
Evaluation of analytical instrumentation

Part XXIV. Instrumentation for quadrupole inductively coupled plasma mass spectrometry†

Received 14th June 2010, Accepted 14th June 2010

DOI: 10.1039/c005443g
The Analytical Methods Committee has received and approved the following report from the

Instrumental Criteria Sub-Committee.
Introduction

The following report was compiled by the above Sub-Committee

of the AMC, which consisted of Prof. S. Greenfield (Chairman),

Dr C. Burgess, Prof. S. J. Hill, Prof. K. E. Jarvis, Dr G. Lord,

Dr M. Sargent, Prof. P. J. Potts, Dr J. Price and Dr M. West with

Dr E. J. Newman as Secretary. The initial input of the features

for consideration was undertaken by a working party comprising

Prof. K. E. Jarvis and Dr M. Sargent to whom the committee

expresses its thanks.

The purchase of analytical instrumentation is an important

function of many laboratory managers, who may be called upon

to choose between wide ranges of competing systems that are not

always easily comparable. The objectives of the Instrumental

Criteria Sub-Committee are to tabulate a number of features of

analytical instruments that should be considered when making

a comparison between various systems. As is explained below, it

is then possible to score these features in a rational manner,

which allows a scientific comparison to be made between

instruments as an aid to selection.

The over-all object is to assist purchasers in obtaining the best

instrument for their analytical requirements. It is hoped that this

evaluation will, to some extent, also help manufacturers to

supply the instrument best suited to their customers’ needs. It is

perhaps pertinent to note that a number of teachers have found

the reports to be of use as teaching aids.

No attempt has been made to lay down a specification. In fact,

the Committee considers that it would be invidious to do so. It

has tried to encourage the purchasers to make up their own

minds as to the importance of the features that are on offer by the

manufacturers.

The XXIVth report of the Sub-Committee deals with instru-

mentation for quadrupole inductively coupled plasma mass

spectrometry.
Notes on the use of this document

The guidelines are intended to be used as a checklist of

features to be considered, mostly of the instrument itself, but

also of service requirements and any existing relationship

between the user and manufacturer. The relative importance

of these features will depend on a number of factors which
in some circumstances could be subjective. However, if all

the points have been considered, the choice should be

informed.
Column 1.
 The features of interest.

Column 2.
 What the feature is and how it can be evaluated.

Column 3.
 The Sub-Committee has indicated the relative
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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.
Other reports

The Analytical Methods Committee has published the following

reports in the series:

Part I. Atomic absorption spectrophotometers, primarily for

use with flames, Anal. Proc., 1984, 21, 45. Revised in Analyst,

1998, 123. 1407.

Part II. Atomic absorption spectrophotometers, primarily for

use with electrothermal atomizers, Anal. Proc., 1985, 22, 128.

Revised in Analyst, 1998, 123, 1415.

Part III. Polychromators for use in emission spectrometry with

ICP sources, Anal. Proc., 1986, 23, 109.

Part IV. Monochromators for use in emission spectrometry

with ICP sources, Anal. Proc., 1987, 24, 3.

Part V. Inductively coupled plasma sources for use in emission

spectrometry, Anal. Proc., 1987, 24, 266.

Part VI. Wavelength dispersive X-ray spectrometers, Anal.

Proc., 1990, 27, 324.

Part VII. Simultaneous wavelength dispersive X-ray spec-

trometers, Anal. Proc., 1991, 28, 312.

Part VIII. Instrumentation for gas–liquid chromatography,

Anal. Proc., 1993, 30, 296.

Part IX. Instrumentation for high-performance liquid

chromatography, Analyst, 1997, 122, 387.

Part X. Instrumentation for inductively coupled plasma mass

spectrometry, Analyst, 1997, 122, 393.

Part XI. Instrumentation for molecular fluorescence

spectrometry, Analyst, 1998, 123, 1649.

Part XII. Instrumentation for capillary electrophoresis,

Analyst, 2000, 125, 361.

Part XIII. Instrumentation for UV-VIS-NIR spectrometry,

Analyst, 2000, 125, 367.

Part XIV. Instrumentation for Fourier transform infrared

spectrometry, Analyst, 2000, 125, 375.

Part XV. Instrumentation for Gas chromatography-ion-trap

mass spectrometry, Analyst, 2001, 126, 953.

Part XVI. Evaluation of general user NMR spectrometers,

Accred. Qual. Assur., 2006, 11, 130.

Part XVII. Instrumentation for inductively coupled plasma

atomic emission spectrometers, Accred. Qual. Assur., 2005, 10,

155.

Part XVIII. Differential scanning calorimetry, Accred. Qual.

Assur., 2005, 10, 160.

Part XIX. CHNS elemental analysers, Accred. Qual. Assur.,

2006, 11, 569.

Part XX. Instrumentation for energy dispersive X-ray

fluorescence spectrometry, Accred. Qual. Assur., 2006, 11, 610.

Part XXI. NIR instrumentation for process control, Accred.

Qual. Assur., 2006, 11, 236.

Part XXII. Instrumentation for liquid chromatography/mass

spectrometry, Accred. Qual. Assur., 2007, 12, 3.

Part XXIII. Portable XRF instrumentation, Accred. Qual.

Assur., 2008, 13, 453.
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

http://dx.doi.org/10.1039/c005443g


magnetic fields, in turn, cause the electrons and ions (which have

previously been "seeded" in the argon gas by means of a Tesla
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Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

Non-instrumental criteria

Laboratories in possession of other
spectrometers should score highest for the
manufacturer with the best past record
based on the following sub-features:

(a) Previous instruments
(i) Innovation Company’s record for instruments with

innovative features.
I The manufacturer should be aware of new techniques

in ICP-MS.
(ii) Reliability record Company’s record for instrument reliability. I Reflects the company’s ability to employ good design

and manufacturing practices.
(iii) Similarity of operation,

layout & design (including
software) to existing
instruments in the laboratory

For routine purposes, this may be important.
However, this may be less important for
research applications

I Similarity of design and operation means that
operators can draw on in-house expertise, resulting
in reduced costs and time for training. It may also
maximise the use of spares and fittings.

(iv) Confidence in the supplier Confidence gained from past personal
experience.

I The benefits arising from good working relationship
already in place.

(b) Servicing Score according to manufacturer’s claims and
past record, judged by the sub-features (i)
to (iii) below:

(i) Service support Availability of suitable service support from
the supplier, agent or third party
contractor.

I/NVI Essential to ensure reliable operation over the planned
working life of the instrument. Often available as
trouble-shooting self-help documentation and off-
site repair.

(ii) Availability, cost and
delivery of spares

Range of stock carried by, or quickly available
to, the manufacturer/agent/ contractor.

VI Rapid delivery of spares reduces down time.

(iii) Effectiveness of service
support

The ability of the supplier to identify and
repair faults as judged from previous
experience and reports of others.

VI A rapid response reduces down time. Note that the
guaranteed response may depend on the proximity
of the service centre for off-site repairs and that
travel/transport costs may be a factor.

(c) Technical support Score according to manufacturers’ claims and
past record, judged by the sub-features (i)
to (vi) below:

VI (for new
users)/I

Rapidly available technical help reduces errors and
enhances productivity.

(i) Applications department The advice and training available from the
manufacturers’ applications department.

This helps in-house staff to optimise measurements for
new applications.

(ii) Technical literature The range and quality of technical literature,
including the operating manual.

The availability of quality technical literature helps
operators optimise the use of the instrument.

(iii) Telephone and internet
assistance

Willingness of the manufacturer/ supplier/
contractor to give advice over the telephone
or internet. This can normally be evaluated
by reference to existing users.

I Rapidly available technical help reduces the number of
call outs and enhances productivity.

(iv) Training This includes initial training when setting up the
instrumentation and subsequent support.

I A comprehensive training scheme will ensure that
operators and instrumentation are working
effectively.

(v) User group meetings &
specialist conferences

Meetings, conferences and technical briefings
organised for users of instrumentation by
the manufacturer or third party.

Other users are often the best source of advice on
problems, solutions and applications.

(Contd. )

Technique Scope Detection limit range* Advantages Disadvantages

AAS Most metals ng L�1 to mg L�1 Sensitive, few spectral
interferences. Low cost
instruments with
relatively low running
costs.

Single element, slow, limited
dynamic range. Most
applications require
sample dissolution.

XRF The majority of elements mg L�1 and above Rapid analysis of solid
samples with minimum
preparation. Low
running costs.

Matrix effects necessitate
matched calibrants or
correction algorithms.

* Detection limits are values in solution: fg L�1 ¼ 1 part in 1012, ng L�1 ¼ 1 part in 109, mg L�1 ¼ 1 part in 106.

1210 | Anal. Methods, 2010, 2, 1206–1221 This journal is ª The Royal Society of Chemistry 2010
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(Contd. )

Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

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

http://dx.doi.org/10.1039/c005443g


(Contd. )

Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

(g) Coupling efficiency The fraction of power supplied to the coil
which is transferred to the plasma. The
power in the plasma can be determined
directly by calorimetric measurement or

http://dx.doi.org/10.1039/c005443g
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(Contd. )

Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

Concentric nebuliser Device utilising a micro-bore tube for liquid

http://dx.doi.org/10.1039/c005443g
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(Contd. )

Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

(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

http://dx.doi.org/10.1039/c005443g


(Contd. )

Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

(i) Continuous dynode electron
multiplier

Measures the number of ions by conversion to
electrons, which are multiplied by
interaction with a continuous dynode. Can
be vented to air without serious damage,
although this action is likely to reduce the
lifetime.

I This type of detector has a limited lifetime which 75.iwith

D
ow

nl
oa

de
d 

on
 2

6 
Se

pt
em

be
r 

20
11

Pu
bl

is
he

d 
on

 0
9 

A
ug

us
t 2

01
0 

on
 h

ttp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
00

54
43

G
View Online

http://dx.doi.org/10.1039/c005443g


(Contd. )

Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

8. Instrument control and
monitoring

(a) Instrument functions Many manual controls on earlier instruments
have now been replaced by computerised
control systems. In addition, essential
safety interlocks can be monitored by the

http://dx.doi.org/10.1039/c005443g


(Contd. )

Manufacturer/model number:

Feature
Definition and/or test procedures and
guidance for assessment Importance Reason

(d) Operating system System under which the manufacturer’s
software operates. Score if the operating
system is compatible with software that
already exists in the user’s laboratory.

I Raw and processed data files may need to be
transferred to other computers for off-line
manipulation. Initial training is also simpler if
operators are already familiar with the operating

http://dx.doi.org/10.1039/c005443g
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