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Abstract: Open beaker digestion method is routinely used as the sample preparation technique for trace
element determination of rock samples by inductively coupled plasma mass spectrometry. With this
method, however, dissolution of Zr and Hf is not always guaranteed especially when the samples contain
refractory minerals. In this study, glass bead digestion technique was compared with conventional open
beaker digestion technique for the sample preparation of three USGS rock standards such as AGV-2,
BHVO-2, and G-3. Thirty trace elements including rare earth elements were analysed by ICP-MS and
ICP-AES. There were no clear differences in analytical results for the AGV-2 and BHVO-2 standards
between the two techniques, but Zr, Hf, Y, and middle- to heavy- rare earth element concentrations of the
(-3 standard prepared by open beaker digestion technique were significantly lower than the recommended
values. This can be attributed to the presence of refractory mineral zircon. On the contrary, all the
analytical results of the G-3 standard prepared by glass bead digestion technique were in good agreement
with the recommended values, indicating complete dissolution of zircon. The analytical results show that
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the volatile elements such as Pb and Zn were not lost during the preparation of glass bead. Low dilution
glass bead digestion technique described here will be very helpful to enhance precision and accuracy of
trace element analysis for geological samples containing refractory minerals.

Key words: trace element determination, sample preparation, glass bead digestion technique, induc-

tively coupled plasma mass spectrometry
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Table 1. Sources of selected USGS rock standards

Name
AGV-2(Andesite)

Source

Guano Valley, Oregon.

Kilauea caldera, Kilauea volcano,
Hawaii

Sullivan quarry, Near Bradford,
Rhode Island

BHVO-2(Basalt)

G-3(Granite)
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Table 2. Typical fluxes for fusion and their applications

Composition Ratio (wt%) Melting point (°C) Typical application
Lithium tetraborate(Li,B,0,) 100 920 Carbonates, aluminosilicates
Lithium metaborate(LiBO,) 100 845 Sulphates, phosphates, silicas, sands, clays
Lithium tetraborate(Li,B,0,) 20 840 Aluminosilicate, aluminas, cements, iron,
Lithium metaborate(LiBO,) 80 blast slags
Lithium tetraborate(Li,B,0.) 35 S . T
Lithium metaborate(LiBO,) 65 825 Aluminosilicate, aluminas, bauxites, iron ores
Lithium tetraborate(Li,B,0,) 50 870 Silicates, calcareous materials, chrome ores, sands &
Lithium metaborate(LiBO,) 50 shales
Lithium tetraborate(Li,B,0,) 66.5 A .
Lithium metaborate(LiBO,) 335 875 Cement, aluminosilicates, calcareous refractories
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Table 3. Analytical conditions (operating parameters) for
ICP-MS and ICP-AES

ICP-AES

Model O;eirmk;ngl(;ge])rv
RF Power 1300 W
RF Frequency 40.68 MHz
Coolant Gas Flow 15 L/min
Nebulizer Gas Flow 0.7 L/min
ICP-MS

Themo Elemental

Model X5
RF Power 1300 W
RF Frequency 2712 MHz
Coolant Gas Flow 13 L/min
Nebulizer Gas Flow 0.9 L/min
Auxiliary Gas Flow 0.7 L/min
Sampler Cone Ni
Skimmer Cone Ni

J. Petrol. Soc. Korea
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Table 4. Selected mass numbers and detection limits

LOQ*(ug/e)
Element Mass Glassbead Open-beaker  Alkali
digestion digestion  fusion**

Cr 52 0.96 0.33 20
Co 59 0.10 0.04 3
Ni 60 0.80 0.48 20
Cu 63 097 0.75 7
Zn 66 1.33 0.94 10
Rb 85 0.22 0.08 10
Sr 88 0.28 0.06 5
Y &9 0.07 0.02 5
Zr 90 0.25 0.50 10
Nb 93 0.16 0.11 1
Cs 133 0.18 0.02 2
Ba 137 0.26 0.40 6.5
La 139 0.06 0.08 1.5
Ce 140 0.12 0.07 4
Pr 141 0.03 0.01 2
Nd 146 0.22 0.02 4
Sm 147 0.06 0.01 2
Eu 151 0.007 0.006 2
Eu 153 0.014 0.006 2
Gd 157 0.060 0.074 1
Tb 159 0.009 0.604 25
Dy 163 0.018 0.005 2.5
Ho 165 0.005 0.004 15
Er 166 0.009 0.004 1.5
Tm 169 0.005 0.004 -
Yb 173 0.02 0.01 2
Lu 175 0.008 0.004 0.2
Hf 178 0.05 0.40 1
Pb 208 0.33 0.13 1.5
Th 232 0.05 0.06 0.9
u 238 0.01 0.01 0.3

*Limits of quantitation are 10 times standard deviation of blank
concentration after flve measurements.
**LOQ values of alkali fusion from Choi ef al., (1994)
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Table 5. Trace element concentrations in the flux (ug/g)
determined by ICP-MS

Measured Measured

Element vaiue S.D. Element value S.D.
Co 0.04 0.01 Pr 0.02 0.002
Cr 1.76 0.07 Nd 0.31 0.01
Cu 0.35 0.03 Sm 001 0.001
Ni 0.68 0.02 Eu - -
Pb 0.92 0.06 Gd - -
Zn 0.29 0.27 Th - -
Ba 022 .04 Dy 0.002  0.001
Cs 022 0.01 Ho - -
Hf - - Er 0.001  0.001
Nb - - Tm - -
Rb - - Yb - -
Sr 0.28 0.01 Lu - -
Th 0.02  0.003 As 0.30 0.16

8] 0.02  0.002 Be 0.78 0.01
Y 0.02  0.002 Cd 1.01 0.02
Zr - - Ga 0.16 0.05
La 027 0.01 v 6.11 027

Ce 0.23 0.02
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Table 6. Trace element data (ug/g) determined by ICP-MS and ICP-AES

AGV-2(andesite)
Element Reference Uncertainty Gl’ass b'ead SD. Opgn—bgaker SD.
value digestion digestion

Group 1
Co 16 1 16 02 15 0.1
Cr 7 2 16 2 135 0.5
Cu 53 4 48 0.3 48 0.3
Ni 19 3 18 1 17 0.4
Pb 13 1 12 0.4 13 0.2
Zn 86 8 85 1 95 1

Group 2
Ba* 1140 32 1070 12 1038 39
Cs 1.16 0.08 0.99 0.02 1.05 0.02
Hf 5.08 0.20 4.95 0.12 3.89 0.14
Nb 15 ! 16 0.4 13 0.3
Rb 68.6 2.3 67.0 0.7 75.6 0.9
Sr# 658 17 639 8 603 4
Th 6.1 0.6 6.6 0.1 6.0 0.1
U 1.88 0.16 2.09 0.06 1.94 0.04
Y 20 I 21 0.1 18 0.1
Zr* 230 4 256 3 255 I

Group 3
La 38 1 40 0.1 36 0.6
Ce 68 3 74 0.4 66 1
Pr 83 0.6 8.6 0.1 7.8 0.1
Nd 3 2 33 0.3 29 0.5
Sm 5.7 0.3 6.0 0.1 54 0.2
Eu 1.54 0.10 1.68 0.01 1.48 0.02
Gd 4.69 0.26 4.99 0.09 4.46 0.13
Tb 0.64 0.04 0.69 0.01 0.62 0.01
Dy 3.6 0.2 3.8 0.1 35 0.04
Ho 0.71 0.08 0.73 0.004 0.66 0.01
Er 1.79 0.11 1.67 0.03 1.85 0.01
Tm 0.26 0.02 0.28 0.01 0.25 0.01
Yb 1.6 0.2 1.6 0.03 1.6 0.03
Lu 0.25 0.01 0.23 0.004 0.25 0.004

Reference values and uncertainties from USGS certificate of analysis.
*Determined by ICP-AES.

J. Petrol. Soc. Korea



AEA Frel-Gaol 9§ QAR viEk A BAY 167
Table 6. Continued
BHVO-2(basalt)
Element Reference Uncertainty Gl.ass l?ead 3D, Opgn—bc?aker SD.
value digestion digestion
Group 1
Co 45 3 46 1 44 04
Cr 280 19 295 9 290 9
Cu 127 7 125 2 123 3
Ni 119 7 119 3 114 2
Pb 1.7 - 1.5 0.2 1.7 0.3
Zn 103 6 100 2 112 2
Group 2
Ba* 130 13 137 1 125 2
Cs 0.1 - 0.04 0.01 0.1 0.01
Hf 4.1 03 43 0.2 4.1 0.3
Nb 18 2 18 0.2 19 2
Rb 9.8 1.0 10.2 0.3 10.7 0.3
Sr¥ 389 23 37 5 382 20
Th 1.2 03 1.1 0.04 1.1 0.03
u 04 - 04 0.02 0.4 0.02
Y 26 2 27 04 25 0.3
Zr* 172 11 179 3 192 2
Group 3
La 15 1 16 0.2 14 0.3
Ce 38 2 38 0.1 35 1
Pr 5.31 - 5.38 0.07 5.05 0.16
Nd 25.0 1.8 25.6 0.3 23.7 0.6
Sm 6.2 0.4 6.4 0.1 6.0 0.2
Eu 2.07 - 2.17 0.10 2.01 0.03
Gd 6.3 0.2 6.6 02 6.1 0.2
Tb 0.9 - 1.0 0.01 0.9 0.01
Dy 5.31 - 5.66 0.11 5.31 0.15
Ho 1.04 0.04 1.04 0.02 0.96 0.02
Er 2.54 - 276 0.08 2.55 0.09
Tm 0.3 - 0.3 0.003 03 0.002
Yb 2.0 0.2 2.1 0.1 1.9 0.1
Lu 0.28 0.01 0.31 0.02 027 0.01
Reference values and uncertainties from USGS certificate of analysis.
*Determined by 1CP-AES.
L2k M9E % 6ol Yehldich G39lE Meisel er %*9% Y, Zr, Nb, Hf, Th, U 59| 854 A7
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Table 6. Continued
G-3(granite)

Element Reference Uncertainty Glass bead SD. Open-beaker SD.
value digestion digestion
Group 1
Co 4.6 0.7 4.6 0.2 43 0.01
Cr - - 20 1 17 0.4
Cu 1 - 13 0.4 15 0.4
Ni - - 7 0.1 7 0.6
Pb 30 4 29 03 30 1
Zn 86 8 84 2 94 1
Group 2
Ba* 1880 23 1871 43 1863 58
Cs 1.34 0.16 1.34 0.05 1.42 0.02
Hf 9.0 0.7 8.7 03 39 03
Nb 14.0 0.3 14.0 0.8 14.4 1.5
Rb 170 3 172 5 184
Sr* 478 2 476 24 472 S
Th 242 1.1 257 0.1 23.1 0.3
U 2.1 - 2.3 0.02 22 0.5
Y 10.3 0.4 9.7 0.4 8.9 0.4
Zr* 321 46 320 17 166 1
Group 3
La 924 1.4 943 2.4 85.8 39
Ce 171 4 172 2 159 S
Pr 17.4 0.4 17.2 0.03 16.0 0.5
Nd 56.8 1.3 57.1 0.4 523 1.3
Sm 7.7 0.2 7.6 0.1 7.0 0.1
Eu 1.5 0.1 1.4 0.03 1.3 0.01
Gd 4.1 0.1 4.0 0.04 3.51 0.1
Tb 0.47 0.01 048 0.01 0.44 0.01
Dy 2.23 0.06 224 0.03 2.06 0.10
Ho 0.37 0.01 0.37 0.01 0.32 0.01
Er 0.94 0.03 1.00 0.03 0.88 0.02
Tm 0.123 0.004 0.122 0.005 0.106 0.002
Yb 0.74 0.03 0.78 0.02 0.65 0.04
Lu 0.110 0.004 0.107 0.002 0.091 0.003
Reference values and uncertainties from Meisel e al., (2002). Italics from USGS G-2 certificate of analysis.
*Determined by ICP-AES.
1= ¥4 (Cr, Co, Ni, Cu, Zn, Pb) Th G2v A, vEdA @ FodaH|e] B
AGV-28} BHVO-29] 34 25 wlss) B & o] 74 Az ole HEEdeA AolTg wol
7 G vle)ATIER fe-e A Ak hg-alal JckMeisel er al., 2002). 15 Y4 7
Y A% Hol 24 gt vimsME Bk 3 Gaol dislel AAE FAge) glo) G2ol F4
+15% o= Hla4] FgE s 2FER G3 W THolen st AlAjE 92(Co, Pb,
= G2 A9 BEEARA G2of BUS A0 zmel A%, F Uy =R 2Ags 38 10%

sikeko g Az TFEA (Balcaen er al., 2005)°] oz FgEe Adas vehdid

J. Petrol. Soc. Korea



169

100 T T T 10000 T T TR T
u} 3 /
1 AGV-2 1 AGV-2 Vi
80 — (a) PN 1 (b) B,
// 1000 e -
% ~ // E u ;
2 60 — c.;/ i P i
B 1 a 100 Rb =
4 E /E 3
g a0 S . v ]
8 - |
o .
0 o 04 %/ :
IR or ] v,
s
a : : : 1 T
0 20 40 60 80 1 10 100 1000 10000
400 T i 1000 ST TS
3 B%’ 3
4  BHVQ-2 1 BHVO-=2 ]
@) o w-= (b .
300 - 9, 3 Nb E
ob / ] Rb ]
g y 10 4 Hf -
/ E 3
g0 / ] ) ]
g i/ '3 UD/ E
= n E = :
100 y g, . o5, 1
e 7 0.1 ) 3
- 1 7o E
Bb B 4
0 T T T 0.1 T T ULARLLL N L e R
0 100 200 300 400 0.01 0.1 1 10 100 1000
100 , 1 , : 10000 A B SR
]
G-3 Z 1 G3 Ba ]
s0- (a) // . 1 (b ]
. / w7
R Ve " o :
p ,
= [}
-§ | / 100 < /@ -
3 E E
2 40 / E ™ ]
é’ Pb ] N e
- Y
10 3 He E
20~ - E P E
g/ ] v, 8 ]
4 Co Cs 1
0 ‘ 1 , , 1—&,,.,‘,\
o] 20 40 &0 80 100 1 10 100 1000 10000
Reference (ug/g) Reference (ug/g)
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