EDTA EER LI v AL
YAV LZOEEITOWT—I

+EHMEBE PO L > w oa L
=V x> rnOFEREB
— XIS~ DI H—
5 &% B oz po

1. B

FBIRVCENTUL, LBERECAEZMLOLSMOBEDIN YT AL <%y A0 EDTA %
EEFER LAY, FRCF UL, HEMHEROI LYY AL <% >y A0 EDTA ekttt
Do EDANYY RE=TXVY ADOGEYTETAHAVEDCDH S LERBED 5 b, HBOLEHT L&
HEBELDOI, PHINERT YE=9 AERC I 2MHECH 5. BTROEEERYES 1002 ©
DNTD meg. (39 77 248 Brchbb LER, RIFEC "BERtEH L9 5" (T ex. Ca
LBEFET D) KXV "B~ R vy A" (LT ex. Mg LBEFETB) L LT TW530THB, &
NOTFEORLETELBEHBUBRA A VOBELE LAY ORCABKERINSSFHEER "G4 4+ )
BHAR" (UT CEC tWET5) Mbb, BRBREY, LREBEBRUER/+&vOMERESHILLDD
YO7vE=Y AAMLEDO7 VE=V A - A FVEEFXERL T, TOEREOXDEL 1008 DO
TD med. ATH L LIETREINSORERETH S, Thrd, NHe X 5ER, kaolinite
%\ % halloysite 2s 5B BEIN TS H ORBOK -V r 2 BBRTHZLATERVL, ¥
7o vermiculite I X h NH,* 235 3 BEREINAERANS O TS OV ObEWERRH LYY, £ T
NH.* Ohdbhic, Na*-Ca®* +Ba® 33\ ME Mn* el wAVWTEBRERZAEL L 5 LT 5REN
bb, EERINOGEHTEDESPUE XM THENLILRVE, ThbDdd G kX bERT,
BB 4 v 0 ) bENCIENC I —BcRIEER C* AV, BlEs Loy 2Ol Thb
W5 "RIRAME' *FRATHORIVAENTHS LBHLI 3 A TCHINTHS, £DH %, C* o
EEA NH OFRIDbizsncRECSIRLB0T, & olbbeTRATAC LI,

BEIC X A EORMBBEOEE LD DI, D FRCERCODIHBYER T leach $5H%k (k
& %1¥ ScHOLLENBERGER-SIMON'® AEEAR LT\ 3), i) =A7 5 A ah CHELHEREYERL > - KB L.
OB 7 75— GRS - BT 5 HE (b i Peeer™ MTRLTW3B), WX iil) HEE+HT
+B B OBR L BOSEYRET 5 HE (o 24T Jackson® 2R LTW5) D3BTHB. AR
T3, ThbtHOEHFEHmBTHORTHENTIRVOT, FBFELBBRERA & Vv OBEOBER i)
OHBER, ¥FERRAROWEOHBEK i) OFEXAW, D OHEIAWLhDN,

B LA SRABE LT bR AER OB, EDTA HELX 5 235 Ca &t Mg DRI

(1) LEFERITHRER
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HLT, BEEOHELRDETROGEDOHTNIEHCKRE DT, H#MPKETHI 5L LTI
BHBREC Lo T TN OELRYBREL TrD, Ca L Mg OBELXBIIe0lc, THICRL, L5EHr
HE P CRHETEOEEIL Ca ® Mg ORI L TERTILL, AEDH B LLDORED order I
HHONEBTHB. EHLZOHE, FERERAIN TV UBHRIEC X AHETROKRE i
T3 DI, HE L LT W L BOTHDT, HELREL{BRETHZ LBRIBANT SIS,
BET B L THEWBRHREL D ES Rl - BRABEEAHEC IO TRETE2TEHHAIVEED
oo WS OO FHEROBER, RIFLEMEELZVCE LD TRANT 5,

EAWHIE LT, ETENE - 7L I =9 28IV ThHEKLE, PrBi X OZOT
DELHR LIV =&/ =47 3 v (T TEA LMEET5)50? 2BR LA, ChIZGUT, Ca il
EHERE L LTIk Parron-Reeper $E7RIEP %, (Ca+Mp) HERKETEL LU FE -7 2V, Y
cavsurryvy (BF TPC rE&E3 )W %M Lic

FEREE L U, BT ) v ACREINL pH 6 OKBEND, FF v v-7 v aki afy
HiZX vk 713 =Y 2aBIO—HMO=vHFVEBREL, DFRI=F/V DFF « A3 VEF+
Yy v s (LUF DDTC r#E5ed5)-7 rukr afilic X ) = v 7 v OBRMEREKT S5 FHEk Lol £
Dk OTHEOEFREITLLIL Y Parron-Reeper 7L TPC 254, TPC Oohdbhic=Y+7
m—4+77y7 T (AT EBT 2#5T5) AT L

R T v &= v K, MELBEOBE BT, BHTZBEEOIDLL LI BT T LIS
WV BB L HEBIZY) 5 2, %E0 NH* i3 Parton-Reeper #EREX A5 Ca [EE0K A
FAERICT S, NHe OBEBIIREREARFTRT S LIt X b I bhin 7025, FHEOZAIT
ROPNWIRDT, HAY 5 Tkd B, BREHLTCERLELOLREBEYRIYC I 2, TOK
REREZRKCED LI O SWREMEKR L THZ LR L

2. BB FE

2. 1 EDTA FERAREE IRHLLOBREERE

DTFoMENRBIAERAINS 0%, EBEEIUDC—HELTRABL TH L,

2. 1. 1 EDTA @ RRIE*
2. 1. 1. 1 EREK

(1) MgSO: %%, 0.01M--- Bk F iz thbl DGR MgSO, - 7H:0 (7 KIERSVEMT %
fHA% LoD, THRESHLKLIMOBEYE T s 4 2 —hFRL TR Icd DR AVS)
2.46508 EFMLCKC LML, 11 2R« 77 A2 TER LTS, BHCLTERLIERY) =51V
HACREFL, 20C KRBT 5 EVEEXZHEBLTEL,

(2) EDTA ¥5#, 0.01M----EDTA (2Na) # 3.7¢ K& LT 11 21, #Y =5 v Viff
CRFET Bo EBT #ERIEF ik TPC 7RI AT 0.01 M MeSO, BREBK TEEL, 20°C KEF
BELBEYEHL B Q. 1. 4 2R,

2. 1. 1. 2 $EwR¥E

FERLLWsED, REFITNTERDS 4 —» -0 JISHE - HRETACH IO L T5, Kix
T2 BERE BT, o
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(1) EBT #E7RE Mg b5k (Ca+Mg) BER)----=V 427 uv—»4 -+ 775w T (B Dotite
BT #fA\Wi) 0.5g ZE Y =%/ —A7 v (AEHE - 1 &M, DR IVWOIXFEL - Dotite TEA)
50ml T hl, BERUBHRPCERLTRET 2. BEBLAVISERTUEL, 4L 754
MRETH %, BHRHIETHH, FHHMC 20°C B hckdiud, HkicRgicd » 5,

(2) TPC 7% Mg » 5% (Ca+Mg) WEMA)--FE—AT72LL vV -avIFrryy (A
f= « Dotite TPC % fi\~72) 0.58 % KNO; 50¢ L HSKTTTE BT —TH ¥, BE/NEFRIC
BREFT 5,

(3) Parron-Reeper #5773 (Ca {§%EM)- - - -Parron-Reeper #7738 ([F{C - Dotite NN #hisk % Fu»
72) 0.5¢ RSP THRIC LAz KeSO, 502 L TEBRTH I ELbE, BEMNIFCBET S,

2. 1. 1. 3 pH #&H :

(1) NHCI-NH,OH %% (Mg &5\ (Ca+Mg) #EEM)----NHCl 67.5g % NHOH (&
‘0.880) 570ml rJK 250 ml DEEYPC LH L, KTEE 1! L LTHLEY =5 v VIERBEFET 5.

(2) KOH %¥, # 8M (Ca f§5Em) - -KOH 225¢ #7K 500ml & hl, #Y=FLVFEH
BRET 5,

2. 1. 1. 4 BARUVH

(1) KCN %¥#----KCN 0 5% w/v Ke¥o. LEKAZ w2l %,

(2) TEAWHE -tV =x/—A7 v (M. 185, 5K IVOIFL - Dotite TEA)
LRKOEEBREWEDBELCIELTDL %o PV =&/ —AT I VIZESBHEET S, EELED 200C
AT HTetcd D LR IORRBIC S £ %,

2. 1. 2 JUES

HWEBITNCRERE 20°C KOWTREL, AR ORICKRERE L WRHEXIZEZ L,

(1) €avyb----10ml PEOHEREZETHHEIT 50ml €o vy b, 10m NTOMHERS
BI5BAIX 10ml 37w vy b (1HE 0.02ml THREDDDOWEDHD) HWS,

(2) 75A=----1,000-, 500-, 250- 3 XV 200-ml &

(3) ¥Ry bF----50- IO 25-ml %5

2. 1. 3 BHEE

RIXFVI c AR T — - AROWFEETAT, BROFXHLE CRBMRELZELLVBRENTT

EHRFTARHMET B LB ELT500, ZOBOREBEENLETH S,
2. 1. 4 EDTA #EEER

MgSO, fEHEEHE 25 ml €=y FT300ml b — s FhiXa=pr - E—Hp —dhict by, K 100 mi
“C5 3%, NH.CI-NH.OH #¥%#) 10 ml & KCN ¥§%& 5 MEIRRML TRET %, €= vy tOo¥eid
bEFTELD, LEE ST RVEEOE I CRRER L s b EBT #57E 2 iz ,Ebc EDTA
B THRET o  REAVHI D ETCIRBREXZAECARVEENTTLROACHEL, RERK L OLE
BLTUHAMAL FAROERL1HD), BRELFKREBOTWERILILOTCREELYHRA L T5%

* UTHETHORIITST KON 2410, TCHLEERLYET L. MLEPRAREDOK TR
AL TT, HLIRBOKEMLTE L, BEDOKNRLEDOTND LIANTHBECT TS L, ¥
TV e HARRELTERTSH %,
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D7 b 3EDOHWEDFHMELR S L, 20°C KT 5L EEXEBLTEL,

TPC fREXAVTH, MECERCEETHILNTE S, MEHD " - LEXEHTVEED
FEITHKEHRLERAL" UTE, 2¥0L5BETS !

TPC #EFRESE (0.18 RE—FEZ 15, 6om OV P OHDO/NI T A IFRICE  E4F) whnx, EDTA
B CHREL TEAIRIEARA Y TLh, BrAYL{£E (RE) Chbmefar 35 (ERED
ENSTEDL LEEIELIN),

2. 2 i IN BBR7VE=V LAMHEIC L ZEREILS Y L LERET SOV LAOERE
2. 2. 1 #hiHEE
2.2.1.1 R ¥

Fik IN B 7 v e = A% (AT 1N NHOAc r#EEd5) - 7veE=7 (LEH 0.9
70ml %IKKI 700 ml WBAL, ZHUCKERRR 58ml RiREL, WY 7 ABE pH #HEAVT7 v
=7 KELEHRTED PH % 7.0 CHRELLOD, KT 3$TDT 1! 235, REXLELTED
BEETH D, 11 F00DT, bzl 51 HOHY =5 L VHFCEH L TRET 50

2.2. 1.2 # H

300ml =f7 7 A= AL 208 RECIHTERE (2774 VER+RBEZFEL, BEEL TR
R LA CEHEBRPAIOLVRTED, BHEBEOREY FEL, TEERLO-BRORLT
%) THRT 5, AL ViRs WK, B 3om & 5em OB L0 REHML 5¢
YRBCLCERL, BREREEEMNT 105°~110°C TRV T 1 RERBETETSZ LD, F0
REHLED "ER7 775" (2. 2.3. 1 (3) B3 b L%,

=7 5 A2 NORBHCHEE 1N NHOAc & 100 ml #EELTMAL, T 28%¥ LEObEEEL
5HTH 30 ARIIRE 5 L, Thanh 25°+3°C OBRLIE (M v .12 —) Akvh, vy
swirl LC1&BBEET .

2. 2. 1. 3 JREE

R —T 7 7 =% AV ARG R L oT\\ 52, EEHIRE o\ HECHEIERL R
FTUBEREEI LW EBOBOHF R IVER S, FBIEBEROBAIIHERME No. 6, 12.5em %,
BERBDOBEIIREFIER No. 4, Tem V2, BENEREEEIR, —BITR 2T 5 X 5 TS
77 7 =) LIGEHE Ak Witt OJEBEEY AT I v, EERE IR0 I R 0RBLTw

a.Aocn | %, WEEAD 2 ¥ %W N L THZEFEA
TAFTT ALV & —~2k <, 300ml fit

E752a2CORCEEFT7HT2—-BDCcy
1, AT AsRENLTCH I ART 7+ -/
3} (GeE b~V 4 - 5T AB, BR-70) #ix
»Bo ADb L BDb LIZEZEAEA T AEC
D7 BBIER, I 1H 1HED E 01T

=NATENN

At SEUE B (Fit/E) )
B: &3 79" 79~ (Mt/E) {7edBb B X 5 F/HT 5,

C: 300ml Mt/E7723

2. 2. 1. 4 BELHESE
. Fig. 1 BEEREE
Suction-filtration apparatus BELTBEWEEA75 22 0REYEE
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L, #7ABEO» O TEBEYRERIANC 5> OLTLE 5. ®lbOHPEE 1N NHOAc Tlhek7 7
AaPEWEGIE Licd' D, WIROLBLREOTPE, IBRHOBRLLAEN 200 ml ied FTIRT
5o '

2. 2. 2 hhHHEE OERLE

SENOMMEEY 300ml €—H—15DL, 7F7AaRE—h—HAENTi, E—H—KHFA=
AN L CHIMO N —% 1L, 77— FTFFLREFS 7 FADAY b« 714 +(120°~140°C) ETH
BEEREL, BIMEEECRET 2. SAREZKRELTE -2 2RI TSIc2 L, MELA D HNO;
# 7ml-HCL & 20ml #MAL, Ay b+ 74 P ERDEL, BENALTEOLLEURKITNEZ=A
RTIbHF CEAREET 2, COTKAEL P LD 2B b2 L, ThTCIERREFRELE
LC\wieh, 7ok 1, 2 MEKAER S vz T, EXRLEORRERER HC 20ml 2%, &b -
FUA P ERD ELTRENLTESLLEREEL, HC 20ml X ORREREY D5 1EL V2T
=5~ PBOKEML TMNMETEB L TRELREML, HEEKR No. 5B, 9om THBL, =
8 BRI € — 2 — R WHEADOBBTHV-T 4, RBCEBEEIED . WKL BRI 100ml & —» —
305, 20 100ml UTOBEEY "BIEK Liscrieds,

2. 2. 3 AplEwHh o Ca r Mg DEEREE

DTt 5, WELEREYBRETHZ L BRALT Ca ¢ Mg © EDTA HEXRIk)
TBEEY "BAC—HEE, BHBHCX WETEREKRELLOL Ca ¢ Mg © EDTA fEx R
o5 EEEY "EEME—EEE LR Ts I LT,

2:2:3:1 RBAV—HESE

RKREEHEY 200ml A A+ 75 R2ahic 320, KTH3THTERLL, Thhrb 50ml FOo¥ <y
FT3, 300ml k=L FlZ2 AN E—h - E DT B,

(1) (Ca+Mg) ® EDTA {E: 810 —»—ic TEA % 10 ml - NH,CI-NH,OH %% 10 ml -
KCN %% 5 iz EHK swirl Lisaibink, K& 150ml Mz T 5TH5B, 10ml 7=+ ovy b
o EDTA EREROREOE e bbb N T& b, TPC HRESLE (2. 1. 4 BB) iz THR
BRLEADHEELTYE, FEIMEALAI T EDTR LA S EE (KEA) KinhAvkALT
%o

3L 10ml THELENKKVWEBLESOLLWMERXFIEL, ThbIFLDTLhThOE 20—
B =N, 50ml € . vy +asbo EDTA EEEAR CREC LTHE Lkt

(2) Ca ® EDTA {%E: #£30E—5—c TEA g% 10ml - 8M KOH gs¥ 4ml - KCN %% 5
WEIRK swirl Lichibink, K& 150ml T35 §H%. KOH gL ML oL 22683 2ok b
(3 PatBBestz AV % L EFD, KM LD Patron-Reeper ERESE (890.12) iz, i
FRENFRELELEDCABRL TV vy FALEELIEILD S, € vy M (D) DFEEDERC
IDOTAEIRED S, WREVINZ LUBOBERORIL, Ca DEROKLDIELHREAKL, VERC
B LI D TREAN DT o REKTNS T CIIBFRBREYE UV BRENTTZOMHEEL,
PBIIERL THAMAL (BARPRVERLDEDD), FELERFRKEBO\ TRk oBEE %
BRL T, '

(3) &H:
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EDTA #io  (Ca+Mg) fist
Ex. (Ca+Mg),_ EDT 200 100 .
mea 008 B~ s PR (s 50 mﬁgé LA o
EDTA D Ca FEED
Ex. Ca, 200 100 .
EDT
meq.[100 g B+~ (%26"%[ X 2 % mlDﬁA(;%acJ) x 20 xa«%%é %_/ ; 5’{&* ...... (ii)
e | =Bx. (Ca+M@)—Ex. Ca..oooiiiiscoisec e, (it

* e 21¥, AE 5.01622 OFRFHE 105°~110°C TI1HER L L TEBREN
4.9130g r7cofc i3T5 &, 4.9130/5.0162=0.9792 & ZDRBID "EM7 - 7 &
" IBT LT B,

2. 2. 3. 2 YEIEFH-—TEEE

(1) v ARES

i) B bV v AREMEW, PH 6 (LLF NaOAc-HOAC YA¥ L BE50T %) - - -EF+ + V ¥ &, NaOAc -
3H:0 136 %7K 700 ml e h L, #7AEM pH & AVTKERERT pH % 6.0 IK/EL T b
KesTdT 1l 2L, BV =5 vVEPBRETS,

i) 7 mEAA LA 1 RERAE EAREHCR, 2N HSO,, 1N NaOH, KCIRKZEST 0B,
CaO THIKLTHLEEL, HERC 2% V[V RiRd L5 @KT7 a2 EML, BEEPCRET
%o

i) A% v v-7m e RV AER ARy GIEMEE - R & 1D O resL A 2% wiv
Rinh X SIHRL, vy K H T AN CGREMEF) IR 5,

iv) DDTC Wi+~ V= F /b« IF4 « AASIVBF P Y v A (EHME - 1R 2KC 2%
wiv K755 X 5 CHEML, WA RERE No. 5A THBT%5. HERAZ LD %,

V) 7 mukr shHEOEL: -« 27 v m b AHEETRC, 1 O0BERED REE) 5,
EARIICEIR LT 1) & LCR 5o EURGER i) OB » [T B2, RIOBLLE L Tl
iy A HNEHTH %o

(2) WM X5 Fe+ Al-Mn 78X Ok

REAR Y 250 ml B AR G, F2RDP I 2Lvh, €= —% LBROKCHHE
#B e ~TELs = £r. NaOAc-HOAC %WE 20 ml R MALTEAL, +%v-2 m mai AWEHE 10 ml +
ST2E, 1HMORE S - MlHE hox L GITHEOR: 5 BMET<TRH 1AM, 7=exr
& 5ml T - T35, ¥, DDTC BE 2ml REAE 2y b CINL T swirl L, Zwmkil
& 10ml THRHLOBb 7 mek s 10ml & 5ml T20HE, ¥E -z,

SRR DO TIC, HERMS No. 5 A, 9om 2K TLHD LTILHTH 5 I 2RIBC O THE,
ZORIOHO TR EDI 200ml € —» —%RRELTEE, HWUNOLZHREFITSIET 5,
SRBIHOKEE €~ —hNEBBL (LOOLRERC I OT2 v vl A0 REIND), SHIR+
PIXPETOOKRT 3, 4 EhEL, WHRXERREY LB L, BRECREZEE,DOKTES .

200ml € —h —1T 5V clBE E ik 250 ml AR+ 75 AR 5DOL, KTITHTCEREL, £
Wit 50ml FOBE=Y LT3, 300ml b —A - Fllz AL €= —LE DbIT5,

(3) (Ca+Mg) » EDTA jifisg: TEA ¥ 10ml OMAZESLME, (2. 2. 3. Do (D &
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4 Ak BET 5, TPCiEFREDH b hIC EBT HEREXAVHZ L TE D, LOBREER (2. 1.
4) DOEFLAKTS B,

(4) Ca o EDTA #5%E: TEA ¥ 10ml OMAZITES DS, (2. 2. 3. 1) © (2) 2R
BICEIET 5,0

(5) =E: (2.2.3.1) @ 3) ORHFDOLIFTLHETS7 77 £ — 200/50 % 250/50 & F 7=
HEORIL X B,

2.3 BLOY L AFVEBRMIICLZBERBEORESE

2. 3.1 Ca* ofifiFE I0HHAREEHLEE

2.3. 1.1 R¥F
' (1) 1N CaCls #s¥:---CaCl: » 2H:0 73.5¢ % CO: REKK LML, 2B/ LLTHEY=FV
YHERCBRETS, (B i3EALT5H Ca(OH): C pH % 7.0 CFHETHISHEELTHS
B, BERCRENINZ LA e b, pH % 7.0 CRET S Z LXF TRy, 5, BK
@ pH % check LTAHT, BHED pH L AZLFIIZOEEA BT LR LI,)

(2) Rtk 1N NaOAc ¥ - -NaOAc - 3H-0 136.1¢g %7K 700 ml & &L, # 7 A% pH &
HRAWOKEER T pH % 7.0 KFHBELTHALKTITHT 11 275, KERBELTHOREETDH
Binb, 11 F90L 2T, kkzif 51 #Y =5 v HHCAHLTRELTH .

(3) 8% 7&btv----20% vIv OKEEAT 5.

2.3.1.2 # B

(1) WRE----ARM 2.7cm - TEH 17em D 100 ml HEEE

(2) UBERT ---AM

(3A) 5 8RR - - - International No. 2 #3530

2. 3.2 Ca* RXzfaMEfL i Ca*r DY

BB R L HFRECREML 102 2FRL, R idics < GG £ o Bt
DER7 7 72— LDTEL,

WBEIC 1N CaCl: i 50ml Fo% iz, 2R LTIRE ) LobREr ), WEEY
2,400 rpm F#RC 5 ARGELSBIHC A, EEREE 300ml € —h —ic 507, 1N CaCl: ¥HIC &
BRBOUEY e 4L DT, KELEOBAL, FRECTFEYIS VL ILDONEETHD
Wb, ELDHEODFIE —» —hORELHERK No. 6, 11om THET 5, WRITETH 5,

DER 80% 7t v 50ml FOCRBILTSME, R 3 BELHEE - EBEREROAERL, &
FD CaCls PR, ERIPTVAIOWELBEL, WRIIEEKIEDICT T,

I 1N NaOAc B#& 50 ml T >CRIB LTS5 E, R 5 BR800% - LERESOAEY
L, Ca* % Na' CHE# - fiHT5. FEZREIRPTVFORELEL, WEE 300ml C—h -5
b, EEELEDOHM 1 N NaOAc B CHES o

2. 3. 3 ¥+ Ca © EDTA jiE

NaOAc (X535 BEMNRNDT, 300ml ¥ —H —FOfMEE 500ml 2 A - 77 A2 52DLW
N, E=H—%KTAA+ 7FAPARVZATHLKTCERL L, L0 50ml bt b. (2. 2.
3. D (2) r&{ARICLT, BA—EHECLY Ca xERT 5o
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2.3.4 3 H
Ca wowTo» EDTA %D Ca EED 500 100
CEC, = A x2xEDTA D x22x AEEL, & B (i>
meq.[100 & &4 (20°C) ml . (20°C) @T‘FHXE: 7 IR —
e ex. Ca DEENALTHIE, KA»D "AREANE" Hbrdbhb:
Ca fARIE, %=£’éb%x1oo .................................. (i)
3. ERHAED B
3.1 & #
B1RCRT L5 nHBOREHML (<2mm) ZHHEE LTHAV .
FE1R #HELBoLCoRR
Table 1. Description of soil samples
%ﬂ%ﬁ B & g + & #H 5 w ® " w*
aﬁ{)le Horizon Decpmth - Soil type Parent material Location
s 1| A | o Be i | AR NI AREE Y -
= (B B (BERE—THE)| JIEAW® (74MHE3D 1), &
12 A 20~50 Slightly wetted Crystalline & 1,050 m
? brown forest schist (graphite | Okuminagawa National
13 B 60~ soil, schist-phylite) | Forest, Kogawa, Kochi
colluvial Prefecture
- ~ Be RS AR - ABREREEN
AR 34 A OIS g Vooie | (s Bk Coz o
35 A 15~50 Slightly wetted sandstone EE 230m
2 brown forest Yusuyama National Forest,
soil, Susaki, Kochi Prefecture -
36 | A—B | 50~ colluvial

*RIE TERETHMENAERRREHE - AZARAA HER JI0EE
3. 2 AR
Ftk 1N NH,OAc it o Ca & Mg © EDTA HEDOKERIIF 2RO L 5 TH oMo HETLHEY

2% ¥ 1N NH.OAc s+ o Ca » Mg © EDTA {#HE

Table 2. Complexometric titrations of calcium and magnesium in neutral

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

ANYTAE=IFYY AOTEEE, &L 1008 KTDOWTD meqg. F*
Calcium and magnesium, meq. per 100g of dried soil
HBES EAW—HED: R e s
Masking-titration method Solvent extraction-titration method
Sample B LY BiatEr Loy .
DA v A
Ex. (CatMg) | Bx-C2 | Bx Mg | g (casrmp) | E% Ca | BEx. Mg
A 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 BESW LI FEE (Values are averages of duplicates.)
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BRELEVEBAC—HEERC L 55WEL, YELREBRETHEEME—EERC X 20 EL Z5T1E
Lo
1N CaCl: FRZ AW CTLEL Ca* fafiLl DD, @AFD CaCl: % 80% 7 &+ v TLLEDOTA
b, fRtk 1N NaOAc W Tl Licili®g o Ca % EDTA fE L ERILE 3RO X 5 THol,
R EHREEC X 55 EZ R’ L,
#3x Ca» @ X 5BRAZOWUE

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

Spopl e o B 2*
%ﬁn§1? Cation exchange capacity for Ca, meq. per 100 g of dried soil
New R R | VB I FH— Ve TR
* Masking-titration method Solvent extraction-titration method
=ma 1 11.4 i 11.3
12 3.87 | 3.86
13 4.51 i 4.52
ma 34 15.9 16.1
35 8.13 8.12
36 6.44 6.46

* 2 EEOH L7-FHE (Values are averages of duplicates.)

4. # =

4. 1 RBBERICOVLTOER
4. 1. 1 fHER2WT

ARTHHOM ST ¥ Ch b5 H ex. Ca-ex. Mg XU CEC OEBEOHBLHNL LTV 5D
T2 D, FECBRIC3 DOEERMMED > b b#EE 2 DX RA LI, EEIZhbiMH M
FIILBLAMEROBROFTNEEL L BOoTWBDT, =ZA7 7225 i) 0B &I,
1R/KES 25°+£3°C DA vF . A 2 —hTCRIINDOk, TOI LRI DL BEI -, ezl
Wannae-Armap'® %% NHOAc T CEC #HETAHBHC LXK, 70°C K bLWIRINATHZ &
3ELbIS,

(2. 3) T iil) OWHEFACLOR, FEX® CIoMBEYRAVTWARD L, i) ORI X
%L, Ca? Sf0+E2 5RO CaCla % 80% 7 « b ¥ T KT ONTRER ke dh, HHERINEBA
CTlhBERML DL o2l h LickdD 2 00BHI L5, BOSEIMHSCEEOTELIORTT
HTW52, —RICE DIk ) 2RBBHDREI N, FHEOEENS LW #ERE DD, EEHIL, =
A7 7 AR TEMZLTHLRFI LW FROTRECHEANL, £ TOSWGBROEDHEE & Ca
ORMHER IR &, TRBLEINRSLBTHAI LB LD L 5 CRESHDOEDORNKRTOE
BRI 2 0BREIRBE RIS &, ¥ LTHREDRDOBRNTE T, ELHUATRTELRIC
57, TBEEATIEOEALNT DL PR DTH B,

4. 1. 2 PHETLRDOBARANL LBRERDONWT

TEA R 7 L ) KPR T Feir « A S X0 Mn* L& L CEERF v — MeAWE RT3
2, TOBEDHBITThbA A EDTA 0oZh i b b8, Lo, HEMHKOL 5%
POEIHBITLAL DR IRLA F V2 EHETHRF D Ca Mg © EDTA HER & OTULE
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ZLRAEREBARACEITSH S, L Fe''~TEA r Mn?*-EDTA 3EbMENH DT, BLEH-
S BEREIACORRV L, TOBRICERYET S, Parron-Reever 8773 & TPC HERER, %
MOOEEELLL T\ B7 %) WEH P TIE, Fe-TEA IIREBEILVLIZLA L ER,
A-TEA 1346, Mn*-TEA BRE%YET5. HIMBESTAY 2. 2. 2 OX 5 CRAELL:
Dbz bNBKEWH TIE, Mn 38% 2 {fioREEICS 55, TEA ODFEETTAHIVBETSEL, 2K
CZESELE 51T Mn® rigs r FARC Mn**-TEA 2L, Mn £BRGU TS0 BELTR
To DI HFENZLTH, WEDERTREOEBLZ LD D DR I F it iud, HBIZE Lo
Z78\

Cuenc-Bray? (3 H-EBHiHEK CHEYE ST D Ca ¢ Mg © EDTA {HEDT-DIC, Bro—NHOH & X 57k,
BHRE CIETLREYRET S L HREL-DD, Cuenc et al.® |X DDTC-A Y - 7 I AT a2 -
HEHIC X B EEROBREELRE Lico ThEd,  OWEHMMETE Fe- Mn - Cu /s 2ZBESh
50 Al IBREINIQ-OT, 20 F FTiXLEMHKEHD Ca & Mg © EDTA HER L L TERE
RThHD, FITAREAVIRBBL LICEETHBY, AF¥v-7vwerrafit2@ERALARD
Bted, Ca & Mg 2BEMTHF R4 +E24ETK: pDH O TRIX, ThFh 6.1 & 6.7 Thih
b, Fe r Al DEpEROIDIIL pH 5~6 OFENHEY THD, Mn OAF 3 FHBWBLIITD
B0k pH 5.9 ATHBTh 3™, pH 6 TRERAELTH b, LT TEHEIR, pH 6 TAHF¥ V-
7 mukls il 20T Fe & Al O2FR L0 Mn 0—E % KEL, 0&¥DO>3FRAL pH T
DDTC-7 v w2l B 72T Mn OBRIHKRI LA, Seecker et al.’” X% & Mn Ot
BREEDODKIL pH 6.5 BMEXTHL TR D, EEDHNOLDEIL pH 6 THHETHD, 7 &
RN AEKEPTC, FerAl X0 Mn OAF o524 MIZHEThBA - BESIOEAZEL, Mn-
DDTC i€ v 7 ol BBEar 2T 5,

e REZHORMOBEMIL, TEMEREZZOEIKRTITOTCERLL, LD —EFEEZEDOTRAR
W—EEEI LOCHEBIC Ca L Mg % EETHZ Liidhok0Th 54, NHOAc KO B E K
WAFEORH IR L 5 RBEEND, WEREMCT 570D BUED BFr FARI R Lk
D, LERADTHREIZNL Y ERVREE DT 2L Ieok. Tmger™ 13, BECEHINICLED
‘NH.OAc fii D Ca & Mg #EB&T 5D, Ca HEMRETRIE L LT acid alizarin black SN (Color
‘Index No. 21,725), (Ca+Mg) HEMIETE L L EBT %\, NH.OAc #7335 = x7c{ EDTA
TEET B BIEESZEM LT\ 5, acid alizarin black SN AbRERNTE L DI WOT, ZDOHERR
ALTHRBZERTELCY, BROKRELE—BCEB T2, PELROBRWERLHERANDZ D
TR LB IR,

4. 2 FhpllcoLT

BORAW—HEEOERITRET oo b 2 8EE L LT, HlNRTE, ThbbiiEr
FETVE=THRLE LTRELEDOD, Ca v vEE: LTABL T B KMnO, fEL, Thh
b Mg %43 P ELTCERTHILE—NELT. LML, HEHHEFCRTZ L5 dER
WLEED Ca L Mg #EBETH0K, Z0OX5EMTREDET HIREDSVEBIFEYAVTXR
HERD, EEEL WX AN IV REE DOk, TIT, WHMBERC IO THELREBREL
J-0b EDTA HET 5 BEmE—EEELEREL KEL, hitBAv—TEEERL L L5 LB
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Fo H2RBIVEIRL, WHEILIKGE—HLIEREEL D EERL T 5, LD TEED,
—RILRE L BEARC—H{EER LY T T, FEORARAVETHIRAN L ENL T EYHELRIFLE
L CHERA BB ENE D, BEMH—EEELTHCSZ 2T 7Dk,

CEC UMD NaOAc 1tk 5 Ca* OHiiEiZ, »L»U®» CaCl CRMB#RE RO TH 5
b, —BGELROSENHY/ PNV X 57D T, Jackson® 1TERWAE LTk NaCN #3721
CEBT %##R# L LT Mg #¥in L7 EDTA E¥ERK T Ca 2IEE L T\ 5, EHi, Parron-Reeper-
fREL VT EDTA ERFKHCERE Ca ZHE LI, KAEZRLT T3 DRBAV—H{EET
X2t (2. 3. 3) CEHEHMH—EEEORMAFE LTI 200, DERING LA LR LBk
LTHoHH, FBIRIIFE2RCETHLALER TN IZEREZITF L TRV,

8, bHRETURNEAAVGbRcH, BEXDHE D Avbhicdieofc ex.Ca DfHEL LT, 1IN
KClicX5d Db B, EEIZ, AURCOWTZ ORMHEOAHT % S #E L TH. 1N KCl K
1X—ffic, 1N NHOAc #hH & b dBHEZEH T 2BEN 278 v &L, Lo 3 KCl 2 EDTA FER
N LUEELOT, —ESRY L O THEAV—EEEC L VEDE Ca OFERYH IR T LA TES, B
HRHH—TEER L O—F D L D2kDTH B, ex. Ca IBHSED Wity LHT NHOAc #ilic ko
TEETHONKRGEEETHOT, KCI fiic X o7 fEixz NHOAc #hHic Xo7cfE: Lt bW
b, AR LDORBEITEHZ it Ll

5. &

i

TEHHE RO ALYy A<= %y oD EDTA HECIAERELLT, - TALIi=vA. =
VHYBREDPHELRERYBRETH LR MV =8/ — AT I VEBRWL, ALY TAL=IFZTY A
DEE FERELLTCFE—AT7E2LA YV -2V F LY VEBWE), BIOsLYy s T0R (&
7RI L LT Parron-REEDER $EREHAS) d DB LA TELRECEMRLBAV—THEERERR-
KT 5. BBIDOBAC—HEERC L0 THBAVHTREL THEL I LoD B ESBROPELRY
S BB R LT, ThOHETEYEEMBC IO TRELLOBIHER S & 7t 5 B #h,
H—EEET A5 2% TTH 5,

T L LCit, HEOMESNT EBEELHHRT v = v sHHK (EEERZEREI VY &
BIOBERE~ /XY AL LTRRENAB) #XLLTL ST, HELTHILVYY &« {4V CTHFT
LB ORERR S Y ¥ AR X 5K (EEERIBERFEL LTEREINDB) 2L 1T, T
DD LHMHE TH, MUBOERECIEL TKTHERT AT CEHDREERMEC 5 250, b5k
MHATREE LIS L OBBRELKC L0 LTHTERIFC 520500, EbbH XD TARDH
LRI LT T A LA TEBLES,

BhYCRAC—EEY HEMHRCICAT A Z LN TE DR, @ F =22 A FTHETH 5
3 — « RO Rudolf Pribi E+k X OZLOFITORAWAIL &BRRECOWTO —EOKXBEWR:
DICEDRDTHDOTC, TIREDEBXEHH LIV, (1960. 12. 14.)
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Complexometric Determination of Calcium and Magnesium—TI
—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 200ml of the extract are obtained according to Peece’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°43°C for allowing Erlenmeyer flasks containing soils and
extracting solutions to stand over night in it.) . Evaporate the extract in a 300-m! 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 1N 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 100ml 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 KNO;) 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-ml tall or conical beaker, add

10 ml of triethanolamine (TEA) aq. solution (1.: 1), 10 m! of ammonium buffer solution and
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5 drops of KCN solution. Then dilute the mixture with about 150 m! of water. Magnetically-
stirring the solution, add small améunt of TPC indicator to it and tiéréte it with 0.01 M
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-m! aliquot with 0.01 M EDTA from a 50-ml burette.

c¢) The Ca titration of the sample solution:

To an another 50-ml 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 minutés after the addition of KOH s6lution, magnetically stirring,
add small amount (about 0.1g) of Parron-Reeper’s indicator (0.5 g of the reagent diluted with
50 g of K:SO,) to the solution and titrate it with 0.01M 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+2a). Transfer the filtered solution (<{100ml) into a 250-m! 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 i, 10 ml and
5ml) and one minute’s shaking. The aqueous phase and washings are filtered into a 200-ml
beaker through a loose-textured filter paﬁer 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 titrations.

(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 asin (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 NH4sOAc 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 g 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..



