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Abstract
A financial model was developed to help the metals laboratory using graphite furnace atomic absorption and
inductively coupled plasma optical emission spectroscopy
calculate the potential savings by switching to inductively
coupled plasma mass spectrometry. Results based on
several typical laboratory examples are presented.

Introduction
The past 5 years have seen significant growth in
the use of inductively coupled plasma mass spectrometry (ICP-MS) for the analysis of trace metals
in many applications in the environmental, semiconductor, geological, and health sciences industries. This growth is driven by three factors. First is
the need for increasingly lower limits of detection
for many metals in many applications. Second is
the significantly improved performance, reliability,
and ease of use of modern ICP-MS instruments.
And third is economics.
Traditionally, most elemental analysis has been
performed by either atomic absorption (AA) or
optical emission spectroscopy (OES). Generally,
the ultratrace (sub-ppb) elements were measured
by graphite furnace atomic absorption (GFAA), a
highly sensitive single-element technique. The trace
and minor (ppb to ppm) elements were measured

by inductively coupled plasma optical emission
spectroscopy (ICP-OES), which is less sensitive but
capable of simultaneous multi-element analysis.
As the need for sub-ppb detection limits extends to
more elements in more samples, ICP-OES becomes
less useful and the reliance on GFAA increases.
However, GFAA, while sensitive, is slow, expensive
to operate, and has limited dynamic range.
Because GFAA is much slower than ICP-OES,
many routine labs have a dedicated GFAA instrument for each analyte that is required to be measured by GFAA - multiple GFAAs working with one
ICP-OES. Furthermore, the analysis of mercury
will add the need for a third technique, either cold
vapor AA or atomic fluorescence. However, in the
interest of simplicity, a separate mercury analyzer
was not considered in the examples used. Each of
these techniques may require separate sample handling and preparation, as well as separate analysis,
data processing and archival, significantly increasing the cost per sample.
The subject of this application note is to evaluate
the productivity and cost effectiveness of ICP-MS
as a routine, highly sensitive, multi-element technique where a single ICP-MS instrument has the
potential to replace an ICP-OES, multiple GFAAs,
and a mercury analyzer for most routine elemental
analyses. The analytical applicability of ICP-MS to
many types of samples is already well established.
More recently, the introduction of the Octopole
Reaction System on the 7500 Series ICP-MS instruments from Agilent has removed the final performance barriers that have prevented ICP-MS being
proposed as a complete replacement for GFAA and
ICP-OES.

Methods
To facilitate this study, a spreadsheet-based
sample cost comparison model was developed in
Excel. This tool allows the user to provide detailed
parameters related to numbers and types of samples, as well as associated costs of sample
preparation, instrumentation, and analysis. Output
is simply cost of analysis per sample. Also
reported are the total time required for sample
analysis per month, the number of analysts
required, and the number of instruments. The
model compares the results for GFAA, ICP-OES,
and ICP-MS. While it will allow almost any values
to be entered for most parameters, the results presented here are based on values obtained from several commercial laboratories doing these analyses.
No model can exactly predict the results for all situations and still be simple enough to be useful.
Therefore, in the interest of simplicity, a number of
assumptions were made in the design of the model
and in the example data entered. We feel that the
assumptions are realistic and do not impart significant bias on the results. The tool is easy to use and
can allow a laboratory to quickly and simply evaluate the cost effectiveness of the three techniques
based on laboratory-specific information.

Assumptions
• GFAA system costs US$30K
• ICP-OES system costs US$100K
• ICP-MS system costs US$180K
• Cost of funds (finance) is 6%
• General facilities costs, such as laboratory
space, utilities etc., are ignored since they are
difficult to estimate and do not significantly
affect the results in most cases.
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• An instrument operator can keep a modern,
automated GFAA, ICP-OES, or ICP-MS running
for two shifts (16 hours) per day. When analysis
times exceed 16 hours per day for any technique, additional instrumentation and operators will be required. Instruments are added in
increments of one; operators are added in fractions since it is assumed that they can be
shared with other tasks in the laboratory and
cost calculations are based only on the portion
of time the operator spends on the specific
analysis.
• GFAA is a single element technique. Instruments with multiple lamps still perform a single
analysis at a time. Typical analysis time is
90 seconds per element and each element
requires two replicate analyses (burns).
• ICP-OES and ICP-MS are multi-element techniques and the number of elements does not
significantly effect the analysis time. This is not
strictly true, but the assumption is
reasonable for the sake of simplicity.
• GFAA will use pressurized argon and the
consumption is 40 hours of use per cylinder
($100).
• GFAA graphite tubes and platforms cost $50
per set and last for 100 burns.
• ICP-MS and ICP-OES will use liquid argon and
the typical consumption is 3 weeks of use per
dewar ($250).
• ICP-MS detectors last typically for 3 years and
the cost per year is amortized based on 3-year
lifetime.

Results
Several typical laboratory scenarios were evaluated by varying the current instrument complement of the laboratory, and by varying the current
and anticipated number of samples to be analyzed
per month. Also examined was the effect of the
number of elements that must be analyzed by
GFAA (in the case of laboratories without ICP-MS)
to meet required DLs.

Scenario 1
Laboratory currently has one GFAA plus one
ICP-OES, which are paid for. ICP-MS must be
purchased and amortized over 3 years. See Table 1.
Table 1.

Scenario 1

Samples/
month

GFAA
elements

# GFAA
required

Cost/sample
GFAA +
ICP-OES

# ICP-MS
required

Cost/
sample
ICP-MS

Savings/
month

400

8

1

$41

1

$30

$4,536

1000

8

2

$33

1

$15

$18,196

5000

8

9

$31

2

$9

$112,968

# ICP-MS
required

Cost/
sample
ICP-MS

Savings/
month

Scenario 2
Laboratory currently has two GFAA plus one
ICP-OES, which are paid for. ICP-MS must be purchased and amortized over 3 years. See Table 2.
Table 2.

Scenario 2

Samples/
month

GFAA
elements

# GFAA
required

Cost/sample
GFAA +
ICP-OES

400

8

1

$41

1

$30

$4,536

1000

8

2

$32

1

$15

$17,283

5000

8

9

$31

2

$9

$112,055

Cost/
sample
ICP-MS

Savings/
month

Scenario 3
Laboratory currently has no instrumentation and
must decide on purchasing GFAA plus ICP-OES
versus ICP-MS. See Table 3.
Table 3.

Scenario 3

Samples/
month

GFAA
elements

# GFAA
required

Cost/sample
GFAA +
ICP-OES

# ICP-MS
required

400

8

1

$51

1

$30

$8,491

1000

8

2

$37

1

$15

$22,151

5000

8

9

$32

2

$9

$116,923
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Scenario 4
Comparison of costs per sample as a function of
number of GFAA elements. (All instruments must
be purchased.) See Table 4.
Table 4.

Scenario 4

Samples/
month

GFAA
elements

# GFAA
required

Cost/sample
GFAA +
ICP-OES

# ICP-MS
required

Cost/
sample
ICP-MS

Savings/
month

1000

2

1

$24

1

$14

$9,601

1000

4

1

$28

1

$14

$12,751

1000

8

2

$38

1

$14

$22,151

1000

10

3

$42

1

$14

$27,490

Discussion

Return on Investment for ICP-MS

In all cases, even when the laboratory already
owns two graphite furnaces and one ICP-OES (a
common configuration) and must purchase the
ICP-MS, the cost per sample is lower for ICP-MS.
This is mainly due to the high cost of consumables
for GFAA plus the fact that GFAA and ICP-OES
requires two separate sample prep steps. Additionally, as the number of samples increases from
a conservative number of 400 per month to 1000
and 5000 per month, the differential becomes
much greater. This is caused by rapidly increasing
labor costs for GFAA, as well as the much higher
sample capacity of ICP-MS, lower consumables
costs, and requirements for only a single sample
prep.

A simple return on investment (ROI) can be calculated from the above tables. In this case, the cost
per month of the new ICP-MS system is approximately US $5500.00 (assuming purchase price of
US$180K financed for 3 years at 6%). Figure 1
shows the payback times for a laboratory that
already owns two GFAAs and one ICP-OES as a
function of the sample load. The y-axis represents
the accumulated monthly savings of using ICP-MS
versus GFAA + ICP-OES for three different sample
loads compared to the unpaid balance on the
ICP-MS instrument. As can be seen, the accumulated savings of ICP-MS is equal to the payoff
amount after just 4 months when analyzing
2000 samples per month. Even when analyzing as
few as 400 samples per month, the accumulated
savings is sufficient to pay off the ICP-MS instrument in around 20 months. In this case, eight furnace elements are assumed. Other assumptions are
as above.
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Cumulative return on investment of ICP-MS purchase for three sample levels plotted against the monthly unpaid balance
on the ICP-MS. In this case, it is assumed that the accumulated revenue will be used to pay off the loan when the balance
equals the residual loan amount. At that point, the net monthly revenue is increased by the loan amount. In this example,
laboratories running 2000 samples per month will be able to pay off the ICP-MS in about 4 months, 1000 sample laboratories
in about 8 months, and 400 sample laboratories in about 20 months. At the end of 36 months (the original loan period), net
revenue exceeds $200K for the 400 sample lab, $750K for the 1000 sample lab, and $1.7 million for the 2000 sample lab.

Conclusions
For almost any metals laboratory, analyzing at
least 100 samples per week (400 per month) and
using a combination of GFAA and ICP-OES for the
analysis, converting to ICP-MS will save money.
Depending on the number of samples, the payback
for the ICP-MS can be as short as a few months.
The cost advantages are not reduced significantly,
even if the laboratory already owns its GFAA and
ICP-OES instruments. They are also not significantly affected by the number of GFAA elements.
As Scenario 4 shows, for the laboratory analyzing
at least 1000 samples per month with only two elements by GFAA, the cost savings of switching to
ICP-MS is approximately $10,000 per month. Add
to this the increased confidence in results
obtained by ICP-MS, the ability to analyze all analyte elements at GFAA (or better) DLs, and the
robustness and simplicity of operation of modern
ICP-MS instruments, and the choice becomes
simple. The productivity of ICP-MS in a highvolume laboratory can quickly pay off the purchase price and increase laboratory profitability
significantly.
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