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

Trace amounts of mercury in steel and iron ore were determined by direct vaporization from solid sample and
reduction vaporization from digested sample solution with cold-vapor atomic absorption spectrometry. The direct
method has been applied to the determination of mercury in iron ore in the level of ng/g with satisfactory precision
equal to the reduction method. However, mercury in steel could not be detected by the both methods. Trace
amounts of mercury in steel, lead, and cadmium in the level of ng/g in steel have been determined by inductively
coupled plasma-mass spectrometry (ICP-MS) after cation exchange chromatographic separation. The sample was
decomposed with nitric acid and separated from iron matrix in 1 M hydrofluoric acid solution, using the cation
exchange resin that were packed in a mini-column. The elements adsorbed on the resin were eluted by 6 M
hydrochloric acid solution and determined by ICP-MS simultaneously. The lower limits of detection based on 3o of

blank values were 2 ng/g for mercury, 9 ng/g for lead, and 0.5 ng/g for cadmium in steel.
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Table 1 Operating conditions for ICP-MS

RF power 1.4 kW
... Plasma gas flow rate 15.5 //min
ICP conditions Auxiliary gas flow rate | 1.0 /min
Nebulizer gas flow rate | 1.15 /min
lsvlzzirome tric Mode Peak jump mode
pecir Integration time 0.3 s/mass X 3 times
conditions
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Table 2 Analytical results of mercury in commercial steel and
iron ore (CRM) by thermal vaporization and reduction
evaporation/cold-vapour atomic absorption methods

(CV-AAS)
(n=3)
Reduction
Thermal vaporization/CV-AAS evaporation/
Sample CV-AAS
Sample Mean Mean
. o (ug/ o (ug/
weight (mg) | (ugg) | 7“8 | (ugg) |7ER)
Commercial 400 Not N Not 3
steel detected detected
Iron ore
(JSS 820-2) 50 0.012 | 0.0009 | 0.009 | 0.0010
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Table 3 Correlation coefficient of calibration curve and sensitivity (BEC* and ion counts) in each isotope of Hg, Pb, and Cd

Element Correlation coefficient
. ) R IEn BEC Ton counts Interference

Mass Abundance | Without correction correction correction (ng/m/) (cps/ppb)

%¥Hg 10.02 0.9779 0.969 0 0.972 1 0.346 73

Hg 16.83 0.990 6 0.994 2 0.990 6 0.080 94

200Hg 23.13 0.999 2 0.994 5 0.997 5 0.089 140

NHg 13.22 0.997 6 0.994 5 0.998 7 0.078 73

202Hg 29.80 0.998 7 0.998 7 0.999 7 0.088 164

203Hg 29.52 09312 0.9019 0.9378 0.101 234

206pp 24.14 0.988 1 0.969 4 0.994 1 0.587 949

207pp 22.08 0.986 2 0.966 9 0.992 7 0.584 800

208pp 52.35 0.9872 0.968 1 0.993 5 0.574 1931

ocd 12.49 0.999 1 0.998 6 0.998 1 0.002 7 246

cd 12.80 0.999 4 0.999 5 0.999 6 0.001 4 238 1128n
"2cd 24.13 0.999 9 0.999 9 0.999 9 0.039 8 466

Bcd 12.22 0.396 5 0.0119 0.880 7 6.88 1180

Mcd 28.73 0.999 0 0.998 7 0.9979 0.0253 555 1148n
6cd 7.49 0.5542 0.457 5 0.607 1 3.83 327

* Background equivalent concentration
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Hg, Pb, Cd: 0.2 ug in 10 ml of HCI solution, Amount of resin: 1 ml,
Eluent: 3.5 M HNO; (1.5%H,0,), 2.5 ml-2 times elution

Fig.1 Recovery of elements by DOWEX 1-X8 anion-exchange resin from HCI solutions

JFE #3# No. 13 (2006 4£ 8 1)



BB L b omEKSR, $ 7 NI A0ER

O : Cation-exchange resin
@ : Anion-exchange resin

100
g Hg g g
Py > 2
g 0r g S
o o o
3 3 3
24 o4 04
0
2 4
HF (M) HF (M)
Hg, Pb, Cd: 0.2 g in 10 ml of HF solution, Amount of resin: 1 ml,
Eluent: 3.5 M HNO; (1.5 % H,0,), 2.5 ml-2 times elution
Fig.2 Recovery of elements by DOWEX 50W-X8 cation-exchange resin and DOWEX 1-X8 anion-exchange resin from HF solutions
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Fig.3 Effect of concentration of HCI as eluent on recovery of elements
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Hg, Pb, Cd: 0.2 ug in 10 ml of 1 M HF,
Amount of resin: DOWEX 50W-X8 (100-200 mesh), 1 ml,
Eluent: 8 M HCI, 2.5 ml-2 times elution

Fig.4 Effect of concentration of co-existing HCl and HNO3 in 1 M HF at cation exchange treatment
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Amount of resin: DOWEX 50W-X8 (100-200 mesh), 1 ml,
Eluent: 8 M HCI, 2.5 ml-2 times elution
Fig.5 Effect of volume of 1M HF on recovery of each elements
Table 4 Recovery of Hg, Pb, and Cd after decomposition of steel samples
(%)
Sample A Sample B
HF + H,0, HF + H,0, ™
Element Q+1+2) HNO, Q+1+2) HNO,
Cd 100 , 100 99, 99 98 , 101 99, 100
Hg 1.5, 0.7 98, 100 1.5, 9.5 97, 101
Pb 97 , 100 99, 102 97 , 100 96, 103
Table 5 Analytical results of Cd, Hg, and Pb in commercial steels and CRM (JSS 002-4: High-purity iron)
(ug/g)
JSS 002-4
Sample (Pb < 0.3 uglg) Steel A Steel B
Added (ug) 0 0.2 0.5 0 0.2 0.5 0 0.2 0.5
Cd 0.009 0.215 0.527 0.015 0.220 0.534 0.008 0.208 0.498
Hg 0.007 0.189 0.496 0.009 0.199 0.502 0.005 0.202 0.500
Pb 0.102 0.296 0.588 0.493 0.687 0.997 0.206 0.415 0.738
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