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Evaluation of Gypsums in Terms of Major and
Toxic Trace Elements by ICP/OES and XRF Analysis

Kee D. Kim'
Department of Fine Chemical and Advanced Materials, Sangji University, 660 Usan-dong, Wbnju 220-702, Korea

Major and trace toxic elements in commercially available gypsums were analyzed. The contents of a known
major compound, CaSO, was measured in terms of Caand S. Ca and S were initialy analyzed by means of
XRF, and Ca was re-analyzed by ICP/OES for data evaluation. Trace toxic elements of As, Cd and Pb were
analyzed by ICP/OES, while Hg by mercury analyzer, respectively. Some gypsum samples turned out to be
counterfeit. Si detection in the counterfeit suggests that it may be SiO,. The results obtained by XRF for each
major elements analysis were similar to the theoretical values. On the contrary, the data obtained by ICP/OES
showed much lower values than theoretical ones. The low solubility of the gypsum in nitric acid and in water
in the pre-treatment process was thought to be the source of this error. The content of Fe was in the range of
10-275 mg/kg, while those of al the trace toxic elements turned out to be very low.
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Stage Max. Power % Power
1 1200 W 100
Ramp (min.) Pressure (psi) Temp. (°C)
15:00 800 200
Holding (min.)
20:0
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Power (kW) 1.30
Plasma flow (L/min) 16.5
Auxiliary flow (L/min) 2.25
Nebulizer pressure (kPa) 200
Replicate end time (s) 5

Instrument stabilizationdelay (s) 20
Sample uptake delay (s) 20
Pump rate (rpm) 20
Rinse time (s) 20

2.3.2. XRF2
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Power (kV) 15
Power (mA) 21
He gas (psi) 10
Filter none
Spin on
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Table 1. ICP/OES and mercury analyzers QC data for
Gypsums

Metals As Cd Pb Hg
MDL (mg/kg) 16 017 14 0.09
Reagent blank (ug/kg, ICP/MS) 0.13 0.11 3.6 0.05
Recovery (%) 102 83 82 85
Duplicate (% difference) 00 00 42 45
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Table 2. Major compounds analysis of medicinal mineral
used as Gypsum (G) and Gypsum Preparatum

(Gp)
Ca (wt%) S (wt%)

ICP/OES XRF ICP/OES XRF

Gl 0 0.1 na 5.7

G2 6.0 26.9 na 34.0

G3 5.4 27.0 na 34.2

G4 5.5 0.1 na 5.6

G5 5.5 0.1 na 5.8

G6 0 25.9 na 32.6

G7 0 26.6 na 33.5

G8 6.9 0.1 na 5.9

G9 6.1 24.6 na 30.7

G10 0 0.1 na 5.9

Gl1 6.3 26.2 na 32.9

G12 0 26.7 na 33.8

G13 4.4 25.4 na 31.7

Gl4 5.6 25.8 na 32.2

G15 6.5 26.2 na 32.7

G16 7.3 25.0 na 313

G17 5.6 26.1 na 32.6

G138 5.3 22.9 na 18.9

Gpl 11.7 23.2 na 19.1

Gp2 8.9 23.3 na 20.6

Gp3 13.6 23.9 na 20.7

Gp4 0.4 0.1 na 0.9
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Table 3. Minor compounds analysis of medicinal mineral
used as Gypsum (G) and Gypsum Preparatum
(Gp) (mg/kg)

Hg
Fe Mn Pb As C (ugkg)

Gl 81.7 1.1 0.1 0 0 214
G2 73.3 0.3 5.5 0 0 42.3
G3 16.7 0.4 1.6 0 0 27.8
G4 19.1 0.1 0.9 0 0 56.7
G5 10.7 0 1.2 0 0 124
G6 93.6 5.6 1.6 0 0 4.6

G7 81.1 1.5 2.0 0 0 7.4

G8 60.3 0.8 0 0 0 119
G9 13.3 0.1 0 0 0 2.2

G10 26.1 0.5 0.1 0 0 14.5
Gl1 1116 1.3 1.5 0 0 27.3
G12 27.6 0.5 0.6 0 0 2.1

G13 32.1 0.2 3.3 0 0 354
Gl4 18.1 0 0 0 0 2.94
G15 19.1 0 3.5 0 0 81.4
G16 18.3 0.1 0 1.6 0 11.2
G17 12.1 0 0.6 0 0 8.9

G18 9.9 0 0 0 0 32.2
Gpl 11.8 0 0 0.9 0 122.1
Gp2 27.8 0 0 0 0 20.6
Gp3 2751 3.1 4.2 0 0 21.0
Gp4 1812 1.1 0 1.8 0 2.4
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