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ABSTRACT: A comprehensive, critical and updated review for the applications of flow-
injection analysis (FIA) techniques for the analysis of organic pollutants in several types of water
samples, except marine waters, is presented. The methods of indirect determination of organic
pollutants in water by using flow injection coupled with atomic absorption spectroscopy are also
discussed.
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I. INTRODUCTION

In the first part of this review,1 we briefly
described the principles of FIA, the princi-
pal advantages of this technique, and the
areas of its applications. Water analysis is
one of the principal application of FIA. The
main monographs related to FIA and the
databases available on internet were also cited
in the first part of this review. Over 10,000
papers devoted to FIA have been published
up to now, and at most international analyti-
cal conferences there are special sections
devoted to flow (injection) analysis. More-
over, there are many scientific meetings de-
voted to FIA of which “Flow Analysis” and
“Conferences on Flow Injection Analysis”
are the most recognized international venue.

In the first part of this review a compari-
son between FIA and sequential injection
analysis (SIA) was made, presenting the ad-
vantages and disadvantages of each of these
techniques. Multicommutation flow analy-
sis, which is a novel approach of flow analy-
sis together with automatic FIA equipment
for water analysis, was also presented in the
first part of this review. The application of
FIA to water analysis has been reviewed by
several authors.2-12 However, there are few
review papers regarding water analysis that
are updated or comprehensive.

The present article selectively reviews
the FIA application for the determination of
organic species in water samples of all kinds
except marine waters. We shall also present
some methods regarding the indirect deter-
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mination of organic pollutants in waters by
using flow injection coupled with atomic
absorption spectrometry (AAS). The most
important flow injection methods of analy-
sis for organic substances in waters are pre-
sented in Table 1.

II. INDIRECT FLOW INJECTION
METHODS FOR DETERMINATION
OF ORGANIC POLLUTANTS IN
WATERS BY AAS

An interesting approach for the deter-
mination of organic pollutants in waters is
represented by indirect flow injection
atomic absorption spectrometry.13-15 It used
nonchromatographic continuous separation
methods. These methods are classified into
three categories based on: liquid-liquid ex-
traction, precipitation, and utilization of
solid-phase reactors (solid-phase extrac-
tion, solid-phase chemical reaction, reac-
tors that do not involve a chemical reac-
tion).16

Indirect determination using AAS based
on the formation of ion pairs between a
charged analyte and a cationic or anionic
metal chelate have been used by Valcarcel’s
group for the determination of anionic and
cationic surfactants.17,18 The ion pair formed
by charged analyte and charged metal che-
late was extracted into an imiscible organic
solvent, and thus the atomic absorption sig-
nal of the tag element from the organic phase
is proportional to the analyte concentration.

Galego et al.17 developed an indirect AAS
method for the determination of anorganic
surfactants in waste waters by FI liquid-liq-
uid extraction. The method involves the for-
mation of the detergent-1,10-phenanthroline-
copper(II) ion pair and extraction into methyl
isobutyl ketone (MIBK). The concentration
of anionic surfactants in the range 0.1 to 5.0
µg/mL was determined by measuring the
copper in the separated organic layer. The

method, reported to be highly selective, be-
ing free of interference of nonionic surfac-
tants and a high precision of 0.8% RSD was
achieved.

Martinez-Jimenez et al.18 determined
cationic surfactants in natural, tap, and waste
waters indirectly by flame AAS. The method
is based on the on-line extraction of the de-
tergent-tetrathiocyanatocobaltate(II) ion-pair
into IBMK. The surfactants were determined
by the measurement of cobalt in the sepa-
rated organic phase. A sampling frequency
of 35 samples/hour was achieved with a pre-
cision of 1.2% RSD.

The indirect FI-AAS methods compare
favorably with their batch counterparts and
even surpass them in several respects such
as the use of smaller samples and reagents
volumes, higher sampling frequency, and
higher sensitivity and precision arising from
the less extensive sample manipulation re-
quired. The main drawback of indirect FI-
AAS methods is the selectivity, in that it is
difficult to achieve specificity in the reac-
tions between the analyte (organic com-
pound) and metal ions.

CONCLUSIONS

Flow injection methods of analysis have
been used widely in the analysis of environ-
mental parameters, and especially in water
analysis. The potential and great capability of
different FIA systems in water laboratories
for organic substances analysis is demon-
strated in this review. However, flow injec-
tion analysis was applied to a much lesser
extent for the analysis of organic substances
in waters than for inorganic species, as dem-
onstrated by the number of published papers.

Nevertheless, it appears that flow injec-
tion analysis has taken a prominent place in
routine water laboratories, where a wide-
spread application of FIA methodologies is
possible.
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