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EDTA B L DALY T A< 7 F Yy AOERENLESICEAZIR T2, HI0ERILS,
WD REKIESL, Cune-Bray? R EBIDTHAH). LTORKLTHEIAR, HEOMIKLE
YEFDOHINYY ABIPR IRV ADERTHD, 71 =T 5« = VH VgL ODIELEOKR
i, BR—T7vE=THBECLY, 2Lrvy aBEBEOEREILLV M FEACTH5, 20O,
2 IHEENFIEL TRV EREINTWEH5, HBSNOBE HICMER Lo Tw30
1%, LT i) YELROBREFLIBKOFEL, i) KEAORSLTHY L5y y sffRE L
V794 FRRLBTChIERERXRWET L0 20Ths LS RBbh s,

FEEIEIT A2V I YA FPIODTCRIERELRETHCOOTHER L LT, EMTICSTHE
5X5BOINYY A= F Yy A RED ARBECOWT, KOEREL AT EDTA HEL
B, Ay aFEEREL THiz: Murexide+Naphthol Green B!'®; Calcein % 7~} Calcein+
charcoal® ; Calcein+thymolphthalein'®; Calcon®; 3 X' 2-Hydroxy-1-(2-hydroxy-4-sulfo-1-
naphthyl-azo)-3-naphthoic acid (PATTonN-REEDER $HRIE L X 5T LT 5)Y, FHNCIIAERZD
FTRIERSE L DN, HREOBEILECORSTIRBATI L, EEIEFHENCREDD D
TSR TWB LEDLDT, ZhuxTTHikl,

RIEE LT b In BT ROBRE T IR OMEL, KAILT i) HElt+CREZEMtL0L
SHOHEL, i) HEMHBEOSTOHEL T, LARXFERARLIZITTLHSLEBELRS, HiET
13, WETEIBIEYOHL LTOERTE -tV 352501, BNYXBIEHL LTOSETHK
R—V PERRA-2 VY T WS I REETHFET 20 L, BETIHLT, YELROA
ELEPOEGENBFA UL b Dorder RHhHBhbThHbH, AMTIZET i) OBACOVLTERL, K
W|T i) OBACOWTERTHI LTS,

Hitx REBEFHMECHELTHL Yy A BIBELCOLOEBEEE, * it 7 v bRkRAE
IVHBLTr A BERELLCOL OEBEFRII—BIC LD X 51, HEOHBRE 100 mg ioo\\T
WBETLFK (FL L TFe, Al Ti, Zr 8 X0 Mn) %Y DH TR L THme, BRYEBILYHOT
TRHLLTE mg i LT50E mg A TWhH, 0.00M EDTA B, 1ml ik CaO §0.56 mg 5%
Wik MgO £ 0.40 mg KHBTHDOTHA2b, WECHMERL 5K 0.01M EDTA B % 4 72<

) +EFBEXITHRER
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&b 1ml FgLEAVSL, Ca lE: (Ca+Mg) WECHLOWME L LT—HIiL 200mg #
%, BNYPOEGEDHTE L ET 100 mg FiETOZRBE LTBHELTETHA I, LILHADTHE
EROGEIBEY L LTHT mg It LERT mg BT THAH5,

COBREOROPELRY L HHETHZ R BKRT 5 Lk, TURETIIR, Ttk LITEEDOR
Zfe PRIBIL D Y =& 7 5 3 viE'™ 3, PATTON-REEDER fEREIC L 5 CafiEIc 5 FLF2 B L 5B
bhi, LU EBT #ERER XS (Ca+Mg) WECIZAWLRIWDT, KR TIIEALdDl,
GBS 1, 28RALLR, BHLL L T58BRELO= VT vy 7 ADBREKRTHOT, F
LR ) HIEE ChH O, £ & THRIURIC X 5 MR 5 2 b X Bk X s feotent, HERIEL %
BAERTWBDIR, RERXHATE7 ve=7HREY Thd, RROEANIRFELELDTRMRTHS
521, Mn OSEENLRARELTHBY LELhBDT, ZhitflbhsdDr U GEBREBT vE=7 &
—7 vE=THBE" CAMBERL IS LT5) 2RANL, KEdD) 1 20RRLLT, A%¥V
WP X b Fe, AL, Ti, Zr it L% ABELREK L 7 v v v 2 LT, BROAF~ v L EHED
BEAFVFAL P RBREL, RBROS=F N« OFF « A2 b-7 vk afiHic X D Mo »K&
£TBHE (¥ v-DDTC e ISz riedsd) #RUL, BEORTOODL, BIFEYHELILL
DTHUTRBMTHZ 12T 5,

2. ERRBMEERE

2.1 BHARDOOC(VA

2.1.1 ¥y »EEETHHE

HEERY b LD 30ml BALL Y AP, BEHL 1g 2T %5, 105~110°C T 5 R Eix
1 RER L TERERY D LO0b, SREKREF ) v 4 5g LIEMT? ERAPIAZRR X
DRBLRTLEDTWBDT, Na,COs LEATD L EHCERLYETS), AR - BRitko HC 4
BEREEICLD) HOBIK >V H OB - & X ORETTRT, EH X KoLTHOFF-SANDELL
DEBVC LD T B, 2L, EFIRBEEIRES v e — AP TEIR, ¥ ) 5 OREERIIRE
J8#& No. 5C #AiLvT\5%, F2EEOY Y » FEEOIEK & iK%, HCl @ounTdisd zd 2N
LU THBLARBEBRELT 50ml { DVWREDELRE TS, 100ml 2 A+ 7522 5DOL, KTYE
—A—%7FATPENPECZATHD, KTERE TS, €y P TED 25ml k 20ml WL, %
hzh Ca gL (Cat+Mg) WEDDHORBER L TS (KD OWEE 25ml FILTT vE=7L
BEEMALL, IOKEMEYAWMLTF = vER XD Fe & Ti »HEEE™ T, Si, Fe, Al—
PEOPRE—, Ti, Ca IV Mg 06 TREHBNARCERT S LNTES),

2.1.2 YV HIEEELAEVBE IV Y 22 ICERTHHE

EEEESY S Lo 30ml FELLY A, BAENL 1g 2T 5, 105~110°C T5 B
BIRGR L TERERY L LHE0D, BOAY RhbIARNI/NNETHL, HAKAKYHRIL, &
By KORBHUT DTV B0 0 R THEFRAINSI F TR LUTHMERY D L D5 (ZDiE
fRTOBEES b L DBIEN Y TR, UTOBRLERYRIRS LE, SL{O0RMRSFRFLTVDE
HDIdHRIGEG L WERARD B DT, BETHS),

Ay ERERDEL D, SV LTDLLTRENLEYELL R TOLERPMEOKTREZLDLR
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5 (HEFPHIZERM L D EORBHLLTVAD, COBREIMLOERYET ), KlLiEb
BELTab, Sicke>T (1+2) HSOs 4ml x 60% HCIO, 2ml %inx, HEIC 46% HF 10 ml
ZARY =5 v VBAERCRIM D L oTing, A~y RcHEBY S 2 THEL EES GRS
WHED JIS HEEEAV-Z. BMTIRTHAL), A2 £% F5 7 t HOZESH (Fig. 1) thick ¥, 5
E 1IBRETOLLTRERERTS, -

é \ 7 ;‘\
F—RIRL, LAl LRI I

SN = & = K = Mg AN
BISRTB, Ehicd B BHICTD  S%4R0 1" @Eellymo kT

(RXREETIX ] Lokgen(f ke

2, ELRERENTTLLEY —REEDT gl Coue by ﬁﬁgfﬁﬁs
MRS e
{Bo TOALBLEAIE D I 8D TLE o \@J»zzxmr tHm

5 ¥ TORMTMBHCERLe L HEN
FhRENRB, AT LA L TR feote b insk
w8, SO Bex TTTLBH L5 T 5, F1IR 7 Y EKRLABRAZESSG
SOs #33% % D TT el Foote by, ZERHH Fig. 1. Air bath for hydrofuoric acid treatment
HEALTLIELHEES L, 6N HSO, 2ml CL Y FDBEXFHEI & LT 25 60% HCIO; 0.5ml %
GimT s, AYACHESY S L TRER EELHETHD, Skt fiEREC LT 258 L CER
L, SHBCREECHL)EWCREBCETCEOTPL (20 2B0ERKL, BRO HF 2 CE 515
BRBETDLDEE IS DTH D),

HBEH, TELRTVEROKEBEHACTHEYR 100ml €—H—hic 5oL, 6N HCl 20~40 ml ¢
AP FEHEDTULE —H — AL, BB -1 —KRHIIDOSLE LT7 A< r & kDR, /M
BTHL, LIDCEB L OO TRRREYERT 5. FT—, ROBHO LV ORXTRERED D DHH
Dfch, HERK No. 5C THBL, ©—»—LEELEY v b 0E (1+20) HCL ¢y, HH L%
Ww 200ml €—H—3FANRD, BEIZS ZCAGIES LY FRCHEAL, Kit - B85, K%
LTab (1+2) HSO: 2, 3¥TL®L, 46% HF 2ml # Mz EKBH Mz L, SO BikfETTo
B ETCRT S, F77 PHOREZARECEE, NRTRAIEL, KBGO L B
Bz b, BEC NaCO; 0.5~1g Mz THERL, BRWEKLBL Ty 0 bikic L, HC iR
L, BHE S XOWBRCAIT 5,

BRIZ R 2o Th R Ibied Th, BREOBEKIZ HCl ©onwtAde &b 2N ke LThb,
30~50 ml F T - Wit T B, WESLTHH 100ml AA-75Aak>5DOL, KTERL TS, £
o P CED 25ml L 20ml AWML, ThEth Ca fEe (Ca+Mg) WEDDHORBERK LT 5,

2.2 WEITROKRER

2.2.1 BERERIELE

(2.1.1) BB\ % (2.1.2) ORBIC 100ml EEL LIBERD 25ml L 20ml 2~y T200ml
€= - SRl (RRHELERBOK 0.2 ©HY), Thehic 6N HCl1oml #m%, KT5F
BDTKRE 100ml T35, AF4 vy FIEFRE (0.1 w/v 7Ara—A 8K 1, 2FHxXnz, HRE
DEETHET 6N NHOH 2% %, BWEE7 vE=v & (LMK -8 & 1g iz, &t
BETET B, BB LI UDD, 6N NHOH #EEL T4 ML, BEI X >T NHOH 2 /N 3B
Fehb X5, TBESEEBLOCT S, “BRK L>T NHOH g bdb TUMRIS D Z L &
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TR LD, Wlzh X oL BB LTHTERThHb, HEEK No. 5A, 9em 8 L CRHEICHE
ML MBI T LA SERERANIC ) 237, E—» —%WlTl, 2@E%SEBETIV), W
TE VDO 2% w/v NHCl B (# 54+ vy FIERERHL 6N NHOH Th L5 rHEES®
fod D) T3, 4EIEY, BEREERIL 300ml ©—H -2 55 (BRElcRerdbiuE, %% HCl ©
BRI LT DIRRE - B L TH ).

ﬁi{—@‘ﬂz\z&k@ 200ml €—H—%8E, EhTRORA—FAREL 1, 280 Na,S0s GRtit
E R BEMLA 6N HCL 10ml /e — 5 —hCEBEL FTHRLACS DY, WIAOTB LT
WTFLTEET? CEREALTLE) , ZOXIRVEOBTIRLLLERRL, WBAARS L
Fler &, BRPTCHRE VDHLOBBECREEZ DI DL EDTHDL, BEE OS5 L) E{dL). &D
jed@ 6 N HCl 5ml CIEEPR L, RECBBTTORES . 200ml € — 3 —HNOBKREKTH T
DTH 150ml L1, AFn vy FIEREL, 2Lz, HRENFEETSET6N NHOH iz
%, LTS 1 MOWBHR & RERCERIET %, 2L, BRI X 2T NHOH 28 “/N BFeHs L5
KL TIHRERE DT BN, IFRCWBEFTLHLTAKE LR Z R} 23 L TRFI
AN, ¥ IABTTEDLRIBEEL L, KEOENRY T, BRLEKEE 1 EHOCEHL, -
BifET5 CLEoBB7 ve=v 4-7 vE=7kEEE, K& HiLesranp et al. OFER" K LD
7)o

TR E I F IR ootk HNOs 40ml iz, F7 7 brRo/KB ETIEREL, FLVE
WHRALELHFHIMD SR ST, K77 bhdky b« A b (120~140°C K BV) L THERET B, K
NELDTUMBE LI O TEHEEZHFIILDEL, B I DL BS L, KO &R A LT HCL 10m!
Mz, Ay b FvA b ETHEL, RBAXPLARLEHEY DT CTEREL, HCl BIL/NERDE
TRT5 GBRER7 v =9 2O5MBERY L LT HSO: 25555, BELERW),

K 20ml K HWEEBLTHEXEML, HERK No. 5A, 9em TIRAL, BEHI - €—»— - &
AR Vb OGS T, BREWKE 200ml F—n - E—p—Flda=Ar - E—n—
55,

2:2.2 #+%+ v-DDTC ¥

(2.1.1) BT (2.1.2) ORBIC 100ml BB E LIHBERD 25ml & 20ml €<y +T200ml £
—H—THWL (BEHLRB O 0.2¢ THY), TNENKTH THTKRE 60ml L, FHT2
FTCET B, HLBALENLERLT 6N NHOH »#iN%, 241X bdThthcRETIRES
THBEZOL D5, BLR2IZALERD 5% w/v #% Y VIR Or+ > v—FEHEZE - fk—
25 g WKEER 63ml hnk, ¥ —H —CEHIOSY L, KE LT  BEL THHKT THT
#1500ml L35, BERICOWTH 2M, ~VF+ “Uy F” #7 A0t vREY vhEETS)
BRI g 3 (ALkOs & LT 5.7mg wo& 1ml BHE; BEE 10~20 ml OEIHIUT), KK 2
M EEEE7 vE=7 A6 (154.2g [ D) ZHRACML THBEZEE LD, REBICIBSTEECIRIER
EhHIH 2M BT v E =Y ABEEIHIC 25wl BILTHL (@B TRA 50m <HWETTH
ST BEad A LRAD, FBMLTWAKBLET 10~15 SHRELAOL (Z oM L&
BN EELTERL, WEAREICWEFITLTB L 57b, A% Ve ZEROBNEL THOLDTH
%), BEam XA LS, #1REBET 5. WKREHEFERR No. 5B, 11om TIGRL, the vab



EDTAER LB HAINY Y A L= IRy aDEBRLOWT—T FHH)

DEY; 40~50ml TE> (€ —» —MHEL T2 URITERITIEAN > 27 T,

BV AR

ZTHT I, I LB 200ml € —H— 25035 (BA DA F o ik, Kk KoLTHOFF-

SANDELL DEER'Y I XD2f),
BTG OBRIESBEIE TH Ok b,
bbb, REOHB L X, 77 ABEPHCREL, &
EpibiuL 6 NNH.OH THET S, BlE 250 ml %
AR} (Fig. 2) ©52LAR, €—»—%T&
BRTVBOKTRNP~ENZIr, 7 e i s (1#
% 11 SRS AR, 2N HaSO,, 1N NaOH, KT
Bk tEo70%, ©E7TO CaO THIK L ThrbHEE
L, BEKWK 2% vV/v Cied X5 EK7 = —EML
T, VECVHRREFELTEL) 10ml #7577 AFHgEHRT
Lo Tz, M14HkRE > - 3%, ZECHELT
FHEASEELCD, TREZERIEDITT,
5ml ©% 5 1 ERBCHHT 5, KiC 2% w/v DDTC #
¥ (Na diethyldithiocarbamate—FfI Y4t « 1 &——
D0 D R TORER AR No. 5A TIGBLS
Do 2HLBWVWIRBD LS THBD, ALK LEDDOY
DL DO TH B DR A CBFH L) 2ml Fhng T swirl
%1454

7 v rR)LA

L, Zewrekis 10ml CT1[E, 5ml ¢2HE,

TomMbrR o) ERIIRA—EEDIZS T, BEROEINUL,
52, RREGOBIIER L CEMBYAVCAAI RN I VX5 THB),

ZZCHEKD pH 3K EA5 it (4.9£0.1) K2 TWAIX3T

s
D0
Ikl
g
g $16 Stop-cock (A)
l XMP?? aw7 (A)

%13 Stopoock(B)

Rbw 72347 (B)

250-m{
Pear-shaped (G£& =)
Separatory funnel
(HEY)

¥:6 Stop-cock(C)
by 72 I%2(C)

S

E Inner diameter
0 ca.6mm.
s (K18 #H6mm.)
F2W 7w owokoL SHH BB
Fig.2. Chloroform extraction funnel.

1 EAOBH LRI L T2k
K% 300ml € —H—1c

SUAN, GRS EVETOOKTIERE S « T 52, ThLBRLERITNC S8Rt

DFRENIKTLD LIHERE No. 54, 9em #BLTCE—H - S5FARBDTHB,

T3 EEREH D o

- —HhOBEERE KB ERITAY b+ 74 P ETCHERL,

L, HNO; 20ml 2z CTVF7 7 bFOKB ETMRL,

BFLCREARARED,

REBRITIK

ERPKEAPH Lich BEtllx kA5
F57 bEDARy

b A b ECHENE ST CERT S, REEZE LS, HCl 10ml o1 2[EEE - Hla < b o
2T, XEOEER 6N HCL 1, 27§EK 20ml { St TEMBL, HEEK No. 54, 9om T
BL, REtll - € —% — - JRFLEE VL OB TH, WK LKL 200m r—L - E—p—Ff

Fa=hr-E—h—i>53%,

2.3 Ca # 40 Mg @ EDTA &%
2.3.1 THERRIEH
2.3.1.1 7K

HEOHACHEDLTINTORELBL T, Wb LELBEK (f 4 vTHEIRD £ /7 o B

REBEHEBEC IO THER LK) AV,
2.3.1.2 EEERE
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(1) MgSO. ¥¥#E, 0.01 M... 458 % 73 Th il EofMpro MgS0:-7H.O (7 KBRSV EMET BH
% &0k, 7TKESTMLKLMOBEHE AN TV — & —PRFRLTE 2D DRV 5FA
#4) 2.46508 EFMLTCKICEDL, 11 2R+ 75 AR TERL TS, BHCLTHBRLILHEY =
F UV EVHRIREL, 200C KRBTV BEXHHL TR,

(2) EDTA %W, 0.01M....4%8 EDTA (2Na) # 3.7¢g #KicemnLT1l 2L, #Y=5v
v E VHRIREFET S, 0.00M MgSO, ¥y < EBT RELAWTEETS (2.3.3),

2.3.1.3 T

(1) EBT #H7%E Mg »5\Mt (Ca+Mg) MEM) ....=VAsv—n-+7597 T (AR
Dotite BT %\ 72) 0.5¢ # bV =&/ 5 3 v CRIYGHIZE - | 50ml L, WBERTARFHE v
PRy LTRFT S, RBLAEWI S ERTIUEIR LD 7 2 AHEETH %

(2) PattonN-REEDER %%%15’ (Ca J5%EH) ....Parron-Reeper $#57R%E (HE{-# Dotite NN ffiK%
Vi) 0.58 RSP THERIC L KiSO: 508 L TEXHRIE-LEEDhE, BE/NE VhRE
T5 (BHTIT KSO: Dftd v Nas.SOs #HWTV3),

2.3.1.4 pH HE&EH|

(1) NHCI-NH,OH %# (Mg »%5\ix (Ca+Mg) WEH) ....NHCl 67.5¢ % NHOH (L&
0.880) 570 ml 7K 250 ml DBAPCE L, KTLELU L LTHbRY=F L v E VvARRFETS.

(2) KOH ¥, #9 8M....KOH 225¢ %7k 500ml iw e L, #V=FLvE vhCHRETS,

2.3.1.5 FEWA

(1) eFr*vs 3 VEK.... Blfe Fer$ov 3 3 vD 5% w/v KEBEK, BZ 2oL %,

(2) KCN %¥....KCN 0 5% w/v /KEE#, BZrieol b,

2.3.2 WERLHUTAER

2.3.2.1 JER

FIBBIT T CERRE 200C koW TREL, #ARCREME CREMELHICEY Z L,

(1) €avytb....EDTA BREEHRI 50ml €. vy b, REERFD Ca & Mg © EDTAR
FRC 10ml BECL vy bERIZI0m 378y b (bbb 1HEE=0.02m) A5,

(2) 77A=....1,000ml & 100 ml 7

(3) Ry b....25ml 7L 20ml B

2.3.2.2 ITAEE

RSERF VI AKX T — ... FEEL SRAOME E T, BIRREYELEVRBERNTTE SR
BZODEET BTN LHD, OO ITARENDETSH S, »7nh OBEILREE THRRC
Y rzohdbONEFTH S,

2.3.3 EDTA giEER '

MgSO.: EREERSYK 25 ml &=y P TL D, KT FTHTAGK 90ml &L, NHCI-NH,OH BEHH 10
ml, b Fr®> 73 vERE 1ml, KCN BEK 1ml 2IHRMZ TRET 3, €= vy tOE¥rAdb
BATELED, BEIPRALESRD (LEEEDHFRVEEDCES C) EBT HRE2HE ML, ED
i EDTA BB CHET 5, HREND D E TRRRBELECRVBENTTLAPLEEL, REHH
DORLERL THAMAL (BRER2RVENLDDE0:0), %QK%%%:&*U‘&L\%év:f;OtﬁFéﬁ%
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BELTHY Pl L3 3EOFEELD DD,

2.3.4 RBEK+H D (Ca+Mg) » EDTA [HEE

RGBT THTRES M L, TuesFE— . FA—HEFE 0.1%w/v 7L 2 —LE
W) 1, 2@EEML, BMEHITALENRD 8M KOH B CHRfL GIAY<y MCEmL, 1T
FETHET, BEBHEIOHE ml 2EL, BRBEEC IO L EOHTIR—RCEREOT v ) HLE
r35%), NHCI-NH,OH ¥%#& 10ml, e ¥ex>5 1 vEKLH 1ml, KCN B®KQ 1 ml 2IERINZ T
BETD, Ealy tOErEhbENTELD, EBT HRE 2L ML CTEDIC EDTA BE CHRE
T2, (2.3.3) tARCLTRAEDS 2D2%,

2.3.5 e Ca © EDTA J§ED:

REEE KT THTKRE 8Om L1, 7ra-FE— TA—EFEL, 2B, BEH»
{RA LR 8M KOH BRcHhML EEFHIT (2.3.4) KAL), FELKLHLILK 8M KOH
war Aml BRI, 3~548 (P 233, AE—ETBHRIL) LErnizaL
DB B, VeI I VERK 1ml, KCN & 1 ml, PaTton-Reeper $57RZEF 0.1¢ ZIRKM
%, BRETRENAGC—CERLLLEDLIE EDTA B CHET 5. RENND T CILEREEEYE
Uit WBENTTARNCHEL, RERLOELERL THAMAL ERRRLRVERL150:D),
EERFE LT O WF R OBM e KA L T5%,

2.3.6 i ®H

HEoEREEY Wng, Ca FEEY vml (20°C), (Ca+Mg) FHEMEL Vml (20°C), %IV EDTA
B OREY K =4 (200C) 1352, 0.00M EDTA, 1mI=0.5608 mg CaO=0.4032 mg MgO “Th
Db, REOERESR S LI Ca0 L MgO D4A— v 74 RKRAC LI OTEHRINS,

_ 100 100
Ca0, %= —01><—25 X 0.5608 X = na Xv

e 100 100 20

MeO, % o. 1720 W (V 25

BaBrBUCE LD TV THEEET AL, T THECERRL LDBNB,
3. HKEloasHws

3.1 FABEXROSH

J.T. Baker ##l A, G. #%&® CaCO; & MgS0,-7TH:0 735, CaO io\T 0.008919 M, MgO iz>
VT 0.006198 M, FIEILDWT 0.01512 M OFERE DL 2lc, THFLREWR L LT, 25ml Fic
Al;Os 30 mg, Fe0s 15 mg, TiO: 2mg, P:Os 0.5mg 35X MnO 0.2mg %#&Ldor, 1ml e
P05 0.5 xELIDOEAE LI

(Ca+Mg) L 10 ml (20°C I3\ ~T 10.00 ml 13 CaO 5.001 mg & MgO 2.499 mg & &is)
xebh, Thic Al Fe, Mn 7 L OPETLREZELER 25 ml $o% Mk, BREEE (2.2.1) &+
# ¥ v-DDTC 3 (2.2.2) RXDOTHELREBRELLOD, Ca & Mg % EDTA BELL (2.3),

* HETHOWILTRTKCN #4130 T, TTHLEEBYETS, MLEPRPAEBDOKTHEDST

BHTT, HEIRRABOKEIL TE L, BEDOKRLEDOTDI DTS L ZA~THER
TTCBHL, YTV« FANEELTERTH S,
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H1Ek FHEWEHD Ca L0 Mg © EDTA %
Table 1. Complexometric titrations of calcium and magnesium in synthetic solutions
by the proposed methods
Compotttione of eysthetic | iR
ompositions of synthetic TLHR ¥ Ry *
£ BB M solns. BOE & | paE | PDTAREC
E 5| & %5 |(CatMg) BEPELREOYN Procedure for Indicato;\ used |Volume of ED[’_I‘A
Exp. |Sample| wsg* R DA & removing in complexome- std. soln.** used
No. | No. |Std.soln.of Caj Addition of | interfering |7, SOMR PXETEs SHC. Son.
and Mg*! taken| interfering elements
ml (20°C) elements ml (20°C)
S1 9.98 No 15.29
I S 2 ” ” — EBT 15.29
S 3 ” ” 15.29
S 4 9.98 +Int.*? o c 15.31
xine-DDT
o S5 ” 7 method EBT 15.29
S 6 Vs ” 15.30
S 7 9.98 + Int.*2 15.30
Persulfate
bl S 8 7 Ve method EBT 15.31
S 9 ” ” 15.30
S10 9.98 No 8.98
PATTON-REEDER’S
w S11 “ “ - indicator 8.97
Si2 7 7 8.98
S13 9.98 +Int.*2 8.97
Oxine-DDTC |PaTTON-REEDER’S
v S14 7 7 method indicator 8.98
S15 7 4 8.98
S1i6 9.98 +Int.*2 8.99
Persulfate PATTON-REEDER’S
Vi S17 7 7 method indicator 8.98
S18 7 4 8.98
S19 9.98 +P*3 8.98
PATTON-REEDER’S
VI S20 % ” — indicator 8.97
| S21 ” ” 8.98
S22 9.98 +2P*¢ 8.97
PATTON-REEDER’S
w S23 7 7 - indicator 8.98
S24 7 4 8.98

*110.00m! (20°C)=5.001 mg Ca0=2.499 mg MgO

*2 Solution of interfering elements (25 ml) contains 30 mg Al.O;, 15 mg Fe:0s;, 2 mg TiO,,
0.5mg P.Os and 0.2 mg MnO.

*3 0.5 mg P05

*t 1mg P.Os

*50.009862 M EDTA (2Na)

753 PaTToN-REEDER fH/RIEIC X % Ca © EDTA [EEICKT5 POS- DE&EAym5icsd, (Cat+Mg)
BRHERE 10ml 12 P:0s L LT 0.5mg & 1mg ZEHMLTHEL Thi, BRIFIRTTTIONC

o7,

3.2 #tosm
B LTREREOLER L2 AVWCWOTH B, FERNCEETACRIEREYD LD VD
T, #Iic X>T NBS piE#estkt No. 98, Plastic Clay # i\ im0 ¥R INI-HOHEBEND = DHHF
CRIERD D LB D EERSOESMER (140°C T2HMER LcRBE L LTEbLLTHS)
ROEWHTH L, KDL 5 ThbB,
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[
SiO, ‘ Al:0s ‘ }(nges) i TiO, ZrOq 1 P.Os MnO 1 CaO \ MgO
59.11 ‘ 25.54 ‘ 2.05 ’ 1.43 0.04 ‘ 0.08 0.005 . 0.21 ‘ 0.72

#ok ¥t (NBS E#ZK No. 98, Plastic Clay) & Ca X108 Mg » EDTA JE%E
Table 2. Complexometric determination of calcium and magnesium in the NBS Standard
Sample No. 98, Plastic Clay by the proposed methods

S Vol " f 0 2%9937M{EEDTA
- olume of 0.
Sample weights ETLE (2Na) soln. used in
= DERIE Ca §
#oB Procedure |(Ca+Mg) Pir@oﬁs
= . W e CaO | MgO
Sample TRE EE for BEBT REEDER’S
N Bl E Dried |Ignited at | removing » |indicator-
0. |Airdried | e, dull ~ [iterfering | EDTA | "gppp- | V7060
2hrs) | redness | elements | I{,a nf:;n’ titration,
vml
mg mg mg (20°C) (20°C) | ml (20°C)| % %
98—1 1040.7 1023.8 948.9 Oxine- 4.368 0.968 3.594 0.211] 0.70s
98—2 1051.6 1034.5 979.2 DDTC 4,492 1.044 3.657 0.225| 0.70¢
98—3 1002.5 986.3 916.0 method 4,322 0.944 3.567 0.21s) 0.72s.
98—4 1016.4 1000.0 928.8 4.302 0.964 3.531 0.215f 0.70s
98—5 1283.2 1262.1 1170.9 5.620 1.290 4.588 0.22s) 0.72
98—6 1327.7 1305.5 1210.1 Persulfate 5.600 1.259 4.593 0.215 0.706
98—7 1360.2 1338.2 1242.9 method 5.788 1.284 4,761 0.214 0.713
98—8 1326.5 1303.8 1212.1 5.442 1.234 4.455 0.214 0.68s

* Samples are decomposed in 30-m! Pt crucibles by HC1O,-H.SO,-HF treatment. Hydrochloric
acid solutions of the residues are diluted to 100 m! and the 20- and 25-ml aliquots are used
for Ca plus Mg titration and Ca titration, respectively.

753 CaO r MgO O LRPHELYEH TS b LIROkERD D 8 AOSHHEOIHEL LT TS L.
RDLE5TH5b,
Ca0:0.20, 0.20, 0.24, 0.17, 0.22, 0.27%, 0.21, 0.22
MgO : 0.69, 0.75, 0.75, 0.67, 0.75, 0.91% 0.68, 0.72
(FRHfEE S 5 L&, FAINRIOR)
SEOMEIELISML, KEHREF L+ O e BRI,
(2.1.2) DUBEERC X OTHM LI (RREOK LT, BB+ XY 58 BABCET % /M8
SHEB DT, REMEBES Na.COs BRILE), (2.2) IV (2.3) LA THIELL, #HR%
#2RTTT,

4. % =

4.1 RRBEZRCOVLTOER
4.1.1 RBBEEDO2L vF (2.1) o T
Na,COs HRL TV 5 HETBEE (2.1.1) ©oWTiE, i A i, HF A8 3% 54
(2.1.2) ©OWTIL, EF TS HF 2 CE 5 R0 RE2KRELRFIIEL I 25 2o inHE
BB, F- OBIFOMENRLB SOOI, HK7 v =7 kBEC X 5EAR LY EHOB
THoT, Al OWBEEI1EHDTARELK DL, Ca »%4 CaF: & LT T 5D TH D, H:0;:
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Lo TiORBEREIRCEHET S, LOME4DFTHEROPELILD Z LAV, —fTik
TEHRIZLCBREL T DERD S, Si DStOTRIEREDO 7 v RIEEY L LThbhB0%
B ERinT A8 e LT, @ H.SO, HCIOs F7cid HeSOs & HCIO 2 HWHI D, F- O
iz, ThOBREOER - BREXD P2 TILRIVER S5, HEEREQRXZIBESILI LTl
W, Y, H.SO, B b HCIOs 2¥EINT 5752 F2EE0ER - RELHEN ¥ THREN
TRz bzrs, ZOX5RLTABREYKI HCl RERT50NKREESTHHZ iR dD
Too F- DELWBREBCFEEVDHIBEL, BRC L THEIBHEHOER « BREELRIRIIIRLTHA I,

4.1.2 HELROBREEICOWT

4.1.2.1 BRRERIER

BERBT vE=T ARENTAUMEL, BEO7 vE=T7THBREDRELKFT S, Tihbd, KK
Mg OtibE S 57, HRORER 100ml o¥ il L d NHC 2.5¢ #3#fFI#5 (NHCI
1g=HCl (12N) 1.6 ml) ; S BE% BRIFIC T 5D FIIISLATH 5 ; BRI TLRrER IS, BB
TvE=Y A, BB BAOBNIOE D LDD, FE TRERC S ELE OB ERTHE,
BEOERBKE ST HCl #BVT\ 52, EEIXEE L Na.SOs OFE#E e HCl A7 (MnO. %
FTHRRNE Mn** LT ALDIETLHEZLEELT3),

4.1.2.2 #*%> v-DDTC a—;

Mn LA OIFETLHKOES oxinates DUBw PH5 OB WTHIH S ¥, Thb2 WAL, EKE
7 meRN s U TRROAFY v e 2 APED oxinates #BFEL, BHIC Mn ¢ diethyldithio-
carbamate %#2< D, 7 mrAAAHBRE IDOTEFRERETEDOTH D,

Mn-DDTC 28T % & TOBEWKD pH oW TiL, BRI EHLEL T, & 21T Cuene
et al? I pHI~4REBNTA Y « 7 3Tz — A THH L, Seecker et al.'” |1 pH 6.5 BT
7 mukL A THBT, Booe” 13 pH 6~9 OBEHH CCl TERMNCHMINS Lo T\nb, EE
347 ed pH 6 RTHHNIVWERDT, AF4+ Vy F (pH 6.2 TEZE) + NHOH ¢ pH %»
BH LS LRRID, BRENERETHZ v oAl s0RICE LR TLEDT) EL@hidol, 5
BRIDOEE L DL TH 5 AEE pH 72 AV T pH HIBE2 R LEMETH B, BIELRY
&, EHEOTCHDRENSZL TRENRDBV, £Z T pH %FH5Z it Mn-DDTC %2 b, 7rm
FANTHB LR, 266 GE1RLE2ER) »bbhb Xk Ca & Mg © EDTA HEIiI£L
THENRVEEI T Mn 23BEINRD 2 2ok, -

4.1.2.3 BERERYEHE L 4+ > v-DDTC D H#

SHBLD b D X 5K, MAEOHELRREEL LTOWMRLLIE, MHELREALRAET
HBL, EISARERG, ThEIEEORRIT LD L, BHRBERILT v =7 HEE L AROREEY
BE455 2Kk, BREOHBHUROZT 2SO, HRETHRL 7 ve=78 (£~ - 0EMBARI
EDOTCWBHDOE—EFRTSERVTHD, RELRWERD) RILIBELRV-0T, +4EEL
ftnt Al OBHRARTH L5 EFERIOTIL IAMENBZ ONRYEETHS), Al NS E
P14 Th B L, Parron-Reeper R X HEE (2.3.5) gL A LHES S JlcwThed, EBT
FREC L BHE (2.3.4) XPEINB, +* > v-DDTCEL KT A WHBHRIIZ LD TERHT, K
DY - EDILALBEYE LItV BERHIIRERECID I oL k0L 5 RBEELBbh o s
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3 LRV, ROoTHIEEHLD THRT, PERVILEEOLBLTROBEERL LTKEN DT
B, BEDEND, EEIFHEYWTR L TREL THL R, %Y v-DDTC EOHFRL Y F<h T
BHEES,

4.1.3 Ca B XU Mg © EDTA HEBEIK 2\ T

EBT {57338 % Dienr-Goerz-Hace DUF D DAEL BunbhTw%2%, EBT oo@ricz T
BATTATPL D, bhbIIELLEDOTLES FTEOb B B0k LRI 22 (2
DR TORFELLRTS L, ENBOXILTWAHDREEEAL), EFEXZITTEeVERT
FuE, ¥3 AR 2L VbR TWEA, EEORR TN ) BHALEAENMRARETLTNT, K
TR BEITEAREA R TR Y, RADFHY Liiesd k5 Bbhi,

Diskant® DK L BE, EBBT 21V =%/ 5 3 VEEHDTEHT LI SELLERT S, RiB
Lisnw IS RERLI 2T, P 237 » AMRFCRBRS D, BEIECHATRALHED
L3 CThB, LMV =&/ 5 I VERTH B, TOHENSCONRERRTLLThED, RELA
BREFETIER,

Ca HEDHEDS (Ca+Mg) HEDHES L b, pH HEAL ML 2EMNC, RBEREY NHOH T
7e{ KOH %723 NaOH o THhHL, BikaAGEHRHEL T2 RO THETHS, BEERE
FXPHOBHROBEIILE > T IV 2 L TH B, bhbhORMERO X 5 CHILEOH S Ltk
Bl VBB, FRLTHLREOED pHHAREA Y INX 52 DRELTH D, HRELLTBT-B
XA,

FHEEL b, BEFRERLML TERE—RCHEM LD, BELEHERII LD, BHRENRENNEET
3, €2vy b OEMRERECRVCEENOES CERB T L, UER4RRETMATL LAY
Thbo

4.2 FHBRICOVLTOER

4.2.1 FHEEDHHICOWT

NBS Z#REHL Ca & Mg OFEME-L, PHFETLKRTHS Fe ® Mn OFEIEV-OT, LM
3k (2.1.1) X (2.1.2) OELLADOAEETHEL, YV AEFEELERELLOL, B
FIOEBRE 100 mg CHUTHERO—EFELHIT DT Ca & Mg © EDTA HERT5B4%H
FELT, TOEREYRILOk, Thbd, ROV ) »UNOFEEERY, AlLOs 30%, Fe.0s 15%,
TiO: 2%, P:Os 0.5%, MnO 0.2%, CaO 5% XU Mg 2.5% LEX D Thb, H1ED Exp.
Nos. I~VI 2NFDIERT, BREEED A+ v-DDTC d & I, FRLENRDETECDOWTOL
EEREYEDINT T V7 OFBE (Exp. No. T Fiid V) DOfECIIELAE—KLIEER LA,

Exp. Nos. I & Wl i%, P 23 P:Os & LCENER 0.5mg L 1mg 121} Ca R Mg r3FT5%
£, Parron-Resper #7RIIC L5 Ca © EDTA JHECHET B2 Y 5 bk Lich DTHBH,
SOOI HEAED L XRHEALLLEL S ThB,

4.2.2 HtosHsHeonT .

F2ROFERE (3.2) OFRRFD 8 ADSFHEDFTHEDK LD, WHEL I RERSO R/
RErbE252 bbb,

4.2.3 FBRIERTHRIEBEOGHAME
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THOHBEER, HEHMEEND TRMLD2FMK LD EZIEHATE (A HAHARBE TES
DHMCERTHZ L, YY) ACPEEEEIHLIVIFE S LR CBETILEIS D), Fl—
CrABEERACHIEICHATES L BB IS,

Ca L Mg » EDTA MHERMEE - ERCH /57D, RBBROELRHCOWTRREE (100
~200mg < LVWIEHYETIRE) KL5DT, PELROBRERL L THRBHERELRA L, Lkt
DOTRREH L LTRILTAT v e = v 2 EEOS MR ¥R 2 050t HHREAFERCEL e
Efligy - BBECILIS DI, T2 U GERDO W 2 RESHTE TR,

5. #&

+EHEFOIN Yy AL <%k vy a% EDTA ETHRD, ¥V AR 0HEE foidliss Ul
BRPTHELRYBETHTRELT, i) BT vE=v 220tHT57 vE=7kEE LT
BREEE) &, i) PH5 TAF Y VIRIDVBAEAFVRA b2 UE - SBELCOD, BFOAFo v
LEFTHIAPEDAF I A b/ v h b afilLThb, <v# v%E DDTC-2vFry s Rl
LTz mri sl 5758 (L T4 % v-DDTC 18) 2RET 5,

EDTA #E K, pH HER % 5EANC, B-T-B fREYHWCHET A ) THIITAZ L%
BE LI, EDTA HEDHEREL LT3, (Ca+Mg) ARIZERESHEAINT% EBT 072 —
VEBRORBDBIIE, IHVREDPLIC EBT DbV =%/ 7 3 YEERZHRAL, Ca ARBEENRRL
WORERNPEDIESEAINR TS MX Db hic, BEEHHDOWP X Parton-Reeper HRER IR
AL’

REE LI\ 780 A, R CERACBREETHD LR,

#b ) L ERPRBERERICRERE L T EIOLBEEHERTRCHE LR T S,
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Complexometric Determination of Calcium and Magnesium—I
—Application to soil analysis—
The determination of calcium and magnesium in clays

Kinnosuke NiiNna

(Résumé)

To determine calcium and magnesium in soil clays by complexometric titrations, the
following two procedures are proposed for removing interfering elements such as aluminum,
iron, titanium, zirconium, manganese, etc. from the hydrochloric acid solutions obtained by
the Na.CO; fusion or HF-H.SO,-HCIO, treatment of soil clays: Persulfate method and Oxine-
DDTC method.

PROPOSED PROCEDURES

(1) The preparation of sample solutions:

One-gram samples of soil clays are decomposed in 30-ml platinum crucibles by Na.COs;
fusion'? or HF-H,SO,-HCIO; treatment. In the latter case, the expulsion of residual hydro-
fluoric acid must be carried on as completely as possible®’. The filtrates from silica separa-
tions or the hydrochloric acid solutions of the residues obtained by mixed acids treatment
are evaporated to 30~50 ml and diluted to 100 m/ in measuring flasks. From each of them,
25-ml and 20-ml aliquots are taken for calcium- and calcium plus magnesium-titrations,

Tespectively.
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(2) The removal of interfering elements.

i) Persulfate method:

Interfering elements are removed from each 25-ml or 20-ml aliquot by the persulfate-
ammonia precipitation procedure described by W.F. HiLLeBranD et al.”” The filtrates and
washings from double precipitations are acidified and evaporated to wet dryness. Ammonium
salts are decomposed with 40 ml of nitric acid. Nitrates are converted to chlorides by hy-
drochloric acid treatment. Sulfuric and perchloric acids remain with chlorides. The wet
residues are dissolved in boiling water and the solutions are filtered into 200-ml tall or conical
beakers.

ii) Oxine-DDTC method :

Interfering elements are precipitated from each 25-ml or 20-ml aliquot by the oxine
precipitation procedure described by I. M. Kortrorr and E. B. Sanperr!®. The filtrate and
washings are transferred into a 250-m! separatory funnel (Fig.2) with a small amount of
water. The pH of the solution should be about 5 (4.9+1.0). If there be any uncertainty,
the pH of it should be regulated to 5 with ammonium hydroxide using a glass electrode pH
meter before the transfer of it into the funnel. The excess oxine and traces of mixed
oxinates are extracted twice with chloroform (10m/ and 5ml) and one minute’s shaking.
Then 2ml of freshly prepared and filtered 2% w/v aqueous solution of sodium diethyldithio-
carbamate is added into the funnel and the content is swirled. Mn-DDTC is extracted three
times with chloroform (10 ml, 5ml and 5ml) and one minute’s shaking. The aqueous phase
and washings are filtered into a 300-ml beaker through a lcose-textured filter paper wetted
with water.

The solution is evaporated to wet dryness and the residue is treated with 20 m!l of nitric
acid. Nitrates are converted to chlorides with hydrochloric acid treatment. The almost dried
residue is dissolved in boiling water and the solution is filtered into a 200-ml/ tall or conical
beaker.

(3) Complexometric determination of calcium and magnesium in sample solutions.

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

Three 25-ml aliquots of a 0.01 M standard solution of MgSO,. 7H.O are taken into 200-ml
tall or conical beakers and diluted with water to about 90 ml. Add 10 m! of ammonium buffer
solution (67.5g of NH,CIl and 570 m! of NH,OH (sp. gr. 0.880) are dissolved in water and
diluted to 1000 ml), 1ml of 5% w/v_ hydroxylamine hydrochloride solution in water, and 1ml
of 5% w|v KCN solution in water to one of the beakers. Magnetically stirring the solution,
add 2 drops of Diskant’s EBT solution (0.5g in 50 ml of triethanolamine)® and immediately
titrate it with an approximately 0.01 M EDTA solution from a 50-m! burette. Add rapidly
until the color becomes violet and then drop by drop until it turns pure blue. Calculate the
molar concentration of the EDTA solution at 20°C from the average value of triplicate titra-
tions.

ii) The calcium plus magnesium-titration of sample solutions :

The solution obtained from a 20-ml aliquot of the sample solution after removal of
interfering elements is diluted to about 80 ml. Add one or two drops of a bromthymol blue
indicator solution (0.1% w/v in alcohol) to it and neutralize it with 8 M KOH solution. Add
10 ml of ammonium buffer solution, 1 ml of 5% hydroxylamine hydrochloride solution, and 1 ml
of 5% KCN solution. Magnetically stirring the solution, add 2 drops of Diskant’s EBT

solution and immediately titrate it with 0.01 M standard EDTA solution from a 10-m! micro-
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burette (1 div.=0.02ml). Add rapidly until the color becomes violet and then drop by drop
until it turns pure blue.

iii) The calcium-titration of sample solutions :

The solution obtained from a 25-ml aliquot of the sample solution after removal of inter-
fering elements is diluted to about 80 l. Add one or two drops of the bromthymol blue indi-
cator to it and neutralize it with 8 M KOH solution, magnetically stirring it. Add 4 ml more
of 8 M KOH solution in excess and continue to stir it for 3 to 5 minutes. Then add 1 ml of
5% hydroxylamine hydrochloride solution, 1ml of 595 KCN solution, and 0.1g of PaTron-
Reeper’s indicator’™. As soon as the solid indicator has been dissolved, titrate the solution
with 0.01M standard EDTA solution from a 10-m! micro-burette (1 div.=0.02 ml). Add
rapidly until the color becomes violet and then drop by drop until it turns pure blue.

Of the two methods for removing interfering elements, the author prefers the “‘Oxine-
DDTC method” to the “‘Persulfate method”’, because in the former the precipitation and the
filtration and washing of precipitates are very simple, and separations are very complete,



