5 i 5
NEAMETHo -, ZHILBRAA L OBMBYRE &R XD
WTRNENTEEFRL TS, SLIZHRBOIERRS L
ARG YE NO3E BT 0.01MNaOH il i & LV,
R K EFVVH A7, ZOBEITA - [ (1980b)
O O DT Al R E e 53 oD 4l L RE 0> O i VA IR (LA
F1:5 FEEEiRenv)) M TAECDIB ZERNOD
NO3ZDHRRIZED AR F L LD EELHND.

L EDOEBYARAETIH, BA7 Li2ks B LW
NO3 DY % DA WX W L0 T h o708, SO&S 1k
HE S RPEL, HEERAG AR RIS LT
OBRROEBIEBEATCERNLOEBEILNS. BR
7 Lo SO FBLRIT, MMEE S HEEEh oA
U RIE OB UEERIZIER T 5. ZoWHIT,
PR OREBO DR B EZMA DA TLEETHD
Sk, IR RO & }?ﬁlﬁc%ﬁilﬁluﬂ/l\ﬂwwﬂﬂ
TENPENDIRG T, FEGARETELMIRT
5.

ARICEREE KT SOLSBIED LR BIMAONGE



AR B BT EBAKDBEHEEM/EHEIZHE D BRI E RN

Koo -4 41 75 (CaS04-2H20) D ik b b, 1 :
5 AHHIEIE o Ca’ 33 LT SO4™ 1 i 2 1% 73 B ¥
BV EHZ DN T, I b AF DI EE A 1-16
RUTZ GBI L, BRI TS Bl A o gy
Brfiti )i T, ADAMS O 0L 351 {5 (ADAMS 1971,
BANH 199DIZE~» TR -, FhIZEDE, 15 Pl

ETIEAEOREMERIZET DR EHI A DN R T2,

# 1-3 Z/RLI R EEKR SR T % -316 cm
T IR AR (18 5 K BT ) 70, MARRE T
HAIT RN BT 1.0kgkg' FLJE, MR Z £TIL
0.5kgkg’ FRIETHAL Blet D, SOLW A G2 HOR
74Tk, BHETT o SO4 [ A A BTk SO4™ iR
JEDTA¥ L7250 T, TG KEORK TIZEL 2D
O SOL D L FE D TRNIEA S TRV L,
Fhoa RS, 5RO MIREETOIRM (LR
B B OIEBNE S AR TRIEL 7= 1:5 AKHHTE R (5K
b= 5.0kgkg’ ) D 5 {F THo-ERIEL, FOIRETD
Ca" B LU SOLDIKBNER P 1-16 (27U 7=, ~ ok
oo Ca® #3 50 SO DI B JE 1L A 5 o 1R i BE FR 120
T4 FROOREHT LR REIERR Y b g o fF 1
FThad. JERRY T SO FH L DB FER DIk
ZHETEEIDHE, ZhbHo B CIMikET, Ca&
BIO SOLDIERE B AFEOWMIEIZHES NS K
LD ESND.

VI bEofEREBIOHER T, EBEERPO SOSRIE
X EBIEOREE-EAFEORBICETIRFL, £
DOREE PEBICE-TRAZDEL 24 - [ B (1979,
1980a) D W - KD, DEVARAROBPE S R LT
i, AR SO LT Ca R BRI, B
FTRAEEA SO, -, ERRSETHAE
DFEMRIE R ESRD RN S VW IEZ AL T D.

fa% LA O BAR 7 -0 0.01MNaOH #h it SO4”
GHIE, MHOENZALbLLTHEOFRHMANT TE
FEEEWIEEBR AR BHEOBES NS - L F
RN E S 35518 L, REFPHARE(LIT DS
WHDEHEE SRS, A4 O BE DM NS0,
A O UL F R, RETE AR, & KERIOEM
FEIWHAO TERTOBIEE DL END g
HEOBANMNIE>THERIND(K LS 1982b). W E
Wiy AIEEIN AR A2 5D BR7 LoRFE SO4
HLUTHZIOILMMORFREORBRRENLEEL
5)%6.

IHETI, 77y BERAEIT T2 F L BR
7 1B T pH O FIZE- TERIEMENSEBEN
LKL, TAI=ZULABIUEOKE M ED A R

1

2
o]

- o o

s 3 e

=
4 4
55 4 3 2 1

p(80427)

B1—16 L:5 KHHEPO S04 — Ca' FBEHE

TELSOY 35 LUCa I BIE A LB K& OB O T LTz,

2804 L(Ca OB ZIZNSE o7z &, A H ORI

WETARBHI OO T T O A REITRLT
3.0 ERY R %im, BRR s Ak, B IRROR Y R
BT OARELITHRAR THIEEAL E-E 2R
faf N FEBLEI N 720 28R S TV 2 (OKAMURA
and WADA 1983). FEEHAO R E (K8 LA ED B /EZ IR
FEEDLDNEID, SHIEFD AT ALITR Sz
T2, AT RAEF AR THDIan AR Loek
OX L EERFEAF L EBRIO IV RE AR EAL
TW5r[REtER B2 5D (FniH 1981).
ol BIRT B DYV BOR KT EST, A

PR ESH, OHBIORAA Y BhEND Z & (i
1989), £V EEEINEEIS % M & - B RETT IR
R LT, B4 RFRBML, 240 W e
DY@ MMM 19883 @SN ThD. T
=T LB IO E KEBEMIZL DR AA L O R
BN R B A R TORMT R BPOSICED &
n, VoA OB ELRRO A= XL THIEN
TV % (PARFIT and ATKINSON 1976, GILLMAN and FOX
1980, GUNJIGAKE and WADA 1981, GOLDBERG and
SPOSITO 1984, BARROW 1987).

AR KRGy BT D505,

OH Yo KA OH) -
1< J +A = R< Pj +H20 (2-4)
OH:

A

FALRAA L PR R O L AR A AT,

OH o KA Ao
R J+A - R J + OH (2-5)

“oH “on

727U Rt Fe £7211 Al, A X242,
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5 A UL LS BRI AT S W S 46 5

ThZERE, AL AR RIS IT R, A R A
AN /AET HEFFIZ SO4 1LV %A F% HnPO4®™
AL, WERDK N5 LR5.

MR 7 Foy 0.01MNaOH #hHitE SO4° % B (cmolkg) %
riék?%{nfd;ﬁa, £ B # (10%kgkg") #3 KUY TRUOG U > i
(cgP205kg" Vo Bk % WO FEEE) &l 7 £ Fe e L 7= FE ]
i oy AT R R AL 1-11 ot L. AR O SRz
T, 7ok 7T w2 A(INHAR) 2 G i g2 v 5
BRAY No.1 iii/}ii'/)i@}'it»z‘ibﬂé/)> AKHFTIHL, DA
[ M C A BEME O I e Z <V S, 72
fiE230) -Mo 3T BRAY No2ikd -k HD
(fa Fir i & 1988)TRUOG ik Sy HT 4R FE L L THIV /.
PE e D AR B, B £ T8 -0.155 , TRUOG Y
fE OO H1743-0.385 T, & A O Ji A KEL, 0.01MNaOH
I HIPE SO BT LY Uk O BB R LY K&
DD EAERL T D RIS B (R ki (R R S
7= HUR Y 120> 0.01MNaOH i i PE SO4* % 5t - TRUOG Y
UG BEEOBIRER 1-17 (25U, 0.01MNaOH # Hi
P SO EG EOEV R EHT AT TRUOG Yo FE ALV
KAETHY MR IE T SOL W 75 &Y o O 5 8L D
RBLMAZT TWHIEETET DHLOEHRNTES.
UL BBIZ BNy YR TIRLA SRS, (F IC B
THILITATEOR 1-9 (2R L7, SO Wk 45 By o i
W& I EENDET UL, HAOFEHNTERERY &
T, UL B A 530 70y P S 0.01MNaOH il Hi 1k
SO G M BN LN TED.

£1-11 BRITOREBERESGEEXHBEY,
ERFHLUTR0G) VBEEFMIEH
EL-ERBAER
¥ [ITACIDE RS - G b A B P F
BIREEE % -0.0697  -0.155
TRUOGP & & cgkg’ -0.0125  -0.385
TEBE 1.871 (GEMIEF# 0.417)

i¥. SO4™ G O B L emolkg’

# R ERE, %o 0.0IMNaOH fl Hi1ERE A A4
RO VIS B O BB O L ff i % 5
Ufilid, T RMIZE 9% 0.01MNaOH il Pk fE 1 o
L L, BN GEHITE K 1-12 (2R L 7L ]k
FITRAR 7 Lol RN LT REVY,
0.0IMNaOH Hli HIVEFR A A D L RO fE(EHIZ W T
BRI O L [N 70 B o e
hELST D00, FEEEUME KORIH IE RE R O i 1 f
W LR I E B E R LR THho T,

E AT D, (B EIEEHC LD 3 EHE A

28

cmolkg™?

7.0f A 1

Lo

G,OF

o
P
5.0}

&5

4.0

o]

3.0

PO

0. 01uNaOH il 15042~ & B
g

Sy

0% o8
o

2.0

e}
° C
% S o ° 1
1 0 L5 2.0 2.5 3.0 3.5
AfRAREY) S B
B1—17 BARILTOEHREE(TRUOG)) VBEE

0.01MNaOH #iHi % SO B DEAE
O LRa, OB, L5 BHE TS

%%o d;
s @g&%bo oO

cmol P kg~!

RN LIEA A A B2 EL, FRHDEEL K
1-12 1R L. #EEiCdh7=-> T, NOSIZE # b a s
[l g & L 7= , BEOY S04 T, MREFRENIT LoD
ﬁé‘rfﬂ‘i?ﬁ)%)/ﬁxcéhﬂb‘ti % Clé SO4 & &l
T, EHIZEDMAEARKIN 2 @ EALRIEE O CTE
SOLDENGAFELCI : SO = 3 : DHUIA 1986)& i
BROEI GRS, RIEAA & R/IZEENRKED
SO4™ D {7t B & it 1 &z > W CRJH g o g &4
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DIERRY O ORI -2 TIEL A2 mL, £
T &RE LSl Th o 7.

(3)JEHR 7 Loy K PEEE 4 > 7% &t Cl, NO3,
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£52F BRIOITODAFUBmABREOREN
BOVIZEFDEVWATIEREA A
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P hg L, W sl i%é}%%llx@uo’(b\?’
BTHD. Lo TR EMEHZHEFET 5
FHEROh oA A v HE PILEIE 9D 2R T
B, FHEEOP O KA A OGN, [HEoan
AR F O PO EE S, SHED RIS
L. MRy o HT - I P, A RO B
i“fb(%fil}}%/bx&:'d‘?’ CER U T D DI T R
VAR EUR T LA W G R E R I D
L, Rz A G e (b o far o0 it oo 720 {2 B R
SALT i B B T DS T TR PR R
afUTm. 7P 30 7 L HE O o A o U 45 A
VEZW 50 2L T 5 280 Ko TR 7 Lo R4
ZW Sz LT,

I D A A a0 AF S

I REBAERETILICEIAER
e R AT

1T [@FC&HIC

INETOBEBLE 20 4602, BRALEOMA -
FIBT P 2 i BT 32720, %< oo [ & i (6 /E e 7
LRMESN. FROOFFAILINETID, K
WO A A DRIV S h TE
(BOWDEN et al. 1977, BARROW et al. 1980a, BARROW
et al. 1980b, SPOSITO 1983, BOLAN and BARROW 1984,
BARROW 1987, BARROW and BOWDEN 1987, SCHINDLER
and STUM 1987). T faifi #fi (k7€ 7 v 1L, A 4>
DAL SN DO, BEVG & EDISIBIEIZ L -
T/orFSTu%. BARROW and BOWDEN (19871,
DFFNEENODEKRICKESHNTI 1T ieF g,
FP3METFT A B LT 4 fET A0 3 FMIZ/HEL Ty
L. ENOLOET AL, SREAMICEDC#E, 7ok
Yy, B IO A4 OWFIZ OV TE L0
XN TV 5H(BARROW 1987, BARROW and BOWDEN
1987). ZOFER, [ LimET A B LT 3 mi%%‘*wui
HOVEDFERME T TILENRSIZAF U BOW A% [2<
W12 00, FIZAERKHBITEL07 0 ffir‘r)fc%>
DT ol ZhzHL, T 4 meET A4 ]Ebows
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LRV FUoBMORFIZEAL, B REREHTY
5.

EZAT, BRI LZEL TR, FORE TO KGR
By A A RIS DWW TE IR E TS 2 578 (B A
1966, OKAMURA and WADA 1983) STV BH DD,
FOBBIZKL TS O BREIZ S 7= B 7 ik &
EIrb v TunZev, BUR 7 1o £ 87 BN ik B0 81
TaToy, ARTTARRLPIET A I LB LUERD
AL THY, LIz TR E O L0 BT 4 100 8
(RKAERET LV HIES>THATEDLLDEE 25N,

AT, BA7 L2 RICILWVERMO pH B3 LU
AUBRBILEBTD, BAA L THEALHA A (CD, i
fE A AL (NO3)#3 L OV EE A 4 2 (SO 72 5 TN By A A
ELTHVT LA AL KI)OWBFERIZESNT, K f<t5'§xt
FHI 92T 4 fEF A JOKNTA-FERELT-.
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LIAT, KEITROD 4 MET L DK NTA-F
DELE, ETMZEDEREEME MO Bz kSun
TRIEENTZHOT, ZALD LM EN LD TITR
VLl gy, T4 T v IR TR
TGN ILLS, ThETWC RSN -8R 7 I
DAEFEFEEO PG RTINS0 e E R
5.

2 ETILOBE

ko b330, 14 it Ll &fm sk E ke
-HETHY, TGO Y 2T T AR Iz
BOWDEN 573 1980 2B L 7210 Th b

[ 4 7N OMETR 2-1 (2507 BT LOF

)
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B s
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\ Yd
TRER Csa Caf —=peChael ™~

wEEE  Os oa of o
yoEA Ay —E0 FOBO

FRES A A B Ay AAVE
7 ik A A &

H2—1 4BETILHEEDHEXE (BOWDEN et al. 1980)
MITOA AT 4 W4T 5, WDRIE OIS SRR
WE o TIPS A, /2G04 SO LR 3 72 o 45
T ERNENYZETHSD

44y  HOW

(1) 41 F>0ERE

ERAF MO FEE 2-1 (23072 Ak B E
LeREX A4 d s WCifEShd. ot
MRS BTy BT a- HICAESND. B
A4 -HIEB- A EEND. £ 4 w2
FR B EDLNEZA 5. [RAT U BIOBA 4
TR MO BT S EE I TR B ENS.
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(2) Rt
IRETIZ, R, auA/REROIGETRO LD
A& T3
OH) o
R< J @D
OH;

770 RITSEAILTAI=Y A, &7 B0
Rafi A4 OB FITROIIITREND.

OH)Y) o KH OH2 Y+
R J +H = < ] (2-2)

“oH; OH2

OH Yo KOH OH) -
R/ J +OH = R/ J + H20 (2-3)

O H

7277, KH $3 50 KOH 1T H £/-1L OH D #5 v & .

ROREAA T a- mils, B TR EEL TS
MK TR AT D, T2e 208, Lo A4 v O pUGTE
WAZ AR 2D KIS IZ L > T & 5(BARROW 1987,
BARROW and BOWDEN 1987). £ [&A 3 ks &
BT DY AT

OHYo KA OH Y-
R< J +A- = R< J + H20 (2-4)
OH

A

E-EEA A AR nd s VLS A A,

/OH 0 KA Ao
R( +A = R< + OH (2-5)
OH:

OHZ

[ LRS- E- e R ad o L IREZH]L, b
DRI RE O ORI EEN T, pH &A7
VEREIZ Lo TR ESND a- HIDBENMIZL>TOHR
EEND. Zofin, [ 4 e vt lioEeFT Lok
HILARENTHD.
K 2-4 BLO 25 1 mrEN UL RO RINIT B -
R EINDGA A D ISIZHE VB ND . £7-4L
ﬁz fiB T D d- (H o> 7 7 AHET Gouy -Chapman 2 112
LoTEHRENS.

(3) ABLUHEHE

B oz E o IGT#R 2-1 17T Rz L> TR
End.FRoUE, 1&HES 11 FHETH M
AN, INE L THBOMEBIEIBIOEMNNHES



HORZ 1

ns. 10 FHoLE, I Gouy-Chapman | AL THD. &F
WaRRDHEICHE N END ¢ so WL, T Nernst | KiZk
STHFSHND. B, ¢esALLTE, 88 Ho A6k a7
PLILWERD. FORLBRVGE G, B IO ¢sofitiz
MO A TED S, EEEND. Zov et

*2—1 4AEMETILEFIZHALER

IBILEKNBHEEYEECHETD

LY dm ke

b7 e vy, "aA b A NBIOERAY T
THDHIEMMENTWDHONAE 1980, ML 1982). [=
F L rYa-- AW a5 ik | (MORTLAND and KEMPER
1965)1Z &4 bb & 1 B L 200x10°m’kg” Tho7-. £/, &£
2-2 W2 LT ZIAGR SR A A v W un) [T BB XF A4
VAT A MO EEE ST HORE
TV A (KOZAWA and TAKAIT 1980).

LEfRaICnEEN H3H]
1 os = Ns[Ku aiis - Ko aon,s)/[1+Ki ai,s+Kot dot,s)
2 d¢a = ds-0s/(sa

3 [ana = NTlKan dan,a). [1+Kan danal

1 oa = [lZan+Zan-1)} 2] [ana

¢p = ¢a-(ostoa) Cap

N

6 Jtatyp = NT[Kcat dacat,p] [1+Kcat dceat,p+Kan dan,p]
7 [ang = NtlKan aang] [1+Kcat dcat,i+Kan dan,s]
§ op = [zeat+(zcat-1)} 2] Teat,g-lizan+(Zan—-1} 2] Jang
9 ¢d = ¢p-(ostoatop) Cpd

10 od = -1.22X 10 “C"sinh(0.0195Zcat ¢d)

11 ostoatrop+od =0

[FZ B DA 4 o G Eh L]
12 ai=ci expzi F¢ RD

(2) FEuE
We 5 o BGE 1wl o A
(WADA 1984) i L~ CTirbihr-.
O P u%:
S aro) [HERERE A K LI
X, |y7e o IMKCI iR ik C ki
L, KL ClAo ks

FoFiEbR AL WIS, i?t?’;i‘&d)
ML RIS EN ISR L ET 1

R DK THRBEZIFL, 502,
TERTHRIEL, BT
QT HunE
S ROy RHERRE, W AEE I R
(KNO3, KCl $£7-1% K2S0h) F L

é ;u;x\'ﬁ’J RF vy /v(ré{w
an:faA4r), CohCE TS RSIVEENENLOmOE
ai; L B DA iR,

Ok

Rt AF O ER, Fibaraday B8, R 2EE, TRy
ZHERO IS, BT I LU ¢SO 7R 5 O GHERLE
FBIIBWTRDLNDBHOLEN I L O G & Lk
oA,

3 AHix

(1) £ESEH

o RIS, I /]’73“/10)%7( 5 E (cay 1A, 3

(HNO3, HCl £7=1% H2S04) ¥ 7-
R (KOH) % 50x10°m’ 34t ik
AN FROOREB IO A
LK 2-3 003U T D L 298K
T 24 MERIBEEO L, MK pH
T AT A B THE L/, B L pH 25 2.8 705 9.2
DOFAC,E- BRI IT 0.0033 225 0.1M O FELH T
oz,

QRAFVELIUVBAFTVRBEEDRE

WL LD S, kiR NO3, Cl, SO4"#3
FOVK AR EL -, NO3, Cl, SO A4 rm~
k7 544 --(SHIMADZU HIC-6A)T, £7= K' {1 -

Ci, A D IV TR LF5 T DBV IRE,
Zi; AA DR, NS, AA Y FERAM, NT; Lﬁhf/%é%éukﬁé,

FEEGERT ARl TS O A 9 DI RTEL R Y WG EHE SHHITACHIL Z6100) THIEL 7. F N HEEA 4
BRI S TR F2—2 THEABOIALFH
¥ e 1mm o 5 TR STz g Bk ok ik

IR LARFETIEA 2=2 1280y i 200010 wkg' =L U AL

CHMOEES N DG SR T O g i
DR RT D70, BRI AR RIRER
PN /\vh:_,tr;;/x{‘f
BRGEGR Y BEML. s TRl

T > 1) /[@‘c/An
di g A A W AT AL
[ IR ZE NS

£ GE1E 0.85x10° kgkg' Th o7, Z0
Je (2L AC B de oo B o0 S HHT
BuThinia--amMiEnianc
BY@IAE 1965), Zh ETIZ 1

0.43 kgkg'
0.85%10°  kgkg'
0.10 * 10°  kgkg'

[ RN
W AR IETE (N-C 70 A Y--)
i AR IEE (N-C 7)o A )

1.89 cmolkg’ i - AL AR AR
313 cmolkg’  ZIA ik

T e, JgE (1982) 75051 -
A AR,

EihA 7 ke
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5 A< L 1

®2—-3 THLUEBEONERE

TR A BRI AT R

ﬁ‘t’( ‘rll 7; 46 7.7

ISOIRTE T, AR A 2-1 2L 72D

72 T &5 (PULFER et al. 1984). Zo0 &
Z TR O TR, Taver X
AT TANIHBE B STV (WADA 1982).

W SREL ORGSR ML) O L T,
TaTal, BB LNT IR LDJEMET
WL 700 DN~ A 3 A N B0 -l 23
ERfRAEORINMEEEZOND
EhED I TTTTTE, 1:@}1%@@&%}}{ -

AT SHe

WA G M e

moll"  mL  10°kg molkg'

0.0033 20 1.0 i 0.8, 0.4, 0.2, 0.1, 0.05, 0.025
T 04,02 0.1, 0.05, 0.025, 0

0.01 20 20 fifs 0.8, 0.4, 0.2, 0.1, 0.05, 0.025
Toh YU 04,02 0.1, 0.05, 0.025, 0

0.033 10 20 fite 0.8, 0.4, 0.2, 0.1, 0.05, 0.025
TABY 04,02 0.1, 0.05, 0025, 0

0.1 10 40 fit 0.8, 0.4, 0.2, 0.1, 0.05, 0.025

M-z E7 a7 DEHIRT A= A

7B Y 04,02, 0.1, 0.05, 0.025, 0 AERL O B Dok te e i s

E k1 KNOZ,
w0 LT

KCTE 2 EK2SO 4 BT L 7.

AU A A O AT R TT IR B S AR (R B
ALl TR 7.

(3) ETILDREF

B AL Tai 7 L 2k 58 To L%&a
B ATy T A R EEAATL. BT EE
BEOFOMDNL DO NTA--Z L5 0IRL G BIE
RATEEU) I k-T2

4 e

KNO3 , KCI # L0 KeS04 iz LD NO3, CI,
SO4"F3 O K W & B flEMT A& 1X 2-2 12 2R L ToRL
70 KWt pH o LRI EE 2> THEML, 1204
VW AR E ML B BRI o S
FoT, KBLUBRAA WA ETELCEHML. (2
AF WO BT, SO&FOW S &MNEELEE<, NO3
WA RS I D 22l T o 7. KO T K2S04
IR pHA~7 W EIRICH IS, tho BRI KL
UL TRl

APSLEE I 2-2 (BT aRL T s, BT
W IRE O, 2T pH BROVRE TS TR HlE
il - 7=,

5 #EE

(1) BRIVToORGH
BREILT A I =T LSO 0 2 i b BT A K

38

, HINO3B, HCL E7z EH2SO, 7u B 20 TKOHA L 7=,

W EME > TOA. L~ T, Lil#ik
e FATIGR Y b @A T EAL D E
Ez oD,

(2) 2BHOERNEERYE

A TH, BRI ET V2@ 28R T, IR
DL Z RS DT I K HE A AT
FeoMk i 2 b ot o B2,

SFY, EBREERTIE, pH 28 4 5 6 O#EHT, &
TOHEME FEIEERNT, B4 SR Ak
WAL T b, A7 LG ENDT A I= LE TR
DAL G KB ALY L (MO PE T Ao T D
Lo, Fhr, FHERO pH WISUTEMEBEEZIT
AMEOELONIZMETIEVOMEDLO THY, (i
H—.‘? :[dnf’;ir?ii‘f REFTDHLOTHARN. L7232 T, 2ok

ZHBFIZRA T RO NI AT 2R FT DL B
REETNOHRTHIL 2T TR 5720,
WA R 3B R REVE R AT & 7.

: —“B@K%%Z‘)W%ﬁiﬁ%l:é: S2THELT
WD ERMT ;LW GFENRIN Y% E L (Point  of
zero charge, PZO)IZHHRF K W RIL-H>FEY, @ HiE
TR s W 2-2 WARLEREEMND, ZOMIT,
BBEZE 9emol(-)kg' LFHEAEMND. AKHITHUZ 118
HEOEMBREAME I AL AL LD THY, kL
GHEBIOATATA IO A EEHSENL T, &
72 9cmol(-kg' LW EZ 2O TE LV EOE B X
D

b : ZETHpHDHETI-HOHEIEIETH Y, B
AXVORBILETREREKER I > THITHON S
ERET ; FOHA, K pH SR TYH a- mOBNILA
EROTWHIEIZRD., T LT, i TOEA+
YOIEBEIEN 2-612EoTHXLNDDOT, A4



HOR 7 bz 3

DR EHEA T D

b bi s i a1 A A

B LI, a- i TOEA A iKE

e b xNOs
R LSS, W RS 2
. A N o ;
DHIECRD. SO XA, BE £l opidsm™
A QUP AN W e, ci000
9 ©,d;00033

di=Ciexp( zZiF ¢/RD (2-6)

7770, a it AA S 1 oiLENE,

BRI ¢ URERT,  z VR P AT eo HE R,

et -REN 70 W B oo B MY

C:ITHRHAHIC2EEOERNE
BEMENAGETAEAKRT ;TS
OO 1T DR T pH T d- ifi
DT EERR - TEY, F-2h i1
AF DKM RHEEERL 20 19

“IAE, A i Wi FEAMIK pH TELEAp
O, ETzfaAF RO E KT RN
5.

AREE

IROO RN, TREMECA

TVIBHOEHWIL, A TOET N
ZERATL 7=

(8) T A—=4
EFADAL L a--E T 0T AT

ML T o M TTIZ &L T3

FEDONTA-FPZESNTD. £

SOMITE 2-4 ([T, 24 5L
] B IR TLIL A A L DR EH

EoTHER ST TS, 2 EY,
W B ALl i BT, Ak
Fi B RZ AT D, M EBITE
WAL CRA A A Lo KOl S R &
WLRWEHEDTHD.
ORBE/NTA—4

SACEL £ R, NSO > RS W fe KA B LY NT
(|”*/(7t*‘/%%4’§§¢’:;£fz KWL HIEE A OMTHY, Tho

T, EHEMEIC ko TRD S, £, KHITIT Csa,Cagp
BEIY Cad(BE OB RHIE R TOAF U T8

TR THLEARL, BOKRLFTIECLo TR TOHE
PR LS W oo I E T Sl i L 7 D A
FNSOL, BT AR MBI 572072 5T E Ak
WETAZ S3 A9 D WIIR 72 AREL 23 72V s o0 T, ki R 9 142
HLTHUMZER L. ZOEDPONTA-HTFRN

§ 10 11

E2—2° KNO3,KCl LU K2504 B/ ®IZHE T HNO3,CI, SO BELUV K RES
UV ERITENT, EAR LA

FROEMAE IR TOMEMIE S T DL,
SA LRI LBV ZF L VoL FikiCEo T
WE L7z, NS VL& B R e KRB IS (DL
Theb EARNRYETLTHY, V<m0 H ik dl
STV DRI 1990, YATES and HEALY 1976). L#sL,
FROORME TETHEET, MERROGEEEL Ay
HO TS, L7223 o T, AT NS iRl dighA 4
W 45 B (ZIA) § (KOZAWA and TAKAI 1980) 8l & i1 % & &L
T, #0RLUGHIETRD 7. ZniZk-> TR~ NS D
it 4.0x10°melm® THY, TOMIT I ETICH Y
(JAMES et al. 1978, BARROW and BOWDEN 1987) & 41T
WAL O > EY 5~15x10°molm”® (2 3 F3 5%
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15 A LB RE A BRI AT S I O 46 5

“HL T D, ERIOME AR -RZBRET X
D KA 0.8molkg’ THS.

BOLAN and BARROW(1984) 33 J: T8 BARROW and
BOWDEN(1987) I fth i~ NT(F& A o4 o W 47 B de A % I
VLT ANT A ZE LT NS /RSN EREL THD.
LA, IR MO RIS IO W, BEA A2 G IEO §E
GAEEWI S TRV O T, K TR T A F 0 &8
R EAA RIS T H b0 EEX, Lo T, L 2-4
BLO 251230 DEF L RILEL T NT OMEIL NS
Dt 2 &L

LT, TOEDIZRDTSA, NS B LENNT ORI,
2 OB ET O G AHTTHY, 2 FOWITIZEY T
Tt s ey, FoN /R LA O T, F i
BT U AT E0 O RIE O 12 D4 &L
7.

KM oOB A > EY (sa=20, Cap=3.0, Cud
=1x10“Fm® (1€ 7 L& i B2 579 12 2 TOEMT
WL T C A 2 = 2 s o R0 L gt B ik
TR®SH7-. BARROW and BOWDEN(1987)it o)
zthZholEA4dr fEioxl GESleREL T
W o FEYD, SO4TIxL T Csa=3.99Fm?®, HPO4™ (2 %L
T 29Fm*, 72 {ECxh L C 348Fm” , £/- L iz
WU T 421Fm® &l RO TV D, TS0t
DARAAETRELWIZEVWEDOTHS. £/, DAVIS
et al.(1978), DAVIS and LECKIE(1978, 1980), JAMES et

£2—4 4EETIZERLfANAT A=A

INT A AT TR EL
54 100 100 10'm’kg’
NS 2.0 2.0 10" molm®
( 0.04 0.04 molkg™")
NT 4.0 4.0 10" molm”®
(’sa 2.0 2.0 Fm*
Cap 3.0 3.0
Cpd 110" 110"
log KH +4.1 0.0 Lmol"
log KOH +5.0 +11.5
log KNO3 -10 -10
log KCI -1.7 -10
log KSO4 +1.1 -10
log KK -10 -10
LS 1; bE AT, NSy A AT il A

s B WA e AR
G NPT RENEE N N OmI O KA
Aiy A ADEEN R
2. KRR TIN SR E SRR A L R R R A Rk,
AT LRSI E I T S R ol G Al -3 1B LR N
kLR,

40

al.(1978), JAMESand PARKS(1982)#3 (' CHARLET and
SPOSITO(1987) (LT LI =7 v, $k, F XL BIWT A #
DEEALY O FiE O BT 3 miE T LR VLT,
FOWT, Csp=10~14Fm* OEZEZELTND. T
SOMH A TOMIZITNEDTHSD. 2FED, Csp =
1/(1/Csa+1/Cap)=1.2 Fm™ .

AW THEEL Cd OW(Ix10°Fm™) T Csa 353 12O
Caplllb R THHIZ K&, BARROW and BOWDEN
(19874, (1Y Cpd (2R K& A& EL THY, =
DETH LTS 2ozl 2FED, p- ks d-ifg
EOHIEENAER IO T EE L, D ED i miIT D T

WHEL THifE R RLTCND,

ﬁ[fnfkid)';éx\?‘? RITE NSO O BBEFIZBERL T
L. feizb 7= 2439, BARROW and BOWDEN (1987)1%
R AL TERE R, ﬁ%fao'/:ﬂﬁf nREL T
BY, ZoZEE, ERERADBAFT ORI SCENLE R
oW %‘%if(mi&) kgL, FOMITER )52/4'/ fil
DR ELTMAERICE S THRIESh b0 EEZS
nh. Lo T, 4\1?1'(.&&_14/ Ko7z /fj‘V?i(/)W)’(
FMELT - DOMiBARESNIDIT T/, 2ol
AT, WS E TS BRI O EOC BB oA A flis
WA T D8O E ML - MM s 52584
(ZHOD THEETHY, HEA A oW AFOM LENZ
FEHT 3 79021, MR TR EARMETHD

Q@M NT A—4

AT DRI DT A4, DEDK A A D
{3 $ o> KH, KOH, KNO3,KCl, KSO4 3 T8 KK Lt i
TR ST A THY, T L TRE
L. ZRS R TOMEMAVRLRIETRD S

WL AADO T b W (Floitekad oA A4
i %) BT logkH=4.1 THY, F-7mbr s (ekm
XA AT i BT logkOH=5.0 THY, KOH &
B KH J0HE0e K& oz £ B o7 ak
W E BT logkH=0.0 THY, =7 b B w5
% logkOH=11.5 THY, KOH ? JiH KH L0k iz K
EhoT. ZRHOEEIS o TR BT A Tl fer BV
THY, PZCITROAUZIESNT 6.6 LkdDHns.

PZC={ logkH + ( 14 - logkOH ) } /2 2-7

i MR ET B ST nfga: JEph fif ?5 1% T, AKX pH &l
HTHEUZATEL TR O T 22 LTS,

SOL£ M 47 73 NO3X Clw%f"l i
ot ks
WADA 1991)(Z

TR &N
-4 AT O 5 B (MANEEPONG  and
LTV DL ZOEDRBEA A RO



PR LB KGBBEEYAEE D HEREIERGOIFR
TR A B OE L, e IR R Lo
'LE‘&I(/)&V\ L OLMBEND. o F B o8
0, Wi T A E 41T log KNO3=-10, = z,
logKCl=-1.7 ¥£7- logkS04=1.1 & 72T\ as 2
5. KNO3ZIEHEIT/EL, KS041EZd 3 O4r %,
RO CILES 7S » TREWfEER - T o3 XN N
L72dis T, NOZTE d- iz f01c ol ’
P& H&k, - H, SO4%E pH /8 4~6 O ol
DAL a- i 62 22 B R A /B R L T A &
NTNDED LIRS, ° 7 5 3 10
-01
(4) REHEFERDAH=ZXL -02|
IRETIT, BsAA > OW AT RS, B -qal
FROBEA o DAEAEIZ S T Bk o KNOs
AT & TV, SADUSKY and SPARKS o1
199Dt K W # 1o 5t 3% i fa 1 % N a—
SO, £ KESIUZ SI03 > PO4 ifg
> S04 > Cl > ClO4 Thorzl il T 03
L. F, FHOENMEREBEYMEIZE ~OAr
WY A A E TR T U -08t
{4 OFTENB A A W 35 B2 3 4w
SHELIEBEHBES R TOD -
( SCHALSCHAet al. 1972, PARFIT and
ATKINSON 1976, RAJAN 1976, BOLAN and or
BARROW 1984, rif§E 1989). &5Hiz, Vv 0 Py 3 4] ) 3 P
B TTIE B 72 15 £ 45 00 25 6B 1) 2 4 -o1 < pH
FEE OB A Y WA R BN SR D 2 o0
ZEBMITEN TS (GILLMAN and FOX 3
1980, B RIS 1988). ZWOLEHIZZNET
CEBBG ST OB W Iy
_ost

o Tol &R ZShABA A4 W& G0 B
ME, T4 e 7L jil > TRO LT
Hahs.

LA A A F i BOUSIE SO BOSEA 2-4 35
Y25 ko Tl Ens & iz rL-. SO4”
(TURNER and KRAMER 1991) 331 0° H2PO4 (14 fi§  1989)
DR HFRISHB B IFRERC TS T 4 e T
L ITTHERA A L, Kl RSO KRSy T- ¥zt n¥
VAALFLELLEL B TED Hnww, Koy ¥

BN N = ARG R Y - R e S el G AR OY - % < ey
FH OB TIESH g%;d)&%xﬁ)zhé. Lo,

FNHEZ ORI B 2 SR S AR e o

L ZITUEE S TN TR DERRL,
’;twr/wiumf (KA R > TR RS K i R
W sed T O UL -T2 oNL 8D,

T OOy

B2—3 0.03MKNO3,KCl &1 K2S04 8 &HD s-, a-, B LU d-ED
HEFEHEE

scd={ zan+ (zan-1) } /2 molmol”  (2-8)
7770, zan IEf2A AL an OATEE. 2o 4L #E 2-1 @
4 FROLEL THBICHAAEN TS, £tk
RO B- DA AL DRISE I 570, il
£8FENOLLL THMAAENTND.

0.03M o> KNO3, KC1 33 LT K2S04 ¥k ' T 8-, a-
BEO d @OMEEEOFQMHEZM 2-3 (Z5RL0L7z.
KNO3 #5 LT KCHA T, a- ol iieA s 0 £/
IR TELRIEDONT s 1hi& d- i IR LA S X

Bprp id--2 % LT 4. - Ji, K2S04 iR T, &
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5 A UL RS AR BR S A E A I 46 7

SR O B AS a- 1RO (v T % HE

DI F&L70L, 207 & i w | [pH70 bo
DUERIED ERELELLTH o] bao . o -
%. § g
ALvA HOOEGER I L ] b "
< SO KA Cal Uk A AN W | ] ' nm .
S4b, 0T SOLD Ltk b mop 1 of° 40 §‘°*
LEBEL TS, ol e i 40
ZIZC{RIE PZC bE bk 2 i kg 5 5 ’
(DDL)O> fi di 43§ 49725 pH o) fif
THHESHE, ZRIESED d i o 0/ : ety O —
DOEEHEEN 012725 pH I TH NO3~™ RER cmol kg-l,_ o REE cmol k&
B 3 HOKAF B i to| | 2/ Ke 504
Lk, sk Lo ®m s PZC é . 6.0
BNEN ST T RE TS °15
LWy, K2S04 17k Tit PZC
HEZ5< 30 RBTHY, d i P
O i AW I T K B o U (pH w0
3~10)TIEH Wz e s TS, 2 ¥
TR, 8540 SO A R b s
B a W TITHRTHAHI L
Tn5. 0

4 2-3 12T, K2804 &
KNO3 £7/-12 KCl1 ¢ DT d- g
ﬁﬂ&i‘éﬁfi:!‘}mxffﬁ%b\fﬁﬁf)n

0 2 4 [ 8 10
04" MER cmol kg-!

HM2—4 KNO3, KCIBLUKSO4BEDTOIRAAVRERBEK RERLOBEF

SRTIERE, R R

.0 LR pH3~7 O #i
TREL, Kifi #EEEROEBIZIE T TN DL B- O fif
HEEIEIL4e T pH fﬁ’iﬁifbh@@o&@f d- o
WMEBE S EOG AT OMNE, B4 %4 %
YT ZENLAR D ZO XD, SO4T F RO B R
A WAAFRZMEEL 212705, 8512 K2504
IEE T, pH 2% 3~7 0)%‘@%?@%4%’&%%%0)%

MMzl Tr b B LoL Em R ER LIRS
DH PP LN KELIpg>TW 5. pH 78 3~7 &woﬁuﬂ
LT REER pH 2858 L, L7znis T, BAR”
TOEIRERFE LBIZE-T SO0 R iE A4
IR THERBRLS 2 LD,

4T, S04%E K oI REW 1L, F 0 A nlE Hons
K=11x10" &) KEV A4 X7 KSO4o Wk £z L
STHMIITED. ZOIDIRAF L ~TORFIZLDM
MBI ETIZITHH TV A(NAKAHARA and WADA
1993, SPOSITO et al. 1983, SPOSITO 1991, MARCANO and
MCBRIDE 1989). A{fi TILZ ORI O g 11k 2720
73, 72k z X Na2S04 R° (NH4)2S04 % o> fth o> fifi 194 HL 1R ik
TOWHFREDOIERAF L K BLO S04 5N AF

42

VT KSO4OW H R TOFBEOHR S IL-T, &
HBWHLMNIZTELTHA).

(5) KWER, B+ RkBEE L PZSE L OB
3~ P ORMCE > T L¥EiE pH KED
EEET D0n, £ EMC LT pH A4 (kL
72~ pH {f (Point of zero salt effect, PZSE) % 5023
D&M, FEEHO LTHETHS. PHEEEMIZEL
% pH &1k, A4V REFEBLEAF L BF LD E
IE->TRESND. AT & KO FRHREDOM
R 2-4 (2R L7-. BIEMIE pH 728 4.0, 50, 608 &
D70 ICHIEL T RATmLz. £720 4 it F L
(CE DR E XRTHRLE.
MEMEIRFREEOMEIL, AL WA mEm
HIZH9 2 KREEHEMEOHERLTND. Z0OM
&%, KNO3 BELWKCI T 1.0, £7-1% K2504 T 2.0 (272
STZHA, ERITOEVT 2T O W 4 | (WADA
1984b) & /i BBl n. &5, TOHB G, Mo Fmp
pH O &SI IET, Z00o pH 4 72bb



BAR7 LIS BIT OB KN BE LWL M D LR T

PZSE £\ H el D,

K2504 ©> pH4.0 ZBR&, it 1.0 £/211 2.0 LV KX
<, ZoOZEiTHEMS pH 2K FEELZEE 7L TV
5. KBIOBAALWHEBMMT Do T, S
LR 212 1.0 £721E 2.0 1 SLEHIT R A D,

Wi sV K HET o) PZSE L, K2S04 TIL 4.0 &
50 Oz, KCl TiiBsHth 40 £/~ KNO3 Tit 4.0
RiSZbHdEITHD. Kl E KD Ak & o8t
PZSE 0 |- 5%%4 7250 THY, Li4-T, PZSE 11kaA
AW HE RIS D KW FROLDEVEAA S BE
OA A v HER I BEINDZLIIRD.

6 WE

Fai €7 v LA RBEIED O B EEZ AT 072
iz EnI LR ERET VIO -BTHD.
pH 78 2 205 11, #JEHZ A 0.0033, 0.01, 0.033 #3
LN 0.IM @ KCl, KNO3 3 L8 K2SO4 i ik & - T oo
BRI BROMENMHEZAEL, 4EETMIZL-T
BEL, O RE25-. ZO, NO3, Cl, SO L
KW % BITIRMENLKMOKFREZZLSINTKRY
7.

W Hmwio pH O LRI KRR ER&DO ER A4
WHEBOK FELOL, HBEO LT Kk F &,
st g RELIC LRSS BT ALDOTA-ZT
BEBICEYVIELFFIECL>TRD 2. £F71ICL
LatRiEme B -EL BAF - HiZiZED
% 3% B2 SO >CIONOZEVH PR A o7, ZDEH7R
WA B OV S, R EEA RO EVIZE
Thi=oa3hi=eE 27~

(2)BAAroREHEERTAMELZEL, 1F 4
DWFREMEET-. 2005, £meEmA &1L
SOLTHRY %L, TOBRRBHEBEAA L OWRED HRLT,
NFFrORFIHLTHEETHD.
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5 A LB AR

I FBEEIZHHTHERLIEOHREHN

1 [@EL&HIC

JERE D D72 HUR 7 oA F W S ERB L ONF D A

T =X LAZDWTH TETTHG L 72, LB o Ji 21
Wihize % sioG 00 %<, £ MOERRY g
HLoA4iT S, FIT, KREITH, MR LB LD

EARENVE 7 b oA A4 WS R R W D029 D
SO HIEDOA AW AT EPECE, pH O#EfE gz KE
RO THY, e T oIS THER
O g oz o8B L Tl S

2 AFi&k

(1) ##

ABRE L T4 Ml R ERIL 72 1 A BEUE
BRI S OECOR 74, K B IER o700
A7 ETHEITEHTHALZ IETHL, BHE K A
b Ths.

SOBHTER % MO &AL, Imm o ff Caa i S 7.

(2) B AE
We A5 RO ME LT - - DV k) Cor o7,
i AT, R D Ao R 7 2 )P LTl

1 7C KNO3, KC1#3 L0 K2SO4 & B L 7= TAEI Tt
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ST KW AFEORM SOLW A e B3 5288 8
Zbid.

PLEDED 7285 W5, S04 1T NOSHRIE o iz k&
STHEEZINDIEM O AL BIE, BB LW
LTI Fab—-Z-- U THRL TV o EL M
%ﬁ'(:ﬁxé NO3VE, HHEEE I EM T ICE > Tib E
A4 THHEWNZ, T8 fF'/’ﬁmz SEBNL HHv
A ThD. LIZ3>T, SOLDOZorH7RlLFal —
S BEREIRTE (I R&bn B2 5

(2) B SOLBEDLERICHESK RFEDOEM
FET, SO M A5) KA ENSEs%
T4iE 7L (NS TRLZ. LT, AT
S KA o8 R TEn Lo TH S, F
WA P OEA A PO SOLD O LB 0 76
1009% 2725 220 > T i pH £7218 K IS O @z
59 K5It E 85 5% 4cmolkg' B335
BT, SOLDOW AT LD K W A5 O o o e,
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NG A SRR e

i pH F7iL KAGRETIVEEELRD. -RICBRY
Fit, K pH THiA A BaF Rpd b 7e<720), SO4 D
FIoEkoTHAA AT RBEML, BN T TEPE
DEVRECHZHOT ZECH FL T EEXLN
%.

6 WE

L RAE BB AR A W HFRFO R A A TH)
OMIELENEB Sz 240, BR7 L2 W
KNO3 #3508 K2S04 AT NO3HE L0 SO4
HEHZANEL, RO RERT-.

(1) NO3IWE & Wit Mo SO R IE o b5 Iz k- THIE
FL, -J7, SO4™Wi#& WiTiMlo> NOIHE D FHizk
STEIMLT=.

(2) ZDOEI7RBGQIT B/ A AL LB R0, KIifi §
R A EBL TR0 3ET A TIHL@Y TE R0,
LT=iioT, ZOEHRBR% 4 WMET VLV THHT 5
», " Gouy-Chapman = 2> AIH T~ kg o i it
Ry AR EREGO PO ANLHEEL .
' Gouy-Chapman = JITH - HEEiEIZOREH TEHO
Zxtl, AXNTEHEORAHRERIEHNTED ik
EN-EAThHsH. COXEARET VERITT D720
Warvbta—47arIncg AL, BAT VR EDEA
F O AE S BB T & 7.

(B)FWFER, SOLITIRMoOAF L BIE, REBIEBE
O pH 2720 L T X alb - F— LU THEREL TV HET
ish, L08R, tEPhTokiFris
AT DA ELTOBAA L OB EB LU E
EOMICEBL T EX -,
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BOR 7 1

V WBRAARERMELLEBERSP
A A R

1 BFLsHIC

ABEOF 1 ~IVEITHL, fEEA A4 SOMTEOR Y |
WCHFRWFL, Z0RLMMOEA A FIZH S THR®D T
KEWZEZ AL E£-DUT LK NI XTI AT L
(CNBLO~T R 7 LM )DW A N EL, Zhh
Brad s OFF R G NIEKE SR AT LBE
W~ T FZ T b, EEEA A L © EREA
YTHD, IO HER O FEL A RS f;e
FFRW G L8 T lE, B SO A
- kA E I N ERPEI D2 BT 5

S, MERRTIT AR (A M EREL, DT A
BIORBAA L BAFEERLULBEEL DL
NS THDG S - W 1980a). HiEO R @&

ZEDIN T LB I OREEA 4 OWF RO
LA B O R R A U MR K& R R E R
ELTWAhEEZ LN,

F2C, BB M T DR I AFERML
AN B E RO E FtEE, RARFIEOEVD
FEREE P AT R E, EDERICKETEES
BEfL=L /.

2 Hik
(1) &%

REHIFIH TV ZHLA A, KA BBLUHIHD
fl, EARBLOR - HEE M.

AE O ERMRITARBEE UMHOLK 2-5 [T RS0 TH
L. T EER DITEAK o3, e EL g
THh L&A 1T 0.398kgkg" &L K&, Hritho B
BThs. BEbE e A LICEAK SIS, AT
FAEEBEALND., MO EL LETHD

(2) mELR
[TRE A0 ]
a EEZAH ETHoyRED IMCaCl2 ik THt
b ML H LT MNIZRDETHHRED K
THY, RO A4k Cat o AL,

HRARTBEENWAETIZHETD

1Y R i Y T A

SRR A A TR E A S VIR RBIC
e TEhTHRFER, B

[T ]
d  50mL i ic I & 2.0g 33 L OVER K
10mL A5

e FNEFNOBELEI, RO FED AT
(CaSO42H20) % N % %
0, 0.0086, 0.0172, 0.0258, 0.0344, 0.0430, 0.0517,
0.0689, 0.0861, 0.1720g
foo24 MRS
g ELSBE% LEiho Cat BLO SO Y

MET D
h Ca" BLO SOLDIRM EMNLIRIE T % {r %

ALl EW AT RDD

3 R

TEEZWMU T E L 728 A 4 O WA % [
2-19 \oRL7z. % bR, SO4 WL A4F i 1L - i i ik fP
SO&S A D LHIZEL /2> THRIML 7=, i ik o
SO BT 4 LHLY 15mM CHUTB &R 7-. Y8k,
Ca #IErt, SOLLLHETHD

W FRPELEHoTOITEN A T, PlRE T r
i SO4™ 8 )% 15mM TN A5 BT 7.5cmolkg’ (Z3EL -, K

WZRE BV S h-oT0ITH S B T, BRI 15mM T
2.5cmolkg’ PR AL 7=, SO4 W H Hs kb Ve m
SO T ERFERE 15mM T lemolkg' Kl TH
~7=.

15 Y - v T + v

cmol kg'!
g
»

S04 M K mM

F2—19 SOLBEESOLSHREREOBIE

SRV TRERE, AV ELangmuirsCo~ ool
Kwr; LA, KwrB; KB, Msk; 4§ 1+, Knm; i,
Ygt; Fﬂl”
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5 A B FR AR B AT O S 46

4 EE

SO4*~ Ca”" DL Ey %% ADAMS O #:VEL
JEFRUHMBW)IZL-> TR, ZOMEE
Lz, % LBEEL 65
XA ORISR S &,

Lat Bk O
[%] 2-20 (2%
DEIN Fe o B0 - TR AR Y %
LA O IR TR

JEITGEL 72, TR S, M 2-19 {243l 7= S04
e 15mM TOEH H T A FORBIcE-TAL T

WHZERHINTHD
B EH L7200, MR OREIIZED
oW A2 L3 Ho TR,

HDOTHY,
DIz

W B AEEAEY 156mM Tt

|-

S04*-Ca™

F UL A SO4 W28 1% 15mM SRR &7,
-20 T —_
-25.
3 |
B
-30
<
-35 i
-35 -30 =25 =20
l0g{S04)
E2—20 SO4*— CaEBEHR
7-0 v Li ¥ L
[
0 * 3 ' 6 15
sof  m o mM
E2—21 SO4"REE pH EDBR

60

Fth SO B IEL, SO4™R A b Z bl bicik L7,

ML kiz2b.
SOL D iy s pH O BREIY 2-21
B B, BlE, MBI riLaBoRME
ZHE~-T pH (i FL/ZDIZ

Rz,
2%Vl
L, B A kRERL7-.

77 SO4 WL e Ca¥' W 45 MO IR E [ 2-22 123 7.

WO L OFTIRIN O B Mz L /228> T S047E
Ca” W A5 s T Lo, K B, i, s
F O - T S04% i, Cao g %"?'sia:‘/)‘x%bm XL,

HH AL SOSWF RO %L,
M7 E A CIE pH DL F& % 1T pH o 1LHE28H725
holkEZLNG.
*rThH CaEvbiEa A D S04
TR RINETHSD

DT

RO DOTR

L

CaCl2 ki LY A LM A
ZWAHET DO

MRS L DRI 1EERE D SO4 R IE Lo T
B 2-23 (2R LT ZhUEE KRR BB EIR

Me b 728 Dl KEKED 60%E L TEHHTIL.
R B LA SR

K rod
IR OREE LT

CAVBEOEINBEORIMI - T LEE R SO4t R
T B L, BRI AT A3 e L 15mM THaFn g
L8 cEMETO FHEEIED SO IE T SO4W: 4

/A 2N v E PR (ARG AR BNV . o
LW, BB IO IR &

R AR
b 2cmolkg’ AT,

I A

£/ K% B T 3cmolkg' 2% T FEEEIK SO B LW

Ca" & F N 1 16mM fIE
5. 77, H4% A1 3cmolkg® FEDRMTIT
PR ImM RSB TIRBAEZHD

EL, ARSI
b 58 7 i
AV 4

6cmolkg" FEIY T 3mM CIbEimE KT, bl Lo

15 v T v v

s —
£
J
10} 4
s
& As
)
= o/
& .
b [
5
./
@
- S
&
» @ o R
/
0 ’-' / =y
0 107 15
ca” no¥ B mM

K2—22 Ca"'RFELSOLSRBEEEDMF



HORZ LB UT 28 KB LML H I L R ik am W oF 72

20
=
S
Vol
=l
il <
= &
&
2
&
73
®
0 e
0 2 4 6 8 10
CaSQ;2H0 i M & cmol kg™

E2—23 CaSO04-2H20 FMELLTIEEED
SO4"RELOME
SRR, ER R LangmuiraC o~ oo [ul gt h

RN TR R L, 8cmolkg’ T 15mM (ZiEL 417
LW Dolic D, —Ho Calit ~ oSk R L
THBICHRBEINTBY, BEEEDIE L BE
HiZlkoThu A4 LTSNS Z 22 D

TOEIIZTE O SO F FFYED E VA TR
SO4& 726 TNT Ca BB IC KXW EL 209 808K
Shi-.

E 0 B O H R S04 £ 13 (NH4) 2504 1
KThol=THE, EMNILET S 8cmolkg” HINET
2240kgha’ 12/ L, FHEHEMLIEONETHD.
Ca''13 BHET AS MBS A o > H D P Tl %<, 1%
F TR LM AR R TIE, 1991 Fo AR 1
E T 1demolkg! EVVIHRSRBGSRTWS. F -
AL, LIPS REO RISk T T ¥
—AFVEL T HEFEEIC IR SN I LD, HLE
BTl ERRHAE T, KM SOLSEH FE 0 I
P25 b i o 72 BUR 7 ¥ i o> $H% TR T8 F
¥IiT1% Scmolkg’ ¢, 8cmolkg® % 82 5 Hi L it Msh T/
otz Eie, BUEO BEEERCE NOSEB LD CI'#
DIEAA L INEENDLIOT, AF 2 BIEITELIZ ESHL,
AKX DIGEE TS K95, £, AU AF L
TORAA L, R G b $ 0 hoo, Mg
L Kt mEh, SO F it Ca' UMD AA &by
ATy RTEERTHRELT, SO&FBLY Ca¥'od
HEEIHEIOIZIETL, ARORBEV->EIAERKLIC
I 2ZEZR2D. ZROOFERE, F 1 EHE DOk
EHETHEILIAFEORBO 4 BERHML, #HEN
MTEDAREYERHDOITIERR 7 L D B THDHE

DT DI — 8T 5.
L7=l->T, BN A DIHRBHE RN ik
TAHBEZAR LI DEEZLNS.

5 RBE

SO F LN Cal i e~ DML 45 B 72 5 TS (7 £ B
£, FIEWTRERAAT L THD. ZNSHALA LMD
T fE O E R & LR A A LR~ DO B
wRRAL, IKORS RE .

(1) CaSO4-2H20 (F18) IRMWF0) SO4 WL 45 it L Kt
BRI EMO D720 AR [o# gk [OIK (A
K EoTH 7. Limnd» T, BRS04
FONC BT IO AE 2%,

(2) K iR M B OV & bk LTt

CaS04-2H20 ¥/ 4 2cmolkg” Aili CEAFIL 7012 %HL,
KERIET R 7 1Tl 8cmolkg' £ THIFIL 220, Wit T
DR IR o T, EHEM T
CaS04-2H20 IH LB L I DE B2 7.
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Hi A BL B S A BB AT FE AL T 46

VI U UEBEBEREEERNT

1 FLHIC

HURZ b BEER PRIV, U AR IE oo g
b MEA M chY, F1ET LHTISIZLED
W, BTMRNG Y S EERLIE 3 T oS Y, LR B i
DYE - BTV EEEATFERDEICERL TS,

AT E}”, [ f*nisik}wﬁﬁf‘ FEA A @ F i s IRk nk
WZEDW A58, A4 BEOBEAA WA ICKEE
BELHEEBomic Uz B T E B IO IVE T,
Gl A A 2 (SO D K B K iz Ko W 5 8 % <[E A
T BEOBAA W AF DR NKENTEE LR
s LT, VoA 4 (H2POL) DO W 45 4, £ B (K 7k
HAZEDH O E X250, RO ZEZRITL THLHHO
EEBEZLND. TRETIL, LDV EOZ BRI
foT, P”‘/M“‘/’jé}ﬁ%} H(CEC)S EH 9 5281128
@ 5 (GILLMAN and FOX 1980, GUNJIGAKE and WADA
1981, MEKARU and UEHARA 1972, PARFIT and

ATKINSON 1976, SCHALSCH et al. 1972, 1974, 7T 11 1987,

Mo 1983 s TWaHD sy oD, £hbit

SCHOLLENBERGER £ %> pH KL TOREFERTHY,

Jivy pH $UHRCHIRE RIF T TOBA A BILURRA
T DOW FE L LT 570,

FITC, VUBEERMRBRICLOBA Y BEURBAA R
FBEVE OB BE M LI DT, Vo % & e A
MR P PO ESERRE L. £, B ET
WA HERE CORIR ORI E S, B4
W BV B EMBMO T FOREZTI LML
7.

2 Ak

(1) #REH

KBEZBEMERAY LT, £E»54H 50cm LL FiE
LA, A ARIZRD. BMBIOHERBERITIE
M Ak s, RETHS. RBRBABITOFE - LR
RPEFITE 2-6 1L 7o, REREIL 9.7x10%kgkg" FRIE

£2—-6 HRBESOELLIROTLELPE (LERD

*®2—-—7 WNEBEHOYL Xx2-—8 FREHR

BRmE oD E
AARE Y L RN NS AT R 1
IR , 10°kgkg"

P205 cgkg'  P205 gm’

P205 (‘i) 470

13 148 d 7 ({r’f’t 46.7
20 950 ’ (*Y'{’i’f‘?) 36.2
30 430 CaO (&8 220
MgO (‘& &) 0.8
100 850
250 1400
500 2300
1000 3700

T, £2U LV ERWIR T 2340 ThoT.

(2) RnBRE

SRER MR T 1.2x2.7m @ 3.24m" I AT RIS, A
WY R H MR 2, 10,20, 30, 100, 250, 500 33 LO®
1000cgP205kg (0.03, 0.14, 0.28, 0.42, 1.41, 3.52, 7.04 33 -
8 14.1cmolPkgh &L T, EBEVY GRAVV ) 2L

MPEOTESIE 15cm &L 77, 30~1000cgP205kg" ) AL

PRIT 1980 fF 11 J1 12, 2~20cgP205kg’ @ WLFEIT 1984
o4 RiTo. BV EEKED EBED B A i &
2-7TWZoRL7. ML ERY Oz k 2-8 12
L7z

1980 4 11 J] #3500 1985 4 11 HIiZ /s [X > pH
DOMEOT-DWE LRIV ERBLEZNS, LEPI®ES
REEOLOORB M POV BN ITITheho
7.

(3) HRAEMBE S UBERE

SLBRIX TSk EE R IER 2-9 1ZoRL 7. 1981 24 ]
AR ENIZACAES 1 EELT 1992 4 6 H£T
D 12 FHNZ 20 fED s AT~ 7.

2 1E o fit IE 22 A A 5% Bl AR K HE () AC IR 19921
RN A B TS/~ 7. MRS EE L i 7> &
= LBIOWE AT LEFERL Vo B AT
Mot

DA E
a BRICLEBAAURBBB(EZZ/0O
SCHOLLENBERGER ;%)
BN BRI % 4, 9,

22, 589 BEONT9 »J] D 1984

T-C T-N pH TRUOG M1 A48 A4 ! SR Bl
U RE cgkg'  ARMAELE  RIURHK LL' 44 J1, 1985 42 1 }1,1986 F 2
kgkg' cgP205kg' ——————— cmol (+) kg’ e ‘ )
Ca0 MgO K20 &R A & H, 1989 4= 3 H XU 1990
0.246 0.353 0.401 11 HicfRIvah, W% 2mm

0.093 0.0052 6.0 3.3 172 33 16 32.4
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BAR7 LB DK BB EFICEITD

D TR S .
R 1 5 %
 4F ik L, 100mL ¢ pH7.0 1M
CH3COONH4 % 4 Byfi7id TrEIBL,
50mL ¢» 0.80 LL' =4 /— /- Tikif#,
100mL ¢» 0.100kgL' NaCl # iff & 4 N5 [H]
T CREL, i I NaCl # i NH4
W T KR A HD D T R
L, CEC#% R/,
b HEHH

W EERED - O R ENTY
CEREAR 79 1 o> 1990 11 A IZ4R
W&, W% lmm o & C sl S
7-.

Pl AL PR L 0 IR L i 14 (WADA and
OKAMURA 1972 L»Tir»/=. o %
Y, w4 0.5g (ZHIY T AR AL SN
U P S HEL THD 50mL {}li(L 21

BRI P4

®2—-9 HEBEMEY BREESLUHIERAR

R W R F AT

PECEHA AR R (R 8

Pk e A L gm® HERRH A & gm®

N PO: KO HBlipE N P.Os KO

6 1984.9 19iLAZ D 150 180 150 1500 86 39 33
7 1984. 11 /h & 60 90 80 800 56 21 18
8 1985. 7 Kii 20 80 80 800 55 21 90
9 1985. 10 /= £ ¥ 23.0 320 220 1850 163 7.2 187
10 1986.7 ZA LA 15.0 22.0 15.0 2000 201 9.8 135
11 1986.10 “HRKAkE 7.0 13.0 11.0 2000 156 7.1 213
12 1987.9 IO iLAZ 9 17.0 16.0 14.0 2000 156 8.3 357
13 1988.5 %{t’k 2.0 120 120 2000 236 13.1 343
14 1988, 11 /) 4 6.0 9.0 80 2000 168 9.0 296
15 1989.8 H X 1D 9.0 10.0 10.0 2000 253 17.6 484
16 1990.8 L ¥ = 200 20.0 20.0 2000 183 164 35.1
17 1990.10 “HRAE 50 100 80 800 37 43 54
18 1991.8 (i< suvk 230 250 230 2000 60 87 96
19 1991. 11 /) A 60 9.0 80 800 37 26 80
20 1992.8 iy iY-- 220 250 220 2000 161 33.2 30.8
H 178 238 204 201 145 305
pH 3.0, DM ERBASEIL - S A (KR&ES T

{2 AAL, 30mL > IMNH4Cl T 3 [mikifFi%,
3.5, 4.0, 6.0, 7.0 F L 8.0 0.005 0.02 I LV 0.1M

NH4CH ¥ 4% 30mL T 5 [l 7=,

Bt o> ki % B
DEFMIBL E#iEo pH BLOEEEEZBCL-.

Zo pH I ¥y pH 2L 72, &5HiZ 30mL @ 0.2MKNO3 T
6 MEHL, £To LEiE%E 200mL 7 ARTTA2TIE

Wiz AATTAAZ ARG K TEHREL, W& NH4' B

O CIREZRMEL. AATZ7IRAILEENRTNA
NH4 3£ Cl &5 5 pH B ERFIZE L 127 (F L T
7-NH4 BEIOCl &2 ALGIE, WEESL-.

NH4 O E &IZA v RV /— 7 il Clo
ERILF AT ARSI Ak T o7z,

3 R

BiA A4 R HE B (CEOREDHiETHDLEII/m
SCHOLLENBERGER £ (2 LA MIEME RV R GtED
PR %K 2-24 12 R L 7.

5 [M¢> CEC MEMITENE h, UL BEE RE D XL

iz st LRI BERICH -7, U B b % B 5L
4 y A HOMTHIL, Lo EMIZe R TER VW T

Hol-. £-H%E 9 WANS 79 WA ORIEMIC

LR AR RO~ T

LA

K& 79 Ao o pH- i b B RE & B

B 2-25 (ZRL7-. S REIORUCEES &
L7-. DUV EEOES DAV ET, AR EH

Bz KR
TR

M) ¢, 266cgP205kg'(3.74 cmolPkg ) THh - 7=,

#aErEh pH O Lt

CIWg A& Bt L7,

NH4 W 5 &,

HEERIXY RIS
(3.74cmolPkg ) O B KT IT CIWE 4 & AlE

HoT=DIZ XL,

¥/,

W A hr
Bl TH - 7=,

L, NH4 %5t EHL,
NH4Cl1 2 1%
CIWE A B e b iz L 7=,
F-0 0 FERERSVIEE NHY -

MEIEE

%<, CI'%
266cgP205kg"
TR TCIET
1882 (26.5)#3 L 1X 2606cgP205kg ' (36.7

cmolPkg)TiT pH6.0 LA Lv> 0.1IMNH4Cl Tt/ 7-.

cmol (-)kg™*
80
60
o
[¢3]
© 40 A
e BEE % 4H H
A 9
20 A el 22
- @ 59
—en 70
0
-1.5 -1.0 0 0.5

2 ek
K2—24 £ E&8& SCHOLLENBERGER %E(ZLD
BAAZBRBBCEORMEEEOBEOREEIL

log molPkg™*
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‘F’b/f\l}ﬁ Kn‘t%ﬁ\fgﬁﬁ fbﬁi (s '}’ 46 5

4 ER cmolkg™!
[ 3,74 cmoYlPkg“EﬁHL_) ] @; 0.005Mm NH4*

fig ~o U me i %, 41 ~79 60} 1 O; 0.005m CI

I ETORIS 5 MAHL, %40 0 A 0.02m NH'
40+ A 0.02m Cl

MEWNC 35T, CEC 1XRUL g G bt ol . A B0 1 NE
O & BT XL T BTN % @ wl O;0m
BRIz -7~ 5 Ny ool ok
Wi bied 28, & 4 »J1 5 0 .
2 H ST, L THEC ) i oo T o =T ]
oy reo T, T, 1R o0 P —
DA Rk, S EY, U ol
1% (H2PO4) & 1B G I T/ U 2 70 ' ' 70
RO LT 0 $E I 7R L gof 103 cmolPhe™ } gof 149 cmolPks™
WG AR B2, LT 43 { i‘; 1
ST, IO CEC ML Tt gl / | _
‘/)m‘/‘;%)d) EHETED. g a0l ] 20|

EEPIE/R SN S i PRV 7 [ B 10t : 10} ]
¢> SCHOLLENBERGER %1254 CEC U — i U e —— e
DRI MY TN Tl IR B B
CHW (T 18D b5, Th : a8 . 2 L 8
W EAE CEC LA, b HI L & 2 .

HAZ B, 5y H Bk,
Plmmol {Z 59" 5L CEC k4511 0.84
mmol(+) THh->7- LN FDH IR %
(R L, 1%, 0.53mmol(+)
W=k LT D, itz

70 1
36. 7 cmolPkg ™!

BY OV @Y £ e CEC @
SN EE, AR IR o B AT
AR LR 20 0 4 00 WL !
I N i«f’d‘é CEC o By aiimw
MRG0 KRBT CEC RIE gy g o g misRBAY L0 pH S BEH
L2 9~79 A H OBME LB B EE
0.54~1.17mmol(+)Pmol" O FEIZHY, 2t ko dik 34 <725 (SCHALSCHA 1972), £7- pH7 ., IM#EERET
LIAAETH o 7. &= LT CEC 78 43.1cmol(+H)kg' 72 » /= BR 7 L3
$7- KH2PO4 T~ kilixk -0 CEC 1 UIET L 2 LTI 185.3cmol(+)kg' 12/ TV D i
ML, M LETCELOEL2EEHLLOD HOREE - H 197D 6 5.
0.6mmol (+)Pmol" FL1¥ T 7= & # i (SCHALSCHA et al. [ 2—25 {ZorU7z pH- fALisR 50T, BORY Lo
197 &, &5, #MEETTAMN LRSI D DY BROERIZED CEC o L AF M pH 3.8
NaH2PO4 i 81 # o> CEC Bi-# 1t 0.8mmol(+)Pmol® OOV B THEL TWAZEBW Lot
& Tho7/-& HR 5 (MEKARU and UEHARA1972) 84T MR Q8NIE, JEMTI AL T V1= L L OVEN
BY, 2o HETHL I MW ATIIx S CEC i me PUKEE{L BRI Y BRI &, CEC o imé AEC o
LI IARBORE R LW KECH T BV EREL, EREMPYC T A I=0 L8 L 0YER
VM A A BRI N TR A S W AR E RO S PUVRERBA L, VBT e o BT
&L T, KH2PO4 X° NaH2PO4 i# it % I 7285 (v, KCl A=Y LERRIL, Y BINAA T e 20> CEC A3
X NaNO3 oo et f >z o= Gk, w4 MA DD T AI=y LD /ERizESbEL T2, 1M
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R BCB 8 K BHCEY A5 LHE a0 bF A

2-25 (24 L7z pH-far B i A 1%
HREEETHLOTHD.

# i B CEC(NH4 W & )% thik 35 &, 51 pH
PRV T OV EMORENRRENIITHD.
EBRTOABMO S pH OEOEHERY D720, 1
2-25 i lil - pHZ%E9° % CEC A0, Oz kY,
OV {78 CEC SR E N 2-26 (231 /.
2% pH (BT DM ORI, 47 1280 ﬁ%i bl il e
Sho. TRFNOETHL, pH 23 EV IR E & &L,
BIMNZ X9 20 E MO R L pH S iz 2 h s,
pH B IZE KENZET 1L TD. 2o 28T, K
AL SO 28 K A7 8 B &7~ Elalkk o
BB LOMUAIT, 372b0L ol A= A LT E
STHELTHELDOEEZHND

[4 2-26 (L iE, CECINH4 W 45 4b)
BT x U THE M 2R R IZHY,
oo k- Tirans.

ZD EH 7 15 (1989)

D X
Lo Toh i

log CEC = d + f logQP (2-19)

72720, CEC 1 CEC PUE M NH4 W 47 b)), d 3101
LB LI, Op it LEEP Y EEE M.
~J7, WADA and OKAMURA(1977)i%, D& A7
Z CEC {Zx¥ 7% pH &Hifgi w)&;;g [N e
G 2 FiO 7y 74—k CEC DR E kDI EL
ATHRL TV,

log CEC = a + b pH + ¢ log(" (2-20)

%£2—10 CECELUVAECIZHT AEMAEDpHE L NIERELSUIZ

log cmol(-)kg™?
2.0 v

0. 1uNH4C1

C

-1.5 -1.0 -0.5 0
log molkg™!
2y MaR g

H2—-26 & pHIZEITE2 BEELCEC LOME

7=72L, CEC T CEC MM, C it ¥iimiko BOmi
B, a, b BLO I CEE L OMRK.

I, logQP e HTNMT, pH B logC (XFNEFh
WIS 7= E 820 C, A 2-19 BED 2-20 75, Th
O 3 EHEAEMNIEE, £7- ogCEC ZEREHEL - E
PG T e THD LM REN, 2D, Zhod i
DR, K ATRENRD.

logCEC=log g+b pH+c logC+f logOP  (2-21)
AEANZIE P <R 3 AT 6 Yo e & 2-10 (2R L 7=

AEC (L THIAEROBERRO L, FERE L 2-10
R T AL % 2 O HE A

2 %L CEC 0.928, AEC 0.585
TEDUBEREOREICHETLIERRSTER <, M CEC = l[]Lvahgd](
R molLl r;)l;ll{;g@ e mmlgli;‘ mollsll;g’] § L EH WFVG% 5. &5z CEC
fa i £ 0.337 0279 0259 0.460 806 -0.840 0.055 -8.94 WS B R e £R B2 B
FEENRR S 0.876  0.265  0.307 -0.286 0.001 -0.457 #y oL, pH 0.876>0pP 0.307 2

(EREFHE) (R°=0.928) (R*=0.585) C 0265 T, pH O3 H it K
L RNTQOP, ChBEBLE
&2—11 CECITXT H2kFELL ) VEEE (W] FRIE Ll S, R iz xb4°% P iz k% CEC
DOFEEHIZETLIERRSTHER O LR OBEE, WD HEEEE O EHENM TR

I Ho s RRE R U Bl o i sSnG

molCkg’ molPkg'

AR 0.160 0.024 0.612
£ e (a5 £ 0.615 0.345
(R R

AT - B TOR/RRE R THRE T
0%, ¥hAp o7 EECIRELIZ CEC (& xf L THb Lk
BEOGATERLONTB R 40 KEEHI DL
LEZoND. W LI EFEORTI T LW Ao CEC
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19545 UL 3 BRI AR F 2 A 5 O 46 %5

flx ke, o CEC 1L, o HEWHLAIZIES
WTRESHhD. £ CEC LRIz K&, BARY
EARE OB O EZ AT F B RKEOHETIEEORER K
V. F DT, R Lo CEC Ot E LR ODE
BORELHBT D0, B1LEF 1 B RLIZEER
HEORERFICHLT, BMEAEBIO KBS
FEiRIE 2 A4, CEC 2i¢MAKEL T, Ehlisy
FrafTol. B EATEDOIRIEEL TRIRES OE
T e 53 A R & 2-11 2R L.
EHIMEFET 0806 TINOOMANEHB AR -
@ CEC OIEIZKEREE N2> TOD LN iR
ERT-. HBMLEBOEENIRREIT, BIRAE 0653
IxtLTOMAREY Vi 0.524 T, BIREFDFEBORCKE
Mol=hoo, VRIS VR o> CEC RHIZ L
TR E W RIE DR Nt > TV DR RmENT.

5 BE

KERETT BOR 7 E D FE A W 35 A3 A B & BE Bt
THENPKES, 2RV RBEH2POORHEDEEEE 2 7-.
FIT, B R 12 S KETY Y BE T B B i T
L, 9 PABOAF L WEFEZREL, WOREREH
7.

(VU BERMEORMIZ L TRRAA VW F BITIER T
L, A4 W RITRIML-. 2ot 3 ~ 8 f2%
O ILE 7 pH IZE KUY, Vo i (H2PO4) % 5 W o) & i
RO AL THELENTVWAELDEEZ .

(2) FRE A B E WP 23D Bl o3 BT O F5 R 5,

A A W EEOBMI T2 BEEOEETE
MOEREBRBRE CTHLOIZENHL M7=,
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BAR7 BCBT 28 K BEIEEW LG TS HIE IR &N HA

BI3E HEBEBLRITMEMNEMERICR
FIHELOLVICHEDHENLIE
BRAA VHEBICRIZTERE

g B TIHRAA U 2P0 EBAR 7 ETolEM — g
MO EHEEMITLT, TO V8 FClMDIEAA 0 #
FEROMMZLTIRESNDIONHT L. 7=, 2144
DR FEREIIHLT, M oRAA - BEBLIT pH
EERELL TR ME T/

IOEIT IR A A M0, HHEEMEORIZ
WROELYERFF > T D ERINEZ, 9~ F T {EHRE
DORIZEDLYEF->TWD. 2FY, HHERIEA A #HLK
DB ARIZ LD 4% 55 WU 2 R 19 4k 7 1
WEL, MPEIZERIZED 8RRk A A
VAR E TR ORDYER T D,

5, FFICEBRAY FHZBOBMEG AL, 2%
BEoo B35 0 F HICILHERR R E O (T Ak 3 e i &,
IO ARVEMEAT R W Sy D K IEVE R > 25 th 2 42
HHENDEOREHLEITL TS, FITAETIE, =
DOEIREBOBBOME L LEIZ T 248N H0 %
BOBEPITERELT, HEEEKAT M EESE
BEOBPLIVBIUOARHAEM SO DO ZEIZO>»
THFHT5. ‘

I TRBBRDHEEA L U6 & UHE
1T VREEEHES

1 JFLoHIc

ABFR O HD -2 L HEEE A 7 Uk o H#iz
JoT, O RUBREFEMFITLILETHS. TO7=
WA, HEHO HIEE 0D HIERE A4 BEOEIE
KEZH LT DRENRDHD. 22T, EEHize
STIRLHEERBEAFT VO - -BTHIRIBEA A
(NO3) & O 3 iIE K HEIZ D>V T S22 5.

T O pH T, BAV oA AL WE GITEA4
VAT R TH A A @ is 8L, HREA A4 #k
AL GHECIVREREEEZTT LIRS,
FIC, BHOPIZE RIS, HIBREORIF B
1, SEVELRLEGEECORLREBICOMBIZKERE
BERIELTWOEEEZLNDREAA L LT, MBS
V(SO RIEDEMER ~OREE I THRAT 5.

2 A&k

BERZ & & BOR 7 Bl e b B AR R, A
#% smm OFETEEMIL. A LHILH 2 %5 VIE ¢ A
L7z HHEEH -~ TE o ER PR aigho# 2-6 1255
LThs. RKHFET 9.3x10"kgkg' TH5.

FHEE 12038 | Tkg MO 30 mo ML, Y
VR, AT N, TR LBIOAIT LK ER
EAREIZGE LT D728, oy MR 0.12kg
BLOVULEE AU L 0.006kg ZEALZ. 512 NO3
BXO SO&L R R HH O KAEIZYH =59 =0 6l 7 v
%7 15 (Ca(N03)2-4H20)% 0, 5.9, 11.8, 23.5,47.1, 94.3g
6 K, BIUWIEE D A>T 4 (CaS04-2H20)% 0, 8.6,
17.2, 34.4, 68.8g » 5 KHEE B TOMAGTHE TH HIg
oy MIBAL, FuvhE 1/2000a U7 F ARy MR
L.

FAKEDE KEARED 60%@3LIZ/2D L KEM
Z 7.

MRV RT, hvERaYy, bvh, LHARBLOARY
MR ARLEL, LA 2 REL 2. R E L
#3111z 7.

HEEHEh o LHAS G RITHE 1~2 BHE &R
FoTHEL.
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A A UL S S 5 0 46 5

F3—1 HIBERB

fER A g FE B EIERE I

FyEuray gy 1993. 4.30 1993.6.1
k= k Pl AR 1993. 6.18 1993.9.8
LR A R AN 1994. 3.10 1994. 4.25
A1 T v AP A FE R 1 H 1994, 5.10  1994. 8.10

b e MLERL ML R v RO

Bl b LR - ATy 72D, 71 H &
FrWIR ez gl U iR R 2 ml~5 MR R,
pH #5 LTV EC 25 TNC Cl, NO3, S047, Ca’', Mg #.k

KRN E L=, pH ITME G VI AEMT,

EC I%

HeEm T, Bt \iiasty /e by 574--T,

B A A U T- 9O A TR L 7=

%52 oo b D ELRR LG BE 72 1 e i (2

g

ZEHRPE NO3$ LU0 SO 15 47 % i L Ca(NO3)24H20

330 CaS042H20 (2 k- THIIEL /=

{EM ORI FHEEHR DO NOSEREOK Fo
WA NS L0, hrEra s BLOL Y AREH
W TTHEE AT, M B EEBTL 2 E R
W A LR W R~ B R AT T, (YO %I
(R4 W b o REE IR NO3 S o IR A

D70, W, MEEWREZEKLZ. 22 TIHWE
B OEE ML ML Bk X, Ca(NO3)24H20 0.0727kg,

Mg(N03)26H20 0.0394kg 35 L T¥ KNO3 0.0078kg %

WL CTIL &L, Zha &L T NO3#E ]

Kz
FEOfE

ERADENCHERLUTHWE., IO/ A4 BEIT
NO3 1.00, Ca** 0.308, Mg"' 0.154, K 0.767 molL' T H5

g/pot
450 O, 804" 03mM
(o 1.5mm
400 1 5.0mmM
a
N 17.5mm
350
-, 35.0mMm
g 300 I
(9]
O
g 250 N
A
200} o o
[u}
150 b
(o] A
100 = o
ot e
50 °
ay
0 ®
1.0x10-3 L0x10-1 L0x109 1.0x107 1.0x102 1 0xI02
) . NO5”
LIRS 1 O

H3—1 TIERENOIREL,IEOIDMERES

{0p): SHE
68

3 #R

FEDOIRE/- 3 L EE FEER D NO3EE
EEOREFEEKE 3-1 25 3-4 1L 7z. HEERIERD
NO3 2 EE 1L 0.001mM 2> 5 400mM £ [ £ T o L P
SATLTZO T, TR L=,

Ry E T M LR O B ST NO3HEHE  10mM
FREE TS, B AL Tl SO4% i vz R
DAEHEDANKES, SOME 5mM Akb i, 175
mM L4 TR 32 ln Th o 7.

NO3 % 200mM FiJ5E o) ¢ A HETIL SO4&5 P HE 05w
WCEAM A OB T R M) o T

F~brOE3IRDIEToO R E AL IT NO3E E
10~20mM Thig @l &7 o7, SO4&BRIEOEVIZES
Y T BB S TR e o 77

Uy M FEE B NOSHE S 5~10mM Theh @i
7=, 4 NOSJIE T SO4fr £ i > 18.4mM THE {4
F AL A2 5 T~ 7.

Ao W HHEIT 0.5~1mM FUE The@ bz,
SO4# BIE D R EE~ORBITH S TR o7z,

4 ER

MO B S F o, HEEEITD NO3 P E &K
AKMENZ L E I HEFF 9 D e N 8T, RS B,
10mM RO AKIETO T - F )3 b7 o7 RERD

FUHANTIE, NO310mM £ )% Che@ A f mirfionniz
HEHNE hyEray, b RBIOL ¥ 2RI NI

g/pot
1. 800 O; 80+ 03mm
(¢S 1.5mm
1,600 0, 5.0mm
A 17.5mu -
0 L
L0 = 30.2mm ©
1,200 e a4
s L & o
© o N W
6
g Looo} -
EK -
™
800 0
o
600 G
®
400 5
200 o
e
0
1.0x10 3 1.0x10-%Y 1.0x109 1, 0xi0' 1.0x102 1. 0x103
TR A o NOg my
H3—2 TIRBABNOIRELIIFEIREETOH
REEFELOMER



1R

AT 1

g/pot
1, 000F S
900 Q; SO4* 0.3mmMm
(O 1.5mM
800 0, 5.0mM
700 JANS 12.0mM o
- 23.0mMm o
600
Uz
500 ?
400+
5]
300
200 G
° .
100 o
' O, © @ e
0 'l EFWRYT ded A dausg Ll ddid Sl en— 1
1. 0x10-3 1.0x10°% 1.0x109 L, 0xi07 1.0x102 1.0x103
o . NOg™ myy
TG TR A A

®3—-3 ITEZFK NOSIREELLAZ M EMEZTEDMRK

WA AT O g @I R 0.5~1mM FLE &b
D3 (EMIVBIRARETH 72 Linl, ZhoHDEHT
TR 9, O KMELL FTOF =280 7, 2o
DFFHD S, B EEAS TR LSRN TS ST
HHA%, 10mM E721L 0.5~1mM 728 @ i & T 9 50
HfElE TR S
IO, BIHNT OO B AR WMLER

ﬁ~T7;Sr¥ih‘o;h £ Fl AR BRSO AR Bk A -

L TS 5o R
=1 —=T2 E % R

3 o8 L RSN TOD. ZRHDWNE
LD EE D H, 23 £33 CTEY B MROKPE 7 BF a5

i 1986), FO PSR EE B I OATE TR K
ST EH B WL 0> NOIE SO SOL B 28 Frl T
3-2 (R L 7. TAuz ke, B R R SR o NOS

£3—2 BEEEEIIHITHEERLAFONOS
B LU BE
X 5 i NO3SHEIE  SO4™ %
WS ER L )7 % 16.1mmoll’ 2.0mmolL’
fhi AL )y bk 7 1
A1rs 13 1.5
P ) ATk r~ k10 4.4
NE AR -#e 185
B -fx 164
WaFoh) A 13
f~bk 7
L&A 6.0
EZS(pe k<~ Fk 69
A1 18.8
LA 6.3
Tuvre-2 (/o) i 107

LEKBEEEMEH

FHE

[

FEE2HEE

B D b Y B

g/pot
2. 400¢ O; S04*  0.3mM
2,200 O 1.1mM
2, 000 1 2.6mMm .
AN 5.1mM
1, 800 ©
(=R 18.4mm A
1,600t
O @
1,400 |
50
1,200 o 5 .
1, 000 o
o o
800 o
600 ° .
o
400
o]
200+ %
0 N " N i
1. 0x10-3 1.0x10-% 1.0x10° 1.0x101" 1.0x102 1.0x103
. . NO3~ my
TIEREGRRE A o B

H3—-4 TEBBNOIRELAOVRERELOMIER

T 6.3~188mM D EMEIZHS. Thit, P EraL,
FvhBLOVZRAD 3 (E Tl /i w3 sh -
K ETHD

:1‘:##7‘ FHEE M A LR LRI BER VO R i
Y, DBEEEEEAS O ERCHYEL,
NO3 B O IE 7S IR E B AR T 8L /=Z
i, EBEThELEVEM A RS 10mM S
M A3, EHEREE D NOIERIEO R IEAKETHD,
B EH st 3D LEEEERA A MO B aic
KI5 EZ B AN TEXLHENZ R L T D,

Arry O @I R 233 57 NO3 I 1TE 0.5~1mM »
MRV KHEE 2o/ T RO L E5Y,  0.5~20mM
O 80 72, F T b HEIR R IO ) 25 1 1% 1)
l‘ié‘#’b/‘:f:?sb EH M ORAELIVLIL L T
DEEZLN, M AKEITIVEKECHLLD LS
no.

AGRBROFEHIT NO3 B %
WL ZEMBYL 3D LI

, I

AT R L TR T
, O E R Fe e ) v i A b
2. KRB O R ol
&3-3 EBLLO RO B 85 1
A7+ 4R

WMl EZTDbYE, £D
AP R mmoll” gy 7-20mM &
NO3 16.05 rcexks.
NHi 135 o, i K Sy i
H2PO4 135
K 801 i3 nimﬁifzi%{a\, 1 HR
Ca"” 4.02 L, &0 & WE» LN
Mg 2.03 Wz, 7212180
S04* 2.03

FR e BN L T3> TR
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5 A WL % JE ok B ) 0 e RS S 46 W

PP NERY ELL Lo BIETIE RO LY/
<Y, WHETIZBEWEND L RDEEND(EY - 1§
ey 1989 ). LEEIRIE T NOFOBEEE Z oo MHNZHED
EY L, BB ORIES FEREN, MR &

SURMLIZ Ao T, M LRI oo 8 0 B I PTIE AR A
DY ALY, £ M LBV SICITRE O S
MEFRESNDIEIT2%. NOIOWILR IO BEFT O 72912
fron/-rvEaa szl -3 5 ( OKAJIMA and
TANIYAMA 1980 ) Tuo {18 & JE4R1E T NO3I O R IE D
LERe TR O S Res 3 500, RIE LR RIE O G
RO NO3FEIE S H L </ HDE 156mM Th-o 7. DY,
oML, Ak NOSO WY 23 - B L 78R8T, AR
WL AN LTI LA EL D EMIRTES . &Ik
K ER ORI T I G BB ¢ 12.9mM &
SN INSOFEEND, REEIEO NO3ERIE (T
12.9~15mM 75 6 #a P & W d, AR ToHERIZ -
HLTHD.

BRI, BHEIEORRIEO R A RO
B, BB IE0 B EDWKLES 1 RMIRIN &S
A, NO3RIE 10mM LL Eofasi cAEF MK F9 50
X, 20710 EE2 N5, BIEIED LFHIZIE SO R
BYLH FYERILTHE, AHRCHTS SOLBED
B HIMET, WAL 95 NOI & A UE S Tt
SO BIENEVIEE, A H RITIELS R »72. £/- NO3E
AKHET SO4™ R % 35.2mM TiEAmr ZRR<41EH THIx
AN EF BEMIE< 2, TSt SO SR O iR EIE &
EHEE TS0 EE2 N5, SOSILHM MO L HT
HOAFTSQ)YDOBRINFRETHY, ~TARELLEEE X
LAIDN, TIEIEIERBIE NS K TR BIEZML 1

HEFVICABRECGENDIZLHEMEFTICE>TAD
FINERDGLZENRENT. K -1 IR L-ryERra
TOEFENS, NOIEMEL 20 mMEEELL EOBE,
SO T 2.6mM FRE% BRI DO MNEEL VL EH
Mrahd. £ 3-2 WAL BEBGOBZERLY O
SO4“ it 1~4.4mM TIHUTDOWTE EHEE IR o B
JEED - Rl TnD.

FHEHRO EC O EFHMIZSWTEINETIIR
MuaEh, HELOBEOYMEFTIL2 ~ 4dS m' A
HWEHETHDIIENREN TS (Figs 1991 ). 22T,
EC B 1 ERROBREBRIECKETHY, BELD
FRIELH 25TV S. BICRLZERL KO EC BLW
BELZEIFEH NI RLZavEa-- Y7y 55T
qt89 5L, 2.08dSm’, 83kPa b72%. AFETIEINOIE L
Y SO LAAA O A 2 HLEK O 8 1B DWW TR U A2
DT, MDA AL 8T A& 3-3 (TR L AR L

70

Wl k&L, NOS#EIE % AR T L7z I p
NOI#BIEO @ EFRIMTHD 7~ 20mM & 3°5&, EC T
1.01~2.52dSm" , i#i&/171T 36~103kPa 72 %. ZhHw
i, Joioil7z EC OB K9 ol s B B L
Hh B 5.

F7, ﬁ"ljﬂt ZED BT CH, LT RUT L (NaCl
mPEeEL T, AF w95 EC B asShTunD (K
1961 ). ZHAUZENIER v TR 9.9dSm ', L # AT
5.6dSm’ , fLo>BF FHITIL 3.9~21dSm”’ L& N TV 5.

Ji, B3-1—14 3-4 204 F HA Y D NO3 1 % )
Wi Dk, FyEmay, LYRABLIUARY TH 50mM i
#, £F-b~vH T 100mM Hi fE THS. TNHOE kL
i& iﬂffi Lﬁﬂuﬁﬂh/(?]’/,ﬂlhkﬂ’“i'ﬂ‘t&b EC BLW
i r7EEIIY, LEAABLIONARL T
i¥ 5.6dSm", 255kPa, |~ TiL 8.2dSm"', 415kPa &£72¥),
?’t(&&in TRaENfHEMRD TR L, NO3 &

WZEDEIR T EC 2 EVRBIED LIk TE
L'Cb\é;kéﬁﬁi‘c‘:%xohé.

NO310mM Ai‘i‘ﬁiiv){l‘c/k?ﬁfd) SO D Ai{riz ks EC
O ERBERAR RN LT OB EIS 2o
2. LT=iso T, NOB{E&/]U?EFEMZ’CUN} T RO T,
Ho HHIRIZED NO3I D BRIBGEE A3 ik o> NOJ IR
WHESK, 20D, NOIOBEENEWZEHRIN T2
RoTWHLDEEZLND. LI=H- T, KEBOHT,
R AKMEZBEIZL T, NOJ{R A HETIT NO3IHE L A3 il PR
K71z, 8 AKYETIL EC DSV 4 B 25l BRIA 7

WZRDHIEN RS,

TOEND, TR BRI OB BIRIE AR
JEEWORIEIR T-0 S CIERERICR A, LT, &
AR ToOAF VBT HIRREET O HEMETE

HTENRBE LT,

Lo, ZNOHEAZ TR BRI KRER
B D. BRI EMO B ERE RO S
Bk~ T, BER el TR B, %%ﬁitmmw

7=V B, SRR T L TR, BREEE
WEXAREORED HIERHLLOD, mz&@ﬁt%ﬁézu\
IR THNITENSITVT Y, KABIZIZA Y
ENTWEB RSN, £<OEG, S a5 IR
AFHRRL, ABMIC - EIL RN D, BRI,
TR AA MR EM D Pl ESh,
WA, RIROAA L BIEB L pH (239 245 ErAEIL %
WS OB EL T@ni REH. L, 2zod
T NOS A XA F -~ D 5 Reasb 7L, ik &%
R (2R > C AL L 8 i AR 1 tt%zLT@m_J 72<,
WD REIEEDORINIZE> THESIZIKFL, 8



HORY LB o8 K0 BENL W /E 77 B 970 1B i 1) F 2

EBRED BB TASIZ FH I D8I
L. IRHO IR EEERE RO FEMN R IE TS
LH, Lo, LHHZE O TISRIERN L TR
o s o iz, FhR rEL Co R J R T
EBL TR L 0 ST, IR EKERAR
S>TWD.

5 WHE

|- E iz NO3 o i 02 R UH 72 5 TN SO47 ) 82 5 % 1]
AT DI, 1/2000a T 7 R AKR Y R T NO3E LW
SO ISR 2 KHEIZ R T LW F2 8L, KofER%
7.

(1) rEmay, b=k, LEZABIO AT O/EHFITRL
T, LM NOIBEL 7~20mM 75 i L& E & H
il 7=, Zoo it 28 i% 5 oS IE &L, §
MEVR IR B IGE D BEA I ATELZ RSN
HE i NO3 R B IR & L T 2O 2 R RS
n-.

(2) NOSHEEMRZ LB THD 20mM 22 DL,
SO IED FHTEHF AL TEUZENL, REEE
AT IRE, SEVEEIEO ERRER &K Fid
T=HLbOEE T, THD Il NO3R K AERT
B THE NOI# LS, -, NO3 & KMEMEL Tl (4
R REIE) MMEMA T O RHIRIN Fioeo
TWDHDEEZT-.
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A A UL B e AR BR S

I TRBABRAAHERECERGEE
BrUWRERE

1 FL®Iz

2T K MRS A ORRY LoD W F %
M5zl <, ﬁﬁa’?‘if:/f7?‘/(NO'{>,ifni1t4ffA47&‘/(C1’)is
iR A A (S04 D Ll T SO4&T D 45 Hs 5o %
f‘/’::d)%%m:tt FHEE NO3 RIEw LHC k-
TEMF D2 E) PRI A 4 Mz 45
al =S U THREL TW AT ER IS ZL 7. ?}‘1 &
ST SO4IEE R BHE PR T HBINIZILL
(nL Frizitony ’J)’)cifﬂ‘H’A/M“‘/d)‘P'C“liU‘/!“i'fi
A4 (H2PO4)IZ R T BRI A A R IE Dk
WA X T D is;*f‘fim;hﬁmszrm:& WSl 7.
LTI R A A I S KRR
TOE R SO D fFALILEMIL i b L THED 2 £
B <M B HLE VI HE RET-. ZoRINIT
O S04 7!“/(/)1%))[1(:1 CEE o=
BT BB E O RS R TR o A 55 W L 2 B
ELbLOLERL-. rL@ LR EC i ETILE
BREEWR DA T I A8 S OngkEs
1987, McNEAL et al. 1970, /K #f 1984, LINDSAY 1979),
L=~ C, atﬁ?azﬂﬁz‘sm PLVR I TR ds #5 L7 A 1T

S 1 i
FECD L5, H

I g o HE M (05 AR UL 1992b)> T
(LELT fi ek o> 5917 NO3H e A B R L /= [Tt
FEERI T OEA A 1t NOSZME 2720, EC 705
NOSBIEAHE S DL irb T g,

E RO EC OMEITJER IZFE S0, B
Wroo ->EL T, REER KBV O RIS L T

THEK=1:5i25% LEBEIRO EC X2, Wige Higin
o> EC 79%4;1@%3&(“7. ZDEITR AN IR
WA fiik e EC EOMREMOMNZ I LT HET

o]

T, PP OEAA Y foE W BC BED
2‘r~-ié§l|€4:<‘:‘) BT DONEW LN DR EL .
EPLIR R EC 1L, T oA 4 oWl & L
BOMEA T DIEBIEDORO it e L TETiTEDE
EZHND. FR B EITIR O L S BIZ o THE

aEhsb. Lo, Fhfﬁ”r”fm(fz[{ AFBIEL, A A T
DRI EN L2 T, R TTALR O VI - TR A,
FIo MR A O B L R R A B K
MAF PRI BIN A4 T EZ W e AT
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5 B 7 O 46 5

DEZHLHALES 1984), LI-RoT, A4k
ERE O HIBEE TH-ThH, AT N R
MIRECITRARDZELIZAS.

FIT, AR a2 MORBRO BCRREL =
FIBIRIEOREWME R RELT, TOMEMMSKA A
COIEEE B LA F L ST RIEZ L OEC BLW
MEEIE DR R I, ECIZOWTITRIEM L kL T
mf@;@m/ L, S5, HHEEEO EC BLW
BIBITIZH T DIEA AL FROEN OB HIZHOVTH
ﬁ"\T'OL\)

2 FIEBBECOMEH X

(1) &3

AT BB, R SR D
T EOR Y T R L 7= B SRR S OV R Wi 25 o0 & R L
HEA VTR IL 7Ry R ARBR TERIL 72 AU A O
oAk FEANETTE £ 34 IORLT. RBONEIT
£ 3-5 1L T Ry FRUBIT AR I 6, I 4 SRR

4RNRLZHOTHS. 9 7ebh, Ry ki, #Y
VEETIREMEID 2 2 AKEO LA G THRIIL, 1EdY
BiGEiro7-. £72, [ﬁ%éﬁt%ﬁﬁi, Wi (S04 % £7-

(ESr Rl (Cl) HIEH@BL 1’%‘?%'»ﬁifﬁ%?f0f:. f et
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Ca’ + SO4* = CaSO4 2.31
Mg + SO4* = MgSO4 2.23
K + SO4* = KSO4 0.96
Na' + S04 = NaSO4’ 0.62
NH4" + SO4* = NH4S04' 1.10
A" + SO4* = AISO4 3.20
Fe’ + SO4" = FeSO4 2.30
Ca® + NO3 = CaNO3 0.28
Fe'" + Cl = FeCt” 1.48
Ca* + CO3“ = CaCO3 3.20
Ca” + HCO3 = CaHCO3' 1.26
Mg + C0O3" = MgCO3 3.40
Mg + HCO3 = MgHCO3 1.16
Na" + CO3“ = NaCO3 1.27
Na" + HCO3 = NaHCO3 -0.25
Ca" + HPO4* = CaHPO4 2.70
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Mg + H2PO4 = MgH2PO4 1.00
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2AI" + 2H20 = AI2(OH) 2" + 2H' -6.27
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AI(OH)3 = A" + 30H pK'so= 32.34 (3-5)
Fe(OH)3 == Fe"' + 30H pK'so= 37.5 (3~-6)
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Ca 2.30 1.84 1.13 0.134
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5. KRR oD B, 55cm A% 73cm F T A
BEATANRAT S M 10T 19em FUET, FHLLF 36cm
FREETHEKTHD. HEDO ERMEHEE K 4112

P3Oy A

AL Tz WSRO0 A2 1 T BT 9.3x107kgkg' T, £72fF
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2 19-36 072 0.28 942 053 443 5.8
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Bl U7z, BUE LB AR PR TIT > 72 (RARPEB L
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c NOImEHH

1992 4 8 Az £ @5 10, 30, 50, 70, 90cm O {if & 7
5 FIERERIRL, NOSW & Rtk 2 M E L /2.

# b 2g(WS)AH Y oo el iz %, EREWCOREE® 50mL
RIELFIZAN, 0, 3, 10, 30, 100mM KNO3 # ik %
30mL SoMA, 24 BRSSOy EEL, LEEE
BlORIMEBLE. FBIEO pH 3L NO3#RIE
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CNO3,L(WE -Ws -WO)/Ws  (4-1)

@M

MPLIXNIZ B L 2L 2B L0 DR K L2 @Iz
UCHEL, I h:, Wi B L OB G HERZMEL .
O HAEROMEE, N, P, K, Ca, Mg, CIlB LS IZ
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Ul $idE B EH+EDE SIS RiE A (A)
Vewm WBEK ¥¥) A3 N P 0 K G Mg GO S N P K Ca Mg ¢ $§ N P K <c S
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& 10, 30, 50cm & 70, 90cm D FES KEh -7, BEBILE
WZENEY LB EOIGRY LT h
IU'F(i’?rf1%{ui§f&m:ézﬁxa, ZOFENELED
BB OEV R H7-5L THLhoE B2 515, £
72, 10 » 5 50cm O FRT FI@&E%&%%ﬁ@mot
D, DAUMEEROEVCEIIEBILIDEERENSD.
2FY, VT tt’z%}*]T“d)i’%§bT’t7J§ﬁZ&>T/J\é<, £
WHEMTDIEIFHIET AL, U BOERKIZLY,
R4 W EREPIR T35 RLImEZATHY,

EX 70cm %



HUR7 1

FA AT NOSW AT REZ /D EL TO DRI S HEZL S
2. NOSIT VM i ik OB I3 L T Langmuir 0> W
BREZ R, L7203 TIRIRIE OIS R Az xf

LW OB KEL, %Eﬂ:ié@ﬁ%kfzik%
{RDZEERD . CIOW FIZLDB B 0 R HE ) LT
JE L O BERTHI IZS IS TV DSOS - Ik 1993).

LA ZREIE O WE WL BRI 8 % <, NOSH IE oot
- I ORI FREL 2. 7R AT 1988 RO i i R
AR BT 7 A0 CHEBE #% 2 0 ) Rz, NOS#EE o --
AL AR5 50em FAIEICEL /oL R AR oo TR TR IE
Z 10cm &9 2% NO3L ~- 7 DB F 4t 40cm THS.
i, TO W O A BT 386mm T, /MITA979) A3 HUR
7 l;hﬂhm T N T SUL e A T T RINE U 7 B AR %
F D5 W LR K B 100mm (2 %L T 10cm BT & HE
L 5 S o W o % K AL EEA) 250mm
F‘:!""“’%V) IR oo R 70 ISR KR 0.5 & RGE

B, KORERIARITL LR S S0em fIEICEL, K

%fif»fr‘ VYA NOSO e -2t KR L BB L
60cm D IESIZ(IE 52870, Tt 4-5 2ok
Lo MlE i L0h 1o d, o AT LIRS
NO3DOW I L» TEL7Z NO3SHEIORIEIZL L0 r
IR C &%

S5 NO3OD 43 filzit
ML NOSWIN O e ZEI3 208300, oF
0, VESAR O 53 11 25 % SR AL 2\ o> NOS i 1 705

& FL, B 7D EABET 5. # 4-3 125072801,

KRB TOLHAZEDIENEE KO AT 0.07~0.17
LR TR AR HET, L ¥ A0 H b5 MR th o 3285 -5

Tho. )i, TR KEOREE LD ICE T SOStd
PBLOCIStd TENRF R 2,66 33200211 & 14 LY,
fifEo L2 2hEeRs AL, WIZ LS PR NOSO#
!ﬁézt“w’/{\‘m”r“%«\d)%2%#11)\'%\ JLde s iAo SOStd
PO CIStd & NOSTRIEL -- 7 (X34 6 J i f2 i3k
0.71mM AL, ,,mkzz-wﬂ&ux IZEDbDEBLLN
5.

2.5 (i B AR e> SO2.5 33 LT Cl12.5 0 3 4 [ o i i %€
FoOPPCEEZFAZE N 038 LU 029 ¢, E
NO3E -~ 75 i AH %2 100cm Z A T FEL Tep<.

S02.5 T NO3DOE --77 100cm 8z H01L 7~8 J]
T, HAEY O RMRE % B GRS KO H o NO3 B L

DA, FDELD NV F AR kE EZD
N5, Lo, fulf % 10 70 T 9%0cm FELAZE
272%. 10 Ao V)% K B 524mm T BN O
VHMRREE K EE 05 LRETDE KD EIEN#IT
105cm &729, X110 140> NOSW 50O E T, NO3OD

, FENTO NO3BEhOfh iz,

HEKGBE N EFIZHY D HIBE AR

B FEBLCNEpa=bhEEZLND.

QRERAALDER

B 09 5 IR B H 5 10 & A 4 R R BN R 51 T,
RN NOSH AT KEEW R D72, DED, 2k
Z LA ZRAE 2 70 %> NO3IOE -7 {7 [ 110 fE %
AE LA S THL S0cm FRJE T, /0y - J{HIEIT 4
STWADZAL, $ileRIDE R T I
BRIZINY, O 5T 70cm~100cm &%L,,ﬁfmﬁzznf:
JEBFZR AN L2, 205912, NO3D 5y 43 1e
WMFRRE RPN R RS TR0, B
TO NOSKENZ M 2 {flaA - R EEEZSD

> /{i fﬁl/\
BB BIVEI THRUIID, [BAF L O A FPE
Wik O i A L OB EMTITH. AR

NO3E0H W A7 BLIED KEW[EAFY BT DB,
NO3WE 3 73 /b 7e<720, A3 5556855, Few
T IMBLIONVEITRLZIICARETHA O REL
T % NO3, CIE LU SO, HaR Y 1T st 3 D0 4
BURIPEIENO3 2 CF 2> SO4°THAH. Nik1995)IT B2
t- #7202 CaCl, Ca(NO3)2 (f{(‘r(mufc/i\"l’li%ﬂ‘r'iéﬁ,
NO3IT Cliz e fTLCRE) - AL, ZOELENLERD
Crew 2 Ly, - s i s n =& T
Z. FDRER, NOIOATLNTOBINHEEIL Cloff
LD CUBMFAELAVE A ZvED LN EL TV A,
D EIR B EEE 5T DR A A MO AENIT,
2 MOREAA OB FEBIPEOEOOREIZL> T
FOPEPAETRVC RSB OIIRDEEZL NS, H2
PV Tam U 72 M LA 225 ONZ MR (1995) 8 & L T
LR AR 2 KB 7E T NO3SOBE) Ly iz 545
Cr# LN SO4 D FAZPLIR L THEZE 9 08, RATRED
7*5&%‘(&(/)&}505%“}]T“*7. 7R3, T2, fE N o
firfbiz OREMIT BEEL 2.
a. N tlﬁlﬂ%l: SO4 AT hHHEE; SO4Tt
HE o~ B BPED NOSIZH R TIERIC R EEAEN
WAL, 4N NO3TLEWE &£9°5. BEfiZedicho
TRV T HZBBHLES, NO'z‘a)r:wf/{ffi%" 1K
DR E TR ION IS E L BB T AR LD R
v, NOSIHfE b o B PR En s, SO4& LM 4 Bl
FIPE S D TREWZD, KB #%LIEO< oML i‘rﬁ
IZHES. NOSTHAE HE FTHYMICIEREDLEE
TH RS20,k NO3 D f‘hﬁiﬁ%%é%%ﬁ&&bti:f%m
WZFRL 2238, JE T D DI IEMCBEI T 528
5. SO4 1 40~50cmy” f2IEO MY T ENE FREL T
, W HEHED NOSIZh &S de SO IZ k> TR
HER, fT A ~kSR, NOSOE - ZRENEEY,

™
izl
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AR R E 46 5

SOL WAL BHHILHEBRES WD . Z O R R, NO3ILI
Wiz S iz S04 F AL BT D285,

b. N &SRB CINERENLIHEE,; ClOREH
FVEIL NOBEDBIEDNIC KREWRRIE T, KET %A
I Cl, NO3EHIZWE A G {K V975, NO3O 5 8hdig
ALV HEESLN, CILERIVD TR
ThdH. TDOFER, NOJITAGD ~‘B?%t’fr‘%%ofif§zwd)
NO3 ~#B4aW HFREL L T EBNIZEL 2185 2
3%, RRENT CIARITV ERNICRFEEL XL
RS FREL, WA NO3O - & ik M Pz f i L
RIS~ EDHT Rz, RS Stk 45 B oo 1
T, NO3, Clebiz HgNIcl FiEL L Cikahnb bz
5. RN CIofefrit, FRE4AE T NOsIZ&L
T NOIO BB M 220, W NO3, Clhebic
WAREEL THERMMIZWMAAESL TOB 01810725,
E512, CIStd 3350 CI2.5 T 60cm &9 IV i T NO3#:
JEREL o720k, M 4-9 IZRL7ZED1Z 70cm LL Fo»
FHEIT NOIW A ®EDBZDEVIFEEODENIT LD EE L
bnb.

NO3 It B ICHFTET & ERfaAA L oh T, i
~ORFEBIEB B NS, MOFRA A MRS
LG, AREL, TBNTOBERED LWL
RBELDEEZ LD FIERE O M AR W 5 0
IO NOJIZx T WA FMDE ST LR T 0T 7 A
NEGHLTEY, T0&57% 1% NOSBBEI L5
BD NOIDENEE T Iab - MU CTHRWTLRLERED

5 BE

1998 4 9 f705 1991 45 6 H O 3 £/, BoRY 1%
MM TLA2AB I " REz L, £E2H5 100cm
FETOKTEST B IO HEE IR P A A 8 2 ke
AREL, ROBRER

() L o=hwZRTFo Uy i, BBl ER BRI
FoTEHLTHER, 2RTL Uy L ORI, £E
o 50em FEEETT, £ LR TO LB T ik
INEho T
FRIZE FIZE R v 2R Ty vy A E E2lR -
KTy M T HRE KERHN D THD.

(2) BB EI SR K REZ ALV RS
OFEIT 3 FEMO YT 629mmy” T, O F LW
AT b M % 5 B SR 5B A NOSH Y i

100

HIB P OREE KET FBIZEEYKEhoT-.

%7 BB NFE HE B A T 0.5mM,  [HIN 2.5 {5t T
3.7mM,ifﬁ1t%;ﬁHE*erNf§§ Y i JH T 0.8mM, [HWIN 2.5
(GEHIMT 43mM Tho7-. THhbHD A B Ko iU
i 0.71mM {ZHhdzl, B+ R RSB BoR s 1
ZBIT5E EREA BRI B LE 260~300kgha'y’ & HE
ELT~.

(3) il SRR B R L 723 5, NO3 LM 2e -7 %
L 7250 FREL, BH L% 1 %I 100em (ZiEL 7.
He® ZIE A L7285 At, NO3 o T B ek i A3
<, R AAEEL T BN AR IR T D TH-
fo. ZOEIRMEVEE, NO3-SO473 L1 NO3-CLo W 45
DM AEFER D BEDIZE->THTzn SNz B X .
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HEER
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1 TEBERAACHRLGSTIZETEORER
Z2NDES

ORI AR SN C, HEB LW 0 2R AL #
FREA L CTHERENSWINL THY, Lz T, F
WA i e B Wz b 720 B AR 7R IR B D f&?*ﬁ A1
L, FOMO FHERIEA A R E - E K TEICHEFR
DZEMP ST T8N, FEEIRE A A MLk
EHEW A & B N IZB D TONIZIRES RTINS D
MEIMDZETD CHETHD. PR MLl T
BB TIEIN & TS 05 B 72 & UM AT FLIC B33
S OE ZhERE B 1’1)4‘41 M EDRE LM 72 IR B 4 o ik 44,
FEVAFICED FRA~OR T EARE T o
1:%&2?’{4‘({’1‘('/)/(2?‘/,-;Ilﬁ,ﬁid)‘a':§¥3ft/)f:&)(]ﬁ)?ﬁf/l;‘f&‘{)ﬂﬁ’fi’fﬂ?
0.

EERE IS S S OW TR AL, LA D 4%
ST E OB R A S, FHEO Zo ) ke
PR TR L BRI o0 28 Gy W P D 9 2 R T B e
(Buffering factor) T Y, 1 IHERE P OB RES
KAEZREDET DIERET, SHILF O RESIABE A &
(Buffering Capacity) t RHENEH. HL, BHEBRZOLD
REEREA AL TRl L0, T £k

HIRF O FREr i A L2 TRz FR L,
/TR RY, ZOLHRNT, IHER >
W A EERE IO TEE THY, HEko e mia B33 i
B~ AHEMAEL RS FEL CRHSENIBREEDL
DEt FR 5.

7, EBANTORHEESOBHITIay X7 arPs
JOEHE->TIThbhy, WL THIRHEOLD
ETH b OBRLLLTEL WA, LRS- T, 1
RO HEEALT L IRELEEESO EEATOBE);
SO ZORREEAITEARLL TOBE DI REE
L, SO0, FEBEIEOAA RSO TRIEE
NENEMSLIEE, S DIERO R ATE D 135
FOBRABRE ~oRSOWRNEDOK FEZMS 1T,
mHTHHITHD

2 BEIEZIRAAVHEBRORE

FHEIR G A A ST DL TR ESN DD TH S

TOERKGBEBEED LS

(il e aPe IS o= BN & 10R7 v

D FEDERY, LHEOEANREEELT, HEE
A4 PREEE M ORI R B S D, RAEIZEE
frd a4y &k, HERMBORF®RE CEEER) 2
o TREEN DLW EEZXLND. BLEFH IHT
X, B OD 0 BAR 7 FREEBRENSERL, K72
SN NO3, CIB LW SO0 & da flla L 7-85 3,
SN pH RAME THEIEA L oW E IZIE T KA
LW BN DLW, K WAL pH @&
EEFRAA WA R pH B EVIEE £ <7251 38
T AR R S R E KB IO
AF L EHITW ERIT B0, ZTORERXCITVEA A
PRRZHENT KO LRSI HS. 2o ki, &
R Lo 13RO SR B, @ E o pH ST, B2
AF L FIZ R A 4 TRYKEL, ‘f‘f%iﬂiﬁj%fm’z“‘/
HIIWE S A GO /D72 R A A FEO B AT IR O 3288
M TRERD. 2O LD - OB RERBIENIZ
it I BRE T RS o G A R
SoTHEENDETRD

IREFLT=.

TOEYID, LEWEAA MO R E IR At
%id)%rﬁfwiﬁw)ffﬁ%wt 4, Bl EBE N CRLEX
2, it BYHERIE R O A BRI WS

F2 (NO3), Hifb#A A (CDE L OWiBEEA A (S04 )3
F s CTHoT=.

FWEPE I BLOCLEHOHRNS, TNLRAF &
DESRY PSR T AW AR, NOZBIW Clizth 2T
SOL AR - THL, NOJICH AT CIRRRL LU0
MAMIZHD. F2EH 1 HiTe, KEESEEkET L
D—FETHHAMETFT VLRI RS, A
A u OWEILYEE L ERE A~ DO E R W A TIERL,

(Zau AR RETO R RO ERIZE>TkENT

LIENRE, BEAA B OB GO IEE
D PG E B DE DR ST AR OBV LD W&
fii‘é%oiv)z1:/41\“%2mm:oa){ih%ﬂ:io“c’ktmvfsk
HRIh5.

L BEAA o RO, Iu AR Rf o
ENACHEL, A AL BB L UM OB A 4 O WA
WAL RIZT LIRS, 2EVS RO XS ho/k
WAZE ST, A4 R A R imL, o4k
HERITE T2, 2oL ARRHEFLEEM, VIFiT
BatLziow, T4 74 ik TRGH S, &
B, KBREERELID, SOLOWHFIZL->THIT A
A F (KW FBENML, -5 NOSW A\ {E T
LTk RLTz.

Fa A Ao Fni SR AL PRI L DB A A WS o e
WO LG, [HEEOMRIRIEN 72 BLA DL R A
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WARULEE BRI HFse G5 46 &

Mahd - ST, BAFHEOWR A ROK FITHAOE
WEHmERND, DEY, ZOZET EEORBR AT (REF
EOR F, HEERREOBEEEOK FEEKLTH
L5 Ao THELEERILED ~HDTHINOM |-
W To B {EEEE NOST, ZhnEs4r Th
HIEMBIEAF W F RO FEWH BB, Mo ft
JENOA AR EE 525 ETHETHD.

-, BB TRLZEIZ, NOFB LU SO4°
DHMFTFT, FHEOGKEOR FIoly 7)) LHEEREO
BHE, B2 NOS O s M Fe T, SO4 WL 4 st o> KR 72 8y
IS EHEE RN SO R IE 24K FEE, hEEikA A4
SREO EHOREZEUMAT. £, HFEIEFMH T
BLIZEDITEMIZ LD NOSO R (1) HEE IO
NO3HEIE DK T AW A5 HE SOLD i EH7-6L, A4
DR FR IR, 20 EH7 NO3E SOL&S D %
MEAEANZ IS < B IEA A 2 58 O AL Db Z /)
SMABHRIT, A4 WA M A 1EHIZ LD8EHE
BEL TREGHBTEXDLDTHD.

KR EN LA v R F LB DfEA A
BIUOBAA L OB FIZHT L8, F2EHVIEHT
RLIZENE, VOB F I THLALLZENREN
7= VB R ERE T AR LIZEKYMERMIL, 79 WA
WO LEOMBREEE, VoEBRBENSZWVIZEE
AF W EEBEMUEAA L BERBITEFLE. &2
AT, FHEDOEKRWRAA W ERT, B EoRFED
BIEOM, B EAEICEEISNh, TS ERE MR
BEU-EIR OO ENS, Vo BEEREOEEN
WD TRE, BBLFEMEMBEENEE IER-
TWAZENRH L ERY, BEFHHE oo AL, K&
MOV BERAICEZVCBERBO S DICKEHE
BEINTWDIHDEZZOLND.

YEM B TO NO3O BEEMIIE M THY, 1EW
LRI ELHD TH . L2AD, AR TDELD
W& EBRAERMNRT IO, BRI ETHEOR A I
BT, 2<OHAH, pH EAE Tco® F & i
0~2cmolkg" 2§ & #D TR AKETHY, D NOIR
FrREB L O HIBRE S NOIHRE x4 AR AT &IE
FaAhunhoiy  Bbhb.

BRI NOITRME L BB oBEe2E
FAEBEIZE> TRLUTHS. HHEIZED NOSOK % &
P HEIEE T O NOSEEORELL THLN, &G
BOmBA-VO KRS BREESICAMLNE, LHEE
it NO3 [ & i K54 729 0 NOSTRFF RO AR D
. mAEN 7200 NO3RIFREITOFY, HEMAIC &
HEERTED. WMV HEBEERBLIOARSRHED
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PN O3 HEEE

R EILROEBY THS. DEDEAR7 LTI
% 15em A EZ 0.6kgl’ |, fx NA K E 1.27Lkg" T
WARBIIRKNBEKED 60%EET D, ZHHDOHIT
F2EOE 225 (AL LY A JOLOTHD. HIEIZ
2 NOSWE & B %%, Sl 4 HieF v JIC ST
AIZKHREL, B<HWITE22LE 5L 7208, Z2Clihl
AL S REOMFRE RI ZEBHMROT, TDOH
Zaf B9 57-%, iZ~9 Langmuir X % H
5.

Tk C 5-1)

72771 O 1 NO3W % & (cmolkg?), C L ‘E#AEIEO
NO3 % (mM). ¥7- k ITEE T, F4EDOM 4-9 (Z/RL
FRGERERESBBICLT 0005 L7 52 b Tk K
Wk BE L, TOMILARORMERREEEZEIZLT
& 5-1 (2R L7-E91 0, 11 ¥£7-1% 22cmolkg’ &L 7=.
b=1lcmolkg" M4, THIE KD NO3#RIE 20mM TD
W % &% lemolkg' , ¥£7- b=22cmolkg’ T 2cmolkg’ &7
5.

AR EN 51 2 RL. HARICIERR Y To
REERERLMICRL. JERAR7 LOFHEIZITER 2-5 1
RUIZTRW O MZRWT, FRE 1.0kgL" , e KAEK
B 06Lkg" , E-EFKBILEKRKEKED 60%LIEL T
FEL-.

50 [ T T j T " i ',' ! T '/
/'! i ,/ ’
45 i / %
.'i( "" a/'
a0} / /
;‘ /
3¢ / e
/ ; %
30+ {'I ’/' /’,/
¢ e LangmuirsX,
Al / S Q= 2:0.005:C
/ Y 140.005+C
200~~~ R GRPLCREEEE .
/ o) —— BEH2 1 b=0cmolkg
st /oSS Bt bell
s —— BT b2
wt /S —— JEEFE I+ b20
- _‘; ’-’J A T
5k ]
0
0 1 2 3 4 5 6 7 8
N i I8 & molNm
H5—1 MEERETIESRHD NOSBREH EEEDMF

LIAT, HHEEIRO NOJEBIEIIL ORIEICHERT
HOMRBELVDOTHAHIM. HBIEFE 1 HIC KL
FROCIZR O RRBREE RS, BF Mo LB RO NO3S



HOR7 BioBT L& K BEICEYEH

WO AT 10mM Fe XL 7=, 2t ik &
iR NOSHEIELLBEEE #%L, 20 R 444
RSN, L L IEXEo Bk Jﬁtmti‘ofﬁ&%fﬁ‘
DFREVHIOORI, ZhITE RSO Ky KR
LI BB LIZHL O, EMORBOENTEDLNH
DT EMIZIA S ITRBRE LRI ERE
TEONAERMOREHS. UL, &5, @@l T3
O Mg NO3W A RED /D ENZEZ BT, o
REARFEIENT, MiRIEICRETLONEELL, B
Wy DL T RRIEIEL, 20mM e ETELD.

7 A EIRAR 7 B ST NS0 o
DR ARNE D KE D720 AT B 720 0 18 K o
5 rs:ws‘kﬂ\emﬁmh [ H1~ > NO3 OB 45 734 <
RO AETHIERR Y B TR - Rz x 375
THEEIR O NOSRIEIECRE T2 TV D, FEIRIK

o> NOZPRIE) I8 Ef & KL 72 10mM 1272 % i IR R i,

BRI TR HEB VS A 12T 0.69molm*(9.7
ng/lOa)'C“E‘?)é(/)G:HL T Bz LD A5 F7s 0.52cmolkg
'O B 52 1.16molm®(16.2  kgN/10a), £ 72 W 4 Gk
1.05cmolkg” v7 85 12 1% 1.63molm® (22.8 kgN/10a) &7 %
£/ FHER NOSHEIE A, LIBEA X~ 20mM OB
DOREEETEFRE N, 138, 228, 3.18molm*(19.3,
31.9, 44.5 kgN/10a) L 72 5.
J, B A i A S (5 R B, 1992)1C LA dm (E 4

O % F MR BILPER B L OV E B T 0.57molm”
(Sng/l()a)F’f‘*"C“ WA BRI ATYH 10mM Rige 7

Lol B EEICI R T 1.78molm®(25kgN/10a), 1
fEG &8 T 2.85molm®(40kg/N10a) iZ5E 5 5. JERRY
HAR5TNZ b=0 O BR7 +THIEEM YO 1.78molm’
(25kgN/10a) D i A LB NO3VRE vE, LA
@ 20mM Z X HDZH L, b=22cmolkg’ & BRT LD
B\, 1 ERED 2.8molm®(40kgN/10a)D fiEiEZ L
T EHA R NOSIRE 1T 20mM  RimIZHEF S oo
(25, Zo&Hiz, NO3W A it 1~2cmolkg’ &\ H K
KETO@mFETHY, -BAOIRBA T HOWE &IZI
BRI ENEL WADMTHE, 2D KETDOHE)
REVRLEO NOSTRHRE, £ LB RO NO3 2
EOBRERRICKEENEL LT L MSNED.

S04V v WA 4 (H2PO4 £ 7213 HPO4) 2 X £ %‘é
KAERICZEIDWERDOZVEA AL AN KT D
NO3 72 & 0% # & dJ/J\m\FA4?/@0)%2%MH?T6:
EEEBDOEYTHD. MBRZHE2EFM, VEiTRLT
I91z, NO3ZR & W B0 /b 72 faa A4 o 4711 SO4”
BREMBFOEZNZAF O FEEHMSELERN
Maseleotz. ERETORMERSRICMAT, HFIEF

B D A i e I A

SHITHIOBLE, Y R ERTOFEYIZLS
BWENSOJHBINONTHRERLZ. £, HEOE
OB TO RSO R, FROBIZ, SO&SH
BT OW A RS BEICLOBED LR ICLsTH
M D7 AR SOLSEIED ERIF/hE<Imash, &5
2, NOIHAFI H L >T SO M A BT &S I1Z K
<20, MO SO ITIEEA S ELL RV, &
TPzl TR F 5288255, £/ SO fr
DG, BERIICE-T HEEED NOSHEIE S L5
L, SO FaNPBNL, @MOAF L RED R
K<MA 55, Wz EH L H12fE->T NO3H Ml b
TR DL SO EM SIS S, WA

VRIEDR FAMAOLND. ZOBA, EMIZLEW
I o8 SN A3 SO4™ AR T, A F & ET Lz
FArL TR ALV REDIR FEMA L& H Z2 /-1 T
WhL EHIZ, IR TOBRIC VTR EE I
TRFLZEIE, SOSLAMBAd A T %
AT DTENEL, MDA L FIZIEL T, HHO
SOLMEEN LR D50 FoMolaa4 s Fizkedkl
TAFVIRIED EHOREPEMZLNDIEIZ25.
ZOEDIZ, SOLW F B NOSBE D ESIzs> T
M5B HHEND SOLDFEREN, EE HHERKRD
AFUBEOLF 2l --F— LU THEEL TWDIEN
wENTz.

BBt A 0 B A A TR BN L~ T I
A END KBS ERKIRE o T D, BITEH
MEIDOFERMNS, FEHAF L EZOHBIRTHETILER
DEBVERIND. ALFIBS ERBRELR> TS
DI Ca”, Mg, SO B LIV EAA L T, HIBEEHM
MELR>TVEDIE CIB LY Na', £ FEE B L
OMTHEEM W P RIREZ2>TWDO NOSEHB LW
KThs. Zodb Lo K&ERIEERAESE RIS
IEEMERIZH LR LIz, A EDORE
FERLZOWVICRIN EB LM RO ENS, AHRE
BMOMARKNERFRIZR>TNDEERTED.

3  iIRO pH % &Rk D FF il

Lo pH BEREITE 257 E DI RLZEIIE, E
AT RIGICES> TH26E3 TS, 2FY, kM
WBITDERBEALT L OBEE, B4V ROBEMR~DORK
W&, AT HOWBLE, TAI=T LABIOEROH#
EPEH OB - R ThHD. TROKISRIT pH (ZHE
SN0 T, pH IZIEL TEDIGEHREHLRT 2Dk
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5 K LI S BRI H B A o 2 5 46

EEND. F2EP UH TH, $5ED pH TOENSK
SO R, EEA KLU THA, pHA~T7 O FEH MK
TIEBAF L BIOBE A4 OB A SO 55 E
Gokh KEWZ LR RLE. HEARR7 P
GO B REE O B it o o pH #lE T S04
WA R K EF 7, SO8SD WL A AN FFIC A X
REOE DD, FIIo, SO FIZko THA A
DU L KECRDOT, AR TR A RS
SIZRESARD. 2o kHiz, pH M o pH #& ke
L LE OB FHRGIIYHE) o0 KERERITE
MRIND.

REA S RE BHEL, BT AR TS
[ pH O ELE/NSIMADRE NN KELS, HED
o EEARKED oLl TRMWIZHMTES. /28
ZEEEO DR [ R =T R
FORIEE LR 1D W RS (HNOD) O BN, FE k72 s
IR 3 L OBUE S O BRI 2 & TR D
HADEMRE, FEIZRBENS, H50 T EYIC
LORMEDPWINEINDE GRS, b % e
(ZE>T pH O I/ EEZ 65285, L
L, R afrhnEzo 52, SHH NI 3
RO B BIEE BSELOIEAE G L 525,
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Chemical Thermodynamic Studies on Movement of Nutrients and Water

Related to Plant Growth in Andosols
Kunihiko KAMEWADA
Summary

With the long passage of time since the development and the utilization of chemical fertilizers, the hydroponic
concept has been introduced into agriculture. It is necessary to evaluate again various buffering actions of soil after the heavy
application of chemical fertilizers.

A group of Andosols is one of the major soil groups constituting upland fields in the Kanto District.  Allophane,
imogolite, amorphous iron and aluminum oxyhydrates are major constituents of Andosols. Negative and / or positive charge
derived from the said soil constituents, therefore, strongly depend on pH and ionic concentration of soil solution. The soil
solution (liquid phase) is the medium where plants' roots absorb the nutrients and it influences the plant growth.
Furthermore, the ionic concentration in soil solution influences the movement of ions. Therefore, prediction and regulation of
ionic components in the soil solution are important not only for controlling plant growth but also for controlling movement,
distribution and effusion of nutrients.

The present study on the electrical charge characteristics of Andosols aims at (i) evaluating its functional effects,

(ii) predicting the ionic components, - (iii) clarifying their relations with the plant growth and the influence on the vertical
movement and the distribution of nutrients. Furthermore, based on the results of the analyses, some soil management

techniques appropriate for both plant growth and environmental conservation will be proposed.

1. Accumulation and vertical distribution of nutrients in cultivated soils

To reveal the actuality and the trend of circumstances of upland soils and the relationships between them and the soil
management, investigations were carried out from 1979 to 1993 for 540 points in Tochigi prefecture. The results were
compared with those obtained in the investigation performed during 1966.

The trends in changes of chemical properties on cultivated soils were characterized by the increase of phosphate and
exchangeable cations except calcium.  The mean value of exchangeable potassium changed from 12cgK20kg' in 1966, to
39cgK20kg" in 1991, while the mean value of available phosphorus changed from 7cgP20skg" in 1966, to 37cgP205kg” in 1991,

Based on the results of calculations by the balance sheet, which includes the amount of application, uptake and leaching of the
nutrients, the accumulation of phosphorus and basic cations except calcium were observed. Since the application of organic
matter influences the content of potassium in soil, the amount of potassium applied by chemical fertilizer should be decreased
when the organic matter is applied. On the other hand, the amount of calcium application should be increased. It was
considered that phosphorus accumulation was corresponding to the beginning of its heavy application, and it was accumulated
quickly, 1.e. 59-82 years in normal field, and 28 years in green house.

On Andosols, exchangeable (0.01M NaOH extractable) SO4” content was higher compared to CI' and NO3 in all
layers from topsoil to subsoil, and the SO4” content tended to be higher in deeper layers. The similar tendency was observed for
upland fields, orchard fields and grasslands in common. The amounts of anions was in the order of upland field > orchard >
grassland. The contents of exchangeable anions for non-Andosols ( Gray Lowland soils, Brown Lowland soils and Brown For-

est soils) were fairly lower than those of Andosols. As regard non-Andosols, the contents of water soluble Cl, NO3™ and SO4”
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were almost equivalent to those of exchangeable fraction, and therefore anions were considered to exist in liquid phase. On the
other hand, as regard Andosols, the contents of water soluble CI" and NO3" were equivalent to exchangeable fraction, while the
content of water soluble SO4™ was significantly lower than that of exchangeable, suggesting that SO4” should exist mainly in
solid phase. The content of exchangeable SO4" tended to be higher in the samples with low phosphorus content, indicating that
the SO4" adsorption should be inhibited by the accumulation of phosphorus.

The relationship between base saturation and pH was characterized by a universal curve. However surface soils of
green house and orchard fields in which the values of EC (electrical conductivity) were high, shifted the pH values to lower
pH values even though the values of the base saturation indicating that the increase of EC value should lead to the decrease in

the pH values.

2. Analyzing the electrical charge by 'Surface Complexation model' and it's influence on ionic components in soil

solution

In a soil solution, the activities of ions are strongly affected by the reaction with the colloidal surface and are in
equilibrium with the solid phase. The liquid-solid equilibrium in Andosols cannot be analyzed without the determination of the
nature of variable charges.

The 'Fourplane model' is one of the surface complexation models developed for analyzing the electrostatic charge of
synthetic oxides. This model was applied to the B horizon of Andisols, and then the charge characteristics in equilibrium with
an electrolyte solution containing KCl, KNO3, K2SO4 in the wide range of concentration and pH were examined. The model
has a good agreement between calculated and measured values of cation and anion adsorption. Among the anion species, the
amount of adsorbed anions was in the order of S04 >> ClI' > NO3. The differences in the degree of adsorption were
mainly associated with the differences in the equilibrium constants of surface complexation. The surface complexation of the
anions produced a negative charge and increased cation adsorption The degree of surface complexation was most significant
in the K2SO4 solution, and the phenomenon was considered to be important not only for anion adsorption but also for cation
adsorption on Andosols.

To analyze the interaction between anionic species in terms of the adsorption on Andosols, theamounts of NO3" and
SO4” adsorption to Andosols equilibrated with a mixture of KNO3 and K2SO4 solutions were examined. The amount of NO3
adsorption declined with the increase in the concentration of SO4”.  On the other hand, the amount of SO4" adsorption increased
with the increase in the concentration of NO3. To analyze these peculiar phenomena by using the 'Four plane model' with

surface complexation, a new equation was derived as follows instead of the 'Gouy - Chapman equation’,
I=-192x10°[ £ Cok f{exp(zky)-1}1"  molm?,

where /" is charge density, Cok is concentration of ion 'k', zk is valency of ion k, and y is 'Boltzman constant’. By
introducing the new equation, the interaction between anionic species adsorbed on Andisols could be explained well. It was
considered that SO4” acted as a regulator for the ionic concentration, osmotic pressure and pH of the soil solution, and
consequently, these factors affected the vertical distribution and mobility of anionic species and cationic species as counter-ions in
Andosols.

The electric characteristics (pH-charge curves) were measured for Low humic Andosols, Haplic Andosols and
Haplic Gray Lowland soils located in north Kanto region. The amounts of cation and anion adsorption were in the order of
Haplic Andosols > Low humic Andosols > Haplic Gray Lowland soils. The adsorption and the desorption of cations and

anions were the major factors controlling the pH buffering capacity in the practical range of pH value in the field, therefore it is
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considered that pH buffering capacity is the largest in the non-cultivated Haplic Andosols in equilibrium with sulfate-salt solution.
In the case of Haplic Andosols, the amount of anion adsorption was higher in non-cultivated soils than cultivated soils, therefore
it is considered that phosphorus accumulation depresses the other anions' adsorption.

The amounts of anion adsorption by Haplic Andosols were largely different between the cultivated soils and the
non-cultivated soils. This phenomenon was considered to be brought by the difference of the phosphate accumulation. To
reveal the degree of the influence of phosphate accumulation, the phosphate fertilizer (0 to 2700cgP205kg") was applied to the
Haplic Andosols field, and the electric charge characteristic of the soil was measured 79 months have passed after the
application. The amount of anion adsorption was decreased and the amount of cation adsorption was increased with increasing
in the amount of phosphate application. These phenomena were observed in wide range of pH value from 3 to 8, and it was

considered to be attributed to the product of surface complexation.

3. Interactions between ionic components of rhyzosphere soil solution and plant growth

Plant growth is affected by the ionic components. Simultaneously, ionic components of rhyzosphere soil solution
are affected by agricultural practices and plant growth, that is, the absorption of nutrients by the plants' roots and the application
of organic and inorganic fertilizers. To reveal the interaction between plant growth and ionic components, several kinds of
plants were grown in pots and the changes of ionic components of soil solution were measured.

Maize, tomato, lettuce and melon were grown in the pots, in which the concentrations of NO3™ and SO4” in soil
solution were widely ranged, and the value of NO3 concentration pertinent to the growth of the said vegetables was determined
as 7 - 20mM in common. That value was identical with the NO3' concentration in hydroponic culture. In the range higher than
20mM NO3 concentration (upperlimit) , the increase in SO4" concentration declined the plant growth. Therefore, it was
considered that the limiting factor for the plant growth was total ion concentration and hence the osmotic pressure in the higher
NO3’ concentration range (higher than 20mM) , the NO3 concentration in the lower range of NO3  concentration (lower than
20mM) .

The influence of ionic components on electrical conductivity (EC) and osmotic pressure were analyzed
numerically. The EC value could be estimated by the following equation, therefore it was revealed that the EC value was

attributed to the charge of inorganic ions;
k=X ai 4 i,

where k is EC, ai is activity of ion or ion-pare ', and A i is specific moler EC of ion or ionpare . By using the above
equation, it was revealed that SO4" produces many kinds of ion-pare compared to NO3 and CI' in the solution, and therefore
SO4” relatively depresses the increase of the value of EC and the osmotic pressure.

Tow-rowed-barley was grown in pots, in which the organic fertilizer and phosphorus fertilizer ( Superphosphate)
were applied in the wide range, and ionic components in soil solution were continually measured during the period of plant
glowing. The influences of fertilizers and contents in soil on major ions concentration of soil solution were revealed as follows:

(i) CI; the organic fertilizer, NO3 soil content and organic fertilizer, SO4™; superphosphate, Ca™; soil content and
superphosphate, Mg’ soil content, organic fertilizer and superphosphate, K'; organic fertilizer, Na", organic fertilizer and
superphosphate. By analyzing ionic components of soil solution continuously, it was revealed that anions were absorbed by the
plants' roots in the order of NO3'> CI'> SQ4". Furthermore SO4” was released from solid phase immediately after the absorp-
tion of NO3" and CI' by the plants' roots, and hence it depresses the decrease of total ion concentration in soil solution. This

process was considered to be a buffering action to keep ionic strength in soil solution stable.
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4. Annually recurred vertical movement of water and NO3' in the Andosols

The ionic concentration influences the movement of ions. The annually recurred vertical movements of ions were
investigated by measuring ionic concentration of soil solution, and the results were analyzed with many factors that influence the
ionic movement.

Lettuce and tworowed-varley have been cultivated for approximately 3 years from September in 1988 to June in
1991 at the Andosols field, and the matric potential and the concentration of principal ions in soil solution from the surface to
100cm depth were measured continuously.

In the case of the application of a fertilizer including sulfate, NO3 moved downward with a clear peak, and it
reached the depth of 100cm when approximately | year has passed after application. Whereas, in the case of the application of
fertilizer including chloride, NO3" moved downward faster, and it tended to remain as an adsorbate and was spread within a
pedon. This differences was considered to be attributable to the difference between NO3-SO4™ and NO3-Cl interaction in
adsorption to soil colloidal surface. '

The annual average of the amount of infiltration determined by subtracting the precipitation from the
evapotranspiration during 3 years was 629mmy’ ~ The NO3  concentration in the infiltrated water was calculated by the
assumption that the amount of nonrecovered applied nitrogen was dissolved homogeneously within a pedon. The nitrogen

environmental permitted capacity in the vegetable and barley cultivated fields was estimated as 260-300kgha'y” by comparing

with the criterion of drinking water i.e. 0.71mM (1mgNL") .

5.  Discussion for the soil management techniques in Andosols

Since an amount of cation adsorption is larger than that of anion adsorption in practical pH range of Andosols, the
ion concentration of soil solution must be defined by the anionic content. Therefore, it is considered that the evaluation of
anions' behavior in soil is important. Based on the results by the surface complexation model, anion adsorptionon Andosols was
attributed to the productsof surface complexation, and the differences between anion ic species in terms of adsorption strength
were brought by the differences of the complexation constants. The product of surface complexation of anionic species results
in the increase in the cation adsorption and the decrease in the other anion adsorption. The former complexation process is
appreciable in terms of the improvement of soil fertility, while the latter implies a decline of buffering capacity. These phenom-
ena is important in regarding the application and leaching of nitrogen. Furthermore, an inhibition effect of anion adsorption was
ascertained by surface complexation of phosphorus ion  with soil colloidal surface. This fact shows that the charge
characteristics of cultivated soil can be strongly affected by the phosphorus accumulation, and hence the degree of phosphorus
accumulation should be evaluated in terms not only of soil fertility but also of cation exchange capacity and of the amount of
anion leaching.

The NO3' concentration of soil solution pertinent to vegetables was determined as 7 - 20mM. The NO3 concentration
of soil solution was calculated based on the amount of nitrogen application and the nitrogen adsorption characteristics of the soil
before it was compared with the pertinent value. The application corresponding to one time fertilization (in split multiple
fertilization) result in the exceeding 20mM in the case of non-Andosols, while even the application corresponding to whole ferti-
lization enough to be satisfied with one cultivation keeps less than 20mM in the case of Andosols in which the maximum
nitrogen adsorption content is 22cmolkg’. Based on these assumptions, it was considered that a slight difference of nitrogen
adsorption capacity results in a larger difference of NO3 concentration and the nitrogen environmental permitted capacity.

Regarding the phenomena in which the amount of SO4" adsorption is relatively larger and the adsorption is

accelerated by the increase of ionic strength, SO4” should be appreciated as a buffering capacity against the changes in ionic
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strength of soil solution. These phenomena occur when NO3 concentration is increased by the application of nitrogen fertilizers
and soil solution is concentrated in drying process. The decrease of NO3' concentration caused by absorption of plants' roots
results in the release of SO4> from solid phase, and hence the decline of ionic strength can be inhibited. Absorption of SO4” is
less preferred by plant' roots, and SO4” tend to remain in soilsolution until the end of plant growth. Therefore, this fact must be
appreciated as a kind of buffering action. Furthermore, production of ion-pares of SO4” with many kinds of cationic species in
the soil solution suppresses the increasing ionic strength. In these regards, the existence of SO4” in soil is appreciated as a
regulator of ionic strength of soil solution.

Most of Andosols are located in upland fields and the layer is thick, i.e. a few-20m, and the level of underground
water is deep. i.e. 10 - 20m. Therefore, Andosols are able to retain large quantity of anions coupled with relatively large
adsorption capacity per weight. This characteristics can contribute to decrease the anions' effusion to the environment through
an underground water. However, in order to reveal the actual circumstances in more detail, the investigation on anion adsorption

characteristics and the contents of anions absorbed on soils at surface layer to underground water level should be carried out.
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黒ボク土における養水分移動と作物生育に関する

土壌溶液論的研究

Chemical　Themodynamic　Studies　on　Movement　ofNutrients　and　Water

　　　　　　　Related　to　Plant　Growth　in　Andosols

　亀和田國彦

Kunlhlko　KAMEWADA

　作物生産と環境保全の両面から，黒ボク士における適切な

i二壌・養分管理法を明らかにするため，

黒ボク1二のイオン吸着特性を解析し，その結果に基づいてL壌溶液のイオン組成の変化を説明し，

さらにそれが作物生育，ヒ層内での養分の垂直移動および垂直分布に及ぼす影響を推論した．黒ボ

ク1二の陰イオン吸着能はSO42r〉〉Cl−〉NO3ーという関係にあった。測定結果を表面錯体生成モデルの一

種である「4面モデル」によって解析し，陰イオンはコロイド表面での表面錯体の生成によって吸着し，

吸着能の違いは表面錯体生成定数の違いがもたらしたと推論した．SO42『とNO3

が共存する系では，

SO42

濃度び）

ヒ昇によってNO3’吸着量は低下し，

一方，NO3濃度のh昇によってSO42吸着量は増

加した．この相圧作用も「4面モデル」によって説明が可能であり，この機能を液相のイオン濃度，浸

透圧およびpHに対するレギュレータ…として評価した．陰イオン間の吸着の相互作用は1：層内での

NO3

の移動に毛）影響し，硫酸系肥料を施用した場合，浸透水のド降に伴うNO3『のド降時に明瞭な濃

度ピ…クを形成したのに対し，塩化物系肥料ではi層内全体に分散する傾向を示した。作物の生育

過程で，、1二壌溶液のNO3’およびcr濃度の低ドに応じて，吸着態SO42

が固相から液相に放出され，

i二壌溶液イオン濃度に対するレギュレーション機能が作用しているこ．とを確認した．トウモロコシ，トマ

ト，レタスおよびメロンの生育に対し，i二壌溶液のNO3濃度は7から20mMが適1E範囲と判断した，

f：

壌溶液のECならびに浸透圧は主要な無機イオンの活動度と極限モル電導率の積から計算できるこ

とを示し，さらに本法による検討結果から，SO42は，NO3

やCITに比べて陽イオンとのイオンペア生成

量が多く，溶液のECおよび浸透圧をヒ昇させにくいことを確認した．近年の

iこ壌調査結果からりん

酸およびカリウムの増加とカルシウムの減少傾向が見いだされ，L壌管理の調査結果に基づいて作

成したバランスシートから，IL壌管理に起因することを示した．また黒ボク

Lで，りん酸は作土層に，

SO42’は耕盤および耕盤ド層に集積しやすいことを示した．黒ボク土へのリン酸蓄積は陰イオン吸着量

の低下と陽イオン吸着量の増加をもたらし，これは，リン酸の表面錯体の生成によりコロイド表面に負

荷電が生じた結果と推論した．

キーワー尺黒ボク

L，上壌溶液，イオン吸着，荷電特性，表面錯体，4面モデル，硫酸イオン，

　　　　　　硝酸イオン，リン酸蓄積，電気電導率，浸透圧，pH緩衝能，窒素環境容量

κ砂擢07‘お；Andosols，Soil　Solution，Ion　adsorption，Charge　characteristics，Su丘ace　complexation，

　　　　　Four　plane　mode｝，Sulfate　lon，Nitrate　ion，Phosphate　accumulation，Electrical　conductivity，
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