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NI FER—TAAHy TRV EEAREEEOER M
B 4 X B o &E W =3 —xx ok K OB éﬁ****

(19874 1 A 8 HZH)

B BT HEROKD B VIIEERSSOERLBHT 5700, K—F7A€7
Ly ke TERAWEBRTE,/R3EC L2 HEARREEFRRL, JORBEONESE
FHERS L UFAEERBCSLTRAL, L TUTOZ 2B I,

+#ktoH, K, Na, Ca, Mg (EMEDBE %), Cl, Br, F, Hil, 7ok
B, L B ORAACOTNVITEDOS Y FEABEIBBURRFTINSAA D
BEHCEBATE D I Lo, L, Y BOERNIHE (HAERC X 38A
BWARTEECH -1, HREBLWEBERA L 25, EE20~300cm, * 7-gafl» 5
pF2 5OEWHEAO LBALIFIT 272, HBAE T LS THEOERA 4 > 2REL, HHTE
OEBET~T. Wiz BT 2 RERS OBESHt - DXty o HRICHBITE 7, RE
KO MR Ty - - #RAK (water channeling) 12882 5 h ¥, L T 2 FHEH
Liztsh e ZOESE D RO 6 ot, &7z, FIEEORS | ERFEMN BEL

HESEEHC 2L THRIT L2,

FHEBIUEFOMOBRMRERERALT, #—FRLF v rhy TEAVLEENT
BARIERREL, 27, EBCSATAES0EERCOVWTLERL,

I. # &

B BLT, TERBLVHTFABEL DR
X, %7MERSEOLEPTOBELERT S20,
K—5 A%y FEAV HHARIEENER, FH
NTVB, IDOFE—FAA v 7% v L3k EREE (B
F, PCEEWVS) ik, ¥HBriggss (1904) WL DRE
N, BEEOHEEYSUKROEEL LIFARDRIER
wRIZTEEEAOCRE (Kapp, 1937) KREBE I KT,
Krone® (1952) 12 T35 5 8k v 7 ~OKBIRE &~
PCEDHEREE*HBL L. UR, FRKORE
(Wagner, 1962), #4rDO#Ht (Reeved, 1965), Bk
2k ATERE ORI/ (Wolff, 1967), thititEEE&H O

“FR/XOEFIIEFISEE 4 B i BFELBEHFERER
2 (+HAkOBHEROME (£2, 3#)) TRRLL,
s A EHNST TR BNIERL (IBAI624E 4 A & VW B BREF K
vy FRR)
e BRHE  ERER A AE SR
e BRI AH TR

BRAMERL & 1R IC & 2 % (Long, 1978), & ¥ OEF5LH
BRERBIZBVLWLNRT &7, bMBETE, PCEOF/NES
A, SEORESDW (RE)e, 1973 £,
1979), +HoF| FTEHERI T B L SiA O 1 A > MBEEH
#E(EHES, 1982 HFHS, 1982), FREIOMTEE
BOHA (KRS, 1983), RECHVWSRTET,
D& CPCERFAESRRCL (CAREINLE
v, TOFERYEL-> TOREAMEFRECS >
THOMEEEINATL S, BEEOEL S, FKE
BR-FRAEF Iy 2 Ay TTHRE, R¥»SDKST
BWHIC & 215 (Wolff, 1967), 53, FEHOFED
4 F VAEHERC & B4 A 2 OFE:EY (permeability) D
4% (Eaton®, 1960 ; England, 1974) #SFER 2T
w3, —H, VEEOE? S, EHOKSEREEIC
WoTHBEBOHy THhoBAKERTLEIRR
(water channeling (Hansen &, 1975 Shaffer 5,
1979) )%, FIBADBAEEHEREVAHE D RL 5y R E IC K
b2 Riz+E% (Hansens, 1975), #L T, REFER
HOR-FAAhy FICHITE D EUCHAKESETT S
(plugging (Hansen 5, 1975) | clogging (Krone &,
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1952)), ruwiolEMEREh TS,

L, boEIZBWT, BFAES TPCEIC LD 138
KERRE T 2047 0 EREEOHERB L FEREOHR
BETo®ERFRE RV, b, BRESGOMT
BEEYRET IO, BIESPHESE T 1 v A
Yy —TRELEBEIBOAT VS (KEHS, 1983),
Z 2 THEH T, PCHICET S HAEBOMERED S AT
BERAMAERNERS I UMW - O FSNEBHBRICB
THE»DHFOERBEERRY Lz, BB ELFHs
I UEHEES I DLW TEEBRT -2,

1. BRHE

1. HUKHREEE

(1) EESHOWE

HREBRAE— 1 T LT, Bk v )& BED):
T4y —BrbLiFhAEkYy T EE (Bl =
VBN B DTS (BT, IREEREL D),
ENYARC L THEKEY » THOBESE D, BK
H* v+ 7 ) —Bo)rHAAAED: 7y 7RICE-
+3kE 2 ABUTCEBAAROE T, RE ImDA
FLUABME T rET ) B L VEL L DESLRD
rod v TRESC X BT 5, BRAMEC &5
., R TITLEREEL, REOAAOW=ERF2Iv 7%
BET 2, JLBROI VI VEITLREEX Yy v 7
® ke, TakgoRELSAhnRE D CEE
LTBLHDOF» v 7, AA=ZHI» 70 LBRA

[ ATAT &) T 8

BK—1

F45 (1988)

=Ha v oG): #iEs, ABAY T4 RAG) TN
FEEEE TR, AR i KBRLCatbAER
FEwt 5. HKENERY 7K QEERAEEALR Y
FOF 2—7HRBOEO% j DXAAOKEIAAAY 3
4 PERYfTIALD, a L bDERNEMELT, a
Wor-tHAEh IVENT 2, ZnbAicatbit
BRICHERT O TBSEELTHAY FRIALOBDH
3,
IOEBIIEE S KERLETEROBIOb LIZR
ELEBMTHE,K— 1 0EBCETOEEELMALILO
HEWHE % B L7 — RN RS DIK—3900 & L
TEFEEH (No, 628172) S KEEILTHEML 1983
EpSHEREIN TS,

(2) HkAv 7
FEBOEKS v FIBALRTNVEFES v (LT,
AL 7rw3) 7> o4 A—y HOHKRMET, FH
W7 FEORET 1 EOFYERI6SE, KT,
AL 0,90%, SiO, 5%, CaO:MgO4 %, ZDf1 %
&% D, FHHEE2umTH 5,

nE, Hy 7ObEEESGET 2D, 11, 4., (DD
FRIIBOLTE, YAREDOXIIvrhy 7oHEREL
tro TAEBH YT (UTF, SIHyFEnd) ERy b
RREADBFHECALNITRETH S, Fitidy
A BMEORTT 1 EOEYEEL, KTiE, ALO,
9%, Si0, 78%, Ca0 10%, Mg02%, o1 %
5% 5,

a DK 7 (FEISX 70mm, AIFE13mm)
b :# & (5EE18mm)
c LHEAKBEX Ty —F
d AT L ZARBE (AR om)
e I HARME
fooz (L) ars)
g TLBRBEEX T
h:ZkKa. 7 (%%xH)

i " (@%HA)

il Ty K7 (IR

k DHAKBEMEER 7 (H&ERH)
1B F R YL (5RE20mm)

THEEREREERE
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2. iREROFERAZNBRE
HREBOFAZOBERMUTOEY Chote, T4
bbb, FRGCE—10a~i DHBERBATREL
Teotz, ANy T HEBOHETHRBLIZOOEEA
Uiz, SRS BERT 5700, " FRIUA (®—1,
D #HEWCTENOES £ CrdcEBE A RE D HIVE
PEAL, HIEOHEBOT #TOFESBEZI TETE
CEHRE DI, TLRIC2EOETAS L URAHE %
BEsE, BEOXRKCAF L VAHELTIEFrET
) —EERY T (E—1, c~f), IRERRERNIC
A, TLRELTZOMICEES +v 7 2EH,
wkEEIR, BEEF IV -F (®—1, )
VFARTEBLT, BRERE GEH40anHg) L
=Hawv s 2Lk, 4~ 5Kk, AREEECE
BEHATEANESZ (B—1, k) 2H0, BREF
VITHEL, RERENCEEL 2Kk BKA=
Iy 7 XKL WY HLEDOBEmMIZETEOR
O1FAEMBEROEE Y 7 AR 1 T VHRICEREX
L7,

3. A E
HBAkFOH ) v a (K), #Aryos (Ca), =74
v n (Mg), #& (Fe), v>#H > (Mn) i&, 7V —4
BEREE LD, 7Ari=v s (AD), 7oi (Cr),
(¥, 1986), €LV > (Se) (HFH5S, 1980), X7 Vv —
LVABRFRNEIZL D, F U YA (Na) 3RS
L0, uwFhb ATIS-THRNY — v FEFBLLER
WEDHIEL, B, K, Ca, Mg, Na® 3SR T
3, THmEF s LTA Mo rFva (Sr) 2RBAKIC
Sr& L T1250ppmivmL 7z, H¥ECD, A% Br), 7 v
% (F), %, BBOZA A B3AL 70~ b7
7 4 — {Dionextt#EF110) ickH, )V rBI7o—
AV 2ryavk (BRAGFHRMBEERICTE
BEFICS-10%) (BEF, 1983) icL D EnFnBIEL .,
AFE (H) 414 BERY 7 ABEpHA -5 - LD H
ERMATR, WINBOEETRII -7,

4, EAXK

(1) kb v 785 5 OEBR S O KEH
KEARERORAY v Z7ORROKICY U 2T 0488
(EBANTE) 21, ALY v 71 h-> Tz HER
A (BT, AEv3) #930mld A - /- 5 BS0mIDOBAE S
FANIBEMTHIOMIOESE TH v THEER LR
WL SIA v 7T, 7y 72 AFI300mIDA - 1B R
S00mIO S BIA SR I AN 3ERICKI0mMIOE S TH v
THEBERSERL 72, £7-, BB BERaNTS Y

DT EOHFIEBFKTHEMENTL 503, HHI
L NEJRTLIENED, FOLEBHLLDAF VT
BT s EEBSELONLDT, ALYy 7 ESIA Y
FizouT, BEEFEKkOREENATHAIEE 1ES v
FREE (35C, 8B L, 20®OA v IS DA
4 v OKRBHEE AR, FREOBEEDO 9 B
(K, Na, Ca, Mg, Al, Cl, F, ik, W) BETH
EL,

(2) BT Ih VBB L BRKAE v THRERIER

HiE Q) OEB L O, KD v THhoDEMA A O
HIBATH L, 2 KRDABSTRED CERRHEE2E
T2 EmHEEL, £, HEEEBCEVWLIR-FR
How e UTit, ALY v 75SIHh v 7 & 0 EB S B
HEHA I, BEERIC L BEo Tl

22T, DTOEBTIE, ALYy 704 EHRELT
05N KB F b U ABHK 05N BBEERIC L 5 8%H
R E TR, READOALY v 7 2{HEHHAL, 200ml
DT NHVBRC—BELEZCEHEEREL Ty 7%
BRLESE L, DT, 200mlDKICEBHKL, 128FH
B2 WS L, COKESEIEfT>THroM
WizE 2, IR BES L 4 EOKEREIT> 7,
Akipwbo 7THEH F 4>~ (K, Na, Ca, Mg, Fe,
Mn, Al 2V TREZREL L,

(3) WEEESOF—F RH v T ERME

BB RGO HIRBEHIOEWEBR Y 2 S UER LS
Zi:0, 1, 5, TH~XZMELHED20cm & 250cmBE S 52 5
FHRIZLES RO TR ERFKEE £ AV TR 72,
X 20emD LEARO BN BE X, RICOEEEZ
GESB0mDFNELBL TEr oz, £z, TR0
FBARIZE, VY, Ly, Zus0RERRERA
UFThot. INSTROA v FEREEES 120,
FE&20em0 LK) B (FFE D NaH.PO, - 24H,0
), L B (A% Na,Se0,), RU'7usls FHE:
Na,CrO, - 4H,0) % 2ERBECHRML R ER/HEL
72 CHUSAZ U OENMEIR—6ICRLIZEBIT
5,

BB LIALY v 7O EBEOSIC Y 3 T A
BOAELED, E—F —HNOKPI0~152EL, & ¥
FHEREICLT, H30miokE 2BEL 7, 1)ES
250cmD HIBREE I Ay TEB L, BETH v 7 1 A
72 0 ¥925ml¥ 0 6 B4 E L CEETEEFERL 2,
)RR ALETS Y v ek L 72, S 20omd T
BT v TEBL, FRIC6ESOERKEEET
BEL 7z, di)DVT, i) EEMERFETIE A %
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BE 2 BB THEML 7 LERERIC DB T S, 6ERND
FRRAEE B, iv) BERHEPOI3ES (H, K,
Na, Ca, Mg, Cl, Br, F, m48, Wils, VB, €L
VB, 7oLk OBEEHEL,

(4) THEAREEPOKBEIBIIZTRIIERLD

-2

+EARD S v FTH~DBAREE & B R OB
ErFA~LENT, BERSORERF L L TKEEEL
L, BARE L L THIHRS|E (Po) #&LLUEOL
FATKMELELERDLEREUTOL S 1T 72
ESERBROBTS R (RERHEEE R 7 LLIC, A&
B 7K 4r15.3%) 10kg izt L T, K49.2ppm (A3 : KBr)
DEBELL, 60, BLEME, L<BEL, 2THD1
F—AEy FEFRL, T ICFEEEFES 10enZE
HBELTIAKEL 2, #EO TFAREZPo % 40cm
Hgt LT 2 Bk ic BB A ML, HE, RELHFH~
72. 2 [BIHAKEIZPo% 10cmHg?> 560cmHg £ TE{L &
o, 37 EFSAKRRERL T, T KRE £
CEDEIELT,

(5) #EAmEREGHEAREBECS LZTESF

HIRENEAEZ LTS, BRI HARD
2t & BEI Rk TR T AEEE (DUTER KB m R &
W) REB0, UTOERET- 7,

4, WEEBCEEERLI0g 2 FRD 17—V
Ko bicEn, B—108E2BALELE =L ECE
AT KER Y ES10em iz RE U7, FEERICHS K
ARIWECAT LA AEBR L NERLT,

AROBEE e LIZTEERE L TE, ¥FIHA
E(Po), THnEKkE, HROMENE X UTHEMEKRE
%, MEEATRER, vy TOAEBIUELNELON
3, EEBICBIT5 NS BROBREBEIZROLBIT
b5,

Po=40cmHg

T3 EAKFE=39% (pFL.8)

BB K EH=3.4X10%m/sec (SLER19IC & B HEE

&)
HEERAR=153cm® (BREBRCHEEOES 100
cm: LIcREDME - ALY v
7 DR

5. MHEE

(1) BRBROBERAEBEORE

ERSRER 1 BB B RO B TIT5 72,
+i34, WAL TH 3, BHXD-1HBDOE £ 350cm
§ TOHIBNERE T LB IR T, REDR

B 45 (1988)

[BHE T KAIIZ S 5 4 BOAED 5240em & FIE S ST Lo
2 (BEPHMLE|MPE:, 1984), BHuXP#X19795 18
BE BE L D RE—NEEMERIC X 2 H—REH
5EMEMmS W, HIEREIZ1980E, S BOKREFL
K/NE R 7 0L F W3-10-108 & AR K} £100keg/10a &
6-9-6 S AEE % 60kg/10a k 2357 h & WD A THEE
ERtr, HORBRIBARHCRIESRC L 2HED
Pl BRIV OB EMMR TITo 72, KB, IZOM
X OREAR 12 1980E AT 2 b Tz, 1982612, H
H, MICEAEESREL, 6 H6H, HHOES20,
40, 50, 60, 80, 100, 150, 200, 250, 300cm®DfiiE Iz
RERZhFh—&TOERL, 6 1085 5FH%S
F40cmHgD &4 THBAERR L 2. 7H 9 B, MEH
WZBWT, 20, 40, 60, 80, 200, 300cmDEZIZEFNE
h3&E, %77, 50, 100, 150, 250cmDES ZENENLT
ECHIE P HE L, 7, HEkS L BRAKEEDORER
PE~BH, BRBRNICT VA A—F —%ES20,
40, 50, 60, 80, 100, 150, 200, 250, 300cmD G %
NEN1EFTOREL 7o, HEKERER E ASHIE R, &
By kr—EMEH, 2:83KA, 38E2~3H
B, 35 FALRIGEIZ 1~ 2 BIFEOASREC
P - CRERFERAK L 72,

(2) ®—3 AH v FEEFE OSBRI L 5 HHRPHK
7y D M LLEB

PR L D —WENCAV SR TV 2B EE THRL
7o HMBEPORSWME &, APk EEEEE THERL
72 EBARORSMEL BT 5729, UTORREZ
fTo7z,

BIERRE, 2EUEEEALINIET A, it
(ZHERE L7 20, 50, 100emDERIE £ EL Tk E
L, B ENELBY L, 2y TRAZOEE
H|ELL 7, EEEicowTI, ERFHCERELRELT
BE =20, 80, 200, 300cmd LA EERENT 5—F, W
GRRE L rEEE LS EE A — V-2 AR, B
UES OIS, > IR L 72, MR- 1HE, B
5 1zpF3.1% 72132 TS O IR CE0 IR LT L,
FHWEE AR L 72, DWT, TkE X UTREEF
DERSBERAE LT,

(3) BAKBABESHEARERECELZTES

PCE:IZ & 2 T HBAERE TCRERNEN O AEZE MR
BanTtusBiREABRIEMLTWZITTHSL, £
DETEOGESIEEL S Z L3 THKBERRT 72
DI PHBTH D, EROEESRETEIORERESL
FLLEBREBE AL -, 22T, BAKREAE



EED TN FER-F A Ay AV EHKRREBROE BN

LRABOBREBES »ICT B DU TOHEB LT 72,
Thbb, 19829 A9 51281200 T, EEMBOBES
20, 40, 50, 60, 80, 100, 150, 200, 250, 300cmiZ %#
FhEBLERED S 5 BERKNo. 10RNES 1 &K
FRCT, BAREBERMEELL L 2ORARS L UK
KERMOFREARZE LIT, BEcvS) 2HERE
ZELI3BEIME L o, kM, 4., BIEELCTH S,
BohkF—ryroMEBEAR - FAE, REBKKRE
DR E—XRATERL, HEGERERD,

M. R LU

1. ERRR
(1) %y 7DoDHHEL

203

BokA v TR S OEFOKBHOBERY, £—1,
2, 3, 4IZRL, Ay 7oA FA4  RES,
REHFER400mID & & (0618) BT 2 L, Sl
TOHBALA vy 7L O Na®2BRELThOA A ViIZBE WL
TH (Cal76fE~KL1.3f%) o7, 7=+ Ti, AL
Ay FTTIREEN o FMBSIA v P ok & h,
EH6l4mIAKIEH L & 228V T HFiz0.7lppm & W
ITFCRAEINS 2MEL RV BT, DX
By THoDT =F LIEHRE S RINREETTALS v
Z487ml, SI#H v 7614mldD & & (BT 2 &, SlA v 7
DFEBALA Y 7LD LFRhOA A IZBWTYH (SO,
21E~C181E) B o7z,

F7o, BUEGHEEIZ L DR 5 ORSEHOBIMGR

-1 TLVIFHEAIVT (ALA v 7)) 0607 F4 U iEHOEL
R & ¥ Ft K Na Ca Mg Al
(ml) (ppm)
15 15 2.85 19.1 0.20 0.05 341.4
15 30 2.30 7.0 0.25 0.08 233.7
15 45 2.45 6.9 0.50 0.18 498.8
16 61 2.48 4.8 0.98 0.35 308.1
15 76 1.23 4.5 0.83 0.28 1.28
14 90 1.45 4.9 0.88 0.25 0.042
16 106 0.98 5.2 0.48 0.14 0.045
16 122 1.00 3.2 1.11 0.23 .109
32 153 1.74 3.0 0.81 0.24 163
32 185 0.77 2.3 0.70 0.21 2.94
32 217 0.60 0.86 0.58 0.13 0.350
28 245 0.89 1.5 0.09 0.10 0.003
28 273 0.67 1.0 0.08 0.11 0.006
28 301 0.45 0.30 0.05 0.08 0.001
29 330 0.32 0.48 0.02 0.06 0.001
22 352 0.19 0.11 0.00 0.06 nd.
24 376 0.79 3.5 0.71 0.09 nd.
32 408 0.70 3.4 0.60 0.07 nd.
29 437 0.54 2.6 0.60 0.07 nd.
19 456 0.49 2.8 0.60 0.07 nd.
31 487 0.50 1.9 0.70 0.12 nd.
31 518 0.24 1.7 0.06 0.05 0.153
32 550 0.21 1.0 0.15 0.09 0.020
32 582 0.28 1.5 0.23 0.13 0.005
31 613 0.22 0.52 0.11 0.07 0.007
235 [URE— DAy TEISCT S EHEEL L 1,
2 nd. : <0.00lppm
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»oRtcd, FOEERSIH Y TOHMBALY y LD #—2 TNIFHEAYT (ALIYT)
K< (BICMg), L bRESEL L LD BEBOSED 25T =A L BHOEL

STz, TOX DT, AL v FOHHSIA v 7 & D B HRE & | C NO, 30, F
LT <, kA 7L TELTWA LERENS, (ml) (ppm)

AL» v 7ORENR 1T £, MgeClazk<{K, 15 15 | 386 0.41 3.7 nd.
Na, Ca, Al, %, HEORS T, BLBHELD L 15 30 | 195 0.22 0.63 "
BEDHSN(FE—1, 2), Lirl, KEHEREL S 15 45 152 0.53 0.3 g
COTHORSREEEL CBLSL, RELEOKER 16 61| 18 0.53  0.52 4
INE B T ESHESD BT, S5IALY v T DM ii’ Z;g 12(3) g;g gjz i’

. . N
=0 2@?L‘/ﬁﬁé@)ﬂﬁiﬂﬂbffﬁiﬁiﬁﬁjc:%J:&i"s“%@i;t 16 106 . . 1 .
IEWEE XD, 16 122 4 ! % 4

b P E e DT A A WED LR, THEHE  —orooreeee oo
OB > CEIES NG LEL BN D, I :

e _ N 32 185 6.3 2.4 0.29 »
HRTOTED T BE 2 DV TKobga (1959) (3, I 917 0 1 0.92 )
Ca, 50ppm ; K=Na=S, nx10ppm ; Mg, 10ppm : 28 ------ 2 5 ------- 39 ----------------------- é ................
4 . 1.7 0.3 Vi
Fe=Al, n ppm ; Mn=Br, lppm ;Cl, nX10 'ppm ;
Fe piﬁibf ZpoJ s szp?éﬂj 28 273 | 3.3 017 0.1 y
3 B 3
, 0.1ppm, & Wa, v TS DS 28 301 3 s . .

DRBER b, ny TEROGLDKTEERBTN 99 35 | g N . .
i, v < b K, Na, Ca, Mg, Al, BRBB\C D\ 77 i oo e e e
i1, TEEBETOTEROFEEFERDLD 1T EXR 29 437 1.8 0034  0.16 nd.

DT, ALA v 7% 7 AR & — 42D LK s as7 | 1 5 . s

CEETELEEZ BN, 31 518 1.6 0.043 0.11 nd.
@) Ay TOB, TAY EENR - Sy FEIFCT 8 BRIREE L 72,
FAH ) B EBEBRTALY v RS U, B 2. L oWEEE,

oK TCEESNG THEAF AL ORBODWERER 3. nd :<0.0lppm

3 rAREEHy T Slhv7) »oDHFALERFOBEL

R E ¥ F K Na Ca Mg Al
(ml) (ppm)
36 36 12.0 7.5 554 93.8 27.8
25 61 4.28 1.6 408 18.8 11.8
80 141 1.32 0.36 174 2.30 0.857
34 175 0.84 0.22 50.2 1.90 0.275
38 213 0.72 0.24 25.3 4.14 0.289
24 237 0.58 0.16 18.5 3.56 0.329
84 321 0.68 0.20 15.7 2.92 0.352
18 339 0.76 0.2 14.8 6.16 0.327
38 377 0.68 0.22 11.2 5.20 0.475
72 449 0.90 0.28 12.1 3.14 0.600
45 494 3.49 1.25 21.3 181 4
69 563 3.53 1.07 11.9 1.44 4
51 614 2.58 0.67 19.4 1.17 &
E1. - CHy TERICT BEFRIARL 72,

2. L ISR AR
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CSRE LT, TAN Y RE, JESOKKREPO MESETLTSD, EHALRELTEEREZNEE
K., Na, Ca, Mg, AlRE%Kk06L TEBEFFL /- L & Zohb,
ORSRE (F—1) BT E, KERFEHEIED Wolff (1967) &, #» v 72 HEMEHRRICKE-L,
FMENE o, BMEREO 3 EEAERE TR KEAKRRHELLTT 7> 27EERDER, K, Fe,
MgERAIEDOHIMEL 2D, 4EEARSBETRK Cl, HERIRERRO1ppm)UTTH-722% Na 0.6
rCallE b ETEDHEL B o7, ki, AlOME  ppm, Ca 3.6ppm, Mg 2.2ppm, Al 0.2ppm& 7% -
BUTE o ORBHSBCL VBRI DL E 1, RO 4 RS OBEIIWolff O EHHER O HihRE AR
Zoht, Lhl, KEREMEMNS s efnasic Bz (Cak Al H 2021040 1L E (NakMg)
OERRLES, ThoDRFITOHTORNERY

R4 TABHELYT SlHv7) BT b, 28, WollfOFE W4 v i3 2 T THEL
HHDT =F BREOEH 7-2HAyTDIL, FOTZ 2 7 ENNaDEIT L
= CatMgOREHNEHIHE <, T— 3OFERICELIL M
IR & | F NO, SO, a=he ; \
(ml) (ppm) BERLEZEDS, Slpy FIGFORH Th o7 L
36 36 | 464 156  nd 1608 Hans.
25 61 L Iy 3 3 U LEORR» S, ALY vy 7ORBICRT A2 ) B LV
80 141 21 4.4 nd. 368 BARKIC X 255, BUEREORESKICERTEDT
34175 18 4.1 nd. 98 WMEETHD LA L, £, WETREIVERCT
38 213 25 3.2 0.47 44 279, ALY v 7R ERERICBR L%, S 5RE
4 w1 2 22 0.70 2 THMEREBESES I LOEREND,
*1‘; 22; 25 0:’8 Of' il (3) FMRAHOH— A v FERE
58 377 2 0.43 0.39 43 ’f?"/@ALﬁ v 7ERBEERANRD f:&?,‘j:ixm:ﬁ i
7 449 2% 0.71 0.55 3.0 FEBL, 1E24~26mlT >, 4~ 6[EEBE %R
45 """" 494 """" 7 4183 """ 060 """""" & BL, 14 MELHELL, BonBRER-6L
69 563 10 1.10 0.28 39 m\b‘f:a AFDH vfﬁﬁ$\(gﬁxﬁ:@iﬁﬁﬂ¢ﬂ)'f
51 614 13 0.71 0.55 3.0 o MESHELHATOA A RETRLELE)
Bk®, Hy TERICL DA REOHE B L,
B e DAy 7 EIFCT 8 BERIAEEL 72, o .
5. nd (REOFU—FE-2wi0ERTER F—6ORRD 5, KCART 1)~v)DI L[S »
ol 1227,
3.3 IR P ERES T, ) VEERSHELL TN

£—5 v THEOR

K Na Ca Mg Fe Mn - Al
(ppm) *

0.5NKE{L+ rY v

LR TEHEER

KB 1 =8 1.18 248 0.30 0.02 0.00 0.00 0.26
2EH 0.14 10 0.94 0.04 0.00 0.00 0.20
3EIE 0.10 0.94 1.00 0.10 0.00 0.00 0.10

0.5NKIBH T Lk

KEBREE 1EH 0.30 0.79 9.29 0.13 0.26 0.01 1,394
2E8 0.07 0.04 1.17 0.03 0.00 0.00 618
3EH 0.19 0.06 0.29 0.02 0.00 0.00 1.62
4 [EH 0.06 0.00 0.10 0.00 0.00 0.00 0.25

* 1 Ay 72 {EE0mIOBREAC 2B 2 CaxEARELBRL R, 7y TRABEL BETORE,
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K6 AADOHE—-F Ay FEAEOHE

2 B m = e
5 * 1 2 3 4 5 6
6.97 6.57 6.52 6.48 6.49 6.55
q 250cm7k (107) (101} (100) ( 99) ( 99 (100)
P 20cmA 6.45 6.75 7.04 7.56 7.49 7.39
( 87) ( 91) ( 94) (101) (101) { 99)
ppm 0.45 0.29 0.23 0.25 0.20 0.22
Ko 250cm7k (205) (132) (105) (114) ( 91) (100)
20cmzk » 4.27 5.24 5.22 5.51 5.23 5.22
( 80) (98) ( 98) (103) ( 98) ( 98)
» 2.5 3.7 3.8 3.9 4.0 4.0
Na- 250cm7k (63) (93) (95 (98) (100) (100)
20cm7k P 6.0 6.8 6.8 7.7 7.1
( 83) (94) ( 94) (107) ( 99)
P 2.3 1.9 1.6 1.7 1.7 1.7
Cate 250cm7Ak (134) (108) (92) (97 ( 96) (99)
20cm7k » 27.3 35.7 35.7 36.3 6.4 37.8
(72) ( 94) (94) ( 96) ( 96) (100)
» 0.99 1.2 1.3 1.5 1.5 1.6
Mo+ 250cm7k ( 60) () (81) ( 88) (91) ( 96)
g 20em7 » 15.7 19.7 19.8 20.3 20.7 20.7
(76) (95) (" 96) ( 98) (100) (100)
NO," 250cm7k » 0.85 0.99 1.02 1.03
( 88) (103) (107) (107)
cl- » » 30.3 36.3 36.1 35.7
( 87) (104) (103) (102)
Br- » ppb 71 97 100 102
(7 ( 97) (100) (102)
F- » ppm 0.27 0.30 0.29 0.32
( 87 (97) (94 (103)
80, n » 0.14 0.16 0.15 0.16
( 89) (107) (100) 107
PO 250cm7k 0.0 0.0 0.0 0.02 0.21 0.52
+PO, 0.76 ppm ()] ()] (0] (2 (28) ( 52)
20cm7Ak 0.54 6.8 10.1 11.5 12.0 12.0
+PO, 12.9  ppm - ( 52) (79 ( 89) (93) (93)
Cr0,*- 20cm7k 78 101 101 101 101
+Cr 100 ppb (78 (101) (101) (101) (101)
20em7k 0.86 1.00 1.00 1.00
+Cr 1.00 ppm ( 86) (100) (100) (100)
Se0,* 20cm7Ak 91 105 99 103 96
+Se 100 ppb (91) (105) ("99) (103) ( 96)
20em7k 1.00 0.99 1.00 1.01
+Se 1.00 ppm (100) ( 99) (100) (101)

B, () BA% KEILEKTORELINE LSOy FERRTREOHE 2 ENE TR,
2. % 1EOEEKR24~26ml, B3PIHEL4cmHe
3. kS B I T ZEAT B HE K A4 00 2 % 20em & 250cm» 5 AU (DIK-39008) CH£RICHERL

720
TDA A HEBEI00% T, ) ERER T A EDHF AR, £ 1144
i)V rBOERFIIMA 4 I HR{E L, FiZ0.76 &0 2Mfi4 A S OEEBED Shiz,
pPmDIBE, B4ERAETY v BRIIRHEAY V)V BB LU 7 oA A Y OEREERE

Moz, TEHWEE X,
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v)K £ CanF&E:@RIZ, 250ecmDEBEDBS,
EIHKT100% Ll E 2R L 72,

VLED & 5z, E@H i EBROpHo M IcH 5
RO, AF4>E07=A>DH, £, 144 K
Bk D —AoFrEEECH -1, JRhiZELE
FHELRR—F Ay T 4 R EEFF->Tw
BB EEZONIMRBALY v 7TOA 4 o RBERIZ
HIZE L e » - 7248, Eaton (1960) 1322gD 4 v P A #
CEMAERII02me t BEL T3, T4bb, i)~v)
OBRRIE, 7y THBRELEI L L TDOA 4 KR
k244 OFRE - RHETR > LBROBENLHE
BN, Lhl, BREIREZLiE, ) rBOEEES
BRCBr-7 2 THZ, TORRALLTIE, 97
BTNVEFETHED, —HBOY  BETALI=T A
LREEL, AL EEZ NS,

D UBERLADERS DAy TEBER BB RREF
TH-7DT, ALY v 7B ERBEE O -8 AR
~DBABTELEEZONT, LL, ZITOER
BRT LI, ERFIRSBESELENEL, &7,
BEREHLE Iy, BBFI%CHE Tz, Lk
BoTC, ALY vy 7E2HOTTEAEERT 3i1cbio T
i3, PR TEAEZERL, RaofiEiTyn, 208
BRIECHEREEOREY, FNEEHOEMC L 5
RO LED TRBLETH 5,

nE, EAEOERI Ay LLTR, 7 2
(Long, 1978) °#ffg (Hossner®, 1972 ; #K, 1983)
B2k 505, ZhHIMEKRMRETORKEEI D, M
FETIBA LIS v,

(4) WEIEESLHATKMECRZTTER

Ky PCEML-BEERLIC49.2ppmO KBHK * 4,
6, 80 #h0% (8 ¢RIMEED+HAS M), FHR
3|EPo¥% 6 B3Iz E 2 THBAERWL, ZOKBER

1~2

BE Lz, ZORBR(ER— 7)) izxhiE, R—18Ako%k
#TikPo BV E RN EHEAKPOKIEL T OEE
0, ¥ HEASEEMTE, BRSUEOEVPOR T
KBERLREVEASRED S d, HEL#AkdoK
BE (A) 2RNMKHBIEFOATEH—CHFRI AL L
RELI:BOKBE (B) THRL, A/BEX*XD7, =
DA/BRA—TBAIERETHET 2 &, PosE< % 3
BEA/BEIZE» T ORKEL ->Tw3, 4 LKHNE

1HEOWRBTHEE T+ CFHIZREL Tugholz L
RETIUL, PorBVIZEFKEEHSEL, FHzEL
TubuEaeS{EAkL LHEBS NI,

Hansen & (1975) iz BI#SERER TIRACK B o5k P D
HRRE OB LIZTHREAR, Ty 7Y v rEe
BERAEEICEZ L, ThEERET 3720 RIEE -
EERETOFKSBLIVEL TV, ZITENH
RYBUOE 2T T8, BARREPoDREFILKRE (X
Ve Ry FEAOWAEEFVERT, LebiENcEL
WA TORKTH- 27 LEREN S,

HAEBRIBTEARTH-> T, Pox20emHgd Fiz
T3, BROSERHET TR, HFCLELZKE (FEES
DOFREFFI5mI) 2N TE o7, o T, BER
KHFE Lo TLRENED, HEAKLEBOBESK
B 3Poix30~40cmHghHE Y L R s iz,

(5) WAREREGHABIRIZTER

Ko FEBRTHE S N EKRERRE A ROMGRE
B— 2 em Ui, BkRISERARERERIC IS 2 23,
REEEA L & b ICZOMIMEIZETL, SEHEUEDORE
MBS TE» %D, BATKRISmICEL 2, 2
D& D2, WAROKER S IIRE I RERFEEAS 5.0
T, FEBERICL D L, KRB 5 ~ 6 B’
HYLrEZ 0Tz,

2. BRI

x—7 BEESIBERIKBRECSLIZTEE

BEIFIHE (Po)
1T E|AMKEE B 10cmHg 20cmHg 30cmHg 40cmHg 50cmHg 60cmHg
e <D Kmmd A/B Kmnd A/B KmmA) A/B Kpad) A/B Kmad) A/B Kmald) A/B
I B=35.6m — — 14.4 0.41 14.8 0.42 15.8 0.42 15.7 0.4 15.7 0.44
EKE3N% <4> <3 6 9 8 12 6
II B=47.0me 15.5 0.40 16.0 0.41 16.1 0.41 16.2 0.41 16.6 0.42 16.8 0.43
&KKL7% <6 16 28 41 56 68 84
I B=52.9mm 19.4 0.47 20.0 0.48 20.4 0.49 20.2 0.49 20.8 0.50 20.8 0.50
27KE53% (8 16 29 40 57 65 80

B 7S —54 > 2EE0HIEAFRE (m)
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Cmi1d
- SO -4
e

#

- 40 -
7 Fao .

20 e
B

-1 -

1 2 3 4 5 16 Chr)
ok oBOE R
H—2 HRECE » Bk E R o B MR

1+H EWEERL
&7k 1 39% (pFl.8)
BIFIEAREL ¢ 3.4 X 1075 cm/sec
HIHBSE © 40 cmHg
BHEEE © 110 cm ¥F

(NAR 153 an®)

(1) BKEizo0T

1) BAREOMBENERICOLWTOEER

HEBOESINCER L HARBE T v A A5
AL, AR EpFOBRE Y H v FORARELHBL
tro FORBREBAES S 7 (MBFEREER, 1982)
L HItE—3 R L:, pFidB kR LKL 72 BB%IC
HOPFOBKEL ERARIID L B 0T, TORKIER
BIZ ST H 57205, FTRD60mTIZpFELLS iz
< 720 (pF0.5~2.5), HEHAMPICHARTELRVWHIRR
Dol SSITHWD250cm& ¥ TRTIRHMTARCZEL
T3 LTS D (REPHCERRE, 1984), 207
», EOKERTT LEZ SN, FEEFR0~120ml/H O
KEHE SN, THSDERBREBRET D L, T
REBORARAILRAZPF2S5TH D, ZNULDE
KGRETOFEKIZEL L ERINT,

PCEIZBW 25 v 7HRADEKN IR, LRPOEH R
Fryvylbe b wrETF YL, BIUSY TR
DEFEICL-THEOINIET v VAR LB LE L
5N5, £25T, LENKTEMORETIRENRT
YNGR EELONLI LS IOBEREA Y TOE
FHRREWEIED 2 2OFAC L VRES LS, AIEIC
SLTH, BREAODRE (A=AHR) CRETIR
HraLF—BET s, KAREFTTHE, #=A#A L
Hic# < AEE, THROKZFOREZ»» 2 KIER
BLwirEZO>ALZDS, ZTOENZEOHEYN T AS
AHAFWLETFONE, TOLERRETIEE LR
BEhiy, BEEERDOROBFRSRIIT S (HBYE

ml
40

#

X
20F

80 480 %k

L

M—3 +HkiEkE, pF, MARBEKK

! 11 A
+E—e— 20cm AR —a— 20cm pFiE
X —e— 60cm HFAR —a— 60cm pFE
TE] —e— 250cm A —e— FAR

D

<

9

s, 1979),

h=2egcosa/ (pgR) 1
I ToRKEEROATCET 2 REERN T, T5dyn/
cm(20°C), aidEEEfS LIEITH, MEICL->TREDE
KT, BAMOBE, cosaldiFIZ1 TH 2, KDOHEpIZ
1g/cm®, KT € 13980cm/sec* TH 5, (DR I HD
BERA, stET 3L, QXnBohD,

h =0.153/R (2)
EEARd T, hdkoQHELTHRDbEND,
h =0.306/d {3)

Thabb, AL Y TOFEAELIZ2.0umTH S
25, pFREELETIEI 18RS, (o T, #EH v 7
BRIREOELSAB L, +OREKEEZRRL TSI
Lkt BBRBRICBOLTHEREEBEC X 0 BENICE
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WMTCELAET Vv VPPF25E T TH DR, A v
ZIEOMICH v FRE E ERTF L OBEMMN B L URE
OREMH R PROBEBEBTwR EEZ ST,
ERBOBE(|FE L, Pok40cmHg & L7: DT, ESIFHD
& 13pF2.74 (Po=30cmHgTi3pF2.61) ¥ TOKHHEREL S
Naz iz sd, EBZRpF2588KO LB TH->
720 COEEE L THBEEBORS BB TEAAD
BHPofEH40cmHg TH o722 LT H, TOHK, BIEHN~
DARDOBEIZ L VIRAEREMET T 2, 2T, »v
TEHOATEEOT— I L2 EEEDOETHE X,
IO DRAKEESEREICE L ko L EZ SN,
BEOFERICOVWTHERD 2) TERT 3,

7B, B—32B0nT60mESDINEHRENSIIAR
FOIARB—ELpFEI L2 b e T, KEEH
L, »oVRTH-T, TOERTIE, BAREERT
2%, HE#, 10BL EHEL THALR, 728K
BEOBEIX 0emHgE TETL Tl 2h S DEFAKEA
2EZ2LE, —BA vy 7RICAS 1 KEH v 7HE
EOETE b cHUIEPARoc b ELON D, B
FE#s o 8ok TORBRMRZ, sidoRy bEFAE
BORRLHEELL L, ZHAEKBOHS 5~ 6 55
MNEFLEE 2 LY, BRSBTS LRARERET
E20RETR, REFRFENERL 75 -0BHBE
BERTOD, BE2LRABORESY > 7 2AVIE
E-BE|E1EN T3 (Reeve, 1965), ZD& 5 i
&, 1E8F»6SROTFAZERL TX, RFRED
EEHYHROAIRECERELEE523 2 8EION
2, TREILET 210, FARM—FiILEdL, HE
fcipAka b 2 BBEFFE I EBEE L,

2) HAREBERHESRARIERECE LZTEF

PCit Iz & 2 DIAEREGE T, FRENOREE R
BHIhToah X DRkESENL v, BTE &
B TIEERE R~ O KO 2% RO W EE
BHETL T E—FEDEAEE L 2> THRKkORE
BikxzrELSNE, #IT, HEBFEROBE (R
—8) 253k, HAR (Y) tHEEHK (X) OB
ik, EE300mERE, 3T~ TEOHBER I H >
f2o BFE (Y) LHEHEH (X) OBFRVINLLAD
B H - 708, BV EBBMR I E S 300D & TH -
Tz B 1 HEOES20, 100, 300cm®FEIHOKR I £
n#¥n3.3, 58.3, 136miTHH, 71 HEROKRES 4,
4.6, 32.7cmHgTH > 1c, FEE20emE 100emTid, HKE
B S BEBRICET L T, —7, #EE300cm
T D L EEMEE SN T, TRIEIRE S
HTRAMUTcERsh, ©y 7ORABEKTRERNE N
Tz rELON, £, 1 BYE) OFKBR
+#HmlE A v, BESERER T, 3HE
3 THAKR T IR BRI I I L 72 o BE & 300emD 118 13
Bt oo, SAEAGEIZS.9X1077 &L BAESE
HTE, T, BARMYL D ORKBISMO L
BicHBL T ham-eEZ NI,

ASTEFOMESTIR, HEAEBORNERNOAZE
FEEIBVWHDO TR R o7, TOREARRY v 7T h
ZrEZOND, TR, HEAH v TRAGHERBOL D
TpF3E COARDBENTELRTTHS, LrL, EE
2, BERRmOKERY Y v TEOILY SESTE—-T
Hotrh, ERNOKPBEN ABRLT 52 EDD
i, EREETEAERTRTOR, ASEN2.8UUTER

#£-8 AKBRELGEARIBRECSLZTEE

maEs | Y (RkE m)) /X (REB%H) Y (BRE (mHg)) /X (REH#] FERE AR R
(cm) n =38 n =38 (cm,/sec)
20 Y=—-0.167X +4.48 r=—0.134| Y=—0.280X+4.64 r=—0.2581 3.4x10°5~9.9x10°°
40 Y=—-1.04X+15.2 r=—0.382| Y=-0.379X+6.50 r =—0.288 4.1x107*
50 Y =—0.585X +23.3 r=—0.159} Y=—0.749X+11.6 r=—0.298{ 4.1X107*~1.7X10?
60 Y=—-0.315X+27.3 r=—0.102] Y=-0.569X+10.9 r =—0.262 1.7x10°*
80 Y=-1.27X+32.9 r=—0.434 | Y=-0.569X+9.39 r=-—0.287 7.1x107*
100 Y=-1.73X+60.0 r=—0.649| Y=—0.376X +8.40 r=-—0.315 7.1X107*
150 Y=-1.38X+63.2 r=-0.421 | Y=—-0.252X +7.75 r=-0.218 1.5x107*
200 Y=—262X+98.7 r=—0.439| Y=—0.369X +7.18 r=—0.326 1.5x107*~4.5x10°¢
250 Y=-0.742X+105 r=—0.216| Y=—0.050X+3.24 r=—0.086 4.5%10°®
300 Y =4.15X+9.40 r=—0.924| Y=—1.64X+34.3 r=-—0.737 5.9%10°7

Hor o —RMHEBEE, T — T A R i 5 %k TRE,
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ntTwd BN, 1972),

(2) i X MEE O ik o A IR D ELEE

PRt = HEB T BOFE S IR L 72 2 EAKE D S
%> (K, Na, Ca, Mg) 7 =+#4> (Cl, Br, #
B, TR BEOAEEREIN—4 IR L, ZOER
SROBEF - EANEAD SN 5,
DEIESTTObA T WA HEERD 8 EHES 4> O
#mE, Brefist s LT, BIESThR T ik
WCHEL TTRTEV, Bro#s, RETIHES»IC
M TEOCBEES T, TBTRELREZVBE
WCTH-oTn3,

) ESFA A BE L ERHNICH S &, AT
EEUTPPEVBEETRT AL 05D, BLT
FEEHOBEZIFETIIRLBrizf), Jhext
L, HTHOTROAL 4> bEBTEL, THBIIWL
CHWETT2EE25%, Lrb Z20BEEREOR
EBr2itz144+, $xbbK, Ca, Mg, Cl, 5B

BOTKEL, 20EEZ T2 Bb5Na, Br .

TIE W, B8, BRI OVWTREBMNDT—F 3%

<, BaFOEMEBESLIZL A RDP ST,

BELEOM - R 51 A LB EBATD A A
VEBELEFONIENT— S, HIEOREIZES I
FTHEADTD A 4 BEICRIRL T2 2 ERFEFEENT,
IO ER, EDLRBITHARKEESZOBEOH
T EEOERMOHERTEL I L2 WE T 5,

(3) WEBTO EAT A A BREAEEOREH

FIEATA A BEOFES R, KFEUERERLES
THEHIIZAN, ZOBRER—9JITRLT,

HFF > OEEFRE (CV) 2EXITHD L, EE250
emT/IE L, BEX100emTA E W (CaidFidh) HRDIH S
Sh3, KELEROHF A REDCVIZ, BEE250cm
DOMgHi14% L BRIET, E2150mDKHB8% L BEHTH
D, FHTRIZIBTH >N, BEL0MIZ BT B7 =4 >
BEEDOCVIIREEE - FESBric kTR REVWEE L
5,

UEDOESR»S, MIBOREERY, $18bTHE

depth
100 10 1 0.1 (em)
C T T .y T 20F
[28: ] r- S0
- * e 1O~
—- o: Cl - 150+
O: 8r
— — 200
®: NO3 (}v x 1/10)
- v: S04 “_.'l - 250
— ."". 30¢
3 4 m
L 4 so-
— V.. — 100+
- ‘w W 150+
- wﬁ -
(c1 x10
| x10) w 4
- v w
I 1 4 L I
100 10 1 01 0.01 01 1 10 100

anion conc.(ppm)

cation conc. (ppm)

B—4 Fhith & HOIIBARFRSEE
+ AR H bk 8 H24H, 772 LCIEBro40~150emE S OFKHI 8 A5 H, M, #F 43
§H4H, 74128 H24H, 727 LClEBro40~150em#FE S DFAKHI 8 A5 He
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£—9 MEBIcBILERkRS 4 CREOESH, AFUEAESR

BAAE A—1 A—2 A—3 A—4 A—5 A—6 A—7 XxSD CVo
(BE2) (ppm)

A—1H5OKRTIERE 0 574 881 973 1030 1140 1200

K+ 1.6 3.2 2.0 4.7 3.5 4.1 3.0 3.2+ 1.1 34

50cm Na* 4.3 4.3 4.2 3.6 3.9 4.9 6.6 4.5+ 1.0 22

Ca?* 30.2 18.3 200 29.4 31.2 39.7 51.4 31.5%11.4 36

Mg?* 9.2 9.4 9.7 89 11.5 4.5 155 9.8%f 3.3 34
A—102 5 OKFERE on 0 519 827 91 960 1077 1100

K+ 1.3 1.0 0.7 1.1 0.6 1.1 1.2 1.0+0.26 26

Na* 3.0 5.5 3.7 5.8 3.7 5.6 4.1 4.5+ 1.1 25

Ca** 8.5 4.0 4.7 6.3 10.3 6.5 6.6 6.7t 2.2 32

100cm Mg?* 4.5 3.7 8.4 4.9 8.4 4.5 8.1 6.0x 2.1 34

Br- 0.18 0.11 0.29 0.20 0.30 0.16 0.20 0.21+0.068 33

NO;~ 0.91  0.97 2.7 3.2 2.4 0.8 1.6 1.80+0.97 54

S0, 1.2 0.73 0.34 0.47 2.4 1.2 0.91 1.04%0.69 66
A—1tn 5 OKTHER on 0 519 803 a1 953 1048 1100

K+ 0.8 0.8 1.1 0.5 3.2 — 1.1 1.3%0.98 78

150cm Na* 11.0 8.7 4.9 3.4 3.3 — 5.0 6.1+ 3.1 52

Ca?* 3.5 2.7 5.0 3.6 3.5 - 3.9 3.710.75 20

Mg?* 1.8 1.4 6.1 6.4 8.4 — 7.3 5.2+ 2.9 56
A—1t2 5 OATEERE cm g 205 812 903 960 1049 1100

K+ 1.1 0.4 1.5 — — 1.0 0.8 0.96+0.40 42

250cm Na* 7.6 5.3 8.6 — — 5.5 6.0 6.6 1.4 22

Ca®* 2.3 1.9 1.9 — — 2.7 3.4 2.4+0.63 26

Mg+ 2.0 1.7 1.8 — — 2.2 2.4 2.0%0.29 14

T OSWEE A F A 219828 9 HA, 7= L RAE S AUBICEATHERRL o LK,

—  IEEEL

Bl T4V EZERIIRC L 2EMBKREC LD
rEZ NG, EEMHRBHEBEHKE LS,
1B L ORNEOBRFRES < TIH I eHEEh
3, FORENRSORITNE, 2%, FHEL
LBAHNTRESNERETH S, Lirl, LEDCEKW
REOKE 2 HAT, | NEREIFORBILEL
BEHENb,

(4) WEBIZH - oWAHRK (water channeling)
THARIED &L TR ERY TICRNE R R
B SR BICER L TSI T 3 AETRER
KicHEBESHETH 5, B LEAESFE L 1Rk
SBROBVWESCRIOFERESITVWEVDRS
(Shaffer 5, 1979), MADEEZ 2 L, EBO( 4 £/
BkPEREIC THCBTL, $LTHEIEKROA A
CIRERETENSH D, R—IDESFLFA L ME

HETEO & 5 KEEOEE:2 L RRLTEY, Ladb
2ORMEZIAEHCBHTCEZLDTH o KT,
SEORBRTH, BELEATELORKRIEI > dr-o
rrEILIONDE, 2B, BELIELERT R RK
FARRMETHEIEL TS (HDS, 1984),

(5) PCi:LELOMEREC L 5 L FEKRFORS>MELL
B

0L MO MS TEE R i, PCE e E LR (UL
T, #LEEE X3 &b IEAERD, ZORPO S8
A MERRELS, BRER-10TRL, #
BWT, PCELEBELEDI A REXEET S &, K,
Ca, Mg, BB D H AR OMEIZ—Bs o LW EETL
fzo LnL, EX20emDCl, Br, B8O 1 4 » #EIZPC
FLOBOBRTELLEVEETRL ., T, HEE
PREfoRMRVTFRLEREY, $R3ELEOE
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#—10 %3] (PC) L JOHM (CE) #iT & 5 LRI D 1 4 ME DK

#as
5[k (LE) &3 K+ Na- Ca** Mg* Cl- Br- Nos,~ SO~
BLoBE (TE) (cm) (ppm)
PCU—20 20 1.7 10.2 31.0 13.5 1.50 0.016 tr. 75.77
* CEU-20 15~30 2.4 7.0 34.3 13.8 13.03 0.080 16.92 79.00
PCU—80 80 2.1 21.9 9.0 3.2 13.82 tr. 2.63 2.45
1 * CEU—80 73~85 1.2 1.7 11.5 3.9 15.43 tr. 2.67 1.43
PCU—200 200 0.2 4.9 1.6 2.3 12.11 0.092 1.92 0.39
* CEU—200 193~215 0.3 4.4 1.3 1.1 8.52 0.089 2.37 0.51
PCU—300 300 0.7 6.6 1.6 1.5 9.30 0.091 2.74 1.22
* CEU—300 267~293 1.3 4.6 2.7 1.5 9.92  0.066 4.23 1.34
PCF—20 20 0.2 1.0 1.9 0.61 1.99 tr. 1.47 4.4
* *CEF—20 20 0.2 2.9 1.9 0.72 2.44 tr. tr. 8.08
ity PCF—50 50 0.1 1.3 1.1 0.39 1.71 tr. 2.22 2.51
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Applicability of Soil-water Sampler
with Alumina Porous-cup

Hisao WaTanaBe*, Kouichi Yurra** and Nobuharu Kinou**
Summary

The “Studies on the effects of agricultural activities on the land resources and
environmental protection ability with sound maintenance” were undertaken as part of a
reseatch program sponsored by the Ministry of Agriculture, Forestry and Fishery of Japan. In
this project, a soil-water sampling method is required to examine the behavior of fertilizer
components and rain water in a soil layer. The suction method with a porous cup is a very
useful tool for extracting soil-water at low soil-water tensions, but it has some shortcomings.
In this study, therefore, the applicability of a porous-cup suction soil-water sampler to field
conditions was studied using chemical and physical measurements. The results obtained can be
summarized as follows:

1. Comparisons were made of the ion concentrations in the water that permeated through the
wall of alumina and siliceous ceramic cups. The concentrations of K, Ca, Mg, F, nitrate and
sulfate ions extracted were higher when the siliceous ceramic cup was used. Therefore, the
alumina cup was selected as the soil-water sampler as it was deemed more sensitive for the
extraction of the main ions, i.e. K, Ca, Mg, etc. which are comparatively low in soil
concentration under field conditions.

2 . The effects of water permeation through the cup wall on the decontamination of the cup
were studied to extract high concentrations of the constituents from the permeated water.
The concentrations of K, Na, Ca, Mg, Al, F, and sulfate ions in the soil solution decreased
to low levels in terms of decontamination through the permeation of 0.6 ¢ of water for a
period of one month.

3 . The effects of the addition of (.5 NNaOH and 0.5 N HCl solution on the decontamination
of the cations from the cup were examined to reduce the cleaning time. The concentrations
of K, Na, Ca, Mg, Fe, Mn, and Al in the water decreased markedly after treatment with
alkali and acid for cleaning. The latter treatment was more effective than the former in the
decontamination of these elements.

4 . The permeability (percent of ion concentrations in soil-water before and after permeation

*National Institute of Agro-Environmental Sciences. Kannondai, Tsukuba, Ibaraki, 305 Japan (presently:
Tropical Agriculture Research Center. Kannondai, Tsukuba, Ibaraki, 305 Japan)

**National Institute of Agro-Environmental Sciences. Kannondai, Tsukuba, Ibaraki, 305 Japan
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through the wall) approached to 1009 with the increase in the elution frequency. In the case
of 3 elutions, the ratios ranging from 92 to 1079 were optimal to obtain good results for
H, K, Na, Ca, Mg (except at lower concentrations), Cl, Br, F, sulfate, chromate and
selenate. While phosphate is an important nutritional constituent, its low permeabilily
through the ceramic cup made the determination of phosphate impracticable.

. The effects of the intake rate on the concentration of the ions sampled by the cup were

investigated in relation to Po (initial suction pressure) and K concentration using the pot
test technique. The effect of the Po (10~60 cmHg) change on the potassium concentration
was negligible. The higher the Po and/or soil moisture, the higher the K concentrations.
The value of Po suitable for application to the sampler was estmated to be 30~40cmHg in
order to obtain the sufficent volume for soil-water analysis.

. In the upland fields, soil-water under low soil moisture conditions was not taken with the

sampler. It was observed that the sampler could extract soil-water up to the pF level of
2.5. The results were also discussed in relation with the cup pore size and the suction
pressure.

. To examine the impact of fertilizer application, the ion concentrations in the soil-water

were determined at depths of 40~300cm in forest land and upland fields. The
concentrations of K, Na, Ca, Mg, Cl, Br, and nitrate were higher in the upland fields than
in forest land, and this tendency was particularly conspicuous in the surface layers. This
was especially true in the case of K, Ca, and Br. From these results, it is concluded that the
porous cup sampler is a suitable device for use in agricultural fields.

. The values of CV (percent of coefficient of variation) of the ion concentrations in the

soil-water from the upland field varied between the constituents, showing a range from the
smallest value of 14% for Mg to the largest one of 78% for K with an average of 33%9;. The
easily mobile univalent and the fertilization-derived ions in the soil except for F showed a
higher CV values than the others.

Water channeling was not observed so far as the vertical distribution of the constituents
in soil-water was concerned.

. The suction method was compared with the centrifugal separation method in relation to

the concentrations of K, Na, Ca, Mg, Cl, Br, nitrate, and sulfate in the soil-water obtained
at the depths of 20~300cm. In the upland field, there were no significant differences
between the two methods in the concentrations of K, Ca, Mg, and sulfate at depths of 80
cm, 200cm, and 300 cm, while there were marked differences in the concentrations of K,
Cl, Br, and nitrate at the depth of 20 cm. In forest land, the differences in the concentrations
of K, Ca, Mg, and sulfate between the two methods were not appreciable at the depth of
20 cm. On the other hand, the centrifugal separation method gave higher values than the
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suction method at the depths of 50 cm and 100 cm. These differences were ascribed to the
higher tension required for the extraction of soil-water by the centrifugal separation
method (pF < 3.3) than by the suction method (pF < 2.5) and also to the possible existence
of large channels in the soil layer.

Based on the above-mentioned results, a standard procedure for using the soil-water
sampler with the alumina porous ceramic cup in the field was proposed.



