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Flow Injection Analysis and Sequential Injection
Analysis and Their Applications in Pharmaceutical
and Environmental Area

Last twenty years more and more strict regulations related
to the quality control of pharmaceuticals led to increasing
demands on the automation of analytical assays carried
out in appropriate control laboratories. At the same time,
during more than thirty years of its existence, the FIA
technique became a versatile instrumental tool that
contributed substantially to the development of
automation in pharmaceutical analysis. This can be well
documented by a number of reviews on the use of FIA in
the analysis of drugs. This pioneer period has been also
characterized by construction of FIA analysers (FIA-20)
in Czech Republic, later in development of novel methods
for their applications for agricultural laboratories and
pharmaceutical area.

In the beginning of the 21th century activities on the field
of flow methods has turned to the application of SIA
system in different areas, again mainly in pharmaceutical
area for example for automation of dissolution and
permeation tests used in pharmaceutical industry.

In 2003 a new method called Sequential injection
chromatography has been firstly described, giving the
possibility to analyze several compounds in on run similar

as chromatographic techniques, keeping all advantages of
low—pressure SIA system available as flexibility and
modularity. The method using monolithic columns as a
separation modul brings a new possibilities for separation
of analytes. New generation of sequential injection
analysis has already been consolidated as a good
alternative of high performance liquid chromatography for
analysis of simple samples. Implementation of short
monolithic chromatography column into flow system
brings new area of use — on-line chromatographic
separation of multi-compound sample in low-pressure
flow system.

Application of SIC to the area of pharmaceutical analysis
can be divided according to the type of pharmaceutical
formulation. For the determination of compounds in liquid
pharmaceutical mixtures it is usually not necessary to do
sample pretreatment because of the absence of interferents.
The ionic compound present usually do not interfere with
the chromatographic measurement. Several SIC methods
for the analysis of such types of samples have been
reported. Ambroxol, methylparaben and benzoic acid were
determined simultaneously in various pharmaceutical
syrups and drops with salicylic acid as the internal
standard. Naphazoline nitras and the preservative
methylparaben were determined in eye drops using
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ethylparaben as the internal standard. This method
involves the simultaneous use of two UV wavelengths to
increase the selectivity of analysis. Topical solution
containing salicylic acid and triamcinolone acetonide was
analyzed with with propylparaben as the internal standard.
In the case of betamethasone and chloramphenicol
determination in eye drops with propylparaben as the
internal standard, a simple sample pretreatment procedure
involving extraction into methanol with diluted H;PO,
was used.

SIC was also used for chromatographic determination of
ambroxol  hydrochloride  and
pharmaceutical capsules with ethylparaben as the internal
standard and for the simultaneous determination of
paracetamol, caffeine and acetylsalicylic acid in common
antipyretic and antiflogistic tablets with benzoic acid as
the internal standard. In both methods a simple and fast
pretreatment step involving extraction into an organic
solvent was required.

doxycycline  in

Due to interferences in the matrix it is necessary to carry
out simple and fast pre-treatment of topical semisolid
formulations. Extraction with organic solvent had to be
done before the determination of triamcinolon acetonid
and two conservants (methylparaben and propylparaben)
in a topical cream. Ketoprofen was used as the internal
standard, Extraction also preceded the determination of
salicylic acid and its ester methylsalicylate in topical
pharmaceutical preparations and sodium diclofenac and
the conservants methylparaben and propylparaben in a
topical emulgel.

Advantages of automated flow methods can be efficiently
utilized in monitoring of pharmaceutical process. Franz
diffusion cell is often used as a standard vessel for
controlling the liberation of active compounds from
topical preparations. It consists of two parts—donor part
and acceptor part—that are separated by a membrane. The
donor compartment holds the drug preparation and the
acceptor compartment the receiving medium. For release
experiments, normally artificial membranes are used to
separate the donor and receptor compartment physically.
However, the membrane should allow the active
ingredient readily to diffuse receiving the medium as it is
“released” from the dosage form and not be rate limiting
for the diffusion. Connection of a SIC manifold to Franz
diffusion cell has enabled to create fully automated system
for the in vitro release testing of composed semisolid
dosage forms. This system was used for the determination
of two active substances in topical pharmaceutical
formulation composed of lidocaine and prilocaine with
trimecaine as the internal standard. Samples were taken
automatically in 10 min intervals during a 4 h release test.

Latest activities in the development of flow methods have
been devoted to the area of sample preparation and
manipulation using SIA technique. This promising area of
novel instrumentation application of SIA can bring a
substantial improvement for automation of sample
preparation, thus saving time and cost.
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Selective Detection and Determination Methods for
Gaseous Substances in Flow-Based Analysis

Interferences present in samples often contribute severe errors in
quantitative analysis. In order to prevent the interferences, samples
are usually treated with some specific protocols to separate the
analyte from the interfering matrix. For laborious protocols, an on-
line sample treatment coupling directly to the measurement
manifold or instrument are preferable than the conventional off-line
treatment. In regard to this inconvenience, on-line treatment
techniques, contemporary used in the flow-based techniques such
as in flow injection (FIA) and in sequential injection (SIA) [1],
should be considered.

On-line separation of volatile analytes (e.g., NH;, SO,, CO,
etc.) from the sample matrix can be carried out using membrane-
based techniques such as gas-diffusion (GD) [2-6], pervaporation
(PV) [7-8]. In these membrane techniques, a device is specifically
design for separating the gaseous analyte from the matrix. GD and
PV devices are both furnished with hydrophobic membrane
(usually PTFE) to separate between two aqueous streams (donor
and acceptor). Only volatile compounds can diffuse from one side
to the other side through the membrane pores, and this provides
selectivity in the subsequent detection. Comprehensive reviews of
these techniques, including some other membrane-based
separations, can be found in references 2 and 3.

Our group has been working on analysis of iodine species, with
utilization of GD [9-10] and PV techniques [11]. Use of the
membrane also has some drawbacks such as low mass transfer
efficiency, short life-time of membrane and therefore not cost-
effective. ~ We therefore introduced a new technique with a
membraneless device for on-line separation of volatile substance
from sample interferences. The technique no longer uses the
porous membrane in the separation [12]. This short article contains
a very brief tour of the two membrane-based techniques (GD and
PV) as well as the latest membraneless technique for on-line
sample treatment in flow-based analysis.

1. Membrane-based technique for on-line separation

For a GD device, both the donor and the acceptor streams are
touching the membrane at all time. Dirty samples can cause
blockage of the pores and reduction in life-time of the membrane.
The GD device is not suitable for slurry samples. Taking these
problems into consideration, a PV device was therefore introduced
by M.D.L. de Castro in 1995 [7]. In the configuration of a PV
device, there is always an air-gap to prevent the contact between
the membrane surface and the sample [7-8]. This could notably
prolong the life-time of the membrane.

2. The recent membraneless technique

Although the PV device seems to function well and it is
applicable to direct analysis of slurry samples, the sensitivity is
remarkably reduced. The mass transfer from the donor side to the
acceptor side is poor for the PV technique due to the thickness of
membrane. The membrane sheet must provide sufficient rigidity to
stand the pressure from the acceptor to avoid noisy baseline due to
vibration of the membrane [13]. We therefore introduced the
membraneless vaporization (MBL-VP) technique with some
membraneless devices [12] that serve the same purposes to the GD
and the PV devices in providing on-line separation of volatile
compounds from the matrix.

In the first design, the MBL-VP device had two parallel
grooves for donor and acceptor flows. These two grooves are
covered with a flat-top acrylic. There is an air-gap present above
the two streams so that vapor of the volatile compound can react
with the color forming reagent in the acceptor flow. The air above
the two liquid streams is virtually a semi-permeable membrane.
We first demonstrated the applicability of this concept with direct
analysis of ethanol in liquor samples [12], following by analysis of
ethanol for the quality control of gasohol fuel [14]. Later we
presented a cylindrical shape MBL-VP device for accommodating
direct analysis of solid samples such as calcium supplement tablets
[15]. Apart from our group, there has been another group working
independently on development of a device called ‘thin layer
distillation’, which also gives the separation of the volatile species
from sample matrix [16].

Conclusions

The recent MBL-VP technique can be an alternative
technique to GD and PV techniques for on-line and selective
separation of volatile compounds from sample matrix.
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