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Fig. 1 Electrodialytic sample preparator

(A) Apparatus A (for low molecular cationic ions),
(a) sample chamber, (b) extract chamber, (c) cellu-
lose membrane (Visking, C-65), (d) anion exchange
membrane (Aciplex A-201), carrier solution:0.05N
CH3;COOH; (B) Apparatus B (for low molecular
anionic ions), (a) sample chamber, (b) extract
chamber, (c) cellulose membrane (Visking, C-65),
(e) cation exchange membrane (Aciplex K-101);
Carrier solution : 0.05N NH;OH-1 mM EDTA
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Fig. 2 Effect of current density on the extraction
of metals by Mode A

Condition——~Carrier soln. : 0.05N CH3COOH, ex-
traction time : 20 min; Sample : A mixture of Cu(II)
(0.5 pg/ml), Zn(1I) (0.5pg/ml) and Te(II) (1.0pg/
ml)
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Fig. 3 Effect of current density on the extraction
of metals by Mode B

Carrier soln. : 0.05N NH,OH-! mM
EDTA, extraction time : 20 min; Sample : A mixture
of Cu(IT) (0.5 pg/ml), Zn(II) (0.5 pg/ml) and Fe(IIT)
(1.0 ug/ml)
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Table 1 Effect of NaCl concentration on the
extraction of metals
Recovery (%)

NaCl T P

concentration Mode At Mode Bff
R e ———
Cu Zn Cu Zn
0 M 80 90 95 100
0.05 7 79 90 95 100
0.10 7 58 69 90 95
0.15 7 47 57 80 85

t Condition——carrier soln.: 0.05N CH3;COOH, current den-
sity : 15mA/cm?, extraction time : 30 min; 1t Condition—
carrier soln.:0.05N NH;OH-1mM EDTA, current density :
20 mA/cm?, extraction time:30min; Sample: A mixture of
Cu(Tl) (0.5pg/ml) and Zn(lI) (0.5ug/ml)
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Table 2 Effect of bovine serum albumin (BSA)
concentration on the extraction of metals

Recovery (%)

COHCE;?{:a(iOH Mode At Mode Btf
Cu Zn Cu Zn
0% 80 90 95 100
17 10 88 95 100
27 8 85 95 100
37 5 75 95 100

t Condition : carrier soln.——0.05N CH3;COOH, current den-
sity : 15mA/cm?, extraction time:30min; tt Condition—
carrier soln.:0.05N NH,OH-1mM EDTA, current density :
20mA/cm?, extraction time : 30 min; Sample : A mixture of
Cu(II) (0.5pg/ml) and Zn(II) (0.5pg/ml)
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Table 3 Determination of zinc in human plasma

(ng/ml)
Samplet 1 2 3
@® Total Zn 0.63 0.68 0.51
® Albumin-Zntt 0.36 0.41 0.27
®—® (az-Macroglobulin-Zn)  0.27 0.27 0.24

1 Plasma was obtained from heparinized blood of a healthy
man. ft The method described in the text (3:3-1) was used.
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Table 4 Adsorption of metals on membranes (%)

Mode A
(0.05N CH3COOH)

Mode B (0.05N NH,OH-

Membrane 1 mM EDTA)

Fe Cu Zn Fe Cu Zn
Cellulose membrane (Visking, 8/32) 0 20 0 0 0 0
Cellulose membrane (Visking, 30/32) 0 5 0 0 0 0
Cellulose membrane (Visking, C-65) 0 5 0 0 0 0
Triacetyl cellulose membrane (Fuji, FM-120) 0 0 0 0 0 0
Nitrocellulose membrane 0 0 0 0 0 0
Polyethylene membrane 0 0 0 0 0 0
Anion exchange membrane (Aciplex A-201) 0 0 0 65 60 70
Cation exchange membrane (Aciplex K-101) 70 70 75 0 0 0

Experiment : A test membrane (1xX4cm) was immersed in 3ml of carrier solution containing Fe(III) (1.0pg/ml), Cu(II) (0.5pug/ml)
and Zn (IT) (0.5pg/ml), and kept for 1 h with occaisional shaking. The concentration of metals in the solution was measured by

AAS and compared with that of the original solution.
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Fig. 4 Electrodialytic extraction of zinc in the
supernatant separated by PEG treatment
from human plasma

Condition——Carrier soln. : 0.05N NH;OH-1 mM
EDTA, current density : 20 mA/cm?; Sample—The
supernatant (see in the text) 1 ml+carrier soln. 1 ml
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Studies on the electrodialytic extraction of
metals from biological materials. Toshio IMANARI,
Noboru Oxkuso, Kazuichi Havakawa and Motoichi
Mivazakr (Faculty of Pharmaceutical Sciences, Kana-
zawa University, 13-1, Takara-machi, Kanazawa-shi,
Ishikawa)

The extraction of metals from biological materials
by an electrodialytic sample preparator was studied.
Two procedures are proposed in this method : one
depends on the extraction of metals as cationic ions
(Mode A) and the other depends on the extraction
of metal-EDTA complexes as anionic ions (Mode B).
The basic conditions for Mode A are : carrier solu-
tion; 0.05 N CH,COOH, current density; 15 mA/cm?,
extraction time; (20~40)min. The conditions for
Mode B are : carrier solution; 0.05N NH,OH-1 mM
EDTA, current density; 20 mA/cm? and extraction
time; (20~40)min. The recoveries of Fe(III),
Cu(II) and Zn(II) in Mode A were 90, 80 and 909,
and in Mode B the recoveries were 100, 95 and 1009,
respectively. The effects of electrolytes and proteins
on the extraction of metals were examined, and the
application of Mode B for the determination of
albumin bound zinc in human plasma was carried
out as follows : the supernatant containing albumin
bound zinc was obtained by polyethylene glycol
treatment® and subjected to clectrodialysis for 40 min
according to the conditions described in Mode B.
Albumin bound zinc in the extract was determined
by atomic absorption spectrometry (AAS). Total
plasma zinc was measured according to direct dilution
method by AAS and a,-macroglobulin bound zinc
was obtained by the difference.
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