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Finally, as many laboratories are now working to established

quality standards, some consideration should be given to third

party certification of the manufacturer to standards such as the

ISO Guide 9000 series. Such certification should extend to the

service organisation.
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An overview of inductively coupled plasma mass
spectrometry (ICP-MS)

Introduction

Inductively coupled plasma mass spectrometry (ICP-MS) brings

together the advantages of the ICP source and mass spectro-

metry instrumentation for routine elemental analysis. Since its

commercial introduction it has been applied to the determination

of trace, minor and major elements in almost every area of

application. A wide range of instrumentation is now available,

from small bench-top ‘quadrupole’ instruments to large floor-

standing ‘multi-collectors’, but all adopt the same basic principle.

A solid, liquid or gaseous analytical sample is introduced into

a high temperature argon annular plasma (the ICP) and the

matrix is atomised and ionised. An aliquot of the ionised sample

is extracted from the plasma and passed into a high vacuum mass

spectrometer where the ions are separated according to their

mass and charge, allowing the analyte ions of interest to be

collected and measured. Quadrupole ICP-MS instrumentation is

used most widely for routine applications and the tabular part of

this report is concerned only with that type of instrument. A brief

description of the other main instrument types is given in this

overview as background information for the reader.

Key features

The introduction of ICP-MS followed many years of routine

commercial application of optical emission and atomic absorp-

tion spectrometry. The unique combination of features offered
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Instrumental criteria

1. High frequency (HF)
generators

Device for generating power at typically
27MHz frequency. Modern instruments use
solid state generators although older
instruments may use other devices.

A high frequency source is required to provide power
for the inductively coupled plasma.

(a) Type of oscillator The oscillators differ mainly in the method
which is used to control the frequency of
oscillation and are variously known as free
running, crystal-controlled, Huth–Kuhn
and tuned-line oscillators. Scoring may be
inappropriate (see reason).

The primary requirement of the generator is stability
(see below). There is no evidence to show that any
one type of generator offers superior performance
for ICP-MS applications. This conclusion pre-
supposes that any generator in question meets the
requirements for stability demanded by the user, and
complies with local and national regulations for HF
shielding and filtering. Modern generators based on
solid state devices have advantages in terms of
physical size when compared to their crystal-
controlled predecessors.

(b) Radiation shielding All oscillators and torch boxes must be
screened to prevent or minimise HF leakage
and such screening must be guaranteed to
comply with the regulations of the country
of operation. Scoring may be
inappropriate.

VI There are strict regulations with regard to the amount
of energy of specified frequencies that may be
radiated from an oscillator. Stray radiation is
a health hazard and interferes with
telecommunications. It may also affect the
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(c) Slurry nebulisation The introduction of finely powdered material
suspended in liquid media using a high
solids nebuliser such as the V-groove type
(see section above).

Aqueous calibrants can be used if particles are small.
However, it is not a general solution to the problem of
solids introduction. The method may be prone to
problems of density settling and consequent
segregation, and the density of the liquid should be
near that of the solid. In short, the particles should be
very fine and uniform in size and the material under
investigation should be homogeneous. Given these
requirements, the physical preparation of samples
(e.g. grinding to an adequate particle size) may not
offer many advantages in comparison with
dissolution procedures.

5. Interface Part of instrument between plasma (operated at
atmospheric pressure) and mass
spectrometer (operated at high vacuum).
The interface section comprises differentially
pumped stages through which plasma gases
are transmitted to the mass spectrometer via
sampling and skimmer orifices. All
instruments are fitted with this device.

The interface is the key component of ICP-MS
instrumentation because it must enable the transfer
of ions from a hot, atmospheric pressure plasma to
a cool, high vacuum system without loss or
contamination. The design and manufacturing
tolerances have a critical influence on the analytical
performance of the instrument.

(a) Choice of material for
sampling and skimmer cones

Different materials (usually copper or nickel)
are used, sometimes with a Pt insert. Score
maximum for the most appropriate range
of material, according to the application.

I The material used for the manufacture of the sampling
cone will contribute to the background spectrum. If
nickel cones are used, a platinum insert is required if
low levels of Ni are to be determined.

(b) Ease of exchange of
sampling and skimmer cones

Sampling and skimmer cones must be regularly
cleaned and occasionally replaced. Score
highly for a system which allows for easy
removal and refitting of the cones.

VI The cones must be removed for regular cleaning to
remove build-up of material at the orifices. Erosion
of the sampling orifice also necessitates removal for
replacement.

(c) Cost of cones Sampling cone and skimmer degrade with use
and may need to be replaced. Score
maximum for the availability of
appropriate quality cones at the lowest cost.

I The cost of replacing cones may account for
a significant part of the instrument’s consumables
budget.

(d) Ion extraction lenses The lenses which are positioned closest to the
back of the skimmer are largely used to
extract positively charged ions from the ion
bean. Score maximum for easy accessibility
to the ion lens assemblies, robustness of
construction and for ease of cleaning.

I These components require regular cleaning to avoid
deterioration in the performance of the instrument
and attention should be given to the ease of removal
and replacement.

(e) Collision or reaction cells An optional device used to reduce/remove
isobaric interference and/or enhance
sensitivity. One or more gases added to the
cell and interact with the ions before they
enter the quadrupole. Gases may be inert
(eg He, Xe) or reactive (e.g. H or methane).
Score higher for good gas flow control and
facility to introduce mixtures.

These components may reduce sensitivity or enhance
it. Choice of type and amount of gas is critical, as is
stable flow control. Requires careful optimisation
for each application.

6. Vacuum system Older instruments used rotary pumps, either
alone or in combination with an oil
diffusion pump for regions requiring the
highest vacuum. Most modern instruments
are supplied with a combination of rotary
and turbo molecular pumps. Score
maximum for the fastest pump-down time.
Score additionally for minimum water
consumption (if water is required for
cooling) and for vacuum pumps that
require minimum maintenance and have
lower replacement costs.

I Rapid pump-down times reduce instrument down time
after routine maintenance. Turbo-molecular pumps,
which may be air- or water-cooled, require minimal
maintenance because, unlike rotary or oil diffusion
pumps, routine changes of contaminated oil are
unnecessary. Using a rotary pump as a ‘‘roughing
pump’’ prior to a turbo molecular pump is an
optimal combination to achieve rapid pump-down
and high vacuum.

7. Ion detector Device used to collect and measure the
number of ions emerging from the analyser.

(a) Type of detector Three types are currently fitted to commercial
instruments. In some cases, a choice is
available either at the time of purchase, or
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8. Instrument control and
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