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AN'ALY_T.ICAL INSTRUMENTATION: CAVEAT EMPTOR

Ralph McLaughlin
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Twenty years.EQO'1nstrumentation in chemistry laboratories con-
jsted of a balance, bunsen burner, and perhaps a co]orimeter; A réa]]y
wel].equipped 1abdratory»might a]éo'possess a Beckmah DU Spectropho-
.tometer. That description is a'far cky from today‘s situation Whére
the'analytical chemist ‘has a large number of techniques avai]ab]e‘
to him (see Table 1). The cdsf of'instrumentatibn.that is based on
b'theée techniques ranges from a few tens of dollars for such'things és
1nd1§ating co]umné, to a‘few'huhdreds of doTTars for such things
és.pH_meters and specific'iOn méters, to tens of thousands of dollars
for such:things as atomic absOrptioﬁ andvx;ray f]uorescénce instruments,
to over 100,000 dollars forvsuch things as spark source mass spectro-
graphs, e]ectroh speétrometers for'chemical ana]ysjs and combination gas
chromatograph mass spectrographs. It is even possible to spend more
than a million ‘dollars on such techniques as neutron activation analysis,
since a nuclear reactor is kequired, or on techniques that utilize |
~the beam from an acce]érator._ It is hard to find any other commodfty
that covers such a 1arge price range. .

Not only 1is there a large variety*of instrumentétion covering
a large price range; but in addition instruments that depend oﬁ the
vbsame opérating principie are undergoing rapid evolution. Comparison of

the.earTy instrumentation for flame phbtometry_with the automated



"1ndUCtiVe1y coupled plasma of today that tabuTates'concentrations of
20 or more eleménts in a few minutesfis'no less dramatic than the |
eomparison of the Wright Brothers first airp]ane with the‘present

‘Boeing 747. The makers of analytica1 instruments shouldebe compli-
mented on the'rapid progress that has been made-in thisvfield.léHowever,
exciting as these deve]bpments are they make‘the purchase of thev'

.r1ght 1nstrument a more d1ff1cu1t job for the ana]yst.

Untike the a1rp1ane, it is. not a]ways easy to tell if the
ana]yt1ra1 1nstrument is funct1on1ng proper]y. In many cases the instru-
ment pr1nts out a number that does not tru]y represent a measure of:

. the parameter that the ana]yst wanted to determine. _One_of the cha]}enges
in purchasing an 1hstrument is to be aware of such problems, before

‘the dea] -is closed. The best way te meet this challenge is to be" B
as familiar as possible with the 11m1tat1ons of the techn1que that
forms the basis of operat1on of the 1nstrument

Take atomic absorpt1on spectrometers as/ an example. The basis
. of operation of this anstrUment.dependsvon the change in light intensity.
that results when atoms of'the'ana]yte absorb-]ight_that corresponds
to the energy of ground state transitions. Naturally this means
rthat anything'that diminishes the 1ight'1ntensity while the analyte.
atoms are be1ng injected into the opt1ca] path w111 be read by the

1nstrument as additional atoms of the ana]yte. This includes such

‘th1ngsvas molecules that absorb the light in the same‘spectra] regien.as

‘the ana]yte and particles that.scatter the']fght. Various manufactUrers
vhaVe,various.methOds'ovaOrrecting.for.this effect which are more or

less effective. In order to'purchase the best instrument for the job



the analyst must-kndw.how to evaluate the 1mportahce of these effects

to his particular problem and the effect1veness of 1nstrumenta1 correct1ons.
The first step then is to define the ana]yt1ca1 problem. _Thjs_1sv

thCh easier to do if the need is to ana]yze the same sample type re-

| peated]y_(i.e.; the quality.control of'drihking:Water) than it is if

the 1a50ratory is,presehted a Targe variety pf sample types (i.e., ocean

‘water, industriallefflpents end Waste.water'from'sewage'treatment).

No instrument is comp]ete]y free of sample matr1x effects. In fact, the

- most effect1ve approach may be to carry out extens1ve chem1ca1 pre-

‘treatment 1n_ordervto assure that samples of the same matr1x are intro-
duced into the instrument. |

The next step is to become aware of the 1nstrumentat1on that is
' availab1e to solve the problem. Th1s may be a two-way_street in that
the analytica1 problem may be defined in different terms dependihg'on
the instrumentation available (1fe.»tt may be advantageous to develop
umatrix modification methods that will allow utilization of a pérticu]ar
instrument). |

One excellent way to quickly become aware of instrumental tech-
niques is to look into a book titled "Instrumentation for Environmental
Monitoring," that describes instruments-that incorporate almost all
of the technfques listed in Table I.1 In‘the text of this‘four;volhme
work are detailed descriptions of these techniques, and an attempt is
made to describe the ultimate detection capabi]ities and.the limita-
tions based on pub]iéatiohs in seientific journals. In addition,
some prpmising techniques that have not yet been incorporated 1nto

commercial instruments are described.
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Commercially available instruments whose dperation is based on
‘the techniques discussed in'the text aré described.in detail in the
'  Instrument Notes sections. At the'beginning of each section is a table
. that contains brief instrument descriptions (i.e., model, principle of
.‘6peration, obérating range,_cost; etc.). Theﬁe tables afe a type of -
'1ndex‘fof a more‘deta11éd-description of each Specific_instrumént
“with one or two pagés deVOted to each. The information on these pages
comes primari1y fromvthe product 11teratuke. In some casés, performance
data on specific 1nstruments are ayai]éb]e from other sources. This is
also included. These detailed deécriptions are of value.both to the
buyer and seller of instruments. The buyer has a ready'sburCe of in-
formation concerning the many differeht téchniques and the commercially
avai]ab]e.1nstrumentation. The seller has an additional'mechanism
tovbring his product to the attention of thé buyer as well as é quick
way to compare‘his produét wifh_that of the cbmpetition.

Of_course, the usua]1Way_to decide on the purchase of ah instrument
is to ta]k to others.who have sfhi]ar ana1ytiéa1 brob]ems, notice adver-
tisements that appéar in various journals, obtain: product literature
from the producers of the instruments and perhaps even see a-demonstré—
tion of the instrument fhat'seéms best suited to the job. The'book,
'“Instrumentatfoh.for EnQironmenta] Monitoring“, can»make a valuable
contribution to each of these procédures. Discussion with others can
be much more fruftful if detailed information isvai hand on the principle
of operation of the instrument and some of-the inherent weaknesses
in the technique. The search of the advertisements is ]e$s-haphazard

and less time consuming since the information in the instrumentation



survey was.comﬁiled from producers listed in the annual directories
. §ub]ished by.Sciente, Analytital Chemistry,‘En91honmenfa1 §cience and
Techno]qu; Nuclear News and AmericénvLaborafory.‘ In addition, data
kam'thesesprdducers isbarrangéd so that corrésponding features of
| différent instruments can be readily compared. Familiarity with this
material»qan result in more meaningful instrument demonSffatfons‘since
._samp]é types‘can bé chgsen that reveal the 1fmitatidns of tﬁe instru-
“ment.- o
In the past few years a new consideration has been'added'to the
| choice of an analytical instrument. For many applicqfibns thé sensi-
tivity and precision of the an&]ysfs must cénform to govérnment regu-
lations. The "refefencévmethods” for'water‘analysis'are listed in
‘Table II.2 Notice that almost all of the approVed methods are
instrumental methods. . As a result of a court settlement known as
the "EPA Conseht Decree," the EPA is establishing eff]uént guide]ines'
for 114 organics, 13 metals, cyanide and asbeStos.3 Abproved methods have
nof yet been promu]éated, but it seems certafn that the reference method
»for organics will be gésrchromatography/mass spectrométry, and the reference
method for asbestos will be electron microscopy. It is important to be
familiar with this information if instrumentation is being-chosén to
monitor industrial effluents.

In searching for an'ana]ytica1 instrument, one should avoid any
certainty that there is one instrument superior to all others. Each
situation is different, and more often than not the best instfument.for
one sitﬁation.wil] not be the best for another.

~For example, in the case of UV-vis spectrometers. one might think



the best instrument would be the one which has the greatest flexibility
in terms of scale expansion, choice of readout and'wavelength range.
.H0wever,.this f]exibility means that the occasional user will spend
‘moke time'reading thé instrument manua]vtojrecéll the proper operation
procedure. Genéraily, the more flexible the instrument the more complica-
ted it is and fhe more breakdowns that can occh.‘,Also;‘more flexible:
~instruments genera]ly requife more Space; a commodity that a]ways Seéms
to be 1n shortvsupply. 0f course, more flexible 1n$trUments a]ways cost
more. Othér'considéfations that are spécific to the situation are
the requnse of the manufacturer to breakdown (if a service representa-
tive is neafby, you.wili 1ike1y‘get quicker repair.sérviCe); the
presence of others in the vicinity‘who'use fhe same instrﬁment
(they may be valuable in'thebdiSCussion of prob1emsior they may be
'. ab1e fo lend a needed part); how long the instruhent had been ih
produétion (manufacturers tend to correct problems that become manifest
E only after the3fhstrumenfvﬁas been used for some tfme); and attitude |
'of the operator (if he feels Sbme‘other instrument is much better,
he is not likely to get the best perfdrmancé out. of this one).

| Therelis a high degree of competition between 1nstrument'manufac-
turers.. Becausevof this, development of new instruments and improve-
ments .of existing instruments has been rapidf Development in-many fields
bf ana]ytica] chemistry speed up, not when a new technique is,first |
dfscovered,,but ratﬁeﬁvwhen commercial instruments.beCOme available
so that 1argé,numbers of workers ﬁan’édapt.theée instruments to many .

different problems. Instrument manufacturers should feel proud of



the.rapid instrumental development they have échieved. A disadvantage
of this highly compefitiée:situation.is that'frequent]y salesmeh afé'
‘under enough pressure thaf théy tend to-overstate thelUséfu]ness.ofl~
“their jnstrumenf_and understate its shortcomings. | | |

This situation has its good and bad sides for ﬁhe analytical
chemist. It means he can now purchase equipment that will allow him
ﬁo leat]y impr0ve_his ana]ytica]"capabiljties over what it was a
few years agb, However, it also meéns he must bé much more awarelof.the
instruments available and the limitations of fhis instrumentation
in order that hé_not spend his money for performance far below'

his expectations.

This work was supported by the Energy -and Environment
Division of the U.S. Department of Energy under

_contkaci No.’w-7405—ENGe48.'_



‘References
:1) Env1ronmenta1 Instrumentat1on Group, “Instrumentat1on for Env1ron-
menta] Monjtor1ng , available from Lawrence Berke]ey Laboratory,
University of_Ca]ifornia, Berke]ey} CA 94720f v
~2) Code of Federal Regu]ations 40 CFR 136 3 Jul 78>'avai]ab1e from
' Super1ntendent of Documents, u.S. Government Pr1nt1ng 0ff1ce,_
| Wash1ngton D C. 20402. “
3) _L. He. Ke1th- W. A, Te111ard "Priority Po]]utants: a PerSpecfive
- View", Env1ron. Sci. Technol. 13(4) 416 (1979).



i
14

,TABLE I: Techniques_for Chemical Analysis

'Inorgan1c _
Emission spectrograph1c

inductively coupled plasma
-argon plasma arc
atomic fluorescence
* fluorimitry
‘Absorption spectrographic
flame atomic absorption
flameless atomic absorption
cold vapor absorption (Hg)
hydride generation (As, Se)
.~ ultra violet-visible absorpt1on
Electrochemical : '
"~ voltametric
amperometric
anodic str1pp1ng voltammetry
specific ion e1ectrodes.
Activation :
neutron
proton
helium-3
Others
X-ray f]uorescence
x-ray diffraction . :
electron spectroscopy for chemical analysis
spark source mass spectroscopy
~ion chromatography

Organic
"Chromatographic
gas '
gas chromatography mass Spectroscopy
thin layer
liquid '
high pressure 11qu1d
Spectrographic
infrared
. Fourier transform
- Raman
ultra violet f]uorescence
nuc1ear magnet1c resonance
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~ TABLE I: continued

"Air Pollutants
Spectrograph1c
correlation
- derivative *
ultra violet- v1s1b1e absorpt1on
ultra violet fluorescence
non-dispersive infrared _
“non-dispersive ultra violet
flame photometric :
chemiluminescence
Fourier transform
Electrochemical ‘
amperometric (cou]ometr1c)
conductometric
~voltammetric (e]ectrochem1ca1 transducers)
Other
coridensation nuclei
flame ionization
catalytic oxidation flame ionization
gas chromatography f1ame 1on1zat1on
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TABLE II: List'of‘EPA "reference methods” for water analysis®

- Atomic absorpt1on

A1, Sb, As, Ba, Be, cd, Ca, Cr, Co Cu, Au, Ir, Fe, Pb, Mg, Mn, "
Hg, Mo, Ni, Os, Pd, Pt, K, Rh, Se, Ag, Na, T1, Sn, Ti, V, In, ‘
hardness (Ca+Mg)

Colorimetric -
B, Si, Benz1d1ne C] , Cl Co]or CN Hardness, N1trate, Nitrite,
Pheno]s, Su]fate, Sulfide, Surfactants, K3e1dah1 n1trogen, Phosphor-
- ous,. Orthophosphate

Combustion - Infrared
Total Organic Carbon

Electrometric

Acidity, A]ka11n1ty, Ammon1a, BOD, C12, DO F > pH KJe]dah]
nitrogen, conductance

,Gas Chromatograph1c
Ch]orlnated organic compounds, Pentach]oropheno] ~Phosphorous

nghe]ometr1c
- Sulphate, Turbidity

Radio]ogica]
Alpha, Beta, Radium

Nonélnstrumentalv _
~ Coliform, Feca];streptoéocci, 0i1 and Grease, Solids
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