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ICP-MS APPLICATIONS FOR THE ANALYSIS OF GEOLOGICAL MATERIALS
AND ENVIRONMENTAL SAMPLES

Jifi Bendl, Analytika Ltd, U Elektry 650, Prague 9

Inductively coupled plasma mass spectrometer (ICP-MS) is remarkable sensitive and suitable
for multi-element analysis and isotope ratios measurement The field of geochemistry is
gradually exploiting this capability. Detection limits in pure solutions for most elements are
currently in the range 0.005-0.1 ppb.

INSTRUMENTATION •
Conventinally, a sample solution is nebulised into the ICP where it is desolvated, volatilised,
dissociated, excitated and atomised to produce ions, which will be used for measurement.
Most elements are efficiently ionised in the high temperature Ar atmosphere (ca.8000 K) of
the normal analytical zone. A portion of the plasma is extracted via the water-cooled sampler,
commonly made of Ni with an orifice diameter of 1 mm, into a differentially pumped region
at approximately 500 Pa. Downstream from the sampler and coaxial with it at a distance of
about 8 mm is the skimmer with an orifice diameter of about 0.8 mm. The central section of
the supersomic jet of gas, expanding through the sampler, flows through the skimmer into a
high vacuum region (at 10~5 Pa).
The temperature drops rapidly, and reactions which could change the composition of the
extracted gas are effectively frozen. Byond the skimmer, the extracted gas enters a region
where the pressure is low enough to ensure that the mean free path becomes longer than the
system dimensions. Ions are than electrostatistically deflected by the ion lens system off axis
to the quadrupole mass filter and detector. A small optical baffle plate is placed in the central
axis of the lens system to prevent optical radiation of the ICP (10000 K) from reaching the
senzitive electron multiplier detector.
The optimum combination for the operation of the Varian UltraMass appears to be 1.2 kW RF
plasma power with 0.85 1/min aerosol flow rate and sampling depth of 7 mm appeares to be
chosen for most analyses.

CALIBRATION
The modes of calibration currently used are external, with and without internal
standardisation, standard additions and isotope dilution. Spiked or isotope dilution analyses
are used to determine the amount of an element present by adding a known amount of "spike"
isotope to a sample and measuring the effect that spike has on the isotopic composition of the
sample.

ALTERNATIVES OF SAMPLE INTRODUCTION
ICP-MS intolerance towards solutions containing high concentrations of dissolved solids ( >
2g/l) has fostered research into modes of sample introduction other than conventional
nebulisation. Applictions of alternate means of introduction are flow injection analysis,
electrothermal vaporisation, laser ablation, direct sample insertion, slurry nebulisation,
introduction of analytes as gases by hydride generation of As,Ge, Se, Sn, Sb, Te and Pb.
Conventional nebulisation remains the most popular method of sample introduction.
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INTERFERENCES
As with every analytical technique, ICP-MS suffers from interferences; although the degree
of spectral interference is lower than in ICP atomic emission spectrometry , the opposite is
true in the case of matrix-induced effects.
Plasma gas and matrix species present in the sample solution produce some polyatomic ions
which could cause interferences. Typical of such reactions are those between the most
abundant species Ar, O, H ,solvent acids (Cl, N, S, P) and major salts (Na, Mg, Ca, K,..)
Isobaric overlaps between coincident isotopes of neighboring elements may cause
interferences, but rarely preclude a determination. It is often possible to correct for an
interference by measuring another isotope of the interferent and subtracting the interfering
peak from the wanted one.
Matrix suppression for rock solutions is relatively small. Solid deposition on the sampling
apertures usually limits total dissolved content of the solution to 0.5 or 1 g/1.

TRACE ELEMENT ANALYSIS
The power of ICP-MS for rapid trace multi-element determination in the earth sciences is
natural. The range and combination of elements which can be analysed is very broad. In
practice, analytical methodology is often best developed for specific elemental groups, taking
into account the matrix and sample preparation (Zr, Nb, Hf, Ta, Th, U) , (Mo, W, Tl).

RARE EARTH ELEMENTS
The REEs lie in area of the mass spectrum characterised by minimum interferences and
greatest sensitivity for ICP-MS. All of the REEs have at least one isotope free from isobaric
overlap, and consequently the entire group is easily determined in most geological
samples.Determination of the REEs. Isobaric overlap by the axis of the LREEs on the HREEs
must be monitored, especially where oxide formation seems more prevalent. Most schemes
incorporate 1-5% HNO3 as the final acid medium, the blank spectrum being exceptionally
"clean" in this mass region. With correction for oxide formation and internal standardisation
the preconcentration of the REEs by ion exchange as carried out in ICP-AES is not needed to
obtain the detection limits as low as 0.1-1 ppb in the solid sample. Barium caused some
difficulties in Ba-rich samples that produce significant interferences on Eu. Were Ba levels are
not too high, the Ba interferences can be corrected by running a Ba interference standard. Ion-
exchange sepaaration might be used to separate Ba from the REEs.

PRECIOUS METALS
Gold, silver and platinum group elements ( Ru, Rh, Pd, Os, Ir, Pt), like the REEs, the high
masses of the precious metals Ru-Pd and Os-Pt make them well suited to determination by
ICP-MS. The precious metals occur in most natural materials at very low concentrations and
are very heterogeneously distributed, commonly being concentrated in discrete particles or
phases. Such low abundances and sample inhomogenity, require well-designed samplin
strategies and sample preparation, which incorporate sufficient mixing and grinding to
homogenise the material, to representative aliquot.

ISOTOPIC ANALYSIS
The range of isotope ratio measurements which can be made by ICP-MS is large (Pb, Li, B,
Fe, Cu,Zn, Re, Os,U,..).
The present state of development of ICP-MS for application to biological materials clearly
indicates that the method can provide isotope ratio measurements with precision in the range
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0,1-1,0%. A number of applications concerning the determination of Pb isotope ratios in
geological and environmental studies have been obtained by ICP-MS.

ENVIRONMENTAL ANALYSIS
There are many features which make ICP-MS an attractive technique for environmental
element studies:

1 Rapid, simultaneous analysis with typical sample throughput times of 3- 5 minutes
including washout between samples. This is important in environmental studies where large
sample numbers and a wide range of elemens are normally involved.

2 Low detection limits for many elements not readily determined by other analytical
techniques-(U, Th, Li, B, Be, rare-earth elements, I, Br, Tl, Nb, Mo, Ta, W, Zr, Hf, Rb, Cs,
Ru, Rh, Pd, Re, Os, Ir, Pt, Au, Ge, Sb, Bi, Se, Te).

3 The potential for undertaking small sample analysis, from, for example atmospheric
aerosols, biological materials, where the lower detection limits of ICP-MS enables smaller
sample sizes to be analysed than can be done by other methods. This avoids the necessity for
precontration steps which introduce the possibility of analyte loss or contamination.

4 Enhanced sensitivity for undertaking ultratrace element determinations in aqueous solution
generally below 0.1 ppb. Such low detection limits are desirable for evaluating water quality
in groundwater, fresh and seawater samples.Waters are an ideal medium for analysis by ICP-
MS.

5 The ability to determine isotope ratios provides the opportunity to undertake tracer and
speciation studies (lead isotopes in blood or soil profile,...).
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