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1. B

FBIRMVEE TR, LBEECRAEZMLOLGMOBEDOIN Yy AL <Ry a0 EDTA %
EEER LA, KM\ T, HEMHERO» LYY 2L <75 vy 20 EDTA HEEy T
BHo XTDANYY AEIXYT ADGEYTEETHLEOSH > HEMEED 5 b, LEBo(LEsHT L&
HEERLOI, PHINEBT vE=v AERC I 5HMHECH 5. ATROEEERYEL 1008 1©
DWTD meq. (39 75 A 4E) BAITChH bbb LIED, RIEEC "B#tEr oy 8" (LT ex. Ca
LBEFET D) BIV "B~ R vy A" (LT ex. Mg LBEFETB) L XiThTW530THB, &
NHLFEORIEELBRERA A VOBREL B LAY CRCABCERINLSHERR "(B14 + )
BAR" (LT CEC 2MET5H) dihbb, BRERI, LTEERES & v oBKEAB LDz
WOT7veE=y AMEED7 VE=2T A A FVEEXZERL T, TOHEREDILDEL 1002 KON
TD meq. WTCHLb LIETREAINZDOREBTH S, Fhid, NHe 1 X 5ERL, kaolinite &
BT halloysite 2 LM BEEIN WD H ORBOR A — vV I R BETHLRTERNL, ¥
7z vermiculite I X ) NHy* hih 5 BEEEINBZEHENH 2T OV OLIWEELH LYY, £ T
NH,* O hic, Nat:Ca +Ba® 33\ 3 Mn* R AWTEBRARYHEL L > L T5REN
bBbo. EERINOHEFTROBEBLPUTERTHEAZ bR, Thbodb Cat kL HERI,
BRER A 4V 5 bEMCIENC D —RCRIER]L Cat 2V, Bl vy 2L olhTtnb
W5 "AIREME" ¥REATHORIIVFENTHS LBLN2RTHRINTHS, TD5 %, C* o
EEA NHS OFRID b3 RECH AL BOT, CobbvCHATAE Lie L,

ERRC X 5 MEORHBEOEEL L O, D FRCERCODALRLER T leach 55k (k
& % 1¥ SCHOLLENBERGER-SIMON'® 23R LT\ 3), i) ZA7 7 A2 CTHBELHERYIR: S - KELK
Db 77— CIEE - BT A (o 2 Peecr™ 2B LTV3), BIV i) WBEsc
THELBROBR L BLOMY RETHHE ok 213 Jackson® REBRLTC5) D3ETH B, A#
T3, ZhoHotFEmBTso0nEENTRRV-OT, BEELBREE M+ v OoBEOBAR iD)
O, FBERFROWEOBEK i) OFERAG, ) OFEIMAG-h27,

HEHEL R MRAEL T bR AR OBAE, EDTA HELX5 L35 Ca £ Mg 0FERC

(1) LEFRERINTHRER
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HLUT, WEEOPHEL L HETLROGEDHNILEHRKREVDT, MV KBTS L5 cEe LT
BHRILC o T TN bIFELREKREL THD, Ca & Mg OEBF I IR0k, TR, L
HEF TCRGETROSEIL Ca ® Mg OB L TERTIERL, A%SEH D WIELOFHD order 1T
HHONEBETH D, EHIZOEE, FERESRAIN V- 3UBHRIEC X 2PHETROKBRE v
T30k, HEL LTHRPHRVERD DT, HELEELLBETH I LBEIBAVT Y,
Bt s & THUSHBTEREL VS - R - BRREEMHEC IO TRETELTIHN IV LEED
foo W OBDTFHEROER, REFLEBIEERLZVIELLOTHENT S,

BARVWAE LT, HETENEK T =7 2B IO~V H Vv TCHHHEME, Prbi I OLOFT
BEFE LI V=8 —A7 3 v (LT TEA LBET5)50? 2B/R LI, ZhiRGUT, Ca ¥
ERETIE L LTE Parron-Reeper 573 %, (Ca+Mg) MEMEREL L TRFE—ALT7 2 VLY
cavFrs vy (BT TPC LB 5) v ERA L,

WEMEEE LA, BT Y v ACREIhL pH 16 DIKBED S, AF o v-7 wukiaph
Hel ok - 7L =v aBLIO—HO= VY HFVEBREL, DXL S=FN + DFF « A3 VEEF +
Y7 A (LUF DDTC R 5)-7 v vkl affilic X ) = v v OBREERFZT S Hikk Lok T
D & OIFEDIRERIKIZLIL Y Parron-Reeper #7R3E L TPC W52, TPC Ohbhic=9 47
m—x+77v7 T (UTF EBT :BET5) 2AVTH XV,

IekEEER T v & = v AHHEL, HRELEOBE M, BHTIEEOLDEL LA LIS
W R EEC L EEIR YY) 52K, £ED NH* |3 Parton-Reeper $5R3E% f\V 5 Ca FEROK A
ERERCT 5, NH ORBIRAREATRT 52 L0k b 3T bhin o2, BHEOSEIT
RLOPWTEDT, DAY S TEDHHN, BREHLCERLELCOLERBEL BT 2, TOK
REEZIRC L L0 SHREKR L T5Z Lk L,

2. ERBHFE

2. 1 EDTA FERAREE ARBHLORBEERE

UToMEDKRLBMEAINS 0%, FEEILDE—FELTRALTHL,

2. 1. 1 EDTA j§5E FAsRIEE*
2. 1. 1. 1 E¥ERK

(1) MgSO: %%, 0.01M:-- - E I LI OGO MgSO, - 7 H.0 (7 KX L VBT %
HR%E b0k, 7TKES LXK IBOREY R VR T Vs 4 2 —FIFRLTE Vb OEAV3)
2.4650 ¢ ML TKRENL, 1l AR+ 7F7RAahTCERETH, HHEC L TR LIERY =F vV
HACRFL, 20°C KRiTBEVEEYEHRLTEL,

(2) EDTA ¥, 0.01M----EDTA (2Na) # 3.7¢ #KicenLT 11 L, &Y =F L Vifih
CRHFT 5, EBT R E 1k TPC #ERFEAX AT 0.01 M MgSO, EAEEH CREE L, 20°C isl)
hELEEYEHL TS @ 1. 4 2R,

2. 1. 1. 2 $ERE

* LW E D, RBEHIITRTUERALD A —»—D JISHK - BHFHEBVH D L5, Kk
sEHEKE A oL
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(1) EBT #5REY(Mg b5\ ik (Ca+Mg) HER)----=YV 427w —4a+ 75 v 7 T (A Dotite
BT i) 0.5 bV =g/ —A7 3 v (FIEMEE - 185, SIHIRIVWOIXFEL - Dotite TEA)
50ml wehl, BERUDHRFCER L TRFT2, REBLRVI D ERTIUE, Pl td 721 A
HRETH D, RERHIET 2%, FHINC 200C B Ehiicdiud, HitkicREged 5,

(2) TPC #r7%E Mg » 5\ (Ca+Mg) WEMA) - FE—AT7RLfV -avIFrryy (B
{= « Dotite TPC % fi\~72) 0.58 % KNO; 50¢ L SR CTEBRTHB—Th 8, BENEFIC
BRIEFT 5,

(3) Parron-Reeper #5573 (Ca #§5EFR) - - -ParTon-Reeper #5773 ([F{= - Dotite NN #fisk % Fi\»
72) 0.5¢ RFSLPTHRIC LIz KeSO, 508 & TEBHRIFBH - LY, BEMNEPBEET S,

2. 1. 1. 3 pH H%&H|

(1) NHCI-NH.OH %# (Mg » 5\t (Ca+Mg) HEM)----NHCl 67.5¢ % NH,OH (HE
0.880) 570ml XK 250 ml DB|EHC L L, KTERE 11 L LTHLAY =5 v VR FEET 5.

(2) KOH %%, # 8M (Ca fEM)--+-KOH 225¢ %7K 500ml o kL, £Y=F L viFrhic
BRET S,

2. 1. 1. 4 BARWH

(1) KCN %+ KCN 0 5% w/v KW, BERAZ LieoL %,

(2) TEAWEK - rV=x/7—A7 3V (FEME-. 1K I5HIIVWOIXFEL - Dotite TEA)
LKOERBREYRDECIGU T2 Be PV =&/ —AT7 3 VIIESBEET SR, HELRED 20°C
B icted B L REHEICRIBC b & 5.

2. 1. 2 RS

AT CBEERE 20°C KOWTREL, #ARCORICKRERIE L KRFHELIZEC L.

(1) Eavyb--10ml PUEOHERLETHHEIL 50ml €. vy, 10ml LTOMERY
HEI2BARiX 10ml 37w €. vyt (1HE 0.02ml THRIEDDDOWIDD) V5,

(2) 75A=----1,000-, 500-, 250- 35X T* 200-ml &

(3) ¥Ry Pb---:50- BI 25-ml &5

2. 1. 3 IBH®E

RIEFRFY I cART — o KBOBERTRC, BEDOEELE CRERBRELELLVWRERERNTT

EHRTTHARLIECHET D X DBELTH0D, ZOBOEREERILETHS,
2. 1. 4 EDTA yEiEER

MgSO, B 25 ml X €2y FT300ml b — - FRiZa=p s E—=H—hic e b, KK 100 mi
G5 3%, NH,CI-NH,OH %#%# 10 ml » KCN i 5 % IRRM: CTRA& T2, Ko vy toErEd
bEBPTELDL, LEXEHTRVWEEOKE I CRARH L s EBT 57 3% 2 %z . Ebic EDTA
B THET o ROV B EFTIHRERELXECEVRENTTRAOARBEL, RARKLORLE
BLTUHAMAL BRROENI B0 D), BFRLAREYBORWERRROEREZER LTS

* DTFHETROWITTRT KCN 2450 T, TT5 & TEFLETS, MLEPLSAKEDOKTHE
ERHTT, HEHIREDKEHML TE L. BEDOKNRILEDOTND L IANFTABRT TS L, ¥
TV HFARRELTERTH S,



— 148 — NERBBHERE £ 1285

Pied L 3EOMWMEDFHEEL S L, 20°0C KRIFTHELVEELEHRL KL,

TPC #FELXAVTH, AECERCEETHILNTED, WHED " LEXEHTRVEBED
FEITHRIBERLND" T, 2&0X 5 BETS !

TPC #EFRESE (0.1¢ RE—FEX 15, 6om OH P OHD/NI e IFRICE L F4F) %k, EDTA
B THE L THEBREALA I Tk, Briredfe (KE) chbarkards (ERED
BHSTEL LEABILDI),

2. 2 i IN BBR7VE=v LMEIC L ZEREILS Y L LERMETSF IV ADERE
2. 2. 1 B
2.2.1.1 & ¥

itk IN BEfE7 v & =7 A% (LT 1 N NHOAc 23 5) -7 veE=7 (LEH 0.9
70ml %KK) 700 ml WIRAL, ZHUCKERRR 58ml RREL, WAy 7 ABE pH #HEAVT7 v
=T KERIFEBRTEZD PH % 7.0 CHELLODL, KT5THT 1! L5, REEZDELTHD
BB TH B, 11 F000T, kil 51 BOXY =7 LA L CTRET 5o

2.2.1.2 # H

300ml =f7 7 A 2 CRRME 208 REC I HTEE (477 4 VIR FRL, EELTRE
B EALEHERPAIOLVRTHD, BHRBEOREY TEL, TEELZLOLBRORLT
%) THRT 5, RARDHLWERLNGEVWRIC, B3 3em- % 5om OFBRICEO Bt 5¢
RABC L THERL, BREREEREANT 105°~110°C ERWC 1 RERBEHETIZ LRI, 0
BEMED "HR7 772" (2. 2.3.1(3) 8 £brd%,

=7 7 A2 NORPICPEE 1N NHOAe # 100m! #EELTIMAL, <2B% LObiERRE:
5HETH 30 oREIRE 5 L, Thhb 25°4+3°C DBRSINE (M v+ 1 4-) HRWh, L E¥r¥
swirl LC1HKET 5.

2. 2. 1. 3 JEB%E

BBE—e 77 7 —H AV ARFIGRIC L oTVv 52, EZIHE W HECHENIER LR
TUBECIEF LR VEROBBDOHT AL VLB . BRIGBOBEIIHIERE No. 6, 12.50m %,
BEHEROB I IRFIER No. 4, Tem V2, BREEGEEBRIX, —BIRES DT 5 X 5 KRS
77—} LIGER E ok Witt OJBEEEY AT Lvwt, EBIEIMOL 5 hi 0k ALTL

il a.0cm I | bo WEEAD 2 ¥ %4 A L CHZEFER
Ca.2.2 cn A u—»é, TAEFETT AL VL & —~2k <, 300ml it
W I;b E75A2A2COAckRF| 7472 ~BDCcH
b z PP e X, dETAsBREFNLCHFIFAUT 77—
da‘ g% S (GembsE~ v 4 - 5 AH, BR70) w1
B 34 : ®B, ADD 2 BOb 2IZEZEMAEN = AET

! o < WIS, WK 1T 1S E D1

ggfﬁ%ﬁﬁm) S Bb5B X5 HAHT 5,

C: 300mf MH/E7723

, 2. 2. 1. 4 JBELBE
. Fig. 1 WEEBEE
Suction-filtration apparatus BBLTEBW-ZA75 22 0DNE Y EE
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L, #7 A2 o0 > TEBEERERIAC I OLTCLE S, Wi bOFHE 1N NHOAc Thri7 7
AaREHGBE LD, BIROLBELESTPE, ZRANOBRILER 200ml g ETRT
%, '

2. 2. 2 fHHEOBRAE

SERANOFMHE L 300ml €—h—35DL, 7IRAIRE—h —HAFE NI, E—Ah—KHTRZ
AEENUCHSMON =% L, 7—FFELEFI7 PHOAY b+ 714 +(120°~140°C) ETH
BEEREL, BMEEECRET 2. ZARYKRELTE -2 —2RFHITS2 L, MEL2 b HNO,
# 7ml-HCL # 20ml AL, &y b+ FvAf b ERDEL, BRENLTEOLLBEVREHNIZ=A
RTHLHF THEREET S, ZOTKAEL DI LD 2EL 2L, ThTIERREVRELE
LTWwieh, fr¥ 1, 2 BEKAERZL 2T, EXRAEOKRBEREC HCl 20ml 2%, Ay b -
FUA b RS ELTRENLTESLLEREREL, HC 20ml X DERERELY D5 1EL 0270
E—n —RABROKEML UM ETEB L TARLEMRL, HEMEK No. 5B, 9om THBL, =A
BRI € — A — %D DOBMB T C &, REBCIERE . WKL BT 100ml ©—5 —
2535, 2D 100ml TOBEY "REK" LISt 5,

2. 2. 3 AptEwho Ca Mg OEEHR

UTEBHCT 540, HETEYBRETHZ LB LT Ca & Mg © EDTA HEkili)
EEEY "BAVC—EEE, WM X VETREBRELCOL Ca & Mg © EDTA BiEL R
755 EREY "WEMBH—EEE" MR LT,
2e2-3-1 BAL—TEER

RBERE 200ml A A+ 75 Aahit32L, KTHITHTERLL, Thhb 50ml FOoyEy
FT3, 300ml b= FliXa AN E—h - E DT,

(1) (Ca+Mg) » EDTA {HE: 10 —# —ic TEA ¥ 10 ml - NH,CI-NH,.OH %% 10 ml
KCN %% 5 i EK swirl L7c2ibingz, K& 150m! X T5TD%, 10ml 378 . vy b
o EDTA EREREOWED X v hbid N T&ich, TPC HRELE (2. 1. 4 2R) 2z THREA
WA LA bIHEL TOF, BEAEAKA ST AOTELA LS BE (RE) s akiaL
%o

3L 10ml THELENLVWEBLELOLLHMERXHFILL, ThLRFLDTLAThOE 2D~
B —EDNT, 50ml ¥ oLy bbb EDTA EEEE CREC LTHEE LR T,

(2) Ca © EDTA #58: £30¢ —»—1c TEA ¥y 10ml- 8M KOH ¥5# 4ml - KCN %% 5
WEIER swirl L bing, K& 150ml T5 3%, KOH BB E ML e & ¥ 68 3 SHeokb
(3t RsstE AV% L EF), MKIEHE LD Patron-Reeper #RELE (80.18) &z,
RENEBLEDEDRABRL TV EEL VY FALBELIILD S, €. by X () OFEOERC
EOTKRE IR ED D, WRELML L UBFORROEIL, Ca DRBROKLDIE LRI, PRIC
BT LICHDTRENPDTL B, REK D T TREFBEYELAVBENTTAPHCHEL,
DBSIERL A MAL (BRCLRVERDLDIDEND), EREHREKE VIR BRI ROEE Y
BERET D, ‘

(3) &H&:
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EDTA %o (Ca+Mg) FHE
Ex. (Ca+Mg), _ T 200 100 .
meq.[100 g ¥z + EEZ(/)VC%)[ x2 anjl ¥ (20° (‘?)@ X750 m%gg §7 i ﬂ;* ...... (i)
EDTA %D Ca HED
Ex. Ca 200 100 ..
% EDTA
meq.[100 g E+ (%261/?)( X2 X ml (%Ag) X0 Xaﬁgé §7 i 5%* ...... (ii)
et 00 By ¢ =Ex. (Ca+Mg)—EX. Ca..oiiiiiiiiiiiiiti (it

* 721 21F, BEE 5.0162¢ DORBH% 105°~110°C T 1 REMR L L ZHREN
4.9130g *7cot:T5% %, 4.9130/5.0162=0.9792 #ZDORKID "HiE7 7 7 &
" rIBTERT D,

2. 2. 3. 2 VAR —TEER

(1) W ARER

D) BT b Y v AREMEW, pH 6 (LVF NaOAc-HOAcC ¥5¥E & #4523 %) - - - - BE#E 7+ + Y ¥ &, NaOAc -
3H:0 136¢ %7K& 700ml L, »7AEE pH 32 AVTKEMT pH % 6.0 KFEL b
KT353HT 1L L, #Y=FvVEhBFEET 5.

i) 7reira- 1 FEBERERSBERS R, 2N HSO,, 1N NaOH, KTIREK 2D,
CaO TRIKLTHHEREL, BRI 2% vIv b L 5WK7ra - EML, BEEPCEET
%o

i) AFvv-7 v ek AEE A F Yy GRS - B8R % 1D D7 eekr sl 2% wiv
Chd kS REmL, "vy Vo7 A GRELERD ReREFT 5.

iv) DDTC ¥+ O =F N« OF 4 « AL VvBF Y v & (FNKHME - 1) K 2%

wiv 5 X 5 CERL, BREREREE No. 5A CHRBT2. LERAZLicoK %,

v) 7 muk ARHEOENL: - 2 = vk AHHETTRT, 1 O0REKEKED BER) w31,
EAEHICE L C i) & LTRAV S, ERER i) OB L AR TH 52, BUOBIERL B
HEBE RV HREHTH 5o

(2) WM X% Fe- Al-Mn 7 ¥ Ol

ReAR R 250 ml SRR (BTR, #2252 Lvh, E—»—% DEOKTHEK
¥ sheh v &35, NaOAc-HOAc ¥ 20 ml MMALTRAL, ** > v-7 v ail A¥EK 10ml
oTc2E, 145E0KRE S - %R V22l UATHHORE 5 REXTXT LMD, 7reir
A 5ml Tk - vl 3%, o¥, DDTC ¥ 2ml #BAC<y F TILX T swirl L, Zreki
A 10ml CHHELEZOB 7 rria s 10ml & 5ml T2[E, ¥ - sz ik5,

SEERSOMO T, HEWMEMK No.5A, 9em 2K TLD L TEHTH 3} 2RIRRr O TERE,
ZORIOHMO TR IDIE 200ml € —h —%RR_ELTEE, HHUADLZAEBHFHILTSIET B,
HEERIHOKER € = —BAREBL (LOOTRRICLOT 7 » es b AR REIND), St
P ETODOKT 3, 4 EIPEEL, RIEREEL 8L, RBICIEKEERALDOXTHES.

200ml € —h —IT 5 W IclBHE L Bl E 250ml A A« 7T Aahiz 30L, KT5THTERELL, *
b 50ml FoOREY F T30, 300ml b= Flika=sr e E—n - E DbITB,

(3) (Ca+Mg) » EDTA jiisE: TEA ¥ 10 ml OMAZIZSE BN, (2. 2. 3. D 0 (D &
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2L AR EET %, TPCHEFREDObH Y I EBT HEREXHAVHZ L TE S, TOHEMEEIT (2. 1.
4) ORI LFATH B,

(4) Ca @ EDTA j%: TEA ¥% 10ml OMAZITSLME, (2. 2.3. 1) © (2 2&<R
RICEBIET 5,

(5) #E: (2. 2.3.1) ® 3) ORFDLIEHIETSB 7 727 % — 200/50 % 250/50 & H D =
TRRORI X %,

2.3 BT L AFVEBRMICLDBERBEBOAES:

2. 3.1 Ca* ofifiks XOHHAREHL&E

2.3. 1.1 RIEH
' (1) 1N CaCl: %¥----CaCly - 2H,0 73.5¢ % CO: "KL L, @B LLTHY=FV
VHEPCRETS, (BEX QIXERLT5E0c Ca(OH): C pH % 7.0 EHRETHIIEELTH S
B, BRCEREINZ LAY, pH % 7.0 RHET 2 2 LXEALRTIiTW, EEI, B%
@ pH % check LTAHT, D pH L AERFIIZOEEA DT LR LI,

(2) ¥ 1N NaOAc ¥ - - - -NaOAc - SH,O 136.1g #7K# 700 ml i x> L, # 7 AT pH &t
FRACTOKERT pH % 7.0 CHRELTHLKRTITHT 1! L1455, KEXBELTH00XEBTH
Bk, 11§90 2T, ki i 51 8Y =5 L VEHCAHLTRELTH .

(3) 80% 72t v:--20% vI[v OKEEAT 5,

2.3.1.2 # @&

(1) TR - IR 2.7om « BIK 17em O 100 ml RS

(2) WBERCT----AM

(¢ 3‘) EO5 SR - - - International No. 2 W¥T5 3D

2. 3.2 Ca* mXafamiafil i Ca* DHH®

UBECEC X 5 FRIECRRZML 102 2FRL, R s~ GEVRE Bl £ o REzL
DER7 772 - LDTEL,

WBEIC 1N CaCl: gAY 50 ml Fov iz, = 2R LTCIRE ) LcobRE L), WEREY
2,400 rpm Fith T 5 AR OLSERC T, EEAEKEY 300ml € —» —i 5 O3, 1N CaCl: HHIC X
BREROME Y 75k AFL Y2t HELBEOBS, FRECBEWNSVLIHDO0ERTHD
2, BOSBDOH\ EICE — 7 —hOREHEWE No. 6, 1lom THET 5. WRITETH S,

DEIR 80% T b v S0ml FOCRABKLTSE, RE SEBELIE - LEREEOLELXL, B
Fo CaCla BPENRET, BRI D AOMELEL, MKIFERIEDICT Th,

BRI 1N NaOAc %49 50 ml F>CRBI LTS5 E, R 5 B0 - LBERERONEY
L, Ca* % Na' CE# - i35, LBZRICR D HOEKLEL, WEE 300ml € —» -5}
5, KL VEOHRHE 1N NaOAc BHETEES o

2. 3.3 P ® Ca o EDTA §igE

NaOAc 3583 5 BENINANDT, 300ml € —» —hORHEY 500ml 2 A« 77 Aa52L0
N, E=A—%KTAA+ 7FRAaRAHNZALTCHLKTERLL, 0 50ml ¥hils, 2. 2.
3. D (2) Lea{FARLT, BAW—HERCLY Ca xER&T 5,
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2.3.4 3 H
Ca oo EDTA oD Ca FEED 500 100
CEC, = =E=A¥ x2xEDTA %o x22L e (i>
meq./100g %+ (20°C) ml % (20°C) ﬁﬁgé xB_
i ex. Ca DEEN L ThIUL, kXD "HREANE" b rdbhb:
Ca SR, %=-"5 08 X100 oouviiiiiineiiiee e (i)
3. EMHAD A
3.1 & #©
F1IRCRT L5 LBROREHL (<2mm) ZAHFEE LTH .
F1E IR oVCoRB
Table 1. Description of soil samples
%ﬂ%{%%&%ﬁé + & #H 153 w ® X H*
aﬁ:f ¢ |Horizon D?’%Eh - Soil type Parent material Location
%fﬂ 11 A 0~20 Be R lﬂiﬂ/@‘ ¢ /J\J”ﬁ**%%m %ﬁ
(B BERE—THE)| JIEEK Z4HKEID 1D, B
12 A 20~50 Slightly wetted Crystalline & 1,050 m
? brown forest schist (graphite Okummagawa National
13 B 60~ soil, schist-phylite) | Forest, Kogawa, Kochi
colluvial Prefecture
s st | A | os Be MAERBE | BAR - AREKEEN - 8
G IR Mesozoic (=) IEAHK (42 FRIE-),
35 A 15~50 Slightly wetted sandstone 5 230 m
? brown forest Yusuyama National Forest,
soil, Susaki, Kochi Prefecture -
36 | A—B | 50~ colluvial

A *RIE TERETHENRERRELEE « AEARAR HER L UEE
3. 2 SR
thig 1N NH,OAc g+ Ca & Mg @ EDTA [EDERIIL 25D X 5 TH ot HETLTHES

2% i 1N NH.OAc shigHho Ca » Mg o EDTA {H%E

Table 2. Complexometric titrations of calcium and magnesium in neutral

1N NH.OAc extracts of soils by the proposed methods

BTy AE= IRy AOEEME, Bt 1008 KOWTD meg. F*
Calcium and magnesium, meq. per 100g of dried soil
HBES REAV—ED B H— R
Masking-titration method Solvent extraction-titration method
S 1 L B .
Tople | BRREAAST | mintin v | Binde~r | BRESAS Y Dm0 | g~ o
oy a YA E P S T A FYY A
Ex. (Ca+Mg) Ex. Ca Ex. Mg Ex. (Ca+Mg) Ex, Ca Ex. Mg
ma 11 2.35 1.71 0.64 2.34 1.70 0.64
12 0.44 0.30 0.14 0.43 0.29 0.14
13 0.45 0.32 0.13 0.44 0.30 0.14
A 34 14.5 12.1 2.4 14.3 12.0 2.3
35 3.60 2.63 0.97 3.58 2.62 0.96
36 2.22 1.19 1.03 2.21 1.18 1.03
* 2 mEAH LIcPEfE (Values are averages of duplicates.)
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BRELRVEAC—ERC L5 400EL, ETREBRET 5 BEME—HRRC L 55 EE: 251

L7

1N CaCl; W% AVTHiES Ca*r @afMlicob,

BRE D CaCl: % 80% 7+t b VT EDTH

B, itk 1 N NaOAc i Tl Lot Ca % EDTA @ L HERIIE IRV L 5 TH o,
RN ) FHEEIC X B0 HER S H L.
#F3F: Ca* i X 2 BHRAROHE

Table 3. Complexometric titrations of calcium in neutral 1 N NaOAc extracts

of soils after exchange saturation with Ca®* by the proposed methods

A cation exchange capacity determination of soils

RAtER ; B oaciis A R ¢ dried ol
Samole Cation exchange capacity for Ca, meq. per 100 g of dried soil
No BAC—TREE LR — s
’ Masking-titration method Solvent extraction-titration method
ma 11 11.4 11.3
12 3.87 3.86
13 4.51 4.52
a4 34 15.9 16.1
35 8.13 8.12
36 6.44 6.46

* 2 BB LIEEE (Values are averages of duplicates.)

4. % 2

4. 1 ERBRBERICOVTOER
4. 1. 1 B DOWT

ARIIHHOME T EF TS5 D ex. Ca-ex. Mg BX U CEC DERBEOHBLHNL LTW5HD
TR D, FERBARIC3 DOFEERMMED 5 b b#EE 2 D2 KA L, EHTI bbbt
FLOILLAMEKROBROFHNEEL L BOoTWB0T, =ZA7 7223 i) 0FB &I,
1RBEL 25°+3°C DA vF o A x—FTEIRDOk, O 32 MEITIE, izl
Wannas-Anmap'® %5 NH.OAc #iHi© CEC 2RETAHALC LIS, 70°C K bLWemETsz &
3EZbNID,

(2. 3) ¢ iil) oMHEEAVGEDOR, FEXY CromBEYAGTWSikdk, i) ORI X
%k, Ca* SIFIAEE2 HBRFD CaCls % 80% 7 & + v TRV AETORTRER o dh, SFHERIGRK
KT FREEL DL ok ) LickdD 2 00BHI L 5, BOSEIMBRRGEORLIDETT
SRTCWBH, —FICE HH 5 2RBENRESh, SEOEENRS LW EAY D, EEIL, =
A7 7 AR TREMIETHLBRE| LW EBEOIBETCERINL, £ TOIWTGEROEOHHS L Ca*r
O ERILS &, ThoEAREL D THAH LRI, LD L) CHESTOBOEVRTFOE
MR 2 0B AR R /e &, &5 LTHHEDRDOBHNTE T, BECHENITT R
575, EBEEA TR ZOEANTOL PRV bTH B,

4. 1. 2 HETROBAW LBRERLOWT

TEA 13387 v V RSP C Fer* « AP X0 Mn* LS L TRERF V- MEAWEHRT %
N, ZOEEOBITETRhbAF L EDTA t DL hdH, L2 T, HElHEO X 5s
POEIH BN LA DRICINDA v EEHTHREFO Ca 2 Mg © EDTA HEC L >TULE
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LR AERRBAVEITEH S, 7L Fe'*~TEA r Mn**-EDTA i3S 2T, BLCiH-

SBEAEIACORI D, EOBRICEREYE TS, Parron-Reener #5773 & TPC $57R¥EIZ, %
NOOEEEPLL ST\ W7 4% ) B TIY, Fe-TEA IIRERELVLIZLA XER,
Al“-TEA 1346, Mn*-TEA BREYET5, HEMBRSTAY 2. 2. 2 OX 5 CRAELL:
Dbz bNBKEWFTIX, Mn 38%E 2li0REECS 55, TEA DFEETTAH VHCTE L, 2K
KBS 5T Mn® Lich r FRC Mn**-TEA KL, Mn &BREUT 40 BErR
To BRIVBENTL T, WEOEERECEBLALDH O IF LT RFHE, HEILI L0
278\,

Cuene-Bray? (3 +3Bh K- CHWEH D Ca & Mg © EDTA [§ED-»IE, Bre-NHOH & X 5k
BHRECHETERRETHZ EHRE LD, Cuene et al.? X DDTC-£ Vv « 7 I ATz -
HRHIC X B ETROREBELRE Lic, PR LD, T OWEMMETE Fe- Mn - Cu s X3BESH
0% Al iXREINIQ-OT, ZOF EFCLEMHK PO Ca & Mg © EDTA HEM L LTIRE
ThD, HIAREAVIERBL LILBETHB, AFvv-7murafiiaBRALLARD
Bad, Ca r Mg MRERMEMITHF R4 PRETK DH © TRIZ, ZRFR 6.1 & 6.7 ThHoH
B, Fe r Al OFEOHIE pH 5~6 OFFENHYTH B, Mn O+ A AW LIITD
BDik pH 5.9 ATHBHFh i, pH 6 TRERRELTHSD, LT TEHIX, pH 6 THF > v~
7mukl s R 0T Fe & Al 02K X0 Mn O—H%KB=EL, 0E¥O3X AL pH ©
‘DDTC-7 » moh A aflili™ &I 27> C Mn OREZERFE LIz, Seecker et al.'” X5 : Mn Dl
BEEOTDIIE PH 6.5 EXMTH LR ED, EEDHNDOLDEIX pH 6 THIHETHD, 7 &
2R AT, FerAl X0 Mo OFF v 54 MXThThB6E - HARIUHEAYEL, Mn-
DDTC .3 ¥V 7 B2l Btar BT %,

BREEORMOERL, LEMHEWEZOEEIKRTITHTCERLL, LTO—EFBEEOTRAR
W—BERI L OTHEDIR Ca & Mg 2 EETHZLEHODTH BN, NHOAc MO B a1
WIFEORbVIRBL 5 BEEND, WEXTEMRCT 570 BAUED Bffy BARZ b E Lk

D, LSO TREI R ) VBT DR LA Teo%k, Tmker™ 1%, BECENR I cLED
‘NH,OAc i o Ca & Mg #EET 50, Ca fEMA#ERIE L LT acid alizarin black SN (Color
TIndex No. 21,725), (Ca+Mg) EMAIETIE L LT EBT £\, NH,OAc #4345 = x7c{ EDTA
THET L BRIEEYEH LT\ 5%, acid alizarin black SN 32BN TS L DI WOT, ZOHEYR
HLTHEBZENTERVE, HAOKRE LE—BCEATE, PELROBACEIERL DS D
TlRvr L EBINhS,

4. 2 FiRBllicoOWLT

BORAC—HEEOER I ZRE T edic T 2 EgE LT, HaNRHE, TihbbEn

FEETVE=THRELTKRELLDODL, Ca . YEE: LTHBEL T B KMnO, fEL, Thh
b Mg AFvxA L LTERTHI LE—IGEL. LaL, BT X5 kiR
WLHED Ca & Mg »ERTHORK, DX TEMHCREDETIREADSVWEBIFELYAVTLL
HERD, EREEIVZENEINENSREY OO, £IC, WEHMHEC IO THELREYBEL
b EDTA BT S W FEEhErEE L KEL, ZhiBAv—HERd AL X5 LB
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Too B2RBIVE IR, MAHENIKRE—BLEBERYEL DI LERL T 5, LR TEERS,
—BIIRE L BARC—EEE LT T, FHEORAVGETLREAWLENLVEG L HETRIFE
U CHERT R BEMPET D, BEMH—EEEE V5 2 L 2T 7D,

CEC JlIEfH® NaOAc iz X% Ca** ofiH#i, H5»TU® CaCls THMEBEYISIILOTHBH
b, —RCIHETEDOESEIHY/ P WX 57D T, Jackson® 1TERWHE LTk NaCN 2 5% 203
TEBT %##7R¥E L LT Mg ¥ L 7 EDTA E¥EK T Ca ZIMEL T\~ 5, EHIX, Parron-Reeper:
HREE AT EDTA ERERE CEEE Ca ZHE L, BAEZARPTT5bBEAW—HERIC
Lot (2. 3. 3) EEERMN—TEEROBRIEEL R ILH 000X, BDEENT LA LV EEDTh.
bTHHD, FIRCIB2RCETHLALERTLRRIZHERE IR L TE

7o, HRETUHIEA Avbhics, HERD ) AVLhisd /xof ex. Ca OHEEL LT, 1IN
KArksd0hh5. EHIL, RALRFHCOWTZ ORMBBOAHT % SHRE L Thiz. 1N KCl HhHK
T—fc, 1N NHOAc #itH%& X b LY EHT 2 BEN T D EL, L KCl 13 EDTA fEEi
HLEELDOT, —ESBRY LOTRAV—BEERCI VEDIE Ca DERE L) ZLRNTES, B
HRH—TEEE L D—Fd L 2hDTH DM, ex. Ca BEHSED Wity LT NHOAc Hilic ko
TEETHONKRGEEETHOT, KCI fhiic X o7z NHOAc #lic X2o7kcfE: M Lic vwas
b, AT LORBEIFTHZ LR LT,

5. #&

il

HEMHE RO ALY A <SRy A0 EDTA BRI AEEELLT, - TAi=va =<
VH VIR EDOYBELREYRETHI LR PV =R/ =47 F VTRBAWL, ALYV ALIIRXYY A
DEE EBREPLLTCFE—-LT7RUVAV 2V T VLIV VERBWS), BI®ILy aZtoRE (8
7RI L LT PaTTON-REEDER $EREX VD) b L DB LA TELRETCERLBAVC—THEERELR
£ 5. BRBIDORBAC—THEEL IO THBRAVAREL THEC I Lo b LEBOPELRY
S BB LT, ThbETRYBEEMBC XD TRELLOBIHER S & it 5 B i Hh,
H—@EEETAV5Z L v3TTB5,

MR L LTk, HEORSWH EEERERT v £ = v sdlHK (ERERCEREI LT A
BIVCBBEE~ /X7 AL LTRREIND) ZELLTLODWF, L THAYY A £ 4V THA
LicHBOB#R T b Y v AETIC X 5K (CEERIBATEL LTERIND) 2 b, &
DD LFIMHE TH, MUFOEECIEL TR THERT I CEDREERIEC 5250, HBWIL
HMHALBRERECISMLOBERELRKC L L THERIEC 32200, Yb b X > TERDH
LR LT TAE LN TEDLES,

BhYEEAC—HEEY HEMHRCICRATA 2 LR TR, £ F=a2 A0 3FxT7HETHF
$ — < BFF%ERTD Rudolf PriBiL 4R L OFDFITORAWA L &BIHERECOWTO —EOEHITIE:
DIERDTHDTC, TIREDEBXEH LI, (1960. 12. 14.)
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Complexometric Determination of Calcium and Magnesium—TIL
—Application to soil analysis—
The determination of calcium and magnesium in soil extracts

Kinnosuke NiiNa

(Résumé)

To determine calcium and magnesium in soil extracts, the following two procedures are
proposed : (A) Masking-titration method and (B) Solvent extraction-titration method.

PROPOSED PROCEDURES

(A) Masking-titration method

(1) Preparation of sample solutions from soil extracts

a) From NH,OAc extracts of soils:

Extract a 20-g air-dried soil sample (<2 mm) with neutral 1 N NH,OAc solution until
about 200 ml of the extract are obtained according to Precw’s procedure'. (As the author
considers it very important to make soil extracts at a constant temperature, he recommends
using: an electric incubator at 25°4+3°C for allowing Erlenmeyer flasks containing soils and
extracting solutions to stand over night in it.). Evaporate the extract in a 300-ml beaker to
wet dryness on a hot plate at 120°~140°C under hood. Treat the residue at least twice with
aqua regia (20 ml each) to decompose organic matter and then twice with HCI (20 m! each)
to convert it to chlorides. Dissolve thg residue evaporated to dryness in boiling water and
filter the solution. Dilute the filtrate and washings to 200 m! in a measuring flask with water,

b) From NaOAc extracts of soils saturated with Ca?*:

Saturate 10-g air-dried soil sample (<2 mm) in 100-ml centrifuge tubes with 1 N CaCl.
solution, wash out the excess CaCl: from soils with 80% v/v acetone and extract the soils
saturated with Ca?* with neutral 1N NaOAc solution according to Jackson’s description®.
Dilute each extract (about 250 ml) to 500 ml in a measuring flask with water.

(2) Complexometric determination of calcium and magnesium in sample solutions

a) The standardization of 0.01 M EDTA (2Na) solution:

Three 25-ml aliquots of 0.01 M MgSO; standard solution are taken into 300-ml tall or
conical beakers and diluted with about 100 ml/ of water. -Add 10ml of ammonium buffer
" solution (67.5g of NH,Cl and 570ml of NH,OH, sp. gr. 0.880, are dissolved in water
and diluted to 1,000 ml) and 5 drops of 5% w/v KCN aq. solution to one of the beakers.
Magnetically stirring the solution, add 2 drops of Diskant’s Eriochrome Black T (EBT)
solution (0.5g of EBT in 50 ml of triethanolamine)® and immediately titrate it with an
approximately 0.01 M EDTA solution from a 50-ml burette. Add rapidly until the color
becomes violet and then drop by drop until it turns pure blue. Calculate the molar concent-

ration of the EDTA solution at 20°C from the average value of triplicate titrations.

In place of EBT, Thymolphthalein Complexone (TPC) can also be used. A small amount
(£0.1g) of TPC indicator (0.5g of TPC diluted with 50 g of KNOs) is added to the buffered
solution. The color changes from blue and becomes colorless at the end point.

b) The Ca plus Mg titration of a sample solution :
To a 50-ml aliquot (weakly acidic or neutral) in a 300-m! tall or conical beaker, add

10 ml of triethanolamine (TEA) aq. solution (1.:1), 10 ml of ammonium buffer solution and
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5 drops of KCN solution. Then dilute the mixture with about 150 ml of water. Magnetically-
stirring the solution, add small améunt of TPC indicator to it and ti"créte it with 0.01M
EDTA standard solution from a 10-ml micro-burette (1 div.=0.02ml). The blue color of
the solution turns colorless at the end point. If the titer required is over 10 ml, titrate the-
second 50-ml aliquot with 0.01 M EDTA from a 50-ml burette,

c) The Ca titration of the sample solution:

To an another 50-m! aliquot in a 300-ml tall or conical beaker, add 10 m! of TEA solution,
4ml of 8M KOH and 5 drops of KCN solution. Then dilute the mixture with about 150 ml’
of water. At the end of 3 minutes after the addition of KOH solution, -magnetically stirring,
add small amotunt (about 0.1 g) of ParTon-Reeper’s indicator (0.5 g of the reagent diluted with
50 g of Ki:SO,) to the solution and titrate it with 0.01 M EDTA standard solution from a.
10-ml micro-burette or a 50-ml burette. Add rapidly until the color becomes violet and then.
drop by drop until it turns pure blue.

(B) Solvent extraction-titration method

(1) Solvent extraction of interfering elements from a sample solution:

Prepare a sample solution by treating a soil extract with aqua regia and HCI as described’
in (A-+1+a). Transfer the filtered solution (<{100ml) into a 250-ml pear-shaped separatory
funnel for solvent extraction with a small amount of water and add to it 20 ml of sodium
acetate buffer solution (136 g of NaOAc « 3H.O are - dissolved in about 700 ml of water and
the pH of the solution is adjusted to 6.0 with HOAc. Then dilute it to 1,000 ml.). Iron,
aluminum and a part of manganese are extracted twice with 2% w/v oxine solution in.
chloroform (10 ml each) and one minute’s shaking. The traces of oxine and oxinates are
extracted with 5ml of chloroform. Then 2ml of freshly prepared and filtered 2% w/v aq.
solution of sodium diethyldithiocarbamate (Na-DDTC) is added into the funnel and the-
content is swirled. Mn-DDTC is extracted three times with chloroform (10 ml, 10 ml and
5ml) and one mimite’s shaking. The aqueous phase and washings are filtered into a 200-ml
beaker through a loose-textured filter paper wetted with water.

The filtrate is transferred into a 250-m! measuring flask and diluted with water to the-
volume capacity. 50-ml aliquots of it are used for the following titratiohs.

(2) Complexometric determination of calcium and magnesium in sample solutions

a) The Ca plus Mg titration of a sample solution :
Proceed as in (A + 2 - b) but without the addition of TEA solution.
b) The Ca titration of the sample solution :

Proceed as in (A« 2+c) but without the addition of TEA solution.

(C) Statement of analyses

As is well known in soil chemical analysis, the amounts of Ca and Mg in NH;OAc extract:
are called “‘exchangeable Ca’ and ‘“‘exchangeable Mg’’, respectively and the amount of Ca.
in NaOAc extract is called “‘cation exchange capacity for Ca’’, all values being expressed.
in meq. per 100 ¢ of dried soil.

Assuming that values obtained by Solvent extraction-titration. method are standard ones,
the author compared values obtained by Masking-titration method with them for two Japanese-
forest soils. As shown in Tables 2 and 3, similar results are given by both methods.

Because of its rapidity the author recommends the Masking-titration method for general uses..



