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 The characteristics of high-purity metals have been 
widely investigated. In order to assess the purity of 
metals it is necessary to determine trace amounts of 
elements in them. For the smelting of zinc metal, a 
mineral ore (zinc sulfide (ZnS), oxide (Zn0) or carbonate 

(ZnC03)) has been used which contains several elements, 
especially cadmium. Therefore, in order to evaluate the 

purity of high-purity zinc metal it has been necessary to 
develop a procedure for highly sensitive determinations 
of trace amounts of cadmium in a large quantity of zinc. 
Trace amounts of cadmium have been determined by 
voltammetry1, spectrophotometry2'3, inductively coupled 

plasma atomic emission spectrometry (ICP-AES)4,5 and 
electrothermal atomic absorption spectrometry (ET-
AAS).6 In these methods ET-AAS is well suited due to 
its high sensitivity. However, it is necessary to separate 
and concentrate trace amounts of cadmium from zinc, 
because the sensitivity of the determination of cadmium 
by ET-AAS is affected by a large quantity of zinc. 
Various preconcentration methods of cadmium have 
been reported: coprecipitation methods with iron(III) 
hydroxide (Fe(OH)3)', molybdenum sulfide (MoS3);8 
and diethyldithiocarbamic acid (DDTCA);9 a liquid-
liquid extraction method with sodium diethyldithiocar-
bamate (Na-DDTC) using 4-methyl-2-pentanone 

(MIBK) as a solvent10 and a cation-exchange method.11,12 
However, when MoS3 or DDTCA is used as a carrier, or 
when Na-DDTC is used as an extraction ligand, both 
cadmium and zinc are precipitated and extracted. The 
cation-exchange method is not suitable for analyzing a 
large number of samples. Therefore, in order to de-
velop an easy procedure for highly sensitive determi-
nations of trace amounts of cadmium in high-purity zinc, 
a coprecipitation method with Fe(OH)3 using NaOH and 
a determination by ET-AAS was investigated and 
employed. Because cadmium hydroxide (Cd(OH)2) 
and Fe(OH)3 are precipitated in a strong alkali solution, 
but zinc is dissolved in the solution as Zn022-, cadmium 
can be separated from a large quantity of zinc.

Experimental

Apparatus 
 For the determination of cadmium, a Hitachi Z-9000 

simultaneous multi-element atomic absorption spectro-

photometer was used; the background was corrected by 
the polarized Zeeman effect. A hollow-cathode lamp 
was used as the light source. The operating conditions 
are listed in Table 1. For the dissolution and copre-
cipitation of a sample, a polytetrafluoroethylene (PTFE) 
beaker was used. For filtration, polypropylene filter 
funnel and filter paper (No. 5C) were used. For 
decomposing the precipitate and filter paper, a Pyrex 

glass beaker was used.

Reagents 
 Cadmium standard solution (0.01 µg ml-1): 100 mg of 

metallic cadmium (99.999%, Wako Pure Chemical 
Industries Ltd.) was dissolved in 10 ml of 7 M HN03, and 
diluted to 100 ml with water. It was diluted with water

Table 1 Instrument and operating conditions
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before use. 
 Iron(III) standard solution (2 mg ml-1): 200 mg of 

metallic iron (99.99%, Johnson Matthey Material Tech-
nology) was dissolved in 5 ml of 7 M HNO3 and 5 ml of 
6 M HCI, and diluted to 100 ml with water. Distilled 
and ion-exchanged water was used for all preparations of 
the standard and sample solutions. All of the reagents 
used were of analytical-reagent grade.

Samples 
 High-purity zinc: a High Pure Chemicals Co. Ltd. 

product (99.999%), a Mitsuwa Chemicals Co. Ltd. 
product (99.999%) and a Mitsui Mining & Smelting Co. 
Ltd. product (99.999%), were analyzed.

Procedure 
 A 1 g sample was weighed into a PTFE beaker; 7.5 ml 

of 14 M HNO3, 2.5 ml of 12 M HCl and 10 ml of water 
were then added, and the sample was dissolved on a 
heating plate at about 200° C. After cooling at room 
temperature the solution was diluted with 80 ml of water. 
Then, 5 ml of a 2 mg mL1 iron(III) standard solution was 
added, 80 ml of a 20w/v% NaOH solution was added 
dropwise with stirring. Next, the mixture was boiled for 
10 min, and cooled at 20°C for 30 min. After cooling, 
the precipitate was collected through filter paper, and the 

precipitate was thoroughly washed with a 0.5w/v% 
NaOH solution. The filter paper along with the col-
lected precipitate was decomposed in 20 ml of 14 M 
HNO3 and 5 ml of 18 M H2SO4, and the solution heated 
to fumes. Finally, the solution was exactly diluted to 
25 ml with water. The blank was prepared using the 
same procedure as described above without the sample. 
After 10 µl of the sample solution or the blank solution 
was injected into a graphite furnace, the atomic 
absorbance was measured under the conditions given in 
Table 1. The solutions for calibration were prepared as 
follows: 0 - 25 ml of the cadmium standard solution were 
transferred into volumetric flasks, followed by the 
addition of 10 ml of iron(III) standard solution and 10 ml 
of 18 M H2SO4. Finally, the solutions were exactly 
diluted to 50 ml with water.

Results and Discussion

Effects of a matrix modifier on the determination of 
cadmium by ET AAS 
 The effects of a matrix modifier on the determination 
of trace amounts of cadmium by ET-AAS were ex-
amined; the results are given in Fig. 1. The employed 
method was as follows: solutions containing 0.002 sg 
ml-1 cadmium and 100 µg ml-1 (50000-times concentra-
tion of cadmium) of various metals or 3.2 M H2SO4 as 
matrix modifiers were prepared, and the atomic ab-
sorbance of cadmium measured. As matrix modifiers, 
Fe, Pd, Pt, Au, Ag, Cu, Ni, Zn, H2SO4 and Fe-H2SO4 
were selected. The increase in the atomic absorbance 
was found for all of the described matrix modifiers;

especially, the presence of Fe-H2SO4 was effective. 
Therefore, Fe-H2SO4 appeared to be the most useful 
modifier on the selected modifier. A direct deter-
mination method for cadmium in high-purity zinc is 
difficult, because effects of zinc on the determination of 
cadmium by ET-AAS were found, and synthetic 
standard solutions matrix-matched to the samples are 
needed. Accordingly, the authors adopted the copre-
cipitation method with iron(III) hydroxide and a 
determination by ET-AAS, because iron can be used as a 
carrier for coprecipitation and a matrix modifier for 
determination by ET-AAS.

Concentration of iron as a matrix modifier 
 The effects of the concentration of iron on the atomic 

absorbance of cadmium by ET-AAS were examined; the 
relationship between the concentration of iron and the 
absorbance of cadmium is shown in Fig. 2. The 
employed method was as follows: solutions containing 
0.002 µg mL1 cadmium and in the concentration range 
from 200 to 600 µg ml-1 iron were prepared, respectively, 
and the atomic absorbance of cadmium measured. As a 
result, in more than 300 µg ml-1 iron, the atomic 
absorbance of cadmium was constant. Therefore, for 
determination of cadmium by ET-AAS the concentra-
tion of iron was selected to be 400 µg mL1; accordingly, 
the authors adopted that the quantity of iron as the 
carrier for coprecipitation should be 10 mg. 

Volume of a sodium hydroxide solution for coprecipitation 
 The effects of the volume of a 20w/v% NaOH solution

Fig. 1 Effects of matrix modifiers on the atomic absorbance 

 of cadmium: Cd=0.002 µg ml 1; matrix modifiers=100 sg 

 ml-1; H2SO4=3.2 M. Atomic absorbance ratios are normal-

 ized to 1 when no modifiers are present.
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on the recovery of cadmium were examined; and the 
relationship between the volume of NaOH solution and 
the recovery of cadmium is shown in Fig. 3. The 
employed method was as follows: after 1 g of high-purity 
zinc and 0.05 µg of cadmium were dissolved, cadmium 
was separated by coprecipitation in the range from 60 to 
80 ml of NaOH solution. The precipitate was then 
dissolved and diluted to 25 ml using the same procedure 
as described above, and cadmium was determined by ET-
AAS. As a result, when more than 70 ml of NaOH 
solution was used, cadmium was quantitatively pre-
cipitated. Therefore, the volume of a 20w/v% NaOH 
solution for coprecipitation was chosen to be 80 ml. 
The reason for using a 20w/v% NaOH solution for 
coprecipitation was that not only zinc was hardly 
dissolved as Zn022- in less than 20%, but also the filter 

paper decomposed in more than 20% of NaOH solution.

Concentration of sulfuric acid for a sample solution 
 The effects of H2SO4 on the determination of cadmium 

by ET-AAS were examined; the relationship between the 
H2SO4 concentration and the atomic absorbance of 
cadmium is shown in Fig. 4. The employed method was 
as follows: solutions containing 0.002µg ml-' cadmium, 
400 µg ml-' iron and in the concentration range from 2.7 
to 6.3 M H2SO4 were prepared, respectively, and the 
atomic absorbance of cadmium measured. As a result, 
in more than 3.6 M H2SO4, the atomic absorbance was 
lower. Therefore, the concentration of H2SO4 for the 
sample solution was selected to be 3.6 M; accordingly, 
the authors adopted that the volume of H2SO4 for 
decomposition of the filter paper with collected 

precipitate to be 10 ml.

Effects of sodium ion on the determination of cadmium by 
ET AAS 
 The effects of Na+ on the atomic absorbance of 

cadmium by ET-AAS were examined, because, in the 

proposed coprecipitation procedure small amounts of 
Na+ were contained in the sample solution. The 
employed method was as follows: solutions containing 
0.002 µg ml-' cadmium, 400 µg ml-' iron, 3.6 M H2SO4 
and in the concentration range from 0 to 6 mg ml-' of Na+ 
were prepared, respectively, and atomic absorbance of 
cadmium measured. As a result, no effects of Na+ were 
found in this range.

Calibration curve 
 For preparing calibration graphs, an aqueous standard 

was used and the relationship between the concentration 
of cadmium and the atomic absorbance examined. A 
straight line was obtained for a concentration from 0 to 
0.007 µg ml-' for cadmium. The detection limit (3-times 
the relative standard deviation of the blank) of the 

proposed method was 0.0003 µg g ' for cadmium in 1 g of 
sample.

Fig. 2 Relationship between the concentration of iron 

 and the atomic absorbance of cadmium: Cd=0.002 µg ml-'; 

 H2SO4=3.6 M.

Fig. 3 Relationship between the volume of sodium hydroxide 

 solution for coprecipitation and the recovery of cadmium: 

 Zn=1 g; Cd=0.05 µg; Fe=10 mg.

Fig. 4 Relationship between the 

 acid and the atomic absorbance 

 µg ml-'; Fe=400 µg ml-'.

concentration 

of cadmium:

of sulfuric 

Cd=0.002
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Analysis of a mixed solution sample 
 Cadmium in a mixed solution sample, which contained 

0.05 sg of cadmium and 1 g of high purity zinc, was 
determined according the proposed method; the results 
are given in Table 2. As a result, cadmium was 
determined quantitatively. 

Analysis of real samples 
 The proposed method was applied for the deter-
mination of cadmium in zinc metals. The results are 

given in Table 3. Trace amounts of cadmium in high-

purity zinc were quantitatively separated, and high-
sensitively determined by the proposed method. The 

proposed method is useful, since not only the procedures 
are easy and simple, but also high-precision analytical 

values can be obtained.
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2 
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Analytical results of the mixed solution samples

Sample: A, High Pure Chemicals Co. Ltd., 99.999% Zn; B, 
Mitsuwa Co. Ltd., 99.999% Zn; C, Mitsui Mining & Smelting 
Co. Ltd., 99.999% Zn.


