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Fig. 1 C

R, NSP-800-U NP-FX-3U
RF-10A XL
EPR-221 A
2.0 mm 5.0 cm Sephadex
G-25 (Medium) CO-8000
1.0 mm
RC 0.5 mm

ml/min
o 2.0

R2 1.0

Fig.1 Schematic diagram of FI system for determining trace phosphate in sea-salt

C: Carrier (0.3 mol/l H,S04), R, molybdovanadic acid solution (5.0x10° mol/l
NH4VO053/4.0x107 mol/l (NH4)sM0-0,4/0.3 mol/l H,SO,), R,: thiamine solution (1.0x10™* mol/I,
pH 8.2), SL: 6-way valve with sample loop (0.5 mm i.d., 3.0 m long), R|L: 6-way valve with
reagent loop (0.5 mm i.d., 3.0 m long), RC: reaction coil (I mm i.d., 2 m long), SC:
separation column (Sephadex G-25, 20~80 um, 2 mm i.d., 5 cm long), TC: thermostated
bath(60°C), D: spectrofluorimetric detector, W: waste

vV Vv, C
SL R,L
RC
Sephadex Gel V;
R,
D 360 nm
430 nm
8.76 g 40 ml 50 ml
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0.45 pm
FI
FI
6 3 mol/l
60%
3 mol/l NaCl
3 mol/l NaCl
NaCl
3 mol/l
MA
VA 2.0><107 mol/l
20%
15%
mol/l MA Fig. 2
4.0>107 mol/l
VA
4.0>107 mol/l
2.5

50 ml

Sephadex Gel

10 ppb
6)
Sephadex Gel
Fig. 1
10 ppb
3 mol/l
2.0><107 mol/l
5.0>10 mol/l 10 ppb
VA
VA 5.0=<107

MA

-202-

5.0<107 mol/l



FI

15 | 30
5 5
S >
S 10 £ 20 -
© )
< =
3 3
& 5 b £ 10 -
0 0
10 20 30 40 50 60 0 1 2 3 4 5 6 7
Ammonium molybdate/><107* mol I SL RLL length/m
Fig.2 Effect of ammonium molybdate Fig.3 Peak height dependence on
concentration on peak height for 10ppb sample loop length for injection of
phosphate,(®) in the presence and (a ) absence 10ppb phosphate
of 3.0 mol/l NaCl
Sephadex Gel
Fig. 3 3 mol/l 10 ppb
3 mol/l
Fig. 4
ppk P
Bem
I 4ppb P
Zppb P
Oppb P
| |
\ ' I |
Pl p (S . H | WEENT R Il\.__ M
[ [—xk—' | " ‘l | ¥ ¥ —I_" | V
1 D

Fig.4 Typical signal traces for phosphate in sodium chloride solution
obtained by the proposed FI system
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Table 1 Results for analysis of various salt and seawater by the proposed FI system

P in sample P in sample P in sample
Sample Sample Sample
/ppb /ppb /ppb

JT Salt 3.9+0.3 A 458+3 K 41.62%0.1

Reagent Grade 4.4+0.3 B 301+4 L 30.3+0.3

Dampier Salt 63.2+0.7 C 145.84+0.3 M 30.1+0.5

McLeod Salt 63.0+2.1 D 124+1 N 22.9+1.2

Mexico Salt 50.9=%1.2 E 91.4%1.6 o 19.3+0.1
Shark Bay Salt 33.1+0.5 F 73.0+0.9 P 17.4+2.2
Port headland Salt 32.4+1.6 G 71.4+0.5 Q 15.7%0.2

Coastal Seawater 11.9+0.1 H 64.8+0.9 R 15.4+5.1
I 54.1+0.3 S 12.8+0.2

J 44.54+0.9 T 5.4+0.3

2002
3
20 mg/Kg
1 mg/Kg
cm 7
10 ppm
o-Phenanthlorin Fe(III) Fe(IIT)Phen
ppm ppm

FI
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1,000 ppm
0.3986 g 200 ml
Fe( )Phen 1.26x10*mol/1  1,10- 0.2958 g
FeSO4(NH,),SO, 6H,0 0.1974 g 200 ml
Fe( )Phen 200 ml 8x107 mol/l 10 ml 5 mol/l
12ml 1.26x10*mol/l Fe( )Phen 5 ml
Fig.6
Ifmi
mifmin SL
1.0
c L —w
V1
Pump

Fig. 6 Schematic diagram of FI system for determining trace ferrocyanide in NaCl

C: Carrier (0.3 mol/l H,SO,), R: 3.74x10™ mol/l Fe(III)Phen solution (0.3 mol/l H,SO,), SL:
sample loop (0.5 mm i.d., 3 m long), RC: reaction coil (0.5 mm i.d., 1 m long), V;: sample
injection valve, V,: switching valve, IC: ion-exchange column (2 mm i.d., 5 cm long,
Q-Sepharose FF), D: spectrophotometric detection (512 nm), W: waste

RX-703T DM2M1024
UV-920 PRR-5011

0.5 mm

Fe(CN)e*
Fe(IIT)Phen

-206-



Fe(IIT)Phen( ) + e Fe(II)Phen
Fe(CN)s™ + e Fe(CN)g*
Fe(III)Phen
FI Fig. 6
(IC)
Fe( )Phen
Fig. 6
0.05 ppm
12
§ 8
=
=)
2
X
S 4
a
0 | | | |

0.0 05 1.0 15
Ferrocyanide/ppm

Fig.7 Calibration graph

2.0

for

ferrocyanide with a 10m sample

loop injection

0.5 mol/l1 NaCl

0.05 ppm
0.5 ppm

-207-

E =1.11(V)
E =0.36(V)

©

Fe( )Phen(R)
Fe( )Phen
D 512 nm

Fig. 7

Q-Sepharose



12

ppm
FI
FI
FI
12
FI
FI
Q-Sepharose 0.5 mol/l
FI
CPU/IF

FI

-208-



1) J. Ruzicka, E. H. Hansen: "Flow Injection Analysis", 2nd Ed., Wiley Interscience, New
York, (1988).

36 305-320 2003
3 “ 77 p.62 2002
4 D. F. Boltz, J. A. Howell, "Colorimetric Determination of Nonmetals”?,

p.337, John Wiley Sons, New York(1978).

5 n - "op.21, 1983
6 e
.- 5
15 9 23
7 <= 7 pp.72-73 2002
8 58 24-29 2004

-209-



Automatization of chemical methods of analysis utilizing flow injection system for

promoting the efficient and advanced uses of seawater resources

Takeshi YAMANE, Faculty of Education and Human Sciences, University of Yamanashi,
Takeda 4-4-37, Kofu 400-8510

Simple, rapid and sensitive methods of analysis have been developed based on a new concept of
flow injection (FI system) for determination of phosphate and ferrocyanide in salts which are able to
contribute to promote the food safety and the efficient and advanced uses of seawater resources. In
order to achieve highly sensitive and selective determination of phosphate in sea salts, the
separation/preconcentration of phosphate in salts as molybdovanadophosphoric acid with a Sephadex
G-25 gel column was developed and directly in-line coupled with fluorimetric detection based on
the oxidation of thiamine in a flow system.

For the determination of food additive ferrocyanide at ppm to sub-ppm levels in salts, a new
spectrophotometric detection was developed utilizing the reduction of Fe(Ill) complex with
1,10-phenanthlorin by ferrocyanaide which was directly in-line coupled with anion-exchange
separation/preconcentration from NaCl matrix in a flow system. The present FI systems offer
many advantages with respect to simplicity and sensitivity, with a short analysis time (about 12 min),
low limit of determination (0.2 ppb and 0.5 ppm(tentative) in salts for phosphate and ferrocyanide,
respectively) and good reproducibility(rsd < 3 %). No complicated manual operation was needed
and glass apparatus such as beaker, flask, and pipets usually required for analysis was omitted because
most analytical operations were done automatically in flowing stream of solution in a narrow bore
PTFE tubing system. Those additional advantages over the conventional batch system include low
sample and reagent consumption, high sampling frequency, low contamination, easy automation and

high sensitivity.
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