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Evolution of Analytical Instrumentation
The Perkin-Elmer Story

Horace G. McDonell

President
The Perkin-Elmer Corporation

Presented at the Symposium “Analytical Instrumenta-
tion — Evolution in the Last 40 Years”, during the 31st
Pittsburgh Conference on Analytical Chemistry and
Applied Spectroscopy, Atlantic City, NJ, March 10-14,
1980.

Pittsburgh Conference Paper No. 379 H.G. McDonell Jr.

We all come to the Pittsburgh Conference to see
what is new. There are always plenty of new things to
see here. That is what is exciting about this meeting.
The Pittsburgh Conference has become the showplace
for the analytical instrument industry to display its new
wares. A steady flow of new products has been the
driving force behind the relentless expansion of the
instrument industry. Therefore, it is not surprising that
the growth of the Pittsburgh Conference has closely
paralleled the growth of the instrument industry.

How about all these new products? There must be
several hundred of them being shown in this hall this
week. What is the source of all this new technology,
and what is the nature of the analytical chemistry
market that uses it?

There has been a remarkably successful marriage
between the instrument designer and the instrument
user. Together, they have built a 2-billion-dollar a year
industry. This industry has emerged from initially
nothing at the end of World War II, and shows no sign
of slowing its growth.

Where does the technology come from and how does
it get put to work? In the answer to this question, I think
lies the key to our success as an industry.

Let us look for the answer in our history. The source
of my own experience these last 27 years, and the data
base to which I have access both lie within Perkin-

 Elmer. So, if you can forgive a somewhat polarized
view of the subject, I will examine the history of the
analytical instrument business at Perkin-Elmer.
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Analytical Instruments at Perkin-Elmer

The history of analytical instrument techniques at
Perkin-Elmer is summarized in Figure L I think it tells
us a lot about the instrument business in its modern
form. Itis not a large industry as industries go, but it is
incredibly diverse. While Perkin-Elmer covers more of
the field of analytical chemistry than most other sup-
pliers, we are a long way from covering it all. Yet, the
number of technologies, or product lines, we are in
today in order to cover just our segment of industry’s
total requirements is sixteen — and it’s still growing.
Within these 16 technologies, Perkin-Elmer offers
more than 150 distinct instruments, not counting the

.thousands of accessories and configuration options we
market.

As we say at Perkin-Elmer, “there are no large
targets.”

Another statistic one' might glean from Figure 1 is
the number of fields we have entered in the past, but
which no longer survive in the company: that number is
eight.

I think I can convince you that Perkin-Elmer has
been a successful participant in the analytical instru-
ment industry. Yet, I must point out that over the years
almost one-third of our new product ventures have not
survived.

To the instrument company, the fact that the targets
are small means that if you don’t hit them squarely, you
won’t survive. In this multiple small target array, the
game has been played overand over againaccording to
the rules of Darwin: only the fittest survive! The evolu-
tionary selection process is not limited to sorting out
the surviving species among the analytical techniques:
it applies within a given technique as well.

Let uslook at the genealogy of a few of these surviv-
ing 16 product lines to see how they have evolved to
their present state. In the interest of brevity, I suggest
that we limit our discussion to three techniques:
infrared spectroscopy, gas chromatography and atomic
spectroscopy. Let us retrace some history in these three
product lines.

Infrared Spectroscopy

Flame Photometry
Electrophoresis

Process IR Spectroscopy
Raman Spectroscopy
Nuclear Magnetic Resonance

Gas Chromatography

Ultraviolet Spectroscopy

Process Gas Chromatography

Analytical Data Handling
Surface Area Measurements

Atomic Absorption Spectroscopy
Polarimetry

Thermal Analysis

Mass Spectroscopy
Electron Microscopy

Elemental Analysis
Fluorescence Spectroscopy

Clinical Analysis
Microbalances

Liquid Chromatography

L 1 ] | | | | I

— AUger Spectroscopy

et ESCA Spectroscopy

== Atomic Emission Spectroscopy
]

1944 1948 1952 1956 1960 1964 1968 1972

1976

1980

Figure 1. History of analytical instrument techniques at Perkin-Elmer




Figure2. Theprototype (Ieﬂ) and the commercialized version (right) of the Model 12 IR Spectrophotometer.
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Figure 4. Model 21
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Figure 5. Leading people in the early 1950’s. Right to left: Dr. V.Z.
Williams, H.H. Hausdorff, S. Lindsley, Dr. A. Savitzky and W. Hargrave.

\ . an
A S

. % g
Figure 6. Laboratoryexercises at Fisk. Lee Cahnis on the left, leaning

on the instrument; J.E. Baudean is standing on the right. Sitting on
the left; H.G. McDonell.

Infrared Spectroscopy

Perkin-Elmer’s first analytical instrument grew
out of a crash program supported by the U.S.
Government during World War II to produce
synthetic rubber through the polymerization of
butadiene. This process required the analysis of
C4 hydrocarbon isomers, an analysis for which
there was no commonly accepted method. It was
recognized that infrared spectroscopy could
satisfy this need if only a practical instrument
could be made available to the chemical industry.
Acting under this incentive, two industrial
research laboratories set out to design such an
instrument; they were the Shell Development
Company, in Emeryville, California, and the
research laboratories of American Cyanamid
Company, in Stamford, Connecticut.

The Cyanamid design required an off-axis col-
limating mirror of particularly demanding optical
quality. Perkin-Elmer, then a tiny optical shop,
entered into this picture due to two highly unus-
ual characteristics: it specialized in very-high-
quality optics, and, like Cyanamid, it was located
in Stamford.

It is a long story, the essence of which is that
Perkin-Elmer made the optical elements for the
Cyanamid prototype, built a few instruments for
Cyanamid, and was then reluctantly induced into
building still more instruments for other inter-
ested firms. Like most newborns, Perkin-Elmer
was dragged kicking and screaming into the new
world.

The instrument Perkin-Elmer built for Cyana-
mid became the Model 12, the commercialized
version of this prototype (Figure 2).

It is an interesting footnote in this story that
through a similar relationship to ours with Cya-
namid, Beckman, at about the same time, entered
into production of the instrument development
by Shell: it became known as the Model IR-1.

The Model 12 was a successful instrument that
was subsequently improved into the Models 12A,
12B, 12Cand 112. This pattern of multiple tactical
developments following on the heels of a single
strategic success emerged early in the history of
the instrument business. It is an important one,
and fundamental. Every successful product line is
made up of many tactical refinements of a few
strategically important concepts: that is to say,
the system is adaptive.
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Figure 7. Graduating class at Fisk

Our next big step in infrared came in 1949 when
we developed the Model 21. It borrowed liberally
from the optical design of the Model 12, but
added enormous utility from the user’s point of
view through the use of programmed slits, linear
wavelength drive, and double-beam optics. It
produced whole spectra that were repeatable and
easy to read, and popularized infrared as a qualit-
ative analysis tool. It also put Perkin-Elmer on
the map as a leading supplier of analytical
instruments. Figure 4 shows this instrument just
off the production line.

The success of the Model 21 'was also due to the
fact that Perkin-Elmer was able to assemble a
number of excellent people involved in the devel-
opment of infrared spectroscopy and its applica-
tions. Some of Perkin-Elmer’s leading figures
during the heyday of the Model 21 are shown in
Figure 5. Besides Dr. Van Zandt Williams, one of
the great pioneers of the analytical instrument
industry, the group includes Harry Hausdorff, Sy
Lindsley, Dr. A. Savitzky and Bill Hargrave.

The success of the Model 21 was also accom-
panied by a significant expansion of Perkin-
Elmer. Outgrowing its Glenbrook plant, the
company moved in 1951 into new headquarters in
then rural Norwalk and, in Fall 1952, opened its
first branch office in New Orleans headed by Sy
Lindsley. He holds the dubious distinction of hav-
ing hired me into Perkin-Elmer as a service engi-
neer at the New Orleans office.

The rapid expansion of infrared spectroscopy
also necessitated the organization of courses to
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Figure 9. 1957 Pittsburgh booth




Figure 11. Model 283 IR Spectrophotometer

Figure 12. Model 154A Vapor Fractometer with H.H. Hausdorff

train spectroscopists. MIT and Fisk University in
Nashville, Tennessee, pioneered in these during
the early 1950’s by organizing summer Infrared
Institutes. Two photos are shown here from my
first Fisk IR Institute. The first, (Figure 6) was
taken during the laboratory exercises; among
others, it shows Lee Cahn who led the design of
the Beckman IR-4 and later the Cahn electrobal-
ance, and from Perkin-Elmer, Jack Baudean and
myself. The second (Figure 7) shows one of the
early graduating classes. The Institute’s founders
are circled: Jim Lawson who later became presi-
dent of Fisk University is on the left, and Nelson
Fuson on the right. The white-haired gentleman
in the middle of the first row is Professor Randall
of the University of Michigan; Professor Randall
had already retired years earlier; he was the
“grandfather” of molecular spectroscopy in the
country; Lawson and Fuson had studied under
him. He visited the Institute to wish success to his
former students.

After the Model 21, our next big event in
infrared came at the 1957 Pittsburgh Conference
when we introduced the Model 137 (Figure 8).
Low-cost infrared was born. Some visitors in our
Pittsburgh booth that year included Norman
Wright and Clara Smith Craver with Perkin-
Elmer’s Jack Baudean (Figure 9).

The Model 137 infrared was introduced at a
price of $3,800 (1957-dollars); at that time, the
Model 21 was selling for about $13,000. With
optical performance very close to the Model 21,
the Model 137 was clearly a major engineering
achievement. It became a popular instrument, but
did not have the revolutionary impact on the
market that some of us had hoped: its single slit
program and small drum-chart recorder led it to
be perceived as a limited-purpose instrument. It
took two subsequent developments to alter that
perception: gratings which greatly improved
optical performance, even over large prism
instruments, and flow-chart recording which
greatly improved data presentation and operator
convenience.

The Model 257 (Figure 10) was developed in
England, at Perkin-Elmer Ltd., using the Model
137 optical system; it added flow-chart recordings
and multiple slit programs. These relatively
minor engineering developments altered the util-
ity and perception of small infrared instruments
in a dramatic way: the revolution hoped for with
the Model 137 introduction got into high gear
when the Model 257 came along.




The strain of instruments bred from the 137’
optics and the 257’s flow chart recorder was a
hardy one, indeed, leading to at least a dozen
later models as optical, mechanical and electron-
ics improvements became possible. In fact, the
basic optical design concepts of the Model 137
survive today, 23 years later, in modern instru-
ments such as the Model 283 (Figure 11), as does
the flow-chart recorder approach of the Model
257.

Other properties given to modern instruments,
primarily through the use of microprocessors,
give them greatly expanded functional capability,
even though basic optical and mechanical con-
cepts may change very little,

This evolutionary process is a driving force

behind the expansion of the instrument industry.

It 1s the means through which instrument com-
panies are able to provide you with ever improv-
ing and easier-to-use instruments, with little, if
any increase in cost.

There 1s another lesson to be drawn from the
137/257 experience. The flow-chart enhancement
that triggered the Infracord success did not come
out of Norwalk where the original Infracord was
developed. I am convinced it never would have.
Having given the world the Infracord, drum chart
and all, we were convinced that the entire design
was optimum and that it was then only a matter of
convincing the world of the enormity of our
accomplishment. On the other hand, the English,
having no ego stake in the matter, simply went
ahead and designed a flow-chart recorder, there-
by saving our most lasting accomplishment from
the shadows of mediocrity.

Because of this experience, and similar ones in
other product lines, Perkin-Elmer organizes itself
today so as to allow some degree of overlap, that
is competition, among its manufacturing sites. We
call this the rwo-site concept.

Gas Chromatography

Let us now shift to the field of gas chromato-
graphy.

Perkin-Elmer introduced America’s first com-
mercial gas chromatograph, the Model 154, in
May 1955. We got an early start as the result of
contacts made between Van Zandt Williams, then
manager of Perkin-Elmer’s Instrument Division,
and A.J.P. Martin and others in England who

Figure 14. Light-hydrocarbon separation
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were working with home-made systems in their
laboratory. Perkin-Elmer at that time was just
starting up its Bodenseewerk subsidiary in Ger-
many and was looking around for a suitable
arrangement in England. It was probably because
of these events, and of our infrared contacts in
these European laboratories that Van happened
on those important developments. At that time,
gas chromatography was virtually unknown in
the United States.

Immediately on his return from England, a
prototype development was started and Harry
Hausdorff began to investigate the possibilities of

Wi b ; ; L - ! this new technique. From this effort, in a matter
Figure 16. A.J.P. Martin (left) and R.S. Perkin of months, the Model 154 was bornand with itan

1%

Figure 17. Consultants’ meeting at Perkin-Elmer Ltd. On the left side of the table (left to right): R.D. Condon, H. Carter,
C.G.S. Phillips and H. Bolz. Inthe right foreground: A.J.P. Martin, then A.l.M. Keulemans and J.E. Lovelock

instrument technology that was to alter funda-
mentally the analytical instrument industry.

Figure 12 records Harry Hausdorff with the
Model 154-A, and Figure 13 the Model 154-B with
the young designer who laid out the cabinet and
controls for the instrument. In the end, he started
a second career in the company: Gaynor Kelley
now manages the world-wide analytical instru-
ment business of Perkin-Elmer.

The introduction of the Model 154 was coupled
with the publication of practical examples for its
use. Chromatograms like the one reproduced in
Figure 14 showing light hydrocarbon separation,
1 created a sensation among analytical chemists.
Figure 18 J E olay Soon, every large analytical laboratory included

o gas chromatography among the techniques em-




ployed and within a couple of years, major labor-
atories had practically wall-to-wall chromato-
graphs such as the ESSO laboratory in New
Jersey (Figure 15). The Model 154 was the hottest
thing going. Competition soon entered the field.
But for some years, Perkin-Elmer remained
dominant..

Intheearly years of gas chromatography, tech-
nical advancement was at an incredible rate and
scientific superstars emerged. We, at Perkin-
Elmer worked by maintaining a continuous con-
tact with them, A.J.P. Martin is shown with R.S.
Perkin (Figure 16) when visiting Norwalk in 1959;
and in Figure 17 a number of leading gas chroma-
tography experts are grouped with Perkin-
Elmer’s specialists in 1960 at an advisory group
meeting in Beaconsfield, England. Dick Condon
of Perkin-Elmer Norwalk was later to lead the
design effort for the Model 900; Harry Carter of
Perkin-Elmer Ltd. was responsible for the F-11,
F-17 and F-30 programs; and H. Bolz of Boden-
seewerk has served until recently as the manager
of their development group. Our guests included:
C.S.G. Phillips of Oxford University, one of the

Figure 20. Model 194 Digital Integrator
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Figure 24. Model F-20 Gas Chromatograph

earliest British scientists active in gas chromato-
graphy; A.I.M. Keulemans of Shell, Amsterdam,
and the University of Eindhoven who played a
key role in gas chromatography from its begin-
ning; J.E. Lovelock then of Lister Institute, Lon-
don, the inventor of the argon ionization and
electron capture detectors; and A.J.P. Martin,
the inventor of partition chromatography and
Nobel laureate.

Major technical achievements at Perkin-Elmer
in the first years of gas chromatography included
the open tubular columns developed by M.J.E.
Golay (Figure 18). His historical chromatogram
(Figure 19) was included in his Engineering
Report proving the superior performance of these
columns. Another significant achievement was
the development of the first digital chromato-
graphic integrator, the Model 194, introduced in
1958 (Figure 20).

Inthe following years the Model 154 underwent
a number of improvements and modifications
both in Norwalk and in the two European sites,
Bodenseewerk and Perkin-Elmer Ltd. and repre-
sented the basis of future gas chromatography
development. Figure 21 represents the family tree
of Perkin-Elmer’s gas chromatographs. This
development, however, was not without problems.

By 1958-59, the application of gas chromato-
graphy advanced so much that the chemists tried
to analyze complex, wide-boiling-range samples.
For these, however, the operating range of a sin-
gleisothermal instrument was not enough. We bet
on a three-oven approach each containing a
column at a different temperature and this system
represented the basis of the Model 188. Mean-
while, however, a little company called F & M
Scientific (now part of Hewlett-Packard) came
out with a new approach, based on Steve Dal
Nogare’s work at du Pont: temperature pro-
gramming. They were right and we had guessed
wrong. ’

We brought our first temperature-programmed
instrument, the Model 226 in 1962 (Figure 22).
Although an excellent instrument, it was rather
expensive and came out two years behind our
competition. These were tough times for Perkin-
Elmer in gas chromatography. During the early
1960’s we continued to grow in chromatography
largely through products coming out of our
European sites, like the F-11 from Perkin-Elmer
Ltd. (Figure 23) and the F-20 from Bodenseewerk
(Figure 24). Having a foot in Europe sustained us.




Perkin-Elmer’s renaissance in the U.S. really
began in 1967 with the Model 900 (Figure 25). It
proved to be a first class instrument and a big
success in the high-performance segment of the
market. The Model 3920 (Figure 26) followed in
1974 and was very successful in the larger,
medium-price part of the market. We were back
in the ballgame. That was followed in 1977 by the
Sigma series (Figure 27) the B version of which is
being introduced here at this Exhibit. We shall
come back to that product later. First, however,
let’s look at atomic absorption spectroscopy.

Atomic Spectroscopy

Perkin-Elmer’s first efforts in atomic absorp-
tion came asa result of our experience in infrared.
Toward the end of the 1950’s we were approached
by Alan Walsh of Australia, a past collaborator
with Perkin-Elmer through his development of
the double-pass monochromator which showed
up in our Model 112 Infrared Spectrophotometer.
He had since been working on the principle of
atomic absorption which he viewed as a poten-
tially attractive tool for trace metal analysis. The
technology was available under license from
C.S.ILR.O. in Australia — was Perkin-Elmer
interested?

We concluded that we are cautiously interested,
and undertook to test the waters. The vehicle
chosen for testing the waters, the market as well as
the technology, was the Model 214 (Figure 28).
This was an expedient design based upon our
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Figure 27. Model Sigma IB Gas Chromatograph
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infrared building blocks, direct descendants of
the Model 12, but with electronics and systems
engineering directing themselves toward the func-
tional requirements of atomic absorption. Our
management approach was an “IWO?, inventory
work order, under which we could build short
runs of instruments without the extensive docu-
mentation required of a production release. Qur
object was to learn about the technique.

Among the technologies we had to master was
how to make hollow-cathode lamps (Figure 29)
but most importantly, we had to understand what
one could do with atomic absorption. Walter
Slavin conducted some of our first experiments in
that direction.

Around the Model 214 coalesced a small team
that was to build, experiment with, and sell our
first 35 atomic absorption instruments. Besides
Joe Borden and Walter Slavin others of the team
included Horace Siegler, Dick Reiss, Herb Kahn,
Dave Manning and Fred Johnson. Then came the
difficult decision: should we commit to the devel-
opment of an instrument especially for atomic
absorption and to the considerable expense of
manufacturing it? The decision was to fall to the
then new general manager of our Instrument Div-
ision Chester W. Nimitz, Jr., shown on the right
in Figure 30 with Dick Perkin. Needless to say, he
decided in the affirmative and, as is his manner,
with great enthusiasm. We were underway in
atomic absorption.

Figure 30. Richard S. Perkin (left) and Chester W. Nimitz Jr.




The instrument that resulted was the ubiqui-
tous Model 303 (Figure 31) which was an instant
and enormous success — and, like the Models 12,
21 and 154, a benchmark development.

More than with any marketing effort hereto-
fore undertaken, strong applications support was
central to our strategy. Our “software” strategy
was to prove as successful as the hardware.

Much as gas chromatography took off in the
late 1950%, atomic absorption took off in the mid-
1960’s. As the market blossomed, so did the tech-
nology. The digital concentration readout (DCR-
1) used with the Model 303 (Figure 32) showed
that it was possible electronically to make a
general-purpose instrument that reads the analyt-
ical “answer” directly — and that the user viewed
this as a property of value.

The Model 303 was the start of a continuously
improvingline of atomic absorption instruments.
In the next instrument, we encompassed a
number of technical improvements including a
built-in DCR. This was the Model 403 (Figure
33). It became a highly successful instrument;
atomic absorption became a major product line at
Perkin-Elmer,

The two-site principle served as well in atomic
absorption by providing a heated graphite sam-
pling furnace, an important supplement for both
liquid and solid samples. The HGA-products, as
we call them were pioneered by Bodenseewerk, in
Germany, based upon the work of Lvov and
Massman; Figure 34 shows an HGA furnace.

After the Model 403 and the HGA, our AA
product line was to proliferate into several new
branches, and many new products, not unlike the
pattern shown in our earlier experience with
infrared and gas chromatography. Figure 351is a
family tree of atomic spectroscopy instruments.
Most recently, this proliferation has led us to the
ICP-5000, an instrument for plasma emission as
well as atomic absorption (Figure 36).

New Instruments at the 1980 Pittsburgh
Conference

Now, let me address myself to those three new
instruments being introduced this week at the
1980 Pittsburgh Conference.

Let us start with the Model 680 (Figure 37).
This is an attractive new infrared instrument, with

Figure 31. Model 303 Atomic Absorption Spectrophotometer

Figure 33. Model 403 Atomic Absorption Spectrophotometer
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Figure 34. HGA furnace

a very high-performance-to-price ratio, and tech-
nologically modern in every sense. It offers
enhanced microprocessor hardware and software
first developed for the 28X instruments; it has a
ratio-recording system similar to that of the
Model 580; the optical bench and mechanical
design are similar to the X98 series. In other
words, it is a hybrid. The Model 680’s breeding
can be followed on from early IR development:
Its origins can be traced through a marriage of
cousins between the X98 and 280 series; its lineage
is then traceable through the 467 and 457 to the
257,237,and 137,and then, “by marriage”, to the
21 and, finally, to the Model 12. Think of that:
over 35 years and at least 13 new designs, techno-
logical continuity was never broken.

The second instrument first shown here is the
Sigma 1B gas chromatograph shown in Figure 27.
This is a chromatograph with more memory,
more methods storage, and improved data com-
munications capability than previously available.
Obviously, its immediate predecessor is the
Sigma 1 first introduced in 1977. Beyond that, as
you can follow in the gas chromatography family
tree (Figure 21), it is traceable through the 3920
and the 900 to the 800 and the 226 (again, a
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Figure 36. Model ICP-5000 Plasma Emission/Atomic Absorption Spectrophotometer

marriage of cousins), then to the 154D and back
to the original 154. This time 25 years and 12
embodiments, still no break in the evolution.

The third instrument, the ICP-5000 (Figure 36)
is an interesting case. Will the ICP-5000 mutate to
found a new dynasty of emission instruments as
did its ancestor, the Model 214, in atomic absorp-
tion? We are not sure; the picture hasn’t evolved
yet. But if we check the family tree of atomic
absorption instruments shown in Figure 35, there
is no doubt where the ICP-5000 came from. Its
father is the AA Model 5000 and its grandfather
the Model 603; from there, it is traceable through
the X03’s to the 303, then to the 214, and, through
it, across “political boundaries” into the field of
infrared. Then, through the building blocks and
the Model 13 it finally finds its origin with the
Model 12, the tap root of Perkin-Elmer’s presence
in the instrument business.

Conclusions

After investigating the evolution of these three
instrument lines, it seems to me that there is a
pattern that recurs consistently — at least in
Perkin-Elmer’s history.

Analytical instrument technology has deve-
loped in an evolutionary way. The market is a
honeycomb of small pockets with special require-
ments. None, or at least few, of these pockets are
large enough to reward enormous investment of
capital or technology to be amortized in that
target alone. Yet, the technological demands of
each segment are very high. The system, there-
fore, favors the adaptive organization. Communi-
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Figure 37. Model 680 IR Spectrophotometer
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cationsisin the forefront and users and suppliers must

‘know each other very well to be effective.

To the instrument maker, 1 offer the following
advice:

- ® Changes must be innovative, but gradual.

® Develop strong “breeding”strains and stick
with them as long as possible; yet, be at the
forefront of the newest technologies. Micro-
processors are an example of this.

® Be prepared to lose some bets — it is certain
that you will.

¢ Jearnfrom yourexperience and know your
customer.

® Make the commitment. Be part of the ana-
lytical chemistry community. Live in it!

PERKIN-ELMER

Iam sure that Perkin-Elmer’s experience is not very
different from that of Beckman, Varian, Hewlett-
Packard, Technicon, or the scores of fine instrument
companies represented here at the 1980 Pittsburgh
Conference. So, let me address the key to our success as
an industry: where does the technology come from and
how does it get put to work?

The technology comes from dedicated professional
teams repeatedly putting one brick on top of another.

Its useful employment derives from the extraordinary
respect and rapport that has grown up between the
instrument builder and the instrument user.,

From this I draw the personal conclusion: there could
be no more rewarding place to spend one’s career than
the analytical instrument industry.

Perkin-Elmer Corp., Analytical Instruments, Main Ave. (MS-12), Norwalk, CT
06856 U.S.A. Tel: (203) 762-1000 ]

Bodenseewerk Perkin-Elmer & Co., GmbH, Postfach 1120, 7770 Ueberlingen,
Federal Republic of Germany, Tel: (07551) 811

Perkin-Elmer Ltd., Post Office Lane, Beaconsfield, Bucks HP9 1QA, England
Tel: Beaconsfield 6161

Printed in U.S.A. © 1980 Perkin-Eimer Corporation

Perkin-Elmer is a registered trademark of The Perkin-Elmer Gorporation Printed in U.S.A.
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B. Atomic Absorption

1. Technology Description

Historically, spectroscopy as a science began with the observation of absorption linesin the solar
spectrum in the early 19" century. When light from the sun is broken into its component fre-
guencies, certain frequencies are missing, leaving dark lines in a photographic spectrum. These
lines correspond to frequencies of light that are absorbed by the solar atmosphere, and can effec-
tively ‘fingerprint’ the elementsin it. The existence of the element helium was first discovered
by means of absorption lines in the solar spectrum. This elemental fingerprinting is not limited
to sunlight. If light is shone through a volatilized sample, the elements in the sample will absorb
certain frequencies of light. The amount of absorption can be measured, which can then be used
to determine the amount of an element present in the sample. This forms the basis of atomic ab-

sorption, or AA, spectroscopy.

. . . . Figure X11-6: Perkin Elmer
The actual operation of an AA spectrometer is relatively simple. AAnalyst 200

First, a flame or graphite furnace is used to volatilize the sample.
Light from a Hollow Cathode Lamp (HCL) is then passed through the
atomized sample. HCL s that emit the spectrum of a specific element
aretypically used. A photomultiplier tube detects the intensity of the
transmitted light. The fraction of light that is absorbed yields the
concentration of that element in the sample. One drawback to AA
spectroscopy is that, in general, different lamps must be used for each

Figure XI1-7: Varian SpectrAA  €lement. However, some vendors now produce lamps with cath-
Duo

odes that contain multiple elements. These can be used to detect
up to ten elements.

As mentioned, there are two primary types of AA spectrometers,
which are differentiated by the method in which the sample is
volatilized. Flame AA spectrometers, which use an acetylene
flame to heat the sample, are used exclusively with solutions,
whereas graphite furnace AA spectrometers can be used with liquids, pastes or solids. In graph-
ite furnace AA, the sample is placed in a graphite tube, which is electrically heated. Graphite
furnace spectrometers have several advantages over flame, including a smaller sample size, a
more repeatable heating process, and detection limits that are as much as a thousand times better
for some elements. Graphite furnace AA’s are, however, about four times as expensive as flame
AA’s.
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2. Product Segmentation

The overall market for AA instrumentsis quite stable. The technology is mature and most of the
recent improvement in instrumentation have been focused on providing instruments of smaller
size at lower cost. In particular, flame spectrometers are now on the market with prices not
much

Table XI1-2: AA Worldwide Demand by Product Forecast 2001-2006 ($ Millions)

2001 2002 2006 CGR
$Mil  Percent $Mil  Percent $Mil Percent '01-'06

Initial Systems
Graphite Furnace 211 56% 212 56% 218 56% 0.7%
Flame 97 26% 97 26% 95 24% -0.4%
Total Initial Systems 308 82% 309 82% 313 80% 0.3%
Aftermarket 37 10% 38 10% 44 11% 3.5%
Service 31 8% 31 8% 34 9% 1.9%
Total Market 376 100% 378 100% 391 100% 0.8%

over $10,000. Although the sales volume remains relatively constant, the total revenue gener-
ated is shrinking dlightly. The price of graphite furnace AA’s has been more stable than for fur-
nace AA’s, and the market for them isincreasing slightly.

Another reason that the market for AA is stagnant is the FigureXII-8: AA Worldwide Demand by
. . i . Product Type, 2001
increasing competition from other spectroscopic tech-

niques, which are better suited for performing multiple

element analysis. Foremost among these techniques is Fg‘;)e
ICP.

L Graphi
The aftermarket for AA, which includes replacement FL?f]agg
lamps, AA standards and fuel gases, is the market seg- 66%

ment with the highest long-term growth prospects. Al-  $376M

though initial system sales are sluggish, the large installed

base of AA’s is contributing to the aftermarket for AA. Hollow Cathode Lamps, in particular,
are an important factor in the maintenance costs of AA. Each lamp costs several hundred dol-
lars, and a separate lamp is required for each element.

Table X11-3: AA Worldwide Unit Sales Although more flame AA spectrometers are
Product Type Units Shipped _ PriceRange  gp|d than graphite furnace AA’s, the higher
Graphite Furnace 3800 $40K to $70K . .
Flame 5000 $11K togaok O of the latter results in them accounting

Total 8800 for roughly two-thirds of the AA market for

initial systems.  Although the decreasing

price appears to have had a negative effect on revenue, it has also allowed these instruments to
penetrate new markets, particularly in the lessindustrialized countries of the world.
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3. Application Segmentation

Nearly half of the AA market is concen- Figure XI1-9: AA Worldwide Demand by Industry, 2001
trated into three man industries with Ag/Food lnorgé(ycohaﬂ- Betro.
similar needs. The environmental market % 5% Indep. Test

Metals Pharma.

5%

is the most important, accounting for 16% 8% 4%
of the total. AA is one of the established Aot org Chem
. . 0
methods for ldetectl ng levels of. various ou. Paper/Pulp
elements, mainly heavy metals, in water 13% 2%

Semi/Elec

Other 2%
6%

and soil samples. Many of the laborato-  $376Mm
ries run by government and utilities have

many environmental applications that re-

quire the use of atomic spectroscopy. Wastewater facilities are perhaps the most important of
these, as levels of mercury and lead are monitored for the public health reasons. The EPA stan-
dards recognize AA as the recommended technique for this sort of analysis. University laborato-
ries are the next largest consumer of AA products. These labs come from awide variety of dis-
ciplines in which elemental analysis is important. Quality control and analysis of alloys is an
important function for AA in the metals industry. Food and beverage manufacturers are a grow-
ing segment for AA sales, mostly in terms of product safety by examining them for harmful trace
elements. To comply with environmental regulations, manufacturing and industrial facilities in
many industries maintain onsite testing laboratories that use AA to test waste products and other
samples for levels of toxic elements.

Env. Test
16%

Utilities
15%

Figure X11-10: AA Worldwide Demand by

Since atomic absorption spectroscopy is so closely Function. 2001

related to elemental analysis in many industries,

. Method oth
nearly half of these products are used for basic ana- Development 60/9'“
0
lytical functions. Government, corporate and inde- 3%

pendent environmental testing labs are the largest
contributors to this category. The next largest cate-

Analytical
gory, quality control, accounts for roughly a fifth of DRs(jirg:qu Sarvices
. 47%
the market. Basic research and devel opment accounts ’
for a smaller, but significant, fraction of the global Quality $ 376M

market. The remaining functional groups total to 14%
of the market.
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4. Regional Market Demand

Although North America and Europe are responsible for
the lion’s share of AA sales, they are projected to be the
regions with the slowest growth. Indeed, North America,
which is primarily a replacement market, is contracting,
despite having the strongest aftermarket sales. The great-
est opportunities for growth are to be found in the devel-
oping countries, where awareness and interest in water
safety isincreasing the demand. The lower price of intro-
ductory instrumentsis also helping vendors to extend their
reach into new regional markets. The formation of a new
Japanese Ministry of the Environment in 2001 (with a
concomitant increase in environmental spending) should
help boost sales there, for at least the short term.

Figure X11-11: AA Worldwide Demand
by Region, 2001

Rest-of -
. World
Latin 8%
America
7% North
) America
AsSa 3204
Pacific
9%
Japan
15%
$ 376M Europe

29%

Table XI1-4: AA Worldwide Demand by Region Forecast 2001-2006 ($ Millions)

2001 2002 2006 CGR
$Mil Percent $Mil Percent $Mil Percent '01-'06
North America 120 32% 120 32% 116 30% -0.8%
Europe 109 29% 110 29% 111 28% 0.3%
Japan 56 15% 57 15% 60 15% 1.2%
Asia Pacific 34 9% 34 9% 38 10% 2.3%
Latin America 26 7% 26 7% 32 8% 3.8%
Rest-of-World 30 8% 30 8% 35 9% 3.3%
Total 376 100% 378 100% 391 100% 0.8%
5. Competitive Situation
In the AA market, there are relatively Figure X11-12: AA Worldwide Vendor Share, 2001
few active participants with a major ‘ Analytik Jena
Shimadzu 2%  Photron Aurora

market share. Foremost among them is
PerkinElmer, with twice the sales of its
closest competitor, Varian. Both of
these companies retain their positions
through refinement of their instruments
and a broad array of instrument options.
Thermo Elemental is the third largest

Thermo Elemental
10%
Varian
17%

$ 376M

Perkin Elmer

1% 1%

Buck
1%
Varsal
1%
Lumex
1%

Hamamatsu
1%
34%

vendor, with 10% of the market. In addition to instruments, Thermo has a large involvement in
the supply of aftermarket items for AA spectrometry. Shimadzu has more limited product offer-
ings, but is strongly positioned for the Japanese and Asian markets. Hitachi has a strong pres-
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Table X11-5: AA Worldwide Vendor Participation, €nce in Europe, where its Scientific Instruments

2001 division is based. GBC Scientific, an Australian
. T firm, is still asmall vendor, but is increasing its
% % o .. § market share. Analytik Jena has also been grow-
|
Vendor & E é E % ing at a rapid pace, and has been particularly
Analytik Jena M M M successful in Europe. Photron and Hamamatsu
Aurora Instruments . . .
Buck Scientific . . . are important manufacturers of Hollow Cathode
CETAC C & Lamps for AA. In addition to their direct sales,
GBC . . : . .
Hamamatsu . their OEM contracts with vendors are a reliable
Hitachi * * . source of business. The remaining companies in
Lumex . .
Perkin Elmer . . . the list of vendors are small manufacturers of
Photron * instruments.
Shimadzu 2 L g .
Thermo Elemental 2 2 * 4
Varian L 2 L 2 L 4
Varsa .

6. Recent Developments

¢ Major Activity

+ Moderate Involvement

Table X11-6: AA Worldwide M ar ket — Recent Events
2000-2002

Date Company Development

Oct-01 Varian SpectrAA Duo is introduced.
Oct-01 Thermo Elemental S Series of instruments rel eased.
Apr-02 Analytik Jena NovAA 300 released.

Jun-02 Perkin Elmer AAnalyst 200 introduced.

The maturity of the technology and the stability of the competitive situation means that there are
few important business developments. All of the major vendors have released new products or
lines over the past two years. Of them, Varian's SpectrAA Duo is notable for being easily con-
vertible from flame to furnace mode. Perkin Elmer's AAnalyst 200 has many technical im-
provements, including touchscreen control and a compartmentalized electronics module that
makes repair and replacement of parts much simpler for consumers.

7. Future Prospects

Historically, Atomic Absorption has been the largest of the product segments in atomic spectros-
copy. However, its dominance appears to be on the wane, as it is replaced by more versatile
technologies, such as ICP. Consequently, market growth will be relatively flat for the foresee-

able future.
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B. Atomic Absorbance Spectroscopy (AA4)

1. Technology Overview

Atomic Absorption (AA) spectroscopy is the earliest spec-

troseopic technigue to be developed. and still remains one of

the most common. The basic technigue dates to the 19" cen-
tury and the discovery of dark lines in the solar spectrum at
particular frequencies. These lines are the result of atoms in
the solar atmosphere absorbing some ol the light passing
through them. The particular pattern of frequencies absorbed

corresponds to the elements present in the gas.

Key Market Dynamics
AA s a Mature Replacement
Market

Technical Innovation Helps

AA Hold Ground Against

1CP Competition
New Products Offer Faster

Analysis Times and lm-

proved Light Sources
PerkinElmer Continues as
Market Leader by a Wide

Figure X11-6: Shimadzu 6300 AA

a5
S

. . . Margin
['he actual operation of

an AA spectrometer is

based on these observations. In order to simplily matters.
the sun’s light is not used as the source. Rather, lamps that
emit the spectrum of a particular element are used. In the
most basic design, the sample is volatilized into a gas. and
light from a lamp is shone through the gas. A detector,

cither a photomultiplier tube (PMT) or solid state device.

measures the light passed through the sample and calculates the amount of the element present in

the sample by how much of the light is absorbed. More sophisticated instruments use multiple

lamps and/or lamps that can detect multiple elements to make analysis faster. This dependence

on lamps makes AA particularly suited for applications where only a small number of elements

are ol interest. e.g. the detection of mercury in water.

There are two major types of AA spectrometers. differenti-  Figure X11-7: Analytik Jena NovAA 300

ated by the method by which the sample is volatilized.

Flame AA spectrometers use an acetylene flame to heat the
sample. and are used exclusively with solutions. Graphite
furnace AA spectrometers can be used with liquids, pastes or
solids. In graphite furnace AA. the sample is placed in a

araphite tube. which is electrically heated. A graphite fur-

nace has two major advaniages over lame: smaller samples are used, and the gas is more con-

centrated. This leads to detection limits that are roughly one hundred times lower than for flame.

Graphite furnace instruments are. however, significantly more expensive than flame instruments.
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2. Product Segmentation

Table X11-2: AA Demand by Product

2003 2004 2005 2008 "03-'08
§ Mil  Percent $ Wil Percent S Mil - Percent $ Mil  Percent CGR

Initial Systems
Flame 92 24% b3 24% 9 24% 53 21% -1.3%
Craphite Furnace 192 3l% 194 3% [97 3% 213 32% 2.2%
Cotal Initial Systems 284 75% 287 T75% 289 75% 299 73% 1%
Aliermarket 48 13% 49 13% 52 [ 3% 58 14% 4.1%
Service 45 2% 45 12% 46 | 2% 51 12% 2.4%
Total 376 100% 381 100%0 387 100% 408 100% 1.6%

AA remains a relatively flat market. although some improvement in revenues should be evident
in the coming vears. One reason is that higher-end AA systems are becoming better able to com-

pete with ICP spectrometers with regard to performance, while maintaining a lower cost.

Figure X11-8: AA Demand by Product Graphite furnace, which includes all of the high per-
Type formance instruments. will experience more growth than

Flame flame instruments. which are actually declining slightly,
31%

although instrument sales are relatively flat, due to
lower priced units accounting for a larger share of the

Graphite market. Another important segment of the market is the

Furnace

aftermarket. Perhaps the greatest contributors to after-
69%

market sales are Hollow Cathode Lamps (HCL). HCLs
are used as the light sources in AA, and require regular
replacement at a cost of a few hundred dollars cach.  Multiclement and boosted lamps are also

oes,  Stan-

(=

an active portion of the market, with new light sources offering analytical advanta
dards. burners. furnaces and fuel gases are other components of the aftermarket. which comprises
13% of the total market for AA.

Although many AA spectrometers are de- Table X11-3: AA Prices and Unit Volumes

signed to work with either flame or graph- Product Type Price Range Units Shipped

. . . . . L Flame STOK-530K 4300
ite furnace. the former configuration is far Graphite Furiiace CI5K-S85K 3300
more common in initial svstem sales, Xotal 7600

though some of these are upgraded to

graphite furnace systems later. Average prices for flame systems are slightly decreasing, while
those for graphite furnace systems are stable. All together, about 7.600 AA spectrometers were
shipped in 2003.
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3. Application Segmentation

AA instruments are most commonly found in Figure X11-9: AA Demand by Industry
environmental laboratories. which SDi in- Acpd, AgMood
Metals 89 To% Semi/Elec

cludes among independent testing laborato-
ries. The independent test category includes

not only the environmental labs. which make

up the bulk of that segment. but also other in-
dependent laboratories that perform all types

of analvtical services for customers. In total.

these labs account for 22% of the demand.

Like the independent test laboratories. utility and government labs are also highly focused on
environmental applications. These include analysis of mercury and lead in wastewater and
monitoring heavy metal levels in drinking water. EPA standards in the US recognize AA as a
standard technique for these applications. Combined. the top three industrial consumers of AA

account for roughly one-hall ol the total market.

Metal manufacturing and processing (including mining) is the source of the next largest indus-
trial demand. Quality control of processed alloys and analysis of raw materials are the primary
applications. Many tests of metals focus on a particular element, and inexpensive, dedicated AA

instruments are ideal for such measurements.

Because AA is a general, inexpensive tool for the analysis of the atomic composition of materi-
als. it is found in laboratories from many disciplines within academia. which represents about 8%
of the total market. The semiconductor and electronics industry is also an important niche appli-
cation, with applications that center on the purity of ultrapure water and other materials. includ-

ing raw silicon materials.

Figure X11-10: AA Demand by Function Petrochemical. chemical and pharmaceutical appli-

cations are the remaining significant ones. Basic

Method Odh

er . . . - B . " . -

Development =, analytical service is the function of the majority of
Teaching 3% L

4% AA spectrometers. while quality control and R&D

e form the two next most important functions. Other

Development functional categories are not major components of

% he marketpl
Analytical the marketplace.
Quality Control Service
21% 51%
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4. Regional Demand

North America and Europe represent almost equal

Figure X11-11: AA Demand by Region

shares of the market. each accounting for 31% of

neither reeion will be a

the total.  However. o

source of growth as initial system sales decline
while aftermarket and service hold steady. Never-

theless. these regions account lor almost two-

=
=

thirds of the market and are a source ol replace-

ment sales. Eastern Europe is the only growth

Rest-of-World

T
Latin America I‘.
6%
Asia Pacific
10%

North America
3%

. . Europe
opportunity.  All the emerging markets are ex- 31%
periencing good growth. and this will be where
most supplicrs will be focusing their attention,
Table X11-4: AA Demand by Region
2003 2004 2005 2008 "03-'08
$Mil Percemt  $Mil Percent  $Mil Percent $ Mil  Percent CGR
North America 116 3% 117 31% 117 30% 110 27% -1.0%
Europe 118 31% 116 30% 116 30% 120 29% 0.4%
Japan 56 15% 37 1 5% 58 [ 3% 64 16% 2.5%
Asia Pacilic 38 [ 40 11% 43 [ 1% 35 13% 71.8%
Latin America 23 6% 24 6% 25 6% 2§ 7% 4. 7%
Rest-ol-World 26 7% 27 o 28 7% 31 7% 3.0%
l'otal 376 100% 381 100% 387 100% 408 100% 1.6%

5. Competitive Situation

Two main competitors dominate the AA market, PerkinElmer and Varian. PerkinElmer is by far

the larger. with an estimated 41% market share. Varian is roughly half that size. with 19% mar-

ket share. Not only do these two compa-

nies account for most of the new initial

Figure X11-12: AA Yendor Market Share

Shim adzn
. Thermao N

svstem sales, but they both also manufac- Electron, ' Hitachi Analytik HCL

i . Yy o 11% 5% Jena manufacturers
ture their own hollow cathode lamps. and GBC - -
other aftermarket items. Basically, all ANrora

. . . Varian Instruments
HCLs manufactured today conlform to  19% 1%

cither the PerkinElmer or Varian lamp
designs.  Consequently., both manufac-
turers reap a great deal of benefit from

having set the standard.

Other

10% Buck Scientific

1%

Other
T%

PerkinElmer
41 %
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Thermo Electron holds the number three position, and the

- . . . .. . Table X11-5: AA Vendor Participati
[hermo Elemental SolAAr series of instruments combine ane cncor arhapation

technical improvements with stvlish design.  Shimadzu

g
E
" - " 1: -
released its 6300 AA model last vear, and is trving to get = 2
. - - =
better market penetration outside the Japanese market. o 2| E
[n the next tier of vendors are Hitachi. GBC Scientific and Vendor AR D
Analyvtik Jena. Analytik Jena had a rather poor vear in Analytik Jena ||

Aurora Instruments

2003, despite excellent growth in recent vears. The high —
e - = Beijing Ravleigh

curo and the lack of German spending are largely to blame. Buck Scientific
: e e - GBC ]
Manufacturers of HCLs form the next largest contribution HCL manufacturers [
to the market. The total market for HCLs is in excess of ~ |Hitachi [
the amount shown in th wor share, but much of it i e
> ainou SNOWI 10r ¢ vendaor share, bu uch « 15 -
v N N PerkinElmer ---
hidden within the sales of instrument manufacturers. SAFAS
However, some companies (e.g. Photron and Cathodeon) Shimadzu | [
L. ) ) .. ) 'hermo Electron Bl
only participate in this market through their involvement in Varian | |
the manufacture of lamps. Smaller competitors in the AA Key: [ Major Involvement
. . £ Moderate Invol t
market include Aurora Instruments, Buck Scientific. SR

Lumex, SAFAS and Beijing Ravleigh Analviical, which is
important in the Chinese market.
6. Recent Developments

Table X11-6: AA — Recent Events 2003-2004

Date Company Development

Feb-04 Leeman Labs, Teledyne Teledyne acquired Leeman Labs, which has become part of
[eledyne's instrumentation division.
Feb-04 Cathodeon, Heragus Heracus Noblehight acquired Cathodeon, a maker ol Hollow
Noblelight Cathode Lamps (HCL).
Mar-04 Leeman Labs, Hitachi  Leeman Labs (Teledyne) and Hitaclhi entered into a distribution
deal, with Leeman offering Hitachi's AA spectrometers Lo
complement its own products.

7. Fuiture Prospects

High performance. multi-element graphite furnace instruments will impact the ICP market more
and more. Flame AA will remain ubiquitous in the lab, but no significant technical advancement
can be expected for these instruments: consequently. sales of flame AA are expected to decline
in the coming years, except in the developing countries. Vendors will largely focus on speed of

analvsis. light sources and automation.
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The Current Status and Future of the Technology of GFAAS Instrumentation

Mg MTER THERS

(PRS- MEHREFS M 510070)
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BETEEFRFARLEIHHNERAGARE AR RS EPRFRMEE S AR BEHE 2 LEA—

A6 K R w

[Abstract] The current status and future of the technology of GFAAS instrumentation is discussed, through three aspects: atomiz-

er, multi-element simultaneous measurement GFAAS and spatial resolution spectroscopy . Our viewpoint is that although the GFAAS analy-

sis is confronted with challenge, it has entered a new stage of development.

XRBA: IV RTHAL RTRE SAXRANAET FTHSHLERK
Key Words: Graphite furnace atomic absorption

troscopy
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1.2 dE# 7 X R F U B ( Non-thermal
typical atomizer)
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Bo HE BT 1960 4 Walsh 2048 ot A
SOHARBEBRHETETARNSER, &
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BHEFRABBEFERNREINN
‘BTHE” LR HAATRRS,

1987 4E £ [ Analyte 2> 7 #EH 5 —
EREHBRBHEFHENRTFRES
FHEHBSHINE EXHEFIBR
& F % (Atomsource ), X # & F L 8% 19
KARSITHTHEARER B3N
HEFHS(EARBS R TS ITHE
FHEME, 1997 £ Leeman Labs 2 Al % L
WBCEIA W ERBREBTRAXMET
LS TR ERF S5 30 Mt R B A30
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ERBEGPHEFESRHRE-ITT2A
BHEETFIE,

A3 FREdErReFETHRIEE

2 i % ouE i E B
TR WO 5 Hrik

2.1 ZRIBER

B 1970 F GFAAS fg & (¥ #§ o] it LA
X AMITEERAB T E CREIRN
ECFAAS BT REBER. Z5ER/E
TR, H LK (HCL),
EEXE(Xe WITH), ¥ 3 ARBERE
FW WM AR, PR aR
(BABRE)MIHEHREERLA, U
ROt 54 (PMT) .LPDA.CCD % X
SBOHEAR T LHETEF G ME GFAAS
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RSB, AFBSREME A PMT
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HRMAL; ©F HBK HCL #1 8 1 PMT
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TMREBAEF KRS
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EREFRBEAHE P, LTEE—
AN RAMNRR, L TERGN
EHRT BAREN.
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2.1
'l FIA- FAAS
[2]
Cu.Cd.Pb  Zn. (3] SO+  BaCrOs Cr0.”
[4]
Zn.Cu.Pb.Cd.Fe.Ni-Mn , 200, s
50 [5]
,FAAS
, (o1 N205
P204 . , pH=9 , ,
FAAS 250. 713000 t/m in ,  P204 P507+
+ , (W/0) , ,
, 180. (81 (2— ) (P204) ,
100, ,
[9]
, 40 0.002 ug/L. (o]
!87 757 b b
23, FAAS 0.2 ng/L. t
, 60~ 100 732 90 m in,
2 mol/L ,FAAS , 0.5 ug/L, 12, 30 /h.
(2] , DDTC
, 9 ulCl8 , 64, 80 ul ,
, 4.5 ng/L, e
DDTC- Zn , , , MIBK
FAAS , 40s , 2.7 ug/L, .
[14]
,FAAS , 35
[15,16] FAAS ,
40 81 (7
( ALOs ), FAAS , 192
7 463

[18—20]

[21]



Cd.Pb.Cu.Co.Ni.V.Se.As-Mn.Cr

, (1) :(2) ,
cr ;(3) ;(4) H2..CO.C
5 o B. M. Cennix
, , , (221 41 STPF
Cu-Pb.Cd )
e B—1,4,
> —NH: , pH=
8 Ccd”,1 mol/L ,FAAS cd”.
(26] AAS
, , ’ [27]
— — — 4 S As
(V)0.51 ng, As(1l1)0.43 ng, MMA 0.38 ng DMA 0.67 ng.
, . As(V) , As(1II) ,
(28 , 4 ,GFAAS
, As(V )0.89 ug/L, As(Ill) 0.94 ug/L,MMA 0.94 ug/L.  DMA 0.26
ug/L, 0.90 ug/Lo 1291
’ - Cr(VI) Cr(I).
(301 (DPCD) Cr( VD) ,
, Cr( VD), 0.6% K2S:05s Cr(lll) Cr( VD), ,
Cr(lI) Cr( VD).
2.2
[31,32] ,
S 0.2 ng/mi
[33]u [34- 37] ,
, (CH3)4Pb. (C2Hs)4Pb. (CHs)2 ( C2Hs)2Pbs (CHs)s (C2Hs) Ph.
(C:2Hs)3(CH3)Ph 5 , , 30 pg. [38.39]
,GFAAS )
, 21.5pg 1.86 pg.
2.3
1 FIA—AAS Cu-Zn.Fe-Mn.K.Na.Ca.Mg,
514 /h,RSD 1%;
, Hg' 100
, 0. 06 ug/L, 200 /ht, 2] GC- GFAAS

s 0.14 ng 0.28 ng.
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e ,PdCL . , 1.5 10" " g.
[44]
[45- 47]
[48]
Cu.Ni.Cr. L4930
24, B I Te , Ag,
0.051 pg/g. (521 C
[531]
B HGAAS- FIA , 4.0x 10" g.
[55]
[56] ,
[57] [58]
s 4 As(V).As(Ill) .DMA MMA.
3
3.1
> [59]\Mg\Cu\
Fe.Mn.Ca.Zn.Se'"* " Hg'”'.Zn.Cu.Fe.Ca-Mg.Mn'® . N{" . co! @ I, AR
tosl , 21.5pg 11.69 pg.
(oo (TBABT) , TBA + —
R k] b
t7e] . 2.17
x 10 * pg/L, 7.7 (711 _
(72 316 NN , ,
71 GFAAS

Cu-Zn.Fe.Mn.Ca Mg Cu/Zn
0.01< x< 0.05

E} 5
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3.2
[74] [75] [76- 78] [79] [80,81] [82]
[83- 85]
[86]
, Cd Pb, 95% ~ 104%. (871
NH.NO; (NH4):HPO. ,5 000 ,
8.3x 10" " g. [¥1°0.2% T riton 4
, 1 000 C,
(591 , 1 400 C, ,
28 pg.
(0] . , 9.1x 10 *mg* L '/1%,
10 g/L , 5 . N
02, (23 Cu Zn
3 2 . o4 GFAAS 7 ,
2.0x 10" g, 2 (0.93%0.27) ug
(0.22£0.06) pg. >3 — — ,
[96] 116
(18.88% 3.30) umol/L. 07
30 , 0.769~ 1.247 mg/L,
(81.95£9.55)%. , ,
[98]
[99] APDC [100]
trord , Pt- C ,
, , 2.23 pg/L.
.3
(o2 GFAAS ,
, , 98% ~ 104%. (o3 ,
0.15mol/L 50 mmol/L Tris- HCI (pH= 7.4)
3, FAAS 34 30

[104]
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70 N Ni.Zn.Cu.Fe.Cr.Mn.Cd Mg,
. FAAS Zn.Cu.Fe Mg, GFAAS
Mn.Ni.Cr Cd. 131 BaF, ,  GFAAS ,
1 800 C, , , 94, 7% ~
104% .
[106]
1200 C 1 600 C, K.Na.Ca.Mg ,
[107] 1. 2—
FAAS Cu.-Zn.Cd Fe. (1o8] A LO;
BIZ 8 . [109]
Nafion (SOD) Cu”™  zZn™,GFAAS
, 2.2 ug/L 0.2 ug/L. SOD
11, SsOD Cu”  zZn™ 2.02x 1007 2.02x
1077,
3.4
[110]
, , BIBK ,
(e r - (1) , M IBK ,
(2 T riton X- 100
, , T riton X- 100. [113]
[ Co(SCN)4T* 201 , pH=2.0 ,
, [114] N,N ,
, FAAS
[115] +
800 C 1 200 C, , 0.3 ug/L.
, 900 C ,
1.5 900 C , Sn.SnCl  SnO:
N Pd- Sn
4.1
[116] [117] [118] [119]
, 4 2o 2l BOy BFs 105 r,
1,10— , , ,
0.016mg* L' '/1% 0.028mg* L '/1%. (2]

- . S 0.4pg/gu
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(121241 HSOs, Ba™ HSO4 ,
[125]
(CHs).Se (CH3s)sSes, 0.3 ng 0.04 ng.
[126] [127]
R [128]0 , H+
95% (129] [130]
,CN™  CuS Cu(CN)” , ,
4.2
(st — — (14 0.05+ 4)
GFAAS . [zl
[133] [134]
s R 25 pg, RSD< 7%,
,FAAS . . , GBW—080193
, RSD  0.32% ~ 0.85%!'*"],
[136]
, 91% ~ 104% . 1371
4.3
[138]
AS\Pb\Cuo [139,140]
Pd(NOs).— T riton X- 100 , 40 C 1 200 C,
[141]
01 mg [142,143]
[144] _ 4
41 pd/Ca
82 ng [146,147] _
s , Cu-
(sl FAAS . Pb.Cu Cd
FAAS 110.39. 150 [149]

96.3%~ 102% .

>

, FAAS

[150]
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[151]

8 pg/1% 9 ng/1%.
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