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Consider what it costs to run
your trace element analysis.

'ou’ve been using flame and
Ygraphite furnace atomic

absorption (FAA and GFAA)
for as long as you can remember.
Very gradually, your workload has
been increasing, and now you
cannot cope with the number of
samples coming into your lab. You
think an inductively coupled
plasma mass spectrometer (ICP-
MS) will be the best option, but
you've heard that it's much more
expensive to run. What do you
do? Purchase an ICP-MS and
accept that it will be more expen-
sive to run, invest in an ICP opti-
cal emission system (ICP-OES), or
just stick with what you know
and buy more AA equipment?
How often are lab managers put
in this position, without really
knowing what it costs to run
these techniques?

For the purpose of this study,
let’s assume that the major operat-
ing costs associated with running
AA instrumentation are the gases,
power, and consumables. Although
the costs of the operator’s salary,
lab space, and sample preparation
can legitimately be called operat-
ing expenses, they will not be used
in this exercise. The evaluation
will be based on a typical lab run-
ning its instrument 20 hours per
week and 50 weeks per year (1000
h/year). It must also be remem-
bered that these costs are only
approximations and should only
be used for comparison purposes.

Gases

Most FAA systems use acetylene as
the combustion gas and air or
nitrous oxide as the oxidant. Air is
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introduced by a compressor, while
acetylene and nitrous oxide are
available in high-pressure cylin-
ders. Normal AA-grade acetylene
cylinders contain 350 ft3 (10,000
L) of gas. Nitrous oxide is pur-
chased by weight and comes in
cylinders containing 50-60 b of
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atmosphere in the graphite tube.
At this rate, one cylinder will last
about 550 h, and the lab will
spend $200 annually.

Gas consumption in ICP-QES
and ICP-MS is similar. Both con-
sume gaseous argon at rates of
15-20 L/min, which means a
cylinder of argon would last only
10 h. For this reason, most users
install a liquid supply of argon. A
typical tank of liquid argon con-
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gas, which is equivalent to 480 ft?
(14,000 L). Each cylinder of gas
costs $200. Normal acetylene flow
rates in FAA are 2 L/min; there-
fore, a cylinder should last 80 h.
Air-acetylene is the most com-
mon gas mixture used, whereas a
nitrous oxide-acetylene gas mix-
ture has traditionally been
reserved for the more “refractory”
elements, such as zirconium and
niobium. For this exercise, we will
assume that no nitrous oxide is
being used. Therefore, a labora-
tory can expect to consume 12
cylinders of acetylene annually at
a cost of approximately $2500.
The only gas that GFAA uses
routinely is high-purity argon,
which costs $100 for a cylinder
containing 350 ft> (10,000 L) of
gas. Typically, argon flow rates
approaching 300 mL/min are
required to maintain an inert

tains about 180 L, which is equiv-
alent to 4800 ft3 (136,000 L) of
gas, and costs $500. On average,
this would last 135 h and trans-
lates to seven fills or $3500 per
year. The use of gas cylinders
would elevate this cost to more
than $10,000. Because liquid
argon naturally bleeds off, gas
cylinders are probably the best
option for labs that use their
instruments infrequently.

Power
I am basing my calculations for
power consumption on electricity
costing about 20 cents per kilo-
watt hour (kWeh). This will vary
depending on the location and
demand, but it represents a good
approximation for this exercise.
The power in an FAA system is
basically used to supply current
to the hollow cathode lamps and
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[image: image2.png]the onboard microprocessor, which
controls functions such as burner head
position, lamp selection, photomulti-
plier tube voltage, and grating posi-
tion. As a typical instrument requires
less than 1000 W of power, it will be
drawing less than 1000 kW/year.
Assuming electricity prices of
$0.20/kW, the power for FAA would
cost $200/year.

A GFAA uses considerably more
power than an FAA because a separate

power unit is used to heat the graphite
tube. In routine operation, ramp heat-
ing of the tube to an atomization
temperature of 2700 °C takes approxi-
mately 3 min. At this temperature, it
requires a maximum power of 3.5 kW
for 10-20 s. This heating cycle, com-
bined with the power requirements for
the rest of the instrument, represents
an annual cost of $400.

ICP-0ES and ICP-MS have similar
power requirements because their
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radio-frequency generators have simi-
lar designs. On the basis of the voltage,
magnitude of the current, and number
of power lines used, the majority of
modern instruments draw 4 or 5 kW of
total power. This works out to
$1000/year.

Consumables

It is important to know that the costs
of consumables differ significantly
because of the inherent differences
among the major atomic spectroscopy
(AS) techniques.

The major consumables used in FAA
are the hollow cathode lamps. Depend-
ing on usage, you should plan to
replace two or three of them every
year, at a cost of $300-400 for a good-
quality, single-element lamp. Another
minor cost is nebulizer tubing and
autosampler tubes. Although these
are relatively inexpensive, allowances
should be made for their replacement.
The cost of lamps, nebulizer tubing,
and a sufficient supply of autosampler
tubes should not exceed $1300/year.

If the sample type isn't too corro-
sive, a GFAA tube should last 300 heat-
ing cycles (firings). A normal heating
program of 3 min/cycle equates to 20
firings/h. Thus, a lab will use 70
graphite tubes each year. There are
many designs of graphite tubes, but we
will base our calculations on the use of
platform-based tubes, which cost $50
each. When the costs of graphite con-
tact cylinders, hollow cathode lamps,
and a sufficient supply of autosampler
cups are added, the total cost will reach
$5000/year.

The predominant consumable in
ICP-0ES is the torch, which consists of
three concentric quartz tubes. Many
different designs are available, but
each costs approximately $500 for a
complete system. Depending on sam-
ple workload and matrices being ana-
lyzed, a lab will need to replace a torch
every 4 to 6 months. When 0O-rings, RF
coil, spare nebulizer components, peri-
staltic pump tubing, and autosampler
tubes are added, the annual cost of
consumables for ICP-OES approaches
$2300. For this exercise, we won't
include the cost of the power amplifier
tube used in older model radio-
frequency generators.

Besides the plasma torch and sam-
ple introduction supplies, ICP-MS
requires consumables related to the
mass spectrometer. The interface
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[image: image3.png]region between the plasma and the
mass spectrometer contains the sam-
pler and skimmer cones, which are tra-
ditionally made of nickel for most
matrices, or platinum for highly corro-
sive samples and organic matrices. A
set of nickel cones costs $1000,
whereas a set of platinum cones is
$3000. Two sets of nickel cones and
perhaps one set of platinum cones are
required per year. The other major con-
sumable in ICP-MS is the detector,
which has a lifetime of one year and
costs $2500. Some systems also have a
replaceable ion lens. It is suggested
that five of these, at $100 each, are
required for a routine work year.

Together with vacuum pump oil,
0O-rings, and gaskets, ICP-MS con-
sumables represent an annual
cost of $11,000.

The costs of calibration stan-
dards, reference materials, and
acids should also be considered,
but they are not strictly instru-
ment running costs and therefore
were not used in this evaluation.
The estimated annual operating
costs of the four techniques are
summarized in Table 1.

Cost per Sample
We can take this a step further and
calculate the operating costs per
individual sample. If we assume
that a laboratory determines 10
analytes per sample, how many
samples can each technique run
on an annual basis?

A duplicate analysis for a single
analyte in FAA takes 20 s, which is
equivalent to 180 analytes/h or
180,000 analytes/year. For 10 ana-
lytes, this represents 18,000 sam-
ples/year at a cost of $0.22 per
sample. By comparison, a single

analyte by GFAA takes 6 min for a dupli-
cate analysis, which is equivalent to 10
analytes/h or 10,000 analytes/year. For
10 analytes/sample, this represents
1000 samples/year at a cost of $5.60 per
sample. If a multielement GFAA is used,
these costs will be reduced to $1.40 per
sample, as up to four elements can be
determined simultaneously.

A duplicate ICP-OES analysis for as
many analytes as required takes 3 min.
This is equivalent to 20 samples/h or
20,000 samples/year, and the annual
cost per sample is $0.34. A similar ICP-
MS analysis also takes 3 min, so these
20,000 samples/year would cost $0.78
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FAA is the least
expensive to
operate, followed

in order by GFAA,
ICP-OES, and
ICP-MS.

per sample.

For smaller labs with a lower analyte
workload, FAA and GFAA will look
much more attractive if the running
costs are based on cost per analyte. For
example, in a lab that’s running a set of
samples that require just one analyte,
the cost per sample for FAA and GFAA
will be $0.02 and $0.56, respectively,
whereas the costs of ICP-OES and ICP-
MS will remain the same. These costs
are summarized in Table 2.

Summary

It can be seen from this evaluation
that based on operating costs, FAA is
the least expensive to operate, fol-
lowed in order by GFAA, ICP-OES, and
ICP-MS. However, if the numbers of
samples and analytes are considered,
the picture changes. It must be re-
emphasized that these figures have
been generated for a “typical” lab
workload using “average” prices. Every
situation is unique, so the numbers
should be treated with caution and
only used as a guide.

It is important to remember that
there are many criteria to consider
when selecting a trace element tech-
nique (1). Operating costs are just one
of them, and they should not prevent
you from choosing an instrument
based on your analytical requirements.
But, if more than one of these tech-
niques fulfills your analytical needs,
then knowledge of the operating costs
will help you make the right decision.
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Crossword Puzzle

Job Lots and Whatnots

Across 48. One kind of Britisher 7. Get lost (2 words)
Down-and-out’s placard 51. Of a servant like a slave 19. Sodium (symbol)
(4 words) 54, Ram's relation 21. Gladiator’s job site
13. Unscabbed sore: __ 55. Web 22. Pins in a strike
wound 56. Negative 23. Job announcement
14. Not old 57. “Bailsafe” for 49 down (2 words)
15. “Jeffersonian” metal (2 words) 24. Employment option
(symbot) 25. Iowa town
16. Place to stay Down 27. Yell
17. Styling or electrophoresis 1. Real job for most actors 29. Job jump up
18. Fired (2 words) 30. 0ld you
20. Lincoln’s lad 2. Not out 36. Sweet potato
21 “_ of Two Cities” 3. English truck 38. Job with an attitude
25. War god 4. Record (abbr.) 40. Stopand ___
26. Separation method (abbr.) 5. Make moist (2 words) 42. North Pole employer
28. Occupation 6. Off's opposite 43. Not smooth
31. Vertically big 7.  Part of rope with a crick 45. Not “a” application,
32. Has or might have ___ in its neck but
33. Once he built a railtroad... 8. Regaled 47. Prior to received
34. Low-down worker 9. Balance due 49. Big boss (abbr)
35. Yearly gross 10. Musical Note—"A long, 50. Gives a hoot
37. What winds do long way to go...” 52. Watson's famous molecule
39. Long __and far away 11. “Allfor __and _ forall””  53. A female deer
41, Light with its act together 12. Quintessential cartoon See the TCAW Web site (http://
44. ___ bene employee pubs.acs.org/tcaw) for puzzle
46. Sun god 16. Have's past solution.
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	Technique
	Gases
	Power
	Supplies
	Total

	FAA
	2,500
	200
	1,300
	4,000

	GFAA
	200
	400
	5,000
	5,600

	ICP-OES
	3,500
	1,000
	2,300
	6,800

	ICP-MS
	3,500
	1,000
	11,000
	15,500


Table I: Estimated annual operating cost (US$) for an AS instrument running 1000 hours/year

	Technique
	Operating Cost/Sample (a)
	Operating Cost/Sample (b)

	FAA
	0.22
	0.02

	GFAA
	5.60 
	0.56

	ICP-OES
	0.34
	0.34

	ICP-MS
	0.78
	0.78


Table 2: Estimated AS operating costs for samples requiring (a) ten analytes; (b) one analyte.
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