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alcohol oxidase reactor. The peroxidase electrode op-
erates at 0.0V uvs. Ag/AgCl. The peak current was
linearly proportional to the ethanol concentration in
the range of 0.02~10 mM; 120~140 samples per h
could be processed with satisfactory precision (1~29%
R.S.D.).

(Received March 4, 1985)
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Fig. 1 Simple solvent extraction and sample

introduction
nebulizer

system by using ultrasonic

@® water, @ peristaltic pump, @ extraction vessel,
@ Teflon tube, ® organic phase, ® aqueous phase,
@ magnetic . stirrer, i.c.p. torch, ® ultrasonic
nebulizer, @,platinum-iridium tube (i.d. 1.0 mm)
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Fig. 2 Effects of sample uptake rate and ultra-
sonic power on the signal and background
emission intensities for cadmium

Sample (260 ml) contained 20pg Cd and 15ml of
DIBK was used. Signal emission intensities of 5W
(0), 4W D, 3W (A),and 2W ({A) of ultrasonic
powers, and background emission intensities at 5W
(@) and 3W (A) of ultrasonic powers are illustrated.
Background emission intensities at 4 W and 2W were
similar to those at 5W and 3W.
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32.5 {45 (3UF 260ml, DIBK 8ml) kit a8
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Table 1 Comparison of detection limit for

ultrasonic and pneumatic nebulizer

Detection limit/(ng/ml)?

Element Wavt;l;:nngth/ Via ultrasonic Via pucumat?c
nebulizer nebulizer

Cd 226.50 0.039 0.073
Co 238.89 0.250 0.450
Cu 324.75 0.042 0.169
Fe 259.94 0.066 0.248
Mo 202.03 0. 160 0.390
Ni 221.65 0.122 0.363
Pb 220.35 0.890 1.71

Zn 202.55 0.163 0.277

v 311.07 0.044 0.116

+ Based on three times of the standard deviation (3¢) of the
back emission signal (n=10) and being concentrated to 32.5 fold.

Table 2 Analytical results for trace elements in
NBS SRM 1643a

Certified value® /

Element Amounts found/(ng/ml)

(ng/g)
cd 1041 9.8 (4.0)®
Co 1942 19.5 (2.8)
Cu 1842 19.2 (2.9)
Fe 8844 86.3 (2.5)
Mo 9546 93.8 (5.1)
Ni 55+3 53.3 (4.4)
Pb 2741 27.6 (4.9)
Zn 6814 67.2 (4.2)
v 5343 51.0 (1.4)

a) To convert to ng/ml, multiply the specific gravity (1.017 g/ml,
at 23°C) of SRM. b) Numerical values in parentheses are
relative standard deviations(%) obtained from the four measure-
ments.
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Table 3 Analytical results for waste waters and coastal seawaters

Concentration/ (ng/ml)

Element Method®? Metal plating plant waste water Coastal seawaters
A B G D E
Cd 1 0.35(16.8)» 3.5(3.3) 7.0 (3.6) 0.25(20.3) 0.09(20.8)
2 0.4 (32.2) 2.9(3.5) 6.8 (2.8) 0.3 (35.5) 0.1 (40.2)
Co 1 2.8 (4.9) 18.2(3.5) 22.3 (3.1) —o) —
2 3.1 (4.6) 19.0(3.8) 22.0 (3.2) — —
Cu 1 402 (3.3) 260 (4.3) — 3.2 (10.9) 4.4 (6.8)
2 410 (3.8) 263 (4.0) — 3.6 (12.3) 3.8 (7.9
3 — —_ 30.1x 103 — —
Fe 1 310 (2.8) 2.3x10° 2.3%x103 42.9 (5.3) 14.9 (5.5)
2 305 (2.6) 2.2x103 2.3x103 39.3 (6.1 15.6 (4.2)
3 — 2.3x103 2.3%x103 — —_
Mo 1 2.8 (5.5 11.4(3.6) 7.6 (4.2) 11.9 (6.3) 13.2 (4.4)
2 3.0 (6.6) 11.0(4.1) 7.9 (4.0) 10.8 (8.8) 13.8 (6.6)
Ni 1 803 (4.2) 1.8x103 — 1.0 (5.5) 0.42 (8.8)
2 798 (5.5) 1.8x103 — 0.96 (6.6) 0.50 (8.0)
3 — — 27.4x103 — —
Pb 1 10 (13.5) 112 (3.2) 113 (3.4) 3.4 (25.3) 3.2 (29.4)
2 9.4 (15.2) 115 (3.3) 119 (2.8) 4  (39.9 3 (30.0)
Zn 1 7.5 (5.8) 79.2(1.6) 367 (4.2) 1.3 (10.6) —
2 7.2 (6.4 77.8(2.5) 373 (4.0) 1.5 (11.2) —
A% 1 n.d.® 4.3(2.8) 5.0(10.1) 1.4 (9.6) 1.9 (3.9)
2 n.d. 4.0(3.5) 5.1 (9.9) 1.4 (8.8) 1.8 (4.2)

a) Method 1; this method, Method 2; extraction with a separatory funnel and the pneumatic nebulization, Method 3; direct measure-

ment by atomic absorption spectrometry.
four measurements, c) Not tested. d) Not detected.
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Simple solvent extraction and ultrasonic ne-
bulization for simultaneous determination of
trace metals in water by inductively coupled
plasma emission spectrometry. Akira Mivazaki,
Akira KiMmura, Hiroaki Tao, and Kenji Bansuo (Na-
tional Research Institute for Pollution and Resources,
16-3, Onogawa, Yatabe-machi, Tsukuba-gun, Ibaraki
305)

For the rapid and sensitive determination of metals
in water by inductively coupled plasma emission
spectrometry (ICP-ES), a combination of simple solvent
extraction with a modified volumetric flask and
introduction of the extract to the ICP torch by
ultrasonic nebulization was investigated. Sample
solution (260 ml), ammonium pyrrolidinedithiocarba-
mate (APDC) solution, hexamethyleneammonium hexa-
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methlenedithiocarbamate (HMAHMDC) methanolic
solution, acetate buffer(pH 4.2), and 8 ml of diisobu-
tylketone(DIBK) were stirred vigorously in the extra-
ction vessel for 7min by a magnetic stirrer. The
extract was introduced into the ultrasonic nebulizer by
the displacement bottle method and analyzed by
ICP-ES. Detection limits for Cd, Co, Cu, Fe, Mo, Ni,
Pb, Zn, and V of the method were consistently lower
than those by a pneumatic nebulizer. Metal blank
was lower (<0.005pg) than that of the separatory
funnel method. The proposed method was applied
to the analysis of NBS SRM 1643a, metal plating plant
waste waters, and coastal seawaters.

(Received April 23, 1985)
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Fig. 1 Schematic diagram of flow system

CS : carrier solution (H»O); RS : reagent solution
(o-phthalaldehyde and 2-mercaptoethanol); P : pump
(1.2ml/min); T : Teflon tubing (i.d. 0.5 mm X3 m);
I: sample injection valve; IEC: anion exchange
column (Amberlite IRA-400); RT : reaction tubing
(i.d. 0.5mmXxX3m);
650-10S); R : recorder;
(i.d. 0.3 mmx30cm) ;
(25°C)

SF : spectrofluorometer (Hitachi
BPT : back pressure tubing

Dotted line : water bath
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