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Determination of Trace Amounts of Mercury, Lead, and Cadmium in Steel and Iron Ore

(2) Mercury Analysis by Reduction Evaporization
Mercury analyses were performed based on nitric
acid-potassium permanganate reflux decomposition,
a method for total mercury determination described
in section 5.14.1.1 of “Bottom Sediment Investiga-
tion Methods,”*® a report issued by the Ministry
of the Environment in 2001. After the addition of
50 m/ of nitric acid (1 + 1) to 2 g of each sample,
the samples were heated and dissolved in a constant
temperature bath at 95°C for 2 h, cooled to room
temperature, and then modified by adding 20 m/ of
a 3% potassium permanganate solution, heating in
a constant temperature bath at 95°C for 1 h, adding
10 m/ of a 10% urea solution, and finally adding a
20% hydroxylammonium chloride solution dropwise
until the purplish red color disappeared. Next, the
residues were separated by filtration with a glass filter
(pore diameter: 1 um), the solution was diluted with
pure water to 250 m/, a 20 m/ portion was taken, and
1 m! of sulfuric acid (1 + 1) was added. The mercury
was determined by the mercury analyzer described in
paragraph 2.1 (1) above.
(3) Analysis of Mercury, Lead, and Cadmium
by lon-Exchange Separation/ICP-MS
A steel sample of 0.1 g was dissolved in 0.5 m/ of
nitric acid (1 + 1) at room temperature. After add-
ing 1.5 m/ of hydrofluoric acid (1 + 1) and 0.5 m/ of a
hydrogen peroxide solution, the sample was completely
decomposed by heat at 120°C. The sample solution was
then diluted with 20 m/ of 1M hydrofluoric acid and
treated in the column with 1 m/ of (DOWEX® 50W-X8
(100-200 mesh) 1 m/) until the analytes were adsorbed
on the resin. After washing with 1 M hydrofluoric acid,
the analytes were eluted with 5m/ (2.5 m/ X 2) of 8 M
hydrochloric acid and 50 ng of indium with 5 m/ was
added. The ion intensities of 1**Cd, 2°°Hg, and 2°®Ph were
measured by ICP-MS using *%In as an internal standard,
then converted to contents using calibration curves pre-
pared with standard solutions.

3. Results and Discussion

3.1 Direct Determination of Mercury
by Thermal Vaporization/
Atomic Absorption Spectrometry

The authors used the thermal vaporization analyzer
described in paragraph 2.1 (1) above to test the utility
and feasibility of the analyzer as a simplified method for
the high-accuracy analysis of mercury in steel and raw
materials. The linearity of the calibration curves from
less than 1 ng to about 200 ng was good, and the lower
limit of detection, defined as the concentration equal to 3
times the standard deviation of blank values, was 0.08 ng.
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Table 2 shows the analytical results of this method.
The authors verified the accuracy of this method by
preparing the samples for analysis of the bottom sedi-
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tion. On the basis of these results and the results shown
in Fig. 5, the authors decided to adopt a new method.
Specifically, the authors diluted the sample solution with
1 M hydrofluoric acid in order to bring down the nitric
acid concentration to less than 0.2 M after the decompo-
sition of steel sample with nitric acid, and then separated
the mercury, lead and cadmium from the iron matrix by
cation exchange chromatography.

3.2.4 Analysis of high-purity iron and steel

The mercury, lead, and cadmium in commercial
cold-rolled steel sheets and a certified reference mate-
rial (high-purity iron) were determined by the method
described in paragraph 2.3 (3) above. The results are
shown in Table 5. To verify accuracy, the authors con-
ducted analyses by performing similar treatments after
adding standard solutions of each element in amounts
equivalent to 0.2 ug/g and 0.5 ug/g in steel to each
sample. These results are also shown in Table 5. The
recovery of each element from each standard solution
was favorable, and the mercury was determined without
volatilization. The lower limits of detection (3o of blank
values) of this method were 2 ng/g for mercury, 0.5 ng/g
for cadmium, and 9 ng/g for lead.

4. Conclusions
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