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The first paper on Flow Injection Analysis (FIA) appesred in 1975 [1]. Over the intervening
decade, the method has developed from an approsch for merely rapidly conducting serisl chemical
assays into a novel concept in solution handling in anelytical chemistry and a diagnostic tool to be
exploited for general analytical studies. It has promoted new and exciting developments in the field of
continuous Tlow analysis. This broad acceplance of FIA s refiected in the wealth of papers published in
the international Titerature which, counting contributions from more than 35 different countries, has
increased exponentiatly and by the end of 1985 exceeds 1000. At this Depariment we have continuously
attempted to monitor the development of FiA by maintaining an up-to-date FIA bibliography. Recently
we had the opportunity to anslyse the growth and scrutinize the contents of all the FIA papers published
- to the extent that they have been accessible to us - the results of which was published last year [2]
while an updated version soon is to appear [3]. In the following & few aspects of this analysis are

presented.

IT the growth in the number of FIA pubtications is depicted in & semilogarithmic diegremme, showing
the cumulative number of publications es & function of time (Fig. 1), the doubling time, Ty (16., the

time span required for the literature to double in stze) can be resd out as the slope of the curve.
Initially, this doubling time is seen to be less then one year, but of course the sbsolute number of FIA
publications was then modest. With the doubling time increasing to 1.2 years, it nevertheless required
six years to resch the first monograph on Flow injection Analysis [4], while it took less then an
additional four years to reach the ca. 750 papers published by the end of 1984, the doubling time of the
curve now having atfained e value of 1.8 yesrs. Compared {o other analytical techniques, for which
similar type of analysis has been mads, this doubling time is very short; thus the Ty values for other

subsets of anslytical chemistry are, for example: smperometry 8.0 years, conductometry 6.4 years,
general electroanalysis 4.6 yesrs, potentiometry 4.0 years, and voltammetry 2.8 years. interestingly,
the doubling times of the entire world chemical and anslytical lilerature are even longer: 13.9 and
14.5 vears, respectively [5).

This broad scceptance of FiA is undoubtedly due to its versatility, which allows the methad to be used
in conjunction with 8 wide variety of detectors and snalyticsl techniques, end for the assay of a
multitude of organic and inorganic substences. A closer look &t the variety of detection principles used



in conjunction with FIA reveals thet optical methods (and particularly visible spectraphatometry)
predominate. This is not surprising considaring that spectrophotometry generally sccounts for
approximatsly SO% of all detection principles used in snalytical chemistry. Yst, a statistical scrutiny
of the data for the two time periods of 1975-1980 and 1981-1984 clearly reveals that the highest
relstive meressesin detectors used with F1A actually are encountered in the areas of electrochemistry
and optical methods (excluding spectrophotometry), snd in the lstter domain notably atomic absorption
(AAS) and inductively-coupled plasma spectrometry (ICP) dominate, followed by chemiluminescence
and fluorometry. This trend is iikely to continue, because Flow Injection systems enhance the
performance of AAS and ICP, by increasing the sensitivity over 100 times, by allowing speciation and by
removing matrix effects. For kinetic reasons, FIA is an ideal vehicle for chemiluminescence.
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When the FIA publications are srranged according to their country of origin (Fig. 2), the story of
FlA is highlighted. As observed from the figurs, the USA and Japan clesrly dominate the field at present
- each accounting for 20-30% of a1l the papers published ennually over the pest five years - closely
followed by Grest Britain. Obviously, in thess countries, there are various groups working
independently on FIA. In fact, according to N. [shibashi [private communination] over 60 groups are
conducting FIA research in Japan whers even a FIA Scciety has been established, publishing the vurng:
of Flow /njection Anslysis, which is the only existing periodical in the world exclusively devoted to FIA.
Significant contributors to the growth of FIA are slso countries like Holland, Brazil and Sweden, which
81l were fairly early toembark on FIA, and where the absolute number of publications in recent years

10 I~




has amounted to approximately 10 to1S per year. In most other countries represanted on the FIA list of
contributors, the absolute number of publicetions is of the order of & few papers per yesr {thus, the
very first paper originating fn the USSR was published in & Russian perfodical in 1985), notable
exceptions being, however, China, Spain and Germany, where the growth curve within the last few
years, after a long incubstion time, has exhibited & sharply increasing valus (Fig. 2).

Tl o
51 China

© | 4 Germany

& Denmark

“®- Great Britsin . / »
30 1
Ho. of -O- Japan / /

Annug! FIA 257

[
Peblications B USA O/
20 7 Flg. 2. Growth of the number of FIA

B O

papers published annually in 6
different countries, where Japan,

107 A? USA and England represent the three
54 A A/ D/ most prolific countriss, while China

&—B § ..:—D/ _‘__“_.— and Germany are examples of nations
0#"’ where the number of publications,
75 76 77 78 79 80 81 82 83 84 after & long delay time, is now
Ysar increasing significantly.

One of the reasons for the longer delay time in some countries is undoubtedly the time it hes
required to produce commercially available FIA instrumentation, Obviously, inorder for é new concept
like FiA to dissiminete amongst practicing anslyticsl chemist it is necessary that proper analytical
equipment is available. Although commercial instrumentation for FIA now is produced in Sweden
(Bifok-Tecator), USA (FlAtron, Lechat, Control Equipment), Jepan (Hitachi) and Brasil { Micronal) -
the manufacturers being arranged in the same ssquence in which they introduced their squipment - it
is, nevertheless, significant that Japan over the past § yesrs has attained such a commanding réle
within the field of FIA. Considering the vigorous level of ectivity and the high quality of the Jepansse
FIA publications there is every reason o believe that this trend will continue, to which the Japanese
resesrchers are to be heartily congratulated.

REFERENCES.

1. J. Ruzickaand E. H. Hensen, Anal. Chim. Acta, 78 (1975) 145.

2. E. H. Hansen, "Flow Injection Analysis" Polyteknisk Forlag, Copenhagen, ( 1986). (D.Sc. Diss.).

3. J. Ruzickasnd E. H. Hansen, Anal. Chim. Acts, 179 (1986) 1.

4. J. Ruzicks and E. H. Hansen, "Flow |njection Analysis”, Wiley Interscience, New York, (1981).
(Jspanese translation [ by N. Ishibashi and N. Yoza] , Kegakudonin, Kyoto, (1983)).

5. T.Breunand E. Bujdosd, CRC Crit. Reviews Anal. Chem., 13 (1982) 233.





