EDTA BB L A7V I =9 2DFEICZOWT-1]

+3 BB R BRI
T =T LDEREE

— B AHF~ DI H—

w4 B oz B

AR, FIEROICERBLI7 4 ¢ =9 40 EDTA HEKRY, KEOLBEROERE /i3 hHKIC
AL SR ETERT 5. MHRICHT 5 LA REFIFELEVAFD JIS BEERSET AV, X
A A TR & o> TRBUZZBRA A vREAV7, $-RUARETRT, EREE 20°CicoVnT
BREL, FheEAT53VREMEL Lz, REHRCOEBELFIAT L &3, TOEEBSNE X
CIDFEMTLTEROERANTZZ e (eziE, 1.2.1.3 DX,

1. X BLERETHOT LI =Y AOERE

1.1 - o#AR

+E, AEMt (<2mm) 10~50g (EOEEOMICL Y, FHELORRNSHTRAE DL 5E
BLTE YD 2% BAIHTESCSUMERES D) & AE W0em {BVO AL T AEA
CERL, 2H100 Xy v HEEBSETLCRAL, BELAMEFRRELTHS SOERIET
%o

TERE IR, TR BEOOMEL B EOMERHATLIZ LItk - T LS (<2p) A
BEL. AE S5cm { BV O X/ VHSEANTERL, BELIMNAFIARFLTH 230 eRE T3,

1.2 - OF R

TS LB ETH, NaxCO; HRIAICIT 0.45~0.5g, HF LEAITIZ 0.25¥o.3g TIIBERIC
ZL7: 30ml FEEHBARIC V-, “BRE” ¥*FE&T 2. tisrbilit 105°~110°C DEREREE
HOREER (W 15cm AORIEAEY) LicDd, 5P LTbETRWT I KERE. “BRE”
*FET %, HF LWEAORBHL, IHIRFIN « A—F— LT REERICK 2 T TRARL T “HEk
B EbEDHD,

REDORIZLWD I 1hd L &k, NcHFEREAVCEZBEL I LD, TORBEREE BAV-THIERD
BEZRBoRgErEHL T IV, 20X 3i2T5L & Th, HF LEAORBNL, XU HHIBOEL.
5 10cm { BWidig#r/z 1em K BVWORTTFHRLTKFGEBEVHL-DL, KFEEICL 3 F TRK
BT BBERD D, HOOLUHERME DML Tt > EHID HAADZ L, FEENCH b H U o
H:0: TE#MYE S T304+ Td, HF LBICER L CTHHOSREPIET 568
EEPOEZDHNEATVI0HLTHD,

(1) +TEFETTRAEHSTHEER
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1.3 HRBEBERODCDTA
1.3.1 > U AERAT 5#BE—Na:COs 1M

BEHIBRN ORI ¥ 73Rk Y, TORBEOHNS EROMKRERT YV v ALEMT 2, ERitk
O HCl %Blnb, ZRREEY 20BZ - TERY ) #2EHIL, 2KROERLABTLERICIRZET
ASHIBRTIRLT “Bv ) »” OBYbL»5, XLy Y »% HF LEL 720b “§iv v »”
DBY DL DD, HF WEEOREY KoS:0: BRL T 26KY, vV 2Oy LI2ERICENT 3,
BRI LU ) A SEEOEERIX, HILLEBRAND et al.?, KOLTHOFF and SANDELL® ¥ 7:i1% WASHI-
NGTON® DFEMIZ L7235

EPFL7=% D HCl D& conc. HCl (12N) {22\WT 25ml &755 & 5ic HCl @MU THH
250ml AA+7FAIRTRKTEREL, 100ml €E—H—FiZED 50ml €2y FThiTE B,

1.3.2 T AREER - RET 584 —HF 0@

HWEERICEL R W -AS&IBEL 0T Tdb, BEXALTHL, HIBCEYELLETH
RERy PHBKEBAMAL, RPEFERR-E LHIBERLTEY T3, WHERNIZERB LY
EHRRBLLT V0L, ZORFEZTMLOETBLYET S, LELSKKELTArLEREY, (1:2) He
SOs 1ml, 60% HCIOs 1ml 35Xk 0* 46% HF CEZHRKM) 5ml &Nz, HiBcHE8Y 52 TH
Bri¥d, HEY I 7 rADZESHE GERVD p. 81, Fig. 1 2R) Fick s, ¥ 1/3 13870
LTRBEERRT 2. LINCEBLTRRNT T L5, ROBMILAIT 2. ¥ b WAABE
BIZ/e 2% IHLRERNTTLE €Y —RIZI5TL B0 ZOALLERNILYI2Ie-TLEI T
 OMiE, MEASERTEDLABSIRSNRD BB THIND, BICEBEETS, WAL A LT
feb BT D, BOBERXTTTLBL51T5, AERDHEVTTI I Eolch, ZEREN
LEAOALTLELSHESL, BT b LISBHERAY Ry F2rb (1:5) HeSOs 1ml & 60% HCIO4
1ml &4z, HWOBLRERS L 51T 3, HBICHESE 52 TREN A< EWFTHBRT
BLIIRLTHDL, ZXIBH T wet dryness ¥ THET S, RFIARICL TE60%HCIO, 1ml 7217%
Mz, ZESHFCTRENTIZL (L3 ETHERET .

BSR, CERRTVBOKEEE,LHOBBFE AVTARY 100ml €—H—Fiz32L, £Y—-A
=V EDH o TRB THBOEONE L MIBORER V-3 L, REiHA+IC HCl 10ml 2z T
»iztzs, HCl € — 7 —ZHh1T THIBE LM, D 0L BOBBE TV Z T, € —» —KEHIIOEY
L, MRETIMALTLSACERLOST 2L, ABRORGHEEERICEMRL T 3. &< BRICHE
L7zb HCl 10ml #EMLTHH WS L72DH, 200ml 2 A+ 77 AahCRTERLL, 100ml
—~A—FIZED 50ml ¥Ry b THiTE 3,

LEBSEHL2STTD, BOBOBMESACKEDORRCEFTIN AL DHNID, B P E K
No. 5C, 7cm THBL, ¥ —»—L@EREERNO O (1:9) HCL# 20ml TV, BWEE %KL
200ml €=A—IZ517 %, WRE S ZICAVALMIBFCEIL, Kb W8T 5, BALTHLER
E¥ (1:2) HeS0s 15 TL®L, HF 1ml ¥z TZEKBFTMEL, HERKETIRINBETIC
T2, FI77 P AOREZARLICHBER &, PMECRACMEL, RBICNBLTRBSYZ LD,
CHEFET 3, WA LEREIC NaxCOs 0.5g ¥ INZ THRML, WL BOKE B L THHB bt/
L, BRENSDOTEZRTPBOMEYAVT 100ml ¥~ —i252L, BEFHICEY L TMELL
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2'b HCl 2ml #mMx CEGYERT 2. FRY S EOWKICEHL, HCl 9ml ZBIML THEH 200
ml XA +75RA225320L, €—H—%KTHEVCIATHBKTEREL, 100ml ©—H»—Fic 0
50ml €y b THiTEL B,

1.4 s~Ov -so0RLaHBBEICEE% - FRUEDRE

(1.3) WRBLLSIZLTIL 5 ThiFe - =RBBRICOWT,  (1.2.1.3) L7228 TRIET
B, /vy BEEMZDEZDODERIACEEN, €—H—DHRENH72T 50ml X YEL B
IL2hzTe,

1.5 EDTA BHEICELBZ7ZILI=HLDOER

(1.2.2.5) T U783 TRIET %,

st -
Al:Qs &£ LT? _ EDTA ¥ 18 \ _(Th(NOs): & 18\
dien Cme = { (P x o ey)— (0 VBT x (i 0)) | x50.98
bR _AlLOs & LTHOREER (mg)Xx{x100
AlOs, % HEtDOERE (mg) -

foor BOBHATE O FEREORE ¢ (1.3.1) I2 X 5L #i3 250 ml/50 ml=5
(1.3.2) iz Xk & &ix 200ml/50 ml=4
log 50.98=1.70740

2. +EHHEEROTZLI=Y LOERE

21 EHOFTR

HeHI—RicBEZM L (<2mm) ¥ EDF AV, FERKBACHEV TN EILRMAMLE LI-BD
AVS, BYcHHARE @Y% ZA77 A2 - BORBEL ke —»-) g, Pl dEe
PEBte s coREMtTY “Eic L 2FEER” CHERT S, FEIX, TBOL¥RFErERTILE
X, 0.1mg FTHETHRIRCLBZ LI, BUETBRFCL > THEADEDL F13485 ATmg
fET, BT eANBOLEF4BSATTmgET (DT IVOIFIRFA4NMELALD LD
Exdind, ERRFLEMRTZE XX, BFEORIFT 0.1mg FTLALY, EXHECHVSLE
FRRICEDEF AT E 55 B,

SHARBOTIREFE 723 8E AR, JCHFBERY AV T ORBOERRBE L » 5, Ti
bb, 105°~110°C PEKERBADEER LICHEBFICLEE 3em - &R 5em OFEHvsE, B
O8I T TV TIRERL-DOL, EXEHALBEDRLELTT V71 2~ TOSMBA L
BT 2, 21T, RIS XV THEL, BRBOBRZEL4RSAT mg fLETHLeHD, Hig
BELden-t FEARICLT RERBE VI -FBME 105°~110°C T 1 REZEL-OLFEL,
BBORBEL A4S AT mg fLETIhLH D, ERE/ALE=ZRRE (NEUELT4HOR) &3
L, TFRHMHBBNCFRL-AZRBORBER, TOFRBCZORBRREEMT2ZLICL >
TEHENh S,

2.2 BHEBROD(DA
2.2.1 #h H
PHARTCHERENZ, RETA0FILIEELE swirl LTHELZOL, LHP @R/
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BEOLDET 5. B, ERE72Z 200~30°C AO—FREICIVTIHIE I OREBTH S, 100°
+30°CK HLWOBMERSIEIZEdHD (72 21T, B HCl S0 sR bt © X 512,
2.2.2 HHEOIE
TR — R, ?aatﬂi&GCﬁﬁ®@$ﬁtﬁb\éb§iiﬂsf; VERBOENLERME ST LIS,
+EEBHYBOZSVDEIHNEGA TV S, LI22oT, HMHEREIRRBEET 2023 THITE
VREBIZE CBEL DL, ERHOBELEDOVHAR LT EThEFNICEYL 7-BLE (HNOs,
HNO;—HCl, HNOs—H:0:, HNO;—H:SOs, HNOs—HCIOs Fiz & 3) ¥ kZ7e\, Bmrzaic
DET B, BENBD oIz, HSOs 2 HCIOs D X 5 iR RERME O By 7z &i3, F77 1
WBXy b+ 74 3PN ECERLTERL, BEXRCSLENLBMTLY -T2 (F ik
BEonicl FENT D) BEICETT 5, RECERZZITOL &1, KBLTEREEL THb HC
E2EERRTZEL, BREYABERECHITE, WTFhicdk, RRIIEREC HCl &KE M Tl
BLTHERL, TOBERNLBE-RENE—FBRRITHTObbT L /- —ERBY, 7THI=v 4
FEORMBRE TH0OTHDH, ZORERIZLE 50ml LT HCl iZ2oWnwTkhtk (1:9), Al
% 10mg BB LV FeoTi F/7 ey TREINITROEGEY 10mg Fik&drL 5z, HCl o
AR L BRODBEEFST 5 LENRD B, Al-FerTi ZOERICOVTOEAITX, Rkt s OBEEIC
DWTHOHEORRERITE D LICL, MADREDSHEL bEHL UTHET 2120037\, bl
RO, vV HbLWEEY - REOTEBHIREL:D, BT 2,
2.3 REBFRPOFILI=Y ADOEREK
(1.2.1.3) BL7:M 5T Fe'Ti FOPHETLKE 7 vy » ZearralHic X - THRELZOD,
BRORRREY HNO: MEL THLMBIERE L, DT (1.2.2.5) KLAAR-T7 AT =9 4
o EDTA #HEEX BT,
it oE R
(1) AlLOs DA—+tv 74 2L LTRRT 3541, (1.5) DHERICEb I,
(2) %+ 100g H72YDIV 77 A48 (m.e. ¥720% meq LBEIND) K LTHRRTIHE
i, kAL :

Alw LLTO_ ((EDTA B, mi%)_(ThNOD. W, miB()) s
TEE, meq DENMEET (20°C) DEAMEE T (20°C)/
Al**, &+ 100¢g =A13+ & LTOREEE (meq) X fx100

»H72Y9 D meq ER ML OFIRE(S) X BBRRE

3eeeeen Al 0)4'7]—~/1mj feeeres aﬂ@g&@ﬂﬂy$@ﬁ&

2.4 ERZEDO—F|:1 N KCl #HtiERO7Z I I =9 AOEREK
(2.1) L7245 T, 200ml =FA7 7 A 2hic REMEH 108 ¥ WA THEL, HIcRURBIS 8
ZOWTHERY AVT HREErdEHB3, =A75 A2 1 N KCl # 100m]l ¥z T = 2%
L, BEESECI0SMERLZDL, INKCl & 20ml T7 5 A3 ORBELHEVIE L Thb, 25°C
DAY *F 21 5 —thic 1 KRBT 5o HEME No. 6, 12.5cm CHBL, =MA7 7 A3k {HAHO
1 N KCl CiE& LRV A, HESBEREY, B 300ml €—H—ic51) 2, EREEROLE
2y 200ml LB ETICT B, ZHEKBLETAGEREEL, WiTIlOFEE 5L T HNOs 20ml
¢ HCl 7ml 0%, KEETH#T S, RENRLTE-OBLHIT THMEERL, AGRRTZEL



7ebFEZ AL T HCl 20m] ¥k, AEETHE#T D, FiasnL
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TESLEYHT THREERL,

%5 —F HCl 20ml 2 X 20E% < 9227, BEOERREIC HCl 20ml LK 100ml #i0z TH

BoWMBL, BETNIEBL, BREIBESHL2H 200ml AR+ 75 A2
TRTH T
(2.3) kZLizstsTZ

ATHD

HEHT3 (£=200/50=4),

K>

3.

3.1 REHZ DTt
FIRICLHT LS intifEE, Rt LTAV . 1M, EE230oRE e LT REOHE &
¥ 5 ABICRI K- TEL2h 2, IRFEOVTRERMIZDEL (IEELEV3 21, 2

RERERLZTNICDODOTOER

Z52F, €£—H~—
THTEREL, £ 50ml # ¥Ry P T 100ml €—H—hAbiT & 3.

DEWRFDTN I =9 ADFERIZ T, %.%ti (2.3) ® (2) RigE-<T

DERICHEINZEDLEBEY HFENLDLRRL CABT20REHTIHEVOT, FRITHWTIE, HEOM
B1Ex AP ec>2rvwcoxd
Table 1. Description of soil samples.
5 o R s
REES B ML | B 3| £ B B 52 ) ® J:d H* lé):b_'CIO#S.'f@
Sample . Depth . Parent . artic’e size
Horizon Soil type . Location for chemical
No. (em) material analysis
840 A 0~12 Bp BER KA. | BR% - SRERAR - DI |ERL T 100 X
Moderately T & & | EHXEEAN- %ﬁJL@ﬁ% v ¥ - EiER
moist brown Graphite (73HRIEEO1), BRF880m Ground to
forest soil |[schist, phylitej Okuminagawa National | pass a 100~
Forest, Kéchi Prefecture| mesh sieve
- BE () FHEEDE | AR - m?ﬂ’%ﬂ*% Ay
Slightly Mesozoic 7
wetted sandstone (42*}“&“\) B& 230m
brown forest Yusuyama National Forest,
soil, colluvial Kéchi Prefecture
014 A 0~6 Bo (HhY) | EB K & - | BFERETHRLET-HHuH
Moderately R Rk 4
moist brown | Mica schist, Yokoyama, Tenryu,
forest soil, | green schist Shizuoka Prefecture
colluvial
833 A, 8 ~22 PpI #& W’ H EBHR -FAEAENIE R Z @ £
Podzol  |Chlorite schist{{iB B/ < REIEAH (70 (<2mm)
AELCOL). BEBL260m | A5 dried
Okuminagawa National fine earth
Forest, Kochi Prefecture
- (Ba)-BB FTEBHRE | 5AE c SRENRE - Al
871 Bu | 6720 rown [Mesonoic chalel ZAABER - th/ JILEA ,
Pry prown [Mesouse shald STSTG)) Baioom
Hoénokawayama National
Forest, Kochi Prefecture
904 A, 0~10 Bc e E %ﬁi%ggﬁg%mﬁkﬁ?
Weakly dried| Crystalline = %
brown'forest schist Omine, Tatsuyama,
sor Shizuoka Prefecture
* RERE - TERAENLERENR BE BEKE - -HIEWEER BEAEAZERER LUCEH,
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F2E ZORRRICBHROBVRBOZ, ZofbEmEERE

Table 2. Some chemical properties of soil samples closely related to this work.

~ R Bt K o & % 5 H E
® ¥ T F |Chemical analysis of ground samples(<100-mesh) , percentages on oven-dry basis
) . B
Sample No. Si0, Fe:Os TiO: P:O* | MnO* | KB gniii?on
840 44.8 7.15 0.85 0.41 0.17 23.3
856 57.8 5.79 0.83 0.29 0.12 10.4
914 51.6 5.84 0.75 0.35 0.21 16.9
R MBS pH™ E & B B
Sample No. H:O (1:2.5) | 1N KCI(1 : 2.5) E’“h‘mg; acidity
833 3.9 - 2.6 109
847 4.4 3.3 94.6
904 4.7 3.5 46.0

* o#E  LHERERASTMEER LURERT
¥ AWE  TERENHEREER BARZ - WEET

BIOWTOERE D » T, HEHHICOWTOEREIRERTH LI Lz, HHEOSFTRO 1T
bHhHh, BEMEEOLDOEREE LTHAV,

IHHRBOZ DERICKHICEROBV-=, ZoEmiEY, F2RicLHT, Thbb, LEOM
BYBRICLT Al 024B Y EET3RBHC OV, L3S LEERROH 2RI DO EY .,
£7: 1 N KCI s Al 2R3 38 onCl. = 0RRIEL BROSH 5BEY, Lol

3.2 1ERDFILI=Y LORERAN

(1.2) K& > THRLZRBE, (1.3.1) & (1.3.2) OWEICL > THERE LIze TNEHLOBERD
—ERBEHLITEY, (1.4) LX-»T FerTi e &% BELADL. (1.5) ik »T Al # EDTA #
WEL, #RY % AlO; L L THMUz, BBHERDO 2 VA 2B &z, FRFHTOVTI0E$ 25
Fie sy, BROEMFBMEEL D Lo, 72720, RBES 856 DEREF20IE, SHORPTI A
¥ L7DT. RiFl. B3R ENHH/EREY LHT,

ZoEL, 1) 2BORBEEO DL VAFENEFRIZOWT, BEEDIWVERIZONDZ L, L
O i) 2EORBHEROO VAN BLAE—BTHIHEREFZ2 B L, ¥LHLTWD, Litits
T, RBBROOC D AIX (1.3.1) & (1.3.2) OELBIRL-ThINT thibhol, EBHIZLD
RENMT, Si FOMOLRDEBLE 3 TE0hbbE¥ELIZT, RETHE LV, o, (1.3.2)
ZEVTBREDPERE TVRWVIEL V12 LTW301E, BREO HF 2T 37202k BETE9
Thd. REPHBEBRRE VN —»—ICRETIOEY L TEHBL T, #7223 Ldndhisy
LrAunhdl, HF ODBRERBEAERLEThH-12LBbh s,

3.3 TEHROFNAI =Y LOERM

T Al ORBAVENERTH BT L, HBROICBSVTAREIR TV 355, BODHISERAN
X HHBEE S L ThHIz, HESTIHLFO Al DERAFEL LTHERES BB B bR
TWBRIE, ZCLDZ2EBETHD, Ticbdb, 7 Si0: SBE%RO HCl HHBERNH 7 v £ = viikE
BL, ENEHRLI-VHYIEEGHBILHETRL T £0A—2v74Y (P) 2EBHT5, D&
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Table 3. Complexometric determination of aluminum in soils using, EDTA, Xylenol
" Orange and Th(NOs), after removal of iron and titanium by
‘ ‘ cupferron-chloroform’ extraction.
e o ~ _ __|Th(NOs), B¥E| Bbtp D7 1
Bl Lo | BB 0 | BREBEO [HEEICAVREDTA BEREEER*OMEN 1 =v 4,
EBRBES | 2B E| B & B HBEROSERER* onmg Standard % Al:Os
s ‘ solution of |Percentage of
R Weight | Preparation [Aliquot factor| Standard Th (NO3)** [Al.as Al:Osin
Samplé|Exp.| . of of sample of the sample| solution of | required for |the soil sample
L sample, P solution used [EDTA (2Na)¥| back titrating| on oven-dry
" No. [No.| oven- solution for titration added residual bai_i; 5
dried . EDTA F
.mg’ - ml/ml ml (2O,C) ml (20°C) Mean
1] 617.4 . 50/250 9.98 4.49 17.9
840 | ;| gig | REUEER ” p 4.76 18.0
3 626.4 4 4 3.78 18.1°
4| 627.8 | Py Na:COs v v 3.76 18.1
5 540.9 fusion v 4 7.80 18.1 18.1
6 558.4 . 4 4 7.05 18.0 :
7| 489.5 v v 10.21 18.0
8 518.9 4 7 -8.81 1841
9| 524.8 ” ” 8.45 18,1
10 509.7 7 7 9.15 18.1
v 1] 19527 | o ks ©...50/200 9.98 - " 21.58 -18.0:
840 1 12| 210.3. yi‘{{‘t*ig ” v 20.67 | 18.1
- 131 207.2 S Vs v 20.89 - .18.0
14|  214.0 7 4 20.47 A o18.1. .
15| [ 222.7 by HF P v 19:91 - | 18.1 {15y
16 232.6 | treatment e 4 19.39 18,1 (77"
17| - -257:7 S 7 4 17.88 - 18.1
18 268.4 4 7 17.35 18.0
19 274.3 4 ” 16.97 18.1
20 301.6 ” 7 15.45 | . 18.0
1 671.7 y 50/250 9.98 2.16 17.8
856 | 5| ess.5 | REURIERE p p 2.80 17.9
3 629.3 ” 7 4.16 17.8
4| s13.7 | by NaiCOs v v 9.11 18.0
5 561,8 fusion 4 i 6.85 18.0 .5 o
6 516.9 : 7 7 8.96 18.0 :
7 541.2 . V4 v 8.06 17.9
-8 515.0 7 ” 9.38 " 17.8
9| s42.7 P ” 7.89 17.9.
10 530.3 ” v 8.40 "18.0
|| 2867 ) : 50/200 | T 9.98 1634 18.0
856 | 12| -182.6 i"tmig v y: 2232 | .18,0
13 257.3 ’ Ve ’ o 18.05 17.9
14 274.5 v 7 17.10 17.9
15| 2527 by HF P P 18. 46 1784 . o
164 - 254.8 treatment 4 v - 18,24+ A7.917°°
17 298.4 I 4 4 15,70 1791
18 289.0 7 ” 16.30 17,9
19 265.7 ” 7 17.59 '17.9
20 ves .o see < ses
1 597.9 = 50/250 9.98 . T 6.93 16.9
ol | 5| soglp | REERR ” P 6.93 16.9
3 619.9 ” 7 '5.99 16.9
4| es9.0 | by Na:COs ” v 4.47 16.8
5 509. 4 fusion 4 7 11.03 16.7 16.8
6 606.7 ” ” 6.58 16.9 )
7| s546.6 ” . 9.35 16.8
8 538.3 4 4 9.61 16.8
9 527.9 4 7 10.17 16.8
10 464.9 7 4 12,72 16.9
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Table 3. (Continued)
- o N . _ _ |Th(NOs)s 8228 3D 71
AL | A B 0| RBBEEO |[EEICHVRIEDTA BEFER*OMER =7 4,
ERES | ZBRE| A H B |BAROSRER* ORMNE Standard % AlOs
solution of |Percentage of
Weight | Preparation |Aliquot factor| Standard Th (NOs)** (Al as Al;Osin
Sample [Exp. of of sample of the sample| solution of | required for [the soil sample
sample, samp solution used [EDTA (2Na)*back titrating| on oven-dry
No. |No. oven—Cl solution for titration added residua basis
drie o EDTA
mg ml/ml ml (20°C) ml (20°C) Mean
11 273.5 . 50/200 9.98 18.16 16.8
oM 12| 3113 71"“37}@% v p 16.00 16.9
13 306.7 4 4 16.29 16.9
14 257.6 4 7 18.97 16.8
15| 288.3 by HF 7 7 17.36 16.8 14 o
16 312.4 treatment 4 4 15.87 17.0 *
17 293.3 4 4 16.99 16.8
18 246.6 ” 7 19.59 16.8
19 279.8 ” 7 17.68 16.9
20 306.5 4 4 16.38 16.8
* 0.05040M  ** 0.01532M

BEMtHY KoS:0: B L T =% 7213 HI0RBERIZOWVT,
TREDOHBZTXTOTRLERBL, TNOLOBRMME L TO A~y TACRREHLT, TOFEED
& (P2), Pi—P: % ALOs fEL T 2D THD, TNHEE, EMER P #d D20 DOER

¥ETDHIZIC, P ¥DEDBIVOETLEDODHRENTRT AlLOs DERMHEICIH

5 REE D, EEIX, ZOFKICEDILNT, DEOHEKICL 572,

EIRE L LT 0.55g BOHEBE (1.3.2) itk > THEKEL, (1.4) 2L 5T FeTi IgE®ERELT:
Db (FeyERE 7 m AL AYRERL VS AV, BREEREEL, BEZ HNOs TL
Z» HCl ¥BERE 2K %,
Al w7 B L LTIHEEL, MneCa 310 Mg mnbAMET 50, ZOWBES Al & P ¥

BLIOLEREICHZ,

DTS

X CEiVWDTY,
TNT, 73 FOEREL TS, TZTEBIZ
By 100ml EFELTEDOERR LD,

RRERBE—-WBEEICLY,

Bamtric Al L3EFTS

Ihs, v

Z D EEHD

Al DEEW 2~ 7BHERNRL T2 74 $ FhiZid POs 23EEL
Z OEBEEY Na:COs HRLL
NH.OH #izE\\T Al #A4Fv x4 P LTHEZED

BRItk HCl ¥

ZEiZEY, P bAETEY, Al OFF VRS L OEBREND, ALO; L LTOBESEL LD

Do

ZRPHZDOWTO 3SEDSHEEL B4 RICLDT, BIRLBLAL BT HENZDNIND, 2O
Al OBEBAMEOERINBEERINDITTH 5,
3.4 1 N KCl #HiiiEFDO7 LI =0 ADER
@) TE>TEBLIBEREYESRITLHT, SHER, EL 100g H72YD AP* O meq K,
ALOs ELTDA—VFA40LD, AATELOL TR, Z0HEIRD, (B.3) DEESHEICLIIN
BEY b LD, FERLEFLAL—BTIERBLONEN, DTOLHLLVDOTEKT B,

KCl B THHEIND Al ODARFIZOVTEEL ABWVAWABMBRIN TV B2,

b3

PERREHIT FR B

TV L, ALY OfitHERED, +Hr KCl hHBBREIGECERINS HCl OBMIERIZ L5
EWVIER, BEKY LOBMIZIZEVIENH T, BV, TheED, -4 AP 43
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Table 4. Gravimetric determination of aluminum in soils.*

BB | mpo| FME7AIr | dxosar | TVIZT OnnE REHEOT A
vrv|ErE Impure alumina | JERTER D7z 341 HUZ#MR =Y 4, %
DI . 77 v 3 F| Al:Os
RS Yo st = (1) mbE DR Al oxinate
Weight | 7775 i H U 7= ) precipitated| Pure |Percentage of
of DREE 757 v ¥ F{Aliquot factor| in alumina | Al as Al:Os
Sample |Exp.| sample, ™ Impure |of the solution|ammoniacal |calculated| in the soil
oven- Basic alumina | used for Al [solution and| from(2)| sample on
No. [No. dried | succinate |calculated oxinate dried at mg oven-dry basis
m ignited | from (1) | precipitation [130°~140°C
g mg (1) % ml/ml mg (2)
840 21 556.2 103.1 18.5 50/100 454.1 50. 49 18.1
' 22| 555.4 103.8 18.7 z 456.3 50.65 | 18.2718.2
23 552.1 103.2 18.7 4 453.2 50.31 ) 18.2
856 [ 21 554.9 101.3 18.3 50/100 447.9 49.72 17.9
22 571.0 103.5 18.1 4 463.5 51.45 18.0 ) 18.0
23 570.4 104.0 18.2 4 . 465.8 51.70 18.1
914 21 567.5 97.5 17.2 50/100 "432,2 47 .9 16.9
22 553.3 94.9 17.2 4 423.2 46,9 17.0 ) 16.9
23 570.7 98.7 17.3 ’ 4 431.8 47.93 16.8

- -
Soil samples are decomposed by HF treatment and Fe and 'I“l are removed by cupferron-
chloroform extraction. At first Al is precipitated by basic succinate method using succinic
acid, NH4Cl and urea to separate from Mn, Ca and MgP. Then ignited basic succinate
is fused with Na:COs; and the melt is dissolved in HCl. At last Al is precipitated with
oxine in ammoniacal solution to separate from phosphate®, :

H5% L0 1 N KCl BHE+OT7 Vv § =9 20 EDTA ¥

Table 5. Complexometric determination of aluminum in 1 N KCI extracts of soils using
EDTA, Xylenol Orange and Th(NOs), after removal of iron and
titanium by cupferron-chloroform extraction.

s s - Th(NOs)4
v o | BRI gy g [raaemkag OREEE | 1372y A
RS Wex,fght GrEE) (0IRER g Standard | Aluminum extrac—
(Weight of ao le Weight of| Aliquot | Standard [solution of|__table in 1 N KCl
. sample, osvénp > | sample | factor of | solution |Th (NOs),
oven- 3}ie d oven-dried|the sample o **required| Meq Al**| % AlxOs,
Sample|Exp. dried | ———— |[(calculat- | solution | EDTA | for back | per 100g on
Weight ed)| used for | (2 Na)* | titrating of oven-dry
No. |No. < of e titration | added | residual |oven-dried| basis
mple, ° 3
€ |airdred | & | mi/ml |mi20°0)| SOTESI ol
833 1 10.27 } { 9.810 50/200 9.98 20.90 22.4 0..380
0.9552 .
2 10.26¢ 9,810 7 7 20.94 22.3 0.379
a4y | ! 10.36: |) [| 10.07 50/200 9.98 21.32 21.0 0.357
0.9716
2| 10.245 | | 9.959 ’ v .| 2146 | 2100 | 0.35
004 | ! 10. 35s } [| 9.744 50/200 9.98 26.12 12.7 0.21s
0.9406
2 | 10.29 | o.688 ” y 26.14 | 12.7 0.216

* 0.05040M  ** 0.01532M
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HMHBEOETE VO L BEMBEICRE L TWAZ LRBEETH DY, & 21, YUAN!® ik, HH X
3 AP ¥ Bt Al® THBHEL. omHEKIC NaF 2HINLT AIY 2R L TS NaOH &
BRCHEL-BEYERYE H" cX3BEL L, BRBEOEMLZOELEL FlV- b0y Bk
Al¥ REIZBELLTVD, ZZTRIOMBEEYRTIONKE TRV D, HIZB2RICEEEL
L'C@Eom%ﬁ_ﬁ.ézbbf'cza< ice DB, EEIZ, WhwRERE AP ORBBK £ LT IN KCL
BREIBERDIOO—DOTHBLEEIL, -ZoBEHME AP OFBEE LTI, YUAN® DXl
MBENERED L ithAT, Al ZOSDY TR TIZLIAYTH B LB TV 5,

Al DMK E LTZOBEMCEEZERBbNSdDITIE, # HCl MK L B b 235 5.
AFRITIZZ BTV TORENIERBEEY Lo Xfeh o728 (2.2) OFEO—RNERE EhE
NOBECHEET 5 L 5 ICAKETIE, BHIT (2.3) ~ERLT Al FBEBIRIZENTEL I

4. #&

ij

85 B\ LR OB A, B Y Na:COs #iR% 7213 HF WEIC X » THRL THbHAHT AR
PR 2 < 0, &7 L EHEOBAT, AR OMIRE IR (55 VST 0T YRR
ILCRRRL T 4 FIRBER &0 ¢ AL, BIEMOICB~7: Al ® EDTA MileEky EeL T
TROREBEO Al ¥ EBT 2 HELHLL o BBEOERA L L THEOHRK (<100 A5 ) 0>
Al OFER, BEOEBRHFIL LTHELD 1 N KCl #ilig+D Al OB LH LI

et HEEELEELRO Al BREKE, Che AR EPEUSERESES BEE0 Al £
Bich, TOXEEALIBLEE,

x ik
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Complexometric Determination of Aluminum - II
— Application to soil analysis —
Determination of aluminum in soils, soil clays and soil extracts.
Kinnosuke NIINA
(Résumé)
A. Determination of aluminum in soils or soil clays.

a) Preparation of samples : Soil samples are prepared by grinding air-dry fine earths to
pass a 100-mesh sieve. Soil clay samples are prepared as follows : Clay fractions (<2y) are
obtained from soil suspensions by sedimentation and/or super-centrifuging, and air-dry soil
clays are ground in an agate mortar.

b) Preparation of a sample solution :

1) By fusion with sodium carbonate : Weigh out 0.45 to 0.5g of an air-dry sample into
a 30-ml platinum crucible and dry at 105°~110°C in an oven overnight. Cool and weigh. Mix
the powder with 2.5 g of anhydrous sodium carbonate and fuse. Dissolve the cake in a covered
casserole in hydrochloric acid. Make two evaporations of the hydrochloric acid solution to
dehydrate silica. Treat the weighed ignited silica with hydrofluoric and sulfuric acids, and
find the pure silica by difference.?®® (To the silica thus found there is added, in the most
accurate work, the small amount still remaining in solution, which is subsequently carried
down by the ammonia precipitate.) Dissolve the hydrofluorized residue in the platinum crucible
by brief fusion with 0.5 to 1g of potassium pyrosulfate. Take up the cold melt in a little
water and combine the solution with the reserved filtrates and washings. Add hydrochloric acid
to the combined solution to make ca. 1. 2N in HCl when diluted to 250ml in a volumetric
flask. Pipet out a 50-ml aliquot into a 100-ml beaker. ‘

2) By treatment with Hydrofluoric, sulfuric and perchloric acids : Weigh out 0.25 to 0.3g
of an air-dry sample into a 30-ml platinum crucible and dry at 105° ~110°C in an oven
overnight. Cool and weigh. Heat the covered crucible over a low flame for a few minutes.
Then heat at dull redness for thirty minutes. Repeat the heating at thirty-minute periods until
approximately constant weight is attained. To the ignited sample add carefully a small amount
of water enough to barely wet the powder. Then add 1ml of sulfuric acid (1:2), 1ml of
perchloric acid (60%) and 5ml of hydrofluoric acid (46%). Heat to copious fumes in a radiator
and cool. Wash down the sides with 1 ml of sulfuric acid (1:5) and 1ml of perchloric acid
adding drop by drop. Evaporate to copious fumes and heat further to wet dryness. Repeat the
heating to wet dryness with 1ml of perchloric acid. Cool and take up the residue with 30 to
40ml of water and 10ml of hydrochloric acid into a 100-ml beaker. Cover and heat just to
boiling for a few minutes until a clear solution is obtained (Solution A). If any insoluble
matter is found in the solution, filter and wash the paper with 20ml of hot hydrochloric acid
(1:9). Ignite the paper and its contents in the crucible previously used. To the ignited residue
add a drop of sulfuric acid (1:2) and 1ml of hydrofluoric acid. Place the crucible in the

radiator and evaporate off the hydrofluoric acid. When only sulfuric acid remains, increase
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the heat to fume it off and then ignite the residue. Fuse the residue with 0.5g of anhydrous
sodium carbonate. Take up the melt with a small amount of hot water into a 100-ml beaker.
Cover and dissolve the mass with 2ml of hydrochloric acid. Combine the solution with the
reserved filtrate (Solution B). Add 10- and 9-ml of hydrochloric acid to Solution A and B,
respectively. In either case transfer the solution into a 200-ml volumetric flask and dilute to
the mark. Pipet out a 50-ml aliquot into a 100-ml beaker.

c) Removal of iron and titanium by cupferron-chloroform extraction : Proceed as directed
in a) on p. 109 of the previous report.® The total volume of the solution in the separatory
funnel may amount to 60 to 70ml when the beaker it washed with hydrochloric acid (1:9).

d) Back titration of aluminum by the modified HOUDA et al.’s thorium nitrate method :
Proceed as directed in b) on p. 110 of the previous report.®

B. Determination of alumirnum in 1 N KCI extracts of soils.

a) Preparation of a sample solution : Weigh out 10g of an air-dry fine earth (<2mm)
into a 200-ml Erlenmeyer flask and add 100ml of 1 N KCI. Stopper the flask and shake it for
thirty minutes and then allow to stand overnight at about 25°C. Then transfer the contents of
the flask to a funnel in which a moist Whatman No. 42 filter paper (12.5cm) has been seated.
Leach the soil with an additional volume of 1N KCI, a little at a time, until the volume of
the filtrate amounts to about 200ml. Evaporate the KCl extract to dryness on a boiling water
bath. Cover the beaker with a cover glass and add 20ml of nitric acid and 7ml of hydrochloric
acid. Heat the beaker on the bath until the solution stops foaming. Then raise the cover on
glass hooks or a glass triangle and evaporate the solution to dryness. Treat the residue with 20ml
of hydrcchloric acid and evaporate the solution to dryness. Dissolve the residue in a mixture of
100ml of water and 20ml of hydrochloric acid and if any insoluble matter is found, filter the
solution through a Whatman No. 42 filter paper. Transfer the filtrate and washings into a
200-ml volumetric flask and make up to volume with water. Pipet out a 50-ml aliquot into a
100-m! beaker.

b) Removal of iron and titanium by cupferron-chloroform extraction and back titration
of aluminum by the modified HOUDA et al.’s thorium nitrate method : Proceed as in A. c)
and A. d), respectively.

C. Experimental results.

The determination of aluminum in soils and in 1 N KCI extracts by the proposed procedure
were carried out. The description of soil samples used and some chemical properties of them
closely related to this work were shown in Table 1 and Table 2, respectively. Results of the
determination of aluminum in soils were shown in Table 3. The gravimetric determination of
aluminum in the same soil samples were carried out to obtain comparative data. Results
obtained were shown in Table 4. As compared with Table 3, it will be seen that nearly
coincident results were obtained by both the volumetric and gravimetric methods. Results of
the determination of aluminum in 1N KCl extracts of soils were shown in Table 5. The
aluminum extractable in 1N KCIl is an important contributor to the exchange acidity and is
called “exchangeable aluminum” by some people. YUAN, for example, proposes an indirect
method of determining the exchangeable aluminum as a part of the exchange acidity by
alkalimetry.

As it is difficult to obtain a large amount of clay fractions from soils, experiments on soil
clays were not made. But soil clays are similar to soils from the viewpoint of analytical

chemistry, so one may be representative of the other.



