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Cross Injection Analysis: Concept and Application
for ‘Single’ or ‘Multi-analyte’ Determination

‘Cross Injection Analysis’ or ‘CIA’ is a recent
flow based-technique first presented in 2013 [1].
Concept of CIA is based on the use of a small acrylic
platform with dimension of 5cm x 3 cm x 1.5 cm (x X
v X z). The acrylic platform is drilled to give
cylindrical channels with two or more y-channels
running perpendicularly to the x-channel. The y-
channel is used as the inlet and the outlet ports for
either sample or reagents. The x-channel is the
analytical flow path that connects to the detection flow
cell. Liquid handling in CIA requires only peristaltic
pumps with an electronic board for controlling the
pumps. CIA is in a way similar to sequential injection
analysis (SIA) in term of insertion of sample and
reagents into the analytical flow path. The difference
is that zone insertion in CIA are performed
simultaneously not sequentially as in SIA. The
technique of cross-flow in CIA can promote the
mixing between the samples and reagents, leading to
the sensitivity enhancement [1].

The CIA technique has been applied to ‘single’ or
‘multi-analyte’ measurements. For the first generation
of CIA, one platform was used for determination of a
single analyte. The system was applied to the
determination of iron (II) in multivitamin tablets [1].
The detection was based on use of 1,10-ortho-
phenanthroline as the complexing agent to form red-
colored product. The second application of CIA was
presented for ‘tandem measurement’ of two analytes.
The system comprised two platforms connected in
series and was applied to the measurement of iron (III)
and creatinine in urine of thalassemic patients [2].
Monitoring of iron in patient's urine indicates the iron
overload status and the measurement of creatinine is
used to correct for the variation in the volume of the
urine collected. Iron (III) was prior reduced to iron (II)
by ascorbic acid and was then chelated with 2-(5-

bromo-2-pyridylazo)-5-(N-propyl-N-(3-sulfopropyl)
amino) aniline. Creatinine was detected using the
Jaffé method. We also demonstrated the simultaneous
determination of ‘two analytes’ using ‘single’ CIA
platform. By means of chemometrics, the developed
CIA system was successfully applied for simultaneous
monitoring of phosphate and silicate contents in water
samples [3]. Recently, CIA was developed for
‘simultaneous multi-determination’ of three analytes.
The system has three platforms connected in parallel
for the analyses of glucose, albumin and creatinine
[4]. Glucose was colorimetric detected based on a
non-enzymatic assay using 3,5-dinitrosalicylic acid as
a chromogenic reagent while albumin and creatinine
were  monitored after their reactions  with
tetrabromophenolphthalein ethyl ester (in the presence
of triton X-100) and alkaline picrate, respectively. The
method was successfully applied to urine samples
collected from diabetic patients.
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