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AN IVAAFVERGBEBEZHAVCAIESEBFOI FIivat+r voER
BIOIATY AFRIE= IRy aL+ vIEFER B O EDTA 4 3lGE

WHEE FHEF BE W@

Determination of cadmium ion in the mixture by cadmium ion-selective
electrode and EDTA differentiate titration of cadmium and calcium
or magnesium ion mixtures

Misa UCHIDA, Keiko HARADA and Tetsu KASHIMA

Summary

Cadmium ion in (.01 M acetate buffer can be determined by the measurement of
electromotive force between Orion cadmium ion electrode and Razaran calomel
reference electrode. The response of the electrode is linear over the concentration
ranges from 107! to 10°5 M and an Nernstian slope of 29 mV per concentration
decade at 25.0°C (Table I, Fig.1). The infiuence of the coexisting cations are rep-
resented in Table II -~ XIII and Fig. 2. It may be said that 10-1 to 10-5 M cadmium
ion can be determined even if equimolar Mg (I1), Ca (II), Sr(11), K (1), Al (111),
Mn (II), Cr (1II), Co (II) and Zn (II) ions are coexisted, but Ni (II) slightly, and
Fe (III) and Pb (II) ions considerablly disturb the determination of cadmium ion.

Mixture of 20 ¢ mole of cadmium and equimolar calcium ions in .02 M
ammonium buffer at about pH 9 can be differentiatelly titrated potentiometrically
using cadmium ion electrode as indicator with 0.01 M EDTA. In mixture of
cadmium and magnesium ions, calcium ion can be titrated in the same manner, and
adding 1 m!/ of ammonia in the solution, magnesium ion can be successively titrated
at about pH 10.

1. #x =

—REEN I > THEEA A U R BB T 20124 4 U BIREERZ Vv 2 BE2REEI L udld
HWHEIZTE D, TETIOHFEII VI FI U A4 30 BIRNERE AV TRERBFOY F
IVALFUEERTLEE, FETS 44 —Mg(Il), Ca(ll), Sr(I), Ba(ll), K(1),
Al(ID) Cr(I), Mn(11), Fe(I), Co(II), Ni(II), Zn(II) # XV Pb(I)—DEEII > THR
L7z,

I, ToBEY AV TEMNEREETEIFHERE LI WEARHOZHRS L BAER
FIZX W EET24&H2RVHT 2%, CA(II) & Calll), CA(Il) & Mg(Il) » 2@ORE
RBLo I E 2 RS, REEZFDNBEZ LI IPHIERTE:OTHET 5,

2. =® B’

2.1. ®R X

* AAFKELEIES (1976554 ) TRE
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7RI b A+ RBHER - CA(NO;)e+4H,0 ORHERIE T IM ORIFER LA L, JHRER
REEM

2T R A A A U RRBHANK - Mg(NOs),-6H.0 DOFHERIKT 0.5M DORFFHIR > /R,

HNT T A4 URRHERK ¢ Ca(NO3),4H,0 DFFERE T 0.2M DRFEIR % /R,

A b wrF U b A F R  St(NOs), OFFRRIET 0.5M OREIFER - AR,

AT a4 F CREHAEIR  Ba(NOs), ORHERIET 0.2M DRFEER & AR,

H) T s AF ARSI  KNO; oRHERET 1M DOFEFERE AN,

T2 =2 A F RENARK - AINO:); 9H,0 DiHEERET 1M ORFHEIR* AR,

7 v A(ID A & v BRRHEIR : Cr(NO3)3-9H,0 ORI T 1 M ORFFAIR LR,

7 oA V() A A RBHATK - Mn(NO3),-6H:0 0 —#RERAIET 1 M ORIFER 2 AR,

PO 1 A o RABAUR « Fe(NO;)3-9H0 D RHRAIE & ik il BE RGN % In 2 72 fK I B fE L,
1M DRFER L AR,

20 b (D) A A 2 3HEHE : Co(NO3),+6H:0 0 —f&kARET 1 M OREHFIR &R,

=9 V(D 4 A 2 BERNENR : Ni(NO3),6H,0 iR T 1 M ORFrEmR % AR,

(D) 1 A v 3RBAER : Zn(NO3),-6H,0 OUHERE T 1M ORFEER % JHR,

$h(D 1 # 3BERE - Pb(NOg). OFRHERIET 1 M o REER A%,

FERBIEARENR - 0.1 M FEFg . 0.1 M KERLT V) v availk (REBIEX & X v d ) #BE
LT pH5.81Z2L72% 0,

TUE=ULAEREE : 7o =T KROREERELEAT e = AORERET LT N E N
0.1M w#H AL, ARHEA L T#EY7s pH 1T L72b D,

~% 53 v - IR AR ¢ (CHp)eNs OffflaA3 e HCl of R L KB L 72t AR
vy, zhZzh 0.1M a3 L, BEL T pH6.9 12L72b 0,

EDTAR 4% : EDTA-2Na oRifkiAZE % 80°C T 5 BBz L72 b 0 T 0. 1M iEl
T,
2.2. # &

MEIY LA ARV - A A o ARO4-48T,

S : Ny 7~ o Lazaran S,

BAE  BRAFHERT VL pH 2 —4% — HG-2 W, &/ME 1mV,

B EHTEER  Atvn -2t W RF L 757 E436R, EIHRC . —v oy b
5ml 7E,

BERY M-y~ 17— =272 CTE-2%, 25.0°C,

AH—F—: THAT BT 7Sy P RAE—TF—,
2.3. EERHIE
2.3.1. BLZERNES

1 M~10"M o7 F 7 54 4 - 3RE# 10ml 12 pH 5.8 OFEFRIEREEH 10m! &nz T
MHKTEREY 100ml & UL72EkE E—F —IZAN, B K37 A4 4 0 BRPER - HEER
#FEAL, 25.0°C OEEENI o7z, 727 u Ny b 2 —T —TERRER 2B L TERM O
BELELA 7200, WX V—ERHETHEEELRLEOREN T V2V pH £ —%
~THITE L7z BRIV LA F LSO F o3 ET2RARBOHEITIE, TDOA F D%
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BEAFIVLAL A ORELELLLZ L5 ML THOAKTLEL 100m! & L TH 5% L
720 7221, Fe(lD& Pb(II) oifé&icid, CACI) OWEE % 10-°M 12 —5z UTHES 42
DRELZ CA(II) D100 1, 4401, 2401 & LTRIEL,

2.3.2. RAEBRHEE O B &

10°M 7 F 30 & 44 RRAHE, SBEDOHLY Y 544 U IFHEDB L <7 F LY 4
I VEREEFNENERCS5mIZn D L s THEZ 7 A= AN, pHOLIZHR L7 =
=V NEREE 10ml Zinx TaRkE 20ml & L7z, CORERAMICH K37 a1 4 g RN
B UBEREFBEAL, K70 v 27275 TI02MEDTA 22 oL —vy | X
D#7 0.4ml/min OFEFETHT L, BRTW - D —CHE THERE 2 SF O TR+ 20
BRI, 72750, =TSRV T AL FURBEOEIZIE, EDTAZ#3ml @R %1M7
vE=7KE1ml inx T pH #10LL FIZ L CHERFIT 7,

2.4. KEREER
2.4.1. EMERES

BRIV AAA OB EFLRIITIE 100 M~107M ¥ TOFE THE O L L, A
IR EAE—EL, COHETHNENETHS., BON-BNOBEERED 0.9~1.3mV T
PHZ -5 —OREE 1mV tABEETH Y, BENOEKB 25T 72, 100°M LITFTILE
BIEADPDE D ZITEBMIRFEL 750> 72, (Table I, Fig 1)

B E Ag:S-CAS DB&H L Z L HNY, Cu(l), Hg(I,I) XV Ag(1) (3Bt
LTWwTd CA(I) DRIEDIIEEL T DT, ZOMD A4+ 13>V TETRET L2, 7272
U, Fe(ll) & Pb(II) 2% 0#EA CA(I) BEL DEVBEICOREET 2P 2 & andbh
T30 T, CA(ID & MEWBEIZ > TR L7z,

TR, Table II~XII B X OE4S + v OFBOREL 72 b 0% Fig. 2 TRL7,
Fhuzk sk, CA() DEEEN 10 M~10"°M o&E T, Mg(II), Ca(ll), Sr(Il), Ba
(1), K(1), Cr(I), Co(Il) B X Zn(Il) AEBEETEL TWvTd CA(I) oRIEIZIE
E e A EREN IS 572, AIAID B X OFGCRED Mo(ID & Ni(IDD o#&iziad L
BERL7z, BETRBWTIZ, Mn(ID & 100'M, Ni(II) & 107'M ~ 102M #EEOH AT
DUBEER LI, HOBETIHEE A EREI /D 572, F72, HFCBV T pH & 412
Tre k& pRE LIRS Tah o 72, Fe(lD & Pb(II) #HFET 23541218, Pb(ID) #ilhdt

Table I Relationship between the concentration of Cd (II) and the electromotive
force of cadmium ion-selective electrode and calomel reference electrode (25.0°C)

Cd(m | EMF (mV) S.D mV/pC | pH
. - |
104% ‘ 62.3 1.0 0.3 5.2
10 . 9.8 0.9 28,0 5.7
10-3M ~118.6 1.3 991 5.8
04M | -7 1.3 08,7 5.9
| .
10°M | —176.4 1.3 5.9
3X10%M | —187.6 3.3 17.6 | 5.9
10M | —194.0 1.3 | | 5.9
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Fig. 1 Electromotive force of Cadmium ion-selective electrode and calomel
reference electrode in solution of Cd(T) (pH5.2~5.9, 25.0°C)

Table T The electromotive force of cadmium ion-selective electrode
in the mixture of Cd(I) and Mg(m) (1/1]

cd(1m) \ EMF. (mV) mV/pC |  pH Cd(11) only(mV)
10-1M | —64 | s | ~ 63
102M | -9 | ¥ 56 | ~ 91
10-3M —120 27 ! 5.8 i —120
10M —~146 26 5.9 | ~147

| .28 5.9 —177

105 M i —174
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Table M The electromotive force of cadmium ion-selective electrode

in the mixture of Cd(II) and Ca(I[) (1/1)

cd(m)

5.3

| EMF.(mV) | mV/pC pH
10-'M — 59 i
102 M — 89 30 5.6
10 M ~119 30 5.8
10M —147 28 5.9
1075 M —176 29 5.9

Cd( I ) only(m\/ ) |

|

| — 58
— 88
~116
~150

| ~176

Table Iv The electromotive force of cadmium ion-selective electrode

cdm |

in the mixture of Cd([[) and Sr(u) [1/1]

EMF (mV) mV/pL pH
1071 M — 66 5.1
10-2 M - 95 30 5.5
10-* M —122 27 5.7
10-4M —150 28 5.8
10-sM —178 <8

5.8 ‘

| Cd(n) only(mV)

1 — 65

— 93
—121
—150
—178

Table V' The electromotive force of cadmium ion-selective electrode

in the mixture of Cd(II) and Ba(I) [1/1]

5.9

cd(m) } "EMF. (mV) [ mV /pC ( pH Cd(T) only(mV)
10-' M ‘ — 61 ‘ 5.3 —60
102M -91 | 3 5.6 — 89
10-°M —117 % 53 -118
104M —147 % 5.9 —148
10M ~175 28 5.9 —177
Table VI The electromotive force of cadmium ion-selective electrode
in the mixture of Cd(II) and K(I) (1/1)

cd(m) ’ EMF.(mV) ’ mV/pC j pH | CACT) only(mv)
101 M ‘ — 65 | 5.3 — 64
10°2M — 92 I I — 91
0°M —120 | ® 54 ~119
104M | —147 ' 271 59 —148

0 M| -7 0

—175



No. 21 (1976)

Table Vi The electromotive force of cadmium ion-selective electrode

in the mixture of Cd(II) and Al(III) (1/1)

EMF. (mvj

Cd(1m) ‘ mV/pC l pH l Cd(1) only(mV)
10 M —63 | { 26 | — 64
10 M — 92 = ] 35 | — 9
10-*M —121 P29 40 | —197
10M -4 | 7 12| ~145
105M | ‘ 21 | —172

—175 4.2

~ cdam

Table Vi The electromotive force of cadmium ion-selective electrode

in the mixture of Cd(II) and Cr(]]I) [1/1]

EMF. (mv)

| . mV/pC pH \ Cd(n) only(mV)
101 M — 60 [ 2.5 | — 61
10°M —92 | % 38 - 91
10°M | —119 27 5.0 | —117
10-5M —148 29 58 | —146
10-5M —177 29 6.0 | —176

Table IX The electromotive force of cadmium ion-selective electrode

in the mixture of Cd(II) and Mn (11) [1/1]

Cd(m) EMF. (mV) \ mV/pC | pH Cd(n) only(mV)
101 M — 65 | 48 R — 61

102 M — 90 % 57 — 89
10°M 118 28 5.9 —118
104M | —148 31 60 —149

1075 M ‘ -ws % s0 ~176
Table The electromotive force of cadmium ion-selective electrode

cd(m)

in the mixture of Ld(II) and Co(II) [1/1)

i EMF.(mV) | mV/pC | oH | Cd(11) only(mV)
10°M | ~ 62 ! . 46| — 62
102 M ~9 | 30 1 55 — 91
0M ~n9 T 54 —118
10M —u47 8 | o —147
10M | -z |30 L 5.8 —177
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Table XI The electromotive force c¢f cadmium ion-selective electrode

in the mixture of Cd(II) and Ni(1I) [1/1]

Cd(m) EMF (mV) mV /pC ;
10 M — 52 |

102 M -8
10-3M —122 33
10-+M —151 30
10-5M —180 29

pH Cd(IT) only(mV)
4.9 — 61
5.6 — 93
5.8 ~122
5.9 —151

6.0 —179

Table X The electromotive force of cadmium ion-selective electrode

" EMF. (mV)

in the mixture of Cd(II) and Zn(]I) [1/1]

pH

{ mV/pC ‘ cd(m) only(mV)
10-* M — 64 4.9 | — 64
102 M - 91 27 5.5 } — 92
10 M ~120 | % 5.9 —121
1074 M —150 ;30 5.9 —153
105 M ~177 l 21 5.9 174

Table XIII The electromotive force of cadmium ion-selective electrode in the
mixture of 10~3M Cd(I1) and 5X10-4M~10-*M Fe(Il) or Pb(m)

5 X10¢M
2.5X10+M
1074 M

1073M CA(I) only : ~119:1mV
Fe(m) | PH(D)
EMF.(mV) | pH MF.(mV) | pH
—116 l 4.2 — i —
—116 45 ~114 | 5.8
—117 f 4.6 —117 | 5.8

FLTWTHDULIEL, Fe(lD '/ BOMEFTREMIRMAL2 DD LREL 72, b,

AR EIR OB E (X pH BEBE X RELERERD,
T R E P EN T E /2,

T%T?:f.fi - 7278,

i

TELIZTHE

BETHD 0.01M BEr

2.4.2.

BABRHARE D73

FIWAaALF U BIRERPISRER L LT 0.1M EDTA CHHHBEYITR - 722 Z A,

Ca(ll) BADHA

12l pH8~9 128 W T 3B LINDBEET 2 BRI E 7228,
DA TIE pH10 LIT T8 2 48 5%,

Al
T

pHO.5 L LTS 1

Mg(ID &S
SRR & 75 5 72D T
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Fig. 2 Influence of Ni(I1I) on response characteristics of cadmium
ion-selective electrode
CAdID-NI(ID) (1/1]
Cd{ID) only

Table XIV EDTA potentiometric titration of Cd(II) in the mixture coexisting equimolar
concentration of Ca(II) or 7\/Ig(II) usmg cadmium ion-selective indicator electrode.

[ o N l pHVChange ’ Stablllty constant »
Sample l EDTA (ml) r Found (%) | before — after ’ pH9, £=0.01
,,,,,Edzn, ) | 1. 9 | 100.0 } 8 9 -8 6 ] 13.2
| 2.01 | 102.6 | T
Cd(11) + Ca(11) , .55 700, i 9.1 — 8.3
‘ 2.00 102.0
(+1M NHsaq) 9.1 —10.6
! 3.93 200.5
Cd(H)EnlL/i\’Ig(II) 3 1.92 9.0 | 5o 0 -
(+10 NHiaq) { 4.03 205.6 | ' ‘ '
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<

1007

Electromotive force

0.01M EDTA

Fig. 3 Potentiometric titration curves of Cd(II)
or Cd(II) and Ca(lIl) with 0,01M EDTA

using cadmium ion-selective indicator electrode.

PHO THELID, ETHFI VAL FUABEINTHLD, I1MBECT7 v E=7k% 1ml
Iz T pH # 10 I EICED - A, 5lEH T Mg(Il) »nEEIhs-, (Table XIV, Fig.
3 and 4)

3. & ®
3.1. pH DR L BREKOBRE D ER
3.1.1. EBfENEDE

0.1M CA(I) 7A#&12pH 6.5 LI L T/AKELB 24 U, BOBEOBS I pH N2 Tt s
ERFRA A OREEZTZPDT, O pH % 2~6.51CFONBENRD D, £ T, FEE,
—RESE & A 4 VBB L v 7: BAEREEDY TRFET L%, BEFLER 2B T W
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Fig. 4 Potentiometric titration curves of Cd(II)
or Cd(I1) and Mg(II) with 0.01M EDTA

using cadmium ion-selective indicator electrode

% BRRSERR IR & v CRURBHIRD pH £ 5.8 1C L THISET 2 2 2iC L7z, %72, BEMEOBET
Bz Y pH REREAKE o2 b1 7243, CAC) OEEMNE L 72 210> N THEEIE O B2
MNENIE S 75 > TEBBOISERIL EVET T 20T, TEA2FTECEBETHL - L8 |
Vo LT T, 0.01M B X 0.006M OFMEZ R LL 25, BiZOHNYL b BRIFAEEM
ERL72OT 0.00M OFFEE 5 & 212 L7z, )iz, CA(IL) DWE L IEEROBEO K %
—EI AR > TEMERET 235G L, BEKOBWEL V2D 0.0lM 12{F- 7258 L 2 kL 7-
T h, REOHNLZREIRPENTE 72, UL, BEHEOBEINDHE DIE 253, %7~ Cd
(ID) OWEH 10°M YT TIHRE—FEDA4 4+ v RETHET D2 21282570 ThHH 5,

3.1.2. S Es:
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BEKE LT, ~F93Iy EEBEIVTE ) —LT I reRR22A, CA(O) & Ca(ll) o
BEERBMBOBE L pHT7 UT TR 2UEBEALRELATREVERI BN 52, 107°M
Ca(I) #aix#9 pH8 DL ETKEBEHOWLWEE LB L INT VDA, 7 rE=v LERE
HERCTPH 28l kicL7ze s, Wl ETLKRWIRET, pHITETBRICHEINT,
pH 73E < 231221 TELY Ca(I)—EDTA 0REEFERMNE L 152D TH 2 ¥E IR
o2, B1IMBAIZLEVIIARERER 572, CHIZBTRRESI OGNS VWA M E o Cd
(OH), 2L T %70 TdHAH Y, ¥7:, BEKOBEIIOWTIE, 0.00M TII@HEIHERS
pPH ETHE L E 2 MBSO RHEAKE - 720T, 0.02M ¢ LTHFEL/-L A pH8~9 I
oz LN TERFEARE L 75572, CA(IT) & Mg(II) DREREKEDOEFE X, Ak pH 9
THELL A2 YUBESNTRERE D, pH # 11F 2% & CA(OH), 0B\ 4£ U 1 4E
BT s 572, UL, PH10 M ETHE 2 UB A1 FRER 70T, pHI TH14E
BERELE B T =7k BMLTHELHEVELTICpH 210 RIZL THEL
Feld72L A, BWERNBLNIbITTH S,

3.2. BEHEEOKE

HEHENTEEHEI I ED X > BB Y 52 520 RF L7z, CA(I) 10°M, pH 6.9 123 L
722x1072M D~* 4 I o —IEEHRER L LB 20ml 2FE T 7 X AN TG E DR
LEBEICEREL, HMEEEX0.17~1.77ml/min ¥ Z{L IR TREL /-, FOKEE, 0.8m//min
MEOHE TIREEHBRIIRLETH Y, UBACKTHIEMINEISBEFELR TV, B
B EEMICHIETE 24, 0.6ml/min BE X TIZEBRMED X EELV/NIVWDOT, HEEXRD
ZET 5L 0.4~0.5ml/min OEENFHL B3, L, HEEEIHEIND I
DRIGHEEIZX W FEERETXETHS, (Table XV, Fig. 5)

3.3 EfrENFES

BAEREECX S CA(ID) BEORFIILBNHELEEETH D, CoFEIRDLN/:
BEHOEZD S OAMEEO TEBOBEIIE I —FORBIZL TELERH 5, £ T 5
2, JEEAND A F bW OB RO FOYFEAPREBOEA s E12 X DIREMICE LB
%, TO®D, OV (FLT74 ) 1CERAKEZ LARATRTEBOEEEZZ T - T
BY, ZOBET CA(I) BEROEBENXWEL TERERMELRTHLE S M HEIDIen BER

Table XV Change of the electrcmotive force to end point by speed of
titration of Cd(I) with 0.01M EDTA using cadmium

ionselective indicator electrode.

Titration speed
(ml/min) E~M-g;ﬂ(}glange
0.17 105
0.36 99
0.75 91
1.58 73
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mV . 4 + t
' ) ) 0.17m#¢/min
2007 0.36m#/min
0.75m#/min

1.58m#¢/min

100/

Electromotive force

OO 1 9 3 4 5 mé
0.01M EDTA

Fig. 5 lnfluence of titration speed on
potentiometric titration curves of Cd(II)
with 0.01M EDTA using cadmium

ion-selective indicator electrode

THEBERD 572, ELWEBMECENR S 2HHIEF VA v HBIO 7T AF y 72—t
2CA(ID) EFEL LT, TNTHEYZ T2 EE L, Liznt-T, BEBEEENRICT
57290120, RPREOBERT pH OV R & BB L SRE T 2 08D 5,
—fENs, CA(I) D|EEH 10-°M X v iEv~ & pH FTEIF D 1 A o OEREEHSFEIRHENC 100 £
PUri2isy, BERWOGEMECHEMAEL 20T, CA(I) DEEH 10-M ~ 10-M THIE
TR2ZENRBELY, 7AD ) SR &L OHEIRE LA ER D T 70, BBREEA
AU OHFIEVHET DD LD -7z, AU X pHAMTIZT 52 212 X - THEREF <&
CLNT&E, A X pH4 Dl ECAEBCH AR T 2EA B0 T, Fhsn CA(I) »
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WAL 27D HEEAEZRTOTHA D, F7z, Fe(ll) & Pb(Il) ZEE~OEE,NK
THDH, Yo BUTOLFETIHERER RIS 5 72, A RO Fe(ll) »#HHETERFEL
VIR D 5 7o DX KB E R AT L, CA(TT) DA v REAET b s 7z
Zzbhb,

3.4, BARBHAWK DY HIE T

CaA(ID) & Ca(ll) DEAREDBAKEE X THEL 728 25, #diz, CA(II) ®kiz Ca
(I »MWHEEINDZ L 2bh o7z, 2, EDTA ko REEEnkE v CA(ID) »R4E120E
FEIN, Thab Ca(ll) WHFEIND D THHH, pH7 LLTT Ca(ll) DYUEL1EHN
187 5 72013 Ca(l) © EDTA $ADREEFRIVNE T E /2D TH 5 5, Mg(Il) DiFEIL,
EDTA koL EEEEH» Ca(ll) X h X517/ & DT, pH10 DL LT 4B A0
Nl 57z,

Ca(II )—EDTA gk pH 8 (& 1 5 LB F B 6.4, Mg(II)—EDTA §i{kD pH 1012
BWTIX 6.2, TabblETEs2REV pH k115 EDTA ko0& EEEROMHNUE
BRILTHD, cozehb, EDTA 12T 2 REEERNKE VA A+ (Fz& 24 CA(IT))
EHFLTH B LREERIVNI NS F o (722 2iE Ca(Il), Mg(II)) m4AEINn 24t
D12 LT, EDTA 12702 BEEERDOENDIBE U6 U L) oz b, REEEK
—%FMHE (F6) UETHHZ L2HFBenNTELXS, (Table XVI)

Table XVI Stability constant of EDTA complex

(#=0.01)
— o -
6 7 8 9 10 11
Metal _
Cd (1m) 9.7 11.1 12.2 13.2 14.0 14. 4
Ca () 3.9 5.3 6.4 7.3 8.2 8.6
Mg (1) 1.9 3.3 4.4 5.3 6.2 6.6
f —
4. B

FEE R B OB Y 0.01M 1752 X 5 WEREREMITINZ TH K 3 7 & 4 & V BHRIEERRE
TV I UHRERZAAGE TEENRYAET 22812k b, Mg(ll), Ca(Il), Sr(II), Ba
(I, K(I), A, Cr(I), Co(M) BLY Zn() IEWETHFEL TWTYH 107 M ~
10°M, Mn(II) (¥ 102M~10"°M, Ni(II) (210-*M~10-M DO#HF T 1 ZLINDOREE TEE
THZENTE:, ¥/, Fe(llD B XV Pb(II) 12104y D 1 @ED AT 1072 M Cd(1) &
BTz enTE:,

¥ 72, 20mole © CA(I) +%8B® Ca(ll) 12 pHO.1 ZHE L 727 v & = v LIEIEHEL T
0.01M 722 X3z -84 % 0 .0LM EDTA TEMERFEL-L 5, iz CA(I)
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25, 2 Ca(ll) M3 B URNDREETEEIN, CA(I) & Mg(II) D& DIHE D ERRIZEE
L, CA(N) e InsE, 1M7rre=7xk%1ml mzT pHEZ 10 FIZL T HIIHE
itz oA, BHURNDOEETEREIN,

D
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