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INTRODUCTION

In recent years, inductively-coupled plasma mass
spectrometry (ICP MS) has become a major tech-
nique among instrumental methods for multielemen-
tal analysis of geological samples because of its speed,
high instrumental sensitivity, and the wide develop-
ment of the instrumental basis.

At present, there are two certified protocols
(NSAM 499-AES/MS and NSAM 501-MS, 2011) for
multiemental analysis of solid samples with ICP MS,
which describe the necessary procedures for the mea-
surements in detail, as well as the methods of prepara-
tion of solutions from solid samples. For acidic
decomposition of rocks, this information is summa-
rized in a table that contains the sample weight for dif-
ferent matrixes, chemicals reagents, and the dish. One
problem with these methods is related to the unknown
proportions and necessary (or optimal) amount of
reagents, as well as the absence of possible additional
procedures and their sequence. Another disadvantage
of the NSMA 501-MS method is the presence of only
“pure” matrixes (e.g., Si, Mg, Ca–Sc) in recommen-
dations on sample decomposition, whereas analysis of
rocks should take their complex character into
account, since they are multicomponental systems

and the concentration of matrix components in them
may be comparable.

In the more than 30-year development of ICP MS,
several hundreds of procedures have been suggested
for multielemental analysis of rocks, which are distinct
mostly in sample dissolution. Such a wide variety of
methods is explained by the fact that rocks are com-
plex chemical compounds, whose local decomposi-
tion requires an individual approach. The most fre-
quent methods are multistage decomposition by vari-
ous acid mixtures in open containers and autoclaves
under resistive or microwave heating (Dubinin, 2006;
Karandashev et al., 2007; Method…, 2011). Fast and
effective alloying of samples with Li metaborate has
found wide use and allows the dissolution of most
refractory rocks (Nadezhnost’…, 1985). Its disadvan-
tages are contamination of a mass spectrometer with
high boron and lithium levels and the significant dilu-
tion of solutions to decrease their salinity, which
results in reduced detection limits and increased cor-
rection of blank experiments.

There are numerous method publications, which
often contain contradictory data on full sample disso-
lution and elemental losses during various schemes of
sample preparation. Thus, both elaboration of new
methods of sample dissolution and critical consider-
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ation and reasonable combinations of known
approaches, which allows analysis of various rocks for
a wide spectrum of elements, is topical.

SAMPLE PREPARATION

Sample preparation is the most laborious proce-
dure; it requires a reasonable approach and accurate
operations and results in further correct measure-
ments. It consists of consecutive operations: sampling
of the necessary quantity of rock, homogenization,
full acid dissolution, and dilution of the solution. Most
geological samples are heterogeneous and require spe-
cific approaches in sampling and further preparation
to maintain their representativeness.

The technique of rock sampling for various chemi-
cal analyses has been described in detail in many pub-
lications. This procedure is very important during geo-
chemical sampling and calculations of the reserves of
mineral deposits and has been standardized by GOSTs
and OSTs (State Standards) and numerous publica-
tions of the previous century. In our opinion, a rather
successful book edited by V.I. Rekharskii provides one
with methods for the collection of samples and rocks
of different compositions and granulometric and min-
eralogical compositions, as well as statistical data for
the sampling methods (Nadezhnost’…, 1985). In our
paper, we will briefly recall their basic principles for
geologists who sample rocks for ICP MS analysis. This
is relevant here because of the low quantity of material
for dissolution and further analysis.

Typically, the low weight of a sample (60–150 mg)
is due to the following reasons: (1) the most effective
dissolution of such a quantity with acid and (2) the
high sensitivity of ICP MS. Thus, the significant dilu-
tion of such small amount of sample for the measure-
ments is needless. Because the solid material rep-
resents, as a rule, fragments of rocks (the objects of
large size), their dissolution often becomes laborious
chemical procedure. In addition, solid substances, as a
rule, are heterogeneous and achieving the proportions
of their constituents is important for correct analysis of
the average content of elements. This is possible only
if one takes the ratio between granularity (particle size)
and sample volume into account, i.e., the larger the
particle size of the sample is, the larger its amount is
that is used for homogenization. The material is
homogenized during mechanical or manual (in agate
or jasper mortar) grinding. The rocks are crushed first.

For micro- and small-grained and glassy rocks, the
total sample mass can be 0.5 kg. The pegmatoic (giant-
grained) rocks, however, require significantly greater
sample mass. The standard procedure for crushing
and grinding rocks helps to homogenize the sample.
To avoid sample contamination by previous materials,
the researcher should clean the crushing device,
grinder, or mortar during consecutive grinding of a
sample series. For the final manual grinding of a sam-

ple, it is recommended to use an agate mortar to avoid
the contamination of the sample because of its com-
position and hardness. The particle size of the final
powder should be 30–45 μm, which provides the max-
imum homogenization of the sample and more quali-
tative chemical decomposition.

PREPARATION OF CHEMICAL REAGENTS 
AND THE DISH

The major problem of sample preparation for mul-
tielemental analysis with a high-sensitivity method is
the relatively high content of some measured elements
in reagents and air and the high “chemical memory” of
the dish. Multiple distillations can eliminate the con-
tamination by reagents (water and acid). We used a bot-
tle-to-bottle system in the fluoropolymer (FP PFA)
device (Savillex).

The system includes two FP bottles, which are con-
nected by a pipe at an angle of 90°. One bottle is filled
with especially pure reagent and the system is hermet-
ically connected and mounted vertically along the
bend axis below the infrared lamps to achieve an incli-
nation angle of each bottle of ~45° and to heat only the
bottle with the primary reagent. Evaporation leads to
distillation of the reagent, which is condensed in the
bottle–container during cooling.

One also can use a device made of quartz glass with
acid heating up to a temperature close to boiling; how-
ever, quartz glass can saturate the liquid distilled with
boron and silicon. As a rule, a single acid distillation is
sufficient for multielemental analysis, but requires
regular control of blank samples, because the primary
reagents are often variously contaminated. The water
is distilled twice or deionized, usually using standard
devices for distillation (deionization). Depending on
the construction, distillers may yield microconcentra-
tions of Fe (in the case of an Fe design), Si, or B (in the
case of quartz bottles) to the distilled water.

A thermostable glass dish is typically used in classi-
cal chemistry for dissolution; unfortunately, glass has
a high chemical memory. In addition, low-quality
cleaning or random contamination of the dish surface
may be the cause of contamination by trace elements.
Our experiment showed successful application of FP
(Teflon) dish vials and glasses. The choice of the
material is caused by several factors. Acid dissolution
means the use of a highly active mixture of concen-
trated acids, evaporation at higher temperature, and
movement of the solutions from one type of dish to
another. FP is acid- and heat-resistant and allows
almost all procedures to occur in the same vial. FP
PFA is characterized by low wettability, which allows
one to avoid losses of the material during its movement
after dissolution. PFA vials can be reusable with care-
ful preparation, which means boiling in nitric acid
(32%) and, further, in deionized water resulted in
complete removal of traces from previous samples.
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It is recommended to use disposable plastic vials
for the final dilution, which will not be used for the
samples intended for trace-element analysis. For reli-
able purity, the vials are filled with 0.5 N nitric acid,
exposed for 1–2 days, and dried in a dessicator. The
prepared samples cannot remain in plastic vials for
more than 2 months, because long storage may lead to
precipitation of some elements from solution on the
vial walls.

There are several methods of decomposition of
solid materials, which can solve various tasks of chem-
ical analysis: (1) acid (multiacid) decomposition,
(2) alloying with carbonates, hydroxides or borates of
alkali metals with further dissolution of the alloy, and
(3) fusing with sodium oxide and further dissolution.
Every method has its own advantages and disadvan-
tages and can be used depending on specific tasks.

ACID (MULTIACID) DECOMPOSITION
As widely applied in modern analytics, this method

requires the use of mixtures of concentrated acids,
which, under different proportions, allow the achieve-
ment of sufficient dissolution of crystal compounds.
This method does not allow full decomposition of
chromites, topaz, beryl, graphite, and, locally, zircon,
as well as measurement of volatiles (B, Se, As, Hg,
etc.), because the solutions are evaporated to dry salts.
Previously known and widely used decomposition of
the matrix by evaporation in a mixture of hydrofluoric
and perchloric acids has a series of disadvantages:
incomplete decomposition of the material and impos-
sible purification of perchloric acid by distillation.

For rocks and minerals, we carried out acid decom-
position of silicate samples in a microwave oven. This
method is trivial from the point of view of routine dis-
solution of the material: decomposition of powder in
an acid mixture and further evaporation in hydrochlo-
ric acid to transform fluorides to chlorides. However,
we perfected some details, which are important for
ICP MS analysis, in particular, the use of a minimum
amount of the dish to avoid sample contamination and
its loss during its movement from one reservoir to
another. The optimal size of the dish for decomposi-
tion and evaporation minimizes the sample loss and
increases the amount of samples that is decomposed.
The advantages of this method will be described in
detail below.

Typically, 60–100 mg of powder is sufficient for
multielemental analysis of rocks. The sample is placed
in a 3–5-mL PFA vial with Savillex covers. A mixture
of concentrated hydrofluoric and nitric acids (1.5 cm3,
NF : HNO3 = 5 : 1) and HCl (0.5 cm3) are added to
vials. Hydrochloric acid is added to increase the stabil-
ity of noble metals in solution. The vials are carefully
covered and evenly placed to the microwave oven. We
tested ovens from different producers. Most of them
are equipped with Teflon glasses for decomposition

(the glass volume is 150 cm3). Heating of an acid mix-
ture in this volume, however, results in spraying the
sample on both the glass wall and its cover. The most
important problem when using these glasses is the col-
lection of the sample from the walls and the cover to
the dish for evaporation. With the advent of a PFA dish
with a small volume (we used Savillex vials), a sample
is placed into the acid mixture directly to the vial (vol-
ume of 3–7 cm3) and several vials are placed into the
decomposition glass.

Each oven requires the selection of the optimal
heating scheme. As a rule, the two-stage regime is
most effective: rapid and prolonged heating at high-
and low-intensity radiation of 400–800 and 50–200 Wt
(for 0.5–2.0 and 25–40 min), respectively. The inten-
sity values and time of sample processing depend on
the oven construction, the amount of samples, and the
degree of complexity of their decomposition. It should
be noted that the microwave oven is intended for more
qualitative decomposition (because its radiation effec-
tively decomposes the bonds of some compounds)
rather than for acceleration of the decomposition pro-
cess (basalts and granites are decomposed for 2 and 1–
2 days, respectively, in the indicated acid mixture
under heating with infrared radiation and even with
the mixture in a shaker). The procedure is repeated if
the sample was not decomposed and black sediment
remained on the vial bottom. The white precipitate is
composed of f luorides, which are formed as a result of
interaction with HF.

These f luorides are transformed to chlorides for
full decomposition of the sample. In addition, the
measurement occurs with spraying of the sample in
the chamber and further ionization in a burner, which
are made of quartz glass; the presence of HF traces
may lead to consecutive destruction of these devices.
The sample is evaporated to dry salt. It is important
that solutions are evaporated in the same vials (for
decomposition) and require no transfer from one dish
to another.

The vials can be heated using oven (from the bot-
tom) and infrared (from the top) lamps. In both cases,
one important condition exists: the vials with solutions
must be isolated from ambient contacts, in particular,
with dust and alien particles. For this purpose, we sug-
gest the use of a covered container and pumping of the
acid vapors using a water-jet pump. After evaporation
to a dry salt, 1 cm3 HCl is added to the vials and evap-
oration occurs to a dry condition. The procedure is
repeated three times for f luoride-to-chloride transfer.
If the solution contains a large amount of organic
material, 0.5 cm3 of perchloirc acid is added during the
second (if necessary, third) evaporation. The dry rem-
nant is combined with 1 cm3 HCl, heated, and trans-
ferred to a solution with 0.5 N HNO3 to the 50-mL test
tubes (the tube is weighed and is combined with solu-
tion from the vial; the vial walls are then carefully
cleaned with 0.5 N HNO3, the acid volume is
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increased to 50 cm3, and the tube is weighed again).
The test tube can hold a white f laky precipitate, which
is dissolved for 3–7 days. To accelerate its dissolution,
the test tube is heated in an oven or is placed on a
shaker. The precipitate is also effectively dissolved in
an ultrasound bath with heating.

The solutions that result from decomposition of the
solid samples, as a rule, are characterized by excess
concentration of matrix elements (macrocomponents
that composed the crystal basement of the minerals),
which contaminate the solution and affect the degree
and intensity of ionization of ions close by ionization
energy (Pupyshev and Surikov, 2006; Karandashev
et al., 2007). Thus, directly before the measurement
the sample is diluted using a weighted method to
achieve the concentration of contributing (but not
measured) and measured elements of no more than
500 mg/L and 100 μg/L, respectively. In contrast,
incorrect measurement of the concentrations of trace
elements is possible, as well as damage of the multiply-
ing block of the mass spectrometer. The internal stan-
dard is added to every sample with the weight method.
Finally, the silicate samples can be diluted for the ICP
MS analysis by 40000 to 100000 times, on average.
Our experience shows that such a significant dilution
provides a long life of the device and allows us, at least
partially if not completely, to avoid the influence of
elements with high concentrations for trace element
ionization (the matrix effect, e.g., with an Al excess in
the solution, the intensity of ionization of REEs is
suppressed).

ANALYSIS OF PLATINUM-GROUP 
ELEMENTS AND GOLD

The determination of contents of platinum group
elements (PGEs: Ru, Rh, Pd, Ir, and Pt) and Au
requires a specific approach because these elements
are present in compounds that are poorly decomposed
by the above-described method. In addition, their
concentration is too low for the direct measurement
from the solution, thus they should be concentrated.

Decomposition of the Sample
A 1.0–1.5-g sample is placed into a glassy carbon

cup, wetted by water, and 15 cm3 of hydrofluoric acid
and 15 cm3 of chlorine acid are added. The cup is
placed on an electric stove and the sample is heated to
150°C and evaporated to a wet salt. To remove the hydro-
fluoric acid the sample is treated twice with 15 cm3 of
concentrated chlorine acid, each time evaporating it to
wet salts.

The contents of the cup are combined with 20 cm3

2M HCl and salts are dissolved during heating. The
solution is filtered into a 100-cm3 measuring bottle
through a Blue ribbon filter that is 9 cm across and the
precipitate is washed 3–4 times on the filter by hot 2M

HCl and hot water. The filtrate with precipitate is
placed into the corundum crucible and ignited in an
incinerator at 500 ± 20°C. The residue is carefully
mixed with 0.5 g Na peroxide and melted in an incin-
erator for 20 min at 600°C. The cold alloy is moved to
a 100-cm3 glass, combined with 50 cm3 of water, and
neutralized with 2M HCl to pH 1 (according to uni-
versal indicator paper); 10 cm3 of concentrated HCl is
then added. This solution is mixed with filtrate, moved
to a 100-cm3 measuring bottle (where the primary fil-
trate occurred), and adjusted with 2M HCl to the
mark.

For concentration of PGEs and Au, 30–100 cm3 of
sample solution and 2.5 cm3 of a solution of Te(IV)
with a concentration of 2 mg/cm3 in 2M HCl is added
to a 150-cm3 glass, adjusted to boiling, boiled for
40 min, and 10 cm3 of fresh 10% Sn(II) chloride solu-
tion in 6M HCl is added. The solution is heated on an
electric stove up to the formation of a well-coagulated
black precipitate, which is filtered through fiberglass
and washed with 30–40 cm3 of 2M HCl. The precipi-
tate on a filter is dissolved in 10 cm3 of fresh aqua regia
and the filter is washed with 10 cm3 of 2M HCl. The
filtrate and wash water are gathered into the glass
where precipitation occurred, carefully evaporated to
~0.5 cm3, quantitatively moved to the measuring bot-
tle, and diluted with distilled water to 10 cm3.

The sample is diluted directly before the measure-
ment so that the contents of noble metals do not
exceed 100 μg/dm3; an aliquot of the Lu internal stan-
dard is added so that its concentration in the solution
was 10 ppb.

QUALITY CONTROL OF THE ANALYSIS
This procedure is an essential part of any analytical

method. Because the highly sensitive ICP MS method
is related to the multistage preparation of samples and
a rather complex measurement procedure, the follow-
ing standards are used for the quality control and con-
sideration of possible instrumental errors:

(1) standard certified international samples, which,
as much as possible, are close in macrocomposition to
the measured samples (with similar matrix), which
allows us to take the peculiarities of the matrix into
account. The correctness and effectiveness of decom-
position are controlled using standard samples, e.g.,
following the recommended rock standards: BHVO-2,
BCR-2, BIR-2, and SGD-1a for mafic rocks
(basalts), AGV-2 for intermediate rocks (andesites),
and SY-2 for alkaline rocks;

(2) control (blank) samples to reveal possible con-
tamination of a sample series during chemical prepa-
ration;

(3) a solution of the internal standard (typically, a
solution of In, Re, and 161Dy) to control for the possi-
ble drift of the parameters of the device during the
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Table 1. Measured contents of trace elements in standard rock samples

Sample

Calculated 
detection limits, 
μg/g (S/N = 3)Element

BHVO-2 (basalt) AGV-2 (andesite)

content
analyzed, μg/g

(P = 0.95, n = 18)

content
certified, μg/g

content
analyzed, μg/g

(P = 0.95, n = 14)

content
certified, μg/g

Li 4.4 ± 0.3 4.8 ± 0.2 11 ± 0.7 11 ± 1 0.07
Be 1 ± 0.04 1 ± 0.1 2.1 ± 0.1 2.3 ± 0.4 0.11
Sc 31 ± 1 32 ± 1 13 ± 1 13 ± 1 0.04
Ti 16700 ± 500 16300 ± 2000 6010 ± 150 – 0.1
V 314 ± 9 317 ± 11 118 ± 6 122 ± 4 0.1
Cr 283 ± 7 280 ± 19 15 ± 1.6 16 ± 1 0.4
Co 43 ± 1 45 ± 3 145 ± 0.4 16 ± 1 0.1
Ni 112 ± 5 119 ± 7 18 ± 1.1 20 ± 1 0.8
Cu 125 ± 8 127 ± 7 50 ± 4.3 53 ± 4 1.1
Zn 105 ± 2 103 ± 6 86 ± 3 86 ± 8 4.9
Ga 23 ± 0.7 22 ± 2 24 ± 4 20 ± 1 0.01
Rb 9.21 ± 0.14 9.11 ± 0.04 66.8 ± 1.8 66.3 ± 0.5 0.03
Sr 396 ± 7 396 ± 1 643 ± 14 661 ± 6 0.1
Y 23 ± 0.8 26 ± 2 18 ± 0.7 19 ± 2 0.02
Zr 175 ± 12 172 ± 11 233 ± 10 230 ± 4 0.5
Nb 17.0 ± 0.6 18.1 ± 1 13.4 ± 0.6 14.5 ± 0.8 0.1
Mo 4 ± 0.3 4 ± 0.2 1.73 ± 0.44 – 0.85
Cs 0.2 ± 0.1 0.1 ± 0.01 1.0 ± 0.1 1.2 ± 0.1 0.01
Ba 131 ± 1 131 ± 1 1160 ± 30 1130 ± 11 1
La 14.9 ± 0.2 15.2 ± 0.1 37.0 ± 1.0 37.9 ± 0.04 0.02
Ce 37.5 ± 0.3 37.5 ± 0.2 68.7 ± 1.6 68.6 ± 0.5 0.01
Pr 5.30 ± 0.06 5.35 ± 0.17 8.12 ± 0.14 7.84 ± 0.31 0.004
Nd 24.5 ± 0.3 24.5 ± 0.1 30.5 ± 0.5 30.5 ± 0.1 0.02
Sm 6.02 ± 0.07 6.07 ± 0.01 5.48 ± 0.12 5.49 ± 0.03 0.01
Eu 2.07 ± 0.03 2.07 ± 0.02 1.72 ± 0.07 1.53 ± 0.02 0.002
Gd 6.23 ± 0.06 6.24 ± 0.03 5.47 ± 0.22 4.52 ± 0.05 0.02
Tb 0.94 ± 0.02 0.92 ± 0.03 0.68 ± 0.03 0.64 ± 0.01 0.003
Dy 5.31 ± 0.07 5.31 ± 0.02 3.52 ± 0.08 3.47 ± 0.03 0.003
Ho 0.97 ± 0.01 0.98 ± 0.04 0.67 ± 0.01 0.65 ± 0.03 0.001
Er 2.54 ± 0.03 2.54 ± 0.01 1.86 ± 0.05 1.81 ± 0.02 0.003
Tm 0.33 ± 0.01 0.33 ± 0.01 0.25 ± 0.01 0.26 ± 0.01 0.001
Yb 2 ± 0.03 2 ± 0.1 1.66 ± 0.04 1.62 ± 0.02 0.01
Lu 0.273 ± 0.003 0.274 ± 0.005 0.246 ± 0.01 0.247 ± 0.004 0.001
Hf 4.63 ± 0.35 4.36 ± 0.14 5 ± 0.2 5 ± 0.1 0.01
Ta 1.25 ± 0.08 1.14 ± 0.06 0.83 ± 0.04 0.87 ± 0.08 0.401
W 0.24 ± 0.06 0.21 ± 0.11 0.45 ± 0.10 – 0.018
Pb 1.6 ± 0.06 1.6 ± 0.3 13.0 ± 0.8 13.2 ± 0.5 0.11
Th 1.23 ± 0.02 1.22 ± 0.06 5.9 ± 0.5 6.1 ± 0.2 0.01
U 0.415 ± 0.006 0.403 ± 0.001 1.84 ± 0.14 1.86 ± 0.09 0.003
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Table 2. The results of the analysis of noble metal contents in standard samples

Element Value, μg/g
Sample

UMT-1 HO-1 (GSO 1703-86) AMIS 0107 AMIS 0099

Ru Analyzed (n = 3; P = 0.95) 0.020 ± 0.006 0.05 ± 0.02 0.055 ± 0.010 0.040 ± 0.010
Certified 0.0109 ± 0.0015 0.029 ± 0.013 0.107 ± 0.014 0.060 ± 0.010

Rh Analyzed (n = 3; P = 0.95) 0.010 ± 0.002 0.09 ± 0.02 0.041 ± 0.010 0.024 ± 0.005
Certified 0.0095 ± 0.0011 0.096 ± 0.013 0.056 ± 0.010 0.029 ± 0.004

Pd Analyzed (n = 3; P = 0.95) 0.150 ± 0.010 0.64 ± 0.05 0.510 ± 0.025 0.232 ± 0.030
Certified 0.106 ± 0.015 0.84 ± 0.17 0.460 ± 0.042 0.231 ± 0.024

Ir Analyzed (n = 3; P = 0.95) 0.007 ± 0.003 0.01 ± 0.004 0.019 ± 0.004 0.010 ± 0.004
Certified 0.0088 ± 0.0006 0.01 ± 0.001 0.019 ± 0.002 0.010 ± 0.002

Pt Analyzed (n = 3; P = 0.95) 0.112 ± 0.010 0.38 ± 0.07 0.88 ± 0.05 0.57 ± 0.10
Certified 0.129 ± 0.005 0.49 ± 0.09 0.88 ± 0.08 0.59 ± 0.07

Au Analyzed (n = 3; P = 0.95) 0.075 ± 0.025 0.05 ± 0.03 0.081 ± 0.020 0.089 ± 0.020
Certified 0.050 ± 0.002 0.07 ± 0.01 0.093 ± 0.016 0.089 ± 0.016

measurement (Karandashev et al., 2007; Method…,
2011).

The control and standard samples are prepared
along with a series of studied samples. The internal
standard of ICP MS analysis is not used by all analysts
who rely on the stability of highly sensitive devices.
However, the authors recommend it use, because even
in a series of similar samples one can find samples with
anomalous concentrations of elements, which can
only be an analytical error. The internal standard is
added by the weight method to all measured solutions
including calibration series and blank and standard
samples so that its concentration will be the same for
the entire series of analyzed samples. This procedure is
required, since the calibration series is measured first.
During the measurement of the entire series of sam-
ples, major parameters can vary for various reasons,
e.g., a f luctuating speed of the sample supply or vari-
able intensity of the signal depending on the tempera-
ture in the room, around the nebulizer chamber, or the
sector magnet. These variations can be taken into
account if the solutions contain an element with a
known concentration, which allows consideration of a
variable signal intensity using correction coefficients.

STATISTICS AND DISCUSSION

To be convinced of a correct analysis, it is neces-
sary to check the composition of the certified standard
samples. In a series of sample preparation and follow-
ing analysis, use of the standard samples, which are
similar in macrocomposition to the analyzed one, is
recommended. This allows us to make sure that we
avoided matrix effects and correctly chose the calibra-
tion area for calculation. We conducted multiple anal-
yses of two standard samples of basalt and andesite.
The contents of trace elements and recommended

passport values for them are shown in Table 1. The
detection limit is calculated according to statistical
methods (Murray et al., 2014).

 Table 2 shows the results of analysis of Au and the
PGE content on the basis of our method in standard
samples and the recommended passport values for
them.

It is seen from both tables that our values are quite
consistent with those certified for all of the studied
samples. The perfection of the current methods
allowed the design of the most universal method for
sample preparation of rocks of various compositions.

The high sensitive ICP MS method requires the use
of high-purity reagents, as well as special attention to
the purity of the chemical dish for decomposition. The
analysis of blank samples showed that the reagents of
inadequate purity, as well as the insufficient cleanness
and large area of the dish significantly increase the
detection limits of elements, while highly sensitive
mass spectrometers can determine their lower levels.

CONCLUSIONS
Thus, the following recommendations can be pro-

posed: the maintenance of a high purity level requires,
first, cleaning of reagents (distillation of water and
acids) and minimization of the area of the dish for
decomposition. The use of a reusable dish, both for
storage and measurement of samples is prohibited in
our opinion. One can use disposable plastic test tubes
for these purposes.

Unfortunately, acid microwave decomposition is
limited in the amount of sample that can be decom-
posed simultaneously. Because the samples are
decomposed in a microwave oven, the size of the sam-
ple is restricted by the number of the containers for
decomposition that can be placed in the oven (as a
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rule, 10–16 positions depending on the type and pro-
ducer of the oven). Our method is described for the
MARS microwave system, which allows the possible
use of several vials with samples into a basic container
and solves several problems at once. Its use minimizes
the number of dishes, because the decomposition and
further procedures (including thermal) can be con-
ducted in the same Teflon vial. As a result, no losses of
samples occur during manipulations with solution; no
possible contamination occurs during transfer as well.
In addition, this method increases the amount of
simultaneously decomposed samples by 2–3 times
(depending on the model and type of the microwave
oven).

The weight method we applied significantly
decreases possible errors, which allows us to take only
the error of the balances into account during error cal-
culations and to avoid rather significant errors of the
volume of the test tubes, dispenser, and other dishes.
This also avoids the regular procedures for checking
the volume of the dish.

Significant dilution of the solutions for the mea-
surements solves two important tasks: (1) it decreases
matrix effects and (2) it maintains the purity of the
mass spectrometer for the analysis of the entire range
of isotopes with low concentrations.

These data show that when combined with this sys-
tem of sample preparation the ICP MS method for the
analysis of solid samples is highly sensitive, reproduc-
ible, and free from systematic errors, thus allowing
determination of the contents of ultramicrocompo-
nents and elements with significant concentrations.
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