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Review on the flow injection analysis (FIA)

Flow injection analysis (FIA) is a simple and versatile analytical 
technology for automating wet chemical analysis, based on the 
physical and chemical manipulation of a dispersed sample zone 
formed from the injection of the sample into a flowing carrier 
stream and detection downstream.
Flow injection analysis is highly efficient technique for the au-
tomated analyses of samples. Unlike the centrifugal analyzer, 
in which the number of samples is limited by the transfer disk’s 
size, FIA allows for the rapid, sequential analysis of an unlimit-
ed number of samples. FIA is one example of a continuous-flow 
analyzer, in which we sequentially introduce samples at regular 
intervals into a liquid carrier stream that transports them to the 
detector.
The principle is similar to that of segmented flow analysis (SFA) 
but no air is injected into the sample or reagent streams. FIA is 
computer compatible and allows automated handling of sample 
and reagent solutions with a strict control of reaction conditions. 
FIA is an automated method of chemical analysis in which a 
sample is injected into a flowing carrier solution that mixes with 
reagents before reaching a detector.
Unlike chromatography, however, flow injection analysis is not 
a separation technique. Because all components in a sample 
move with the carrier stream’s flow rate, it is possible to intro-
duce a second sample before the first sample reaches the de-
tector. As a result, flow injection analysis is ideally suited for the 
rapid throughput of samples. FIA is a general solution-handling 
technique, applicable to a variety of tasks ranging from pH or 
conductivity measurement to  colorimetry,  titrations and enzy-
matic assays.
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Introduction 

Flow injection analysis (FIA) is a simple and 

versatile analytical technology for automating 

wet chemical analysis, based on the physical 

and chemical manipulation of a dispersed 

sample zone formed from the injection of the 

sample into a flowing carrier stream and 

detection downstream (Valcarcel, et al., 1987). 

Flow injection analysis is an approach to 

chemical analysis that is accomplished by 

injecting a plug of sample into a flowing carrier 

stream (Ruzicka, et al., 1988). Flow Injection 

Analysis was defined by Ruzicka and Hansen in 

1975. The principle is similar to that of 

segmented flow analysis (SFA) but no air is 

injected into the sample or reagent streams. FIA 

is computer compatible and allows automated 

handling of sample and reagent solutions with a 

strict control of reaction conditions. FIA is an 

automated method of chemical analysis in which 

a sample is injected into a flowing carrier solution 

that mixes with reagents before reaching a 

detector (Karlberg, et al., 1989). Over past 30 

years, FIA techniques developed into a wide 

array of applications using spectrophotometry, 

fluorescence spectroscopy, atomic absorption 

spectroscopy, mass spectrometry and other 

methods of instrumental analysis for detection. 

Based on computer control, FIA evolved into 

sequential injection and bead injection which are 

novel techniques based on flow programming 

(Christian, 1994).  

Flow injection analysis was developed in the 

mid-1970s as a highly efficient technique for the 

automated analyses of samples. Unlike the 

centrifugal analyzer, in which the number of 

samples is limited by the transfer disk’s size, FIA 

allows for the rapid, sequential analysis of an 

unlimited number of samples. FIA is one 

example of a continuous-flow analyzer, in which 

we sequentially introduce samples at regular 

intervals into a liquid carrier stream that 

transports them to the detector (Skoog, et al., 

1998). 

In a flow injection analysis the sample is injected 

into a flowing carrier stream that often is merged 

with additional streams carrying reagents. As the 

sample moves with the carrier stream, it both 

reacts with the contents of the carrier stream and 

any additional reagent streams, and undergoes 

dispersion. The resulting fiagram of signal 

versus time bears some resemblance to a 

chromatogram. Unlike chromatography, 

however, flow injection analysis is not a 

separation technique. Because all components 

in a sample move with the carrier stream’s flow 

rate, it is possible to introduce a second sample 

before the first sample reaches the detector 

(Vander, 1994). As a result, flow injection 

analysis is ideally suited for the rapid throughput 

of samples. 

Principles 

Principles of operation 

A sample (analyte) is injected into a carrier 

solution which mixes through radial and 

convection diffusion with a reagent for a period 

of time (depends on the flow rate and the coil 

length and diameter) before the sample passes 

through a detector to waste. A Peristaltic pump 

is the most commonly used pump in FIA 

instruments but new variants of FIA technique 

use computer controlled syringe pumps that 

generate discontinuous flow that is precisely 

choreographed to the needs of assay protocol. 

The result is dramatic decrease of sample and 

reagent consumption and waste generation. The 

new technologies broadened applicability of FIA 

technique from laboratory serial assays to 

research applications and continuous monitoring 

of environmental and industrial process. Flow 

injection analysis is based on the injection of a 

liquid sample into a moving, non-segmented 

continuous carrier stream of a suitable liquid. 

The injected sample forms a zone, which is then 

transported toward a detector that continuously 

records the changes in  absorbance, electrode 

potential, or other physical parameter resulting 

from the passage of the sample material through 

the flow cell. 
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Fig1. Four phases of FIA 

 

A FIA peak occurs due to two processes, one 

involving the simultaneous physical process of 

zone dispersion and the second involving the 

chemical process resulting from reaction 

between sample and reagent species. A 

difference in the concentration gradient is thus  

generated. Immediately after injection with a 

sampling valve,  sample zone (plug) 

concentration profile is rectangular as shown 

below. 

 

 

 

As it moves through the tubing, band broadening 

or dispersion takes place. The shape of the 

resulting zone is determined by two phenomena. 

The first is convection arising from laminar flow 

in which the center of the fluid moves more 

rapidly than the liquid adjacent to the walls, thus 

creating the parabolic shaped front and the 

skewes zone profile had shown below. 
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Broadening also occurs as a consequence of 

diffusion. In principle two types of diffusion can 

occur: 

I. Radial or Perpendicular to the flow direction 

II. Longitudinal or parallel to the flow 

The latter is of no significance in narrow tubing, 

whereas radial diffusion is always important 

under this circumstance. In fact, at low flow rates 

it may be the major source of dispersion. Here, 

the radial dispersion from the walls toward the 

center serves the important function of 

essentially freeing the walls of analyte and thus 

eliminating cross contamination between 

samples. 

Dispersion 

The extent of dispersion of dilution is measured 

in terms of dispersion coefficient (D). It is the 

ratio of the concentration of the sample before 

and after the dispersion process takes place. 

Dispersion coefficient is defined by the equation; 

D = CO / C 

Where;    CO = Concentration in injection 

analysis 

C = Peak concentration at detector 

D is affected by sample volume, tube length, flow 

rate and tube id. The sample dispersion is rated 

as :- 

Limited if D = 1 to 3 

Medium if D = 3 to 10 and  

Large if D > 10. Out of the three limited 

dispersion is preferred. 

Instrumentation 

The modern flow injection analysis system 

usually consists of injection valve, high quality 

multi channel peristaltic pump, coiled reactor, 

tubing manifold, detector and auto sampler. 

Additional components may include a flow 

through heater to increase the speed of chemical 

reactions, columns for sample reduction, de 

bubblers and filters for particulate removal. 

 

 

Fig. 2. Flow Injection Analyzer 

 

Working principles of FIA 

In its simplest form, the sample zone is injected 

into a flowing carrier stream of reagent. As the 

injected zone moves downstream, the sample 

solution disperses into the reagent. As this 

sample is carried to the detector, the fluid 

dynamics of flow through narrow-bore tubing 
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mixes sample and reagent, leading to chemical 

reaction to form a detectable species. This 

species is sensed by the detector as a transient 

peak. A detector records the desired physical 

parameter such as colorimetric absorbance or 

fluorescence, electrode potential, refractive 

index or electrical conductivity. Such variation in 

any physical property occurs due to the passage 

of the sample through the flow cell. The height 

and area of the peak are proportional to 

concentration and are used to quantify the 

concentration of the compound being 

determined by comparison to samples of known 

concentration. The typical FIA flow rate is one 

milliliter per minute, typical sample volume 

consumption is 100 microliters per sample and 

typical sampling frequency is two samples per 

minute. The schematic below groups the FIA 

process into three stages to help visualize how 

the technique performs  a method or analysis.  

 

 

 

I. Sampling 

First is sampling, where the sample is measured 

out and injected into the flowing carrier stream 

(thus, the name flow injection analysis). This 

step is generally performed with a sample 

injection valve. 

II. Sample processing 

The second stage is sample processing. the 

purpose of this step is to transform the analyte 

into a species that can be measured by the 

detector and manipulate its concentration into a 

range that is compatible with the detector, using 

one or more of the indicated processes. 

III. Detection 

The third stage is detection where the analyte  or 

a derivative of it, generates a signal peak that is 

used to quantify the compound being 

determined. As indicated a large variety of 

detectors can be used in FIA. The power of FIA 

as an analytical tool lies in its ability to combine 

these analytical functions in a wide variety of 

different ways to create a broad range of 

different methodologies, and perform these 

methodologies rapidly and automatically with 

minute (µL) amounts of sample. The most 

commonly used detectors for flow injection 

analysis are the electrochemical and optical 

detectors used in HPLC. A flow-through detector 

is located downstream from the sample injector 

and records a chemical physical parameter. 

Many types of detector can be used such as 

colorimeter, fluorimeter, ion-selective electrode 

and biosensor. A schematic diagram detailing 

the basic components of a flow injection 

analyzer is shown in Fig.3. The reagent serving 

as the carrier is stored in a reservoir and a 

propelling unit maintains a constant flow of the 

carrier through a system of tubing that comprises 

the transport system. We inject the sample 

directly into the flowing carrier stream, where it 

travels through one or more mixing and reaction 

zones before reaching the detector’s flow-cell. 

Fig.3 is the simplest design for a flow injection 
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analyzer, consisting of a single channel and one 

reagent reservoir. Multiple channel instruments 

that merge together separate channels, each 

introducing a new reagent into the carrier stream 

are also possible.  

 

 

Fig.3 Schematic diagram of a simple flow injection analyzer showing its basic components. After its 

injection into the carrier stream the samples mixes and reacts with the carrier stream's reagents 

before reaching the detector. 

 

The basic components of a flow injection 

analyzer are shown in Fig.4 and include a pump 

for propelling the carrier stream and reagent 

streams, a means for injecting the sample into 

the carrier stream, and a detector for monitoring 

the composition of the carrier stream. 

Connecting these units is a transport system that 

brings together separate channels and provides 

time for the sample to mix with the carrier stream 

and to react with the reagent streams. We also 

can incorporate separation modules into the 

transport system.  

 

 

Fig.4. Example of a typical flow injection analyzer showing the pump, the injector, the transport 

system consisting of mixing/reaction coils and junctions, and the detector (minus the 



Abraha Gebregewergis, AJSRE, 2021; 6:4 

AJSRE: https://escipub.com/american-journal-of-scientific-research-and-essays/      7

spectrophotometer). This particular configuration has two channels: the carrier stream and reagent 

line.   

 

When we first inject a sample into the carrier 

stream it has the rectangular flow profile of width, 

'w' as shown in Fig.5a. As the sample moves 

through the mixing and reaction zone, the width 

of its flow profile increases as the sample 

disperses into the carrier stream. Dispersion 

results from two processes: convection due to 

the flow of the carrier stream and diffusion due 

to the concentration gradient between the 

sample and the carrier stream. Convection 

occurs by laminar flow. The linear velocity of the 

sample at the tube’s walls is zero, but the sample 

at the center of the tube moves with a linear 

velocity twice that of the carrier stream. The 

result is the parabolic flow profile shown in 

Fig.5b. Convection is the primary means of 

dispersion in the first 100 ms following the 

sample’s injection. The red line shows the width, 

'w' of the samples flow  

profile. 

 

 

Fig.5. Effect of dispersion on the shape of a sample’s flow profile at different times during a flow 

injection analysis: (a) at injection; (b) when convection dominates dispersion; (c) when convection 

and diffusion contribute to dispersion; and (d) when diffusion dominates dispersion.  

 

Diffusion helps to maintain the integrity of the 

sample’s flow profile (Fig.5c), preventing 

samples in the carrier stream from dispersing 

into one another. Both convection and diffusion 

make significant contributions to dispersion from 

approximately 3–20 s after the sample’s 

injection. This is the normal time scale for a flow 

injection analysis. After approximately 25 s, 

diffusion is the only significant contributor to 

dispersion, resulting in a flow profile similar to 

that shown in Fig.5d. 

The second contribution to the sample’s 

dispersion is diffusion due to the concentration 

gradient between the sample and the carrier 

stream. As shown in Fig.6, diffusion occurs 

parallel (axially) and perpendicular (radially) to 

the direction in which the carrier stream is 

moving. Only radial diffusion is important in flow 

injection analysis. Radial diffusion decreases the 
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sample’s linear velocity at the center of the The 

simplest manifold includes only a single channel, 

the basic outline of which is shown in Fig.7. This 

type of manifold is commonly used for direct 

analyses that do not require a chemical reaction. 

In this case the carrier stream serves only as a 

means for rapidly and reproducibly transporting 

the sample to the detector. For example, this 

manifold design has been used for sample 

introduction in atomic absorption spectroscopy, 

achieving sampling rates as high as 700 

samples/h. A single-channel manifold also is 

used for determining a sample’s pH or 

determining the concentration of metal ions 

using an ion selective electrode. 

tubing, while the sample at the edge of the tubing 

experiences an increase in its linear velocity.  

 

 

Fig. 6. Illustration showing axial and radial diffusion. The blue band is the sample’s flow profile and 

the red arrows indicate the direction of diffusion. 

 

 

Fig.7. Example of a single-channel manifold in which the reagent serves as the carrier stream and 

as a species that reacts with the sample. The mixing/reaction coil is wrapped around a plastic 

cylinder. 

 

Application  

The majority of FIA applications are 

modifications of conventional titrimetric spectro 

photometric and electrochemical methods of 

analysis. For this reason it is appropriate to 

evaluate FIA in relation to these conventional 

methods. The scale of operations for FIA allows 

for the routine analysis of minor and trace 

analytes and for macro-, meso- and micro 

samples. The ability to work with micro liter 

injection volumes is useful when the sample is 

scarce. Conventional methods of analysis, 

however, may allow the determination of smaller 

concentrations of analyte. The accuracy and 

precision of FIA are comparable to that obtained 

by conventional methods of analysis. The 

precision of a flow injection analysis is influenced 

by variables that are not encountered in 

conventional methods, including the stability of 

the flow rate and the reproducibility of the 
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sample’s injection. In addition, results from FIA 

may be more susceptible to temperature 

variations. These variables, therefore, must be 

carefully controlled.  

FIA is a general solution-handling technique, 

applicable to a variety of tasks ranging from pH 

or conductivity measurement to colorimetry, 

titrations and enzymatic assays. To design any 

FIA system properly, one must consider the 

desired function to be performed. For pH 

measurement, or in conductometry or for simple 

atomic absorption, when the original sample 

composition is to be measured, the sample must 

be transported through the FIA channel and into 

the flow cell in an undiluted form in a highly 

reproducible manner. For other types of 

determinations, such as  spectrophotometry, the 

analyte has to be converted to a compound 

measurable by a given detector. The 

prerequisite for performing such an assay is that 

during the transport through the FIA channel, the 

sample zone is mixed with reagents and 

sufficient time is allowed for production of a 

desired compound in a detectable amount. 

Typical applications of flow injection analysis 

includes pharmaceutical application, 

environmental analysis, food analysis, biological 

material, mineral material, clinical assay, bio-

analytical chemistry, on line monitoring in 

Biotechnology and monitoring waste and its 

treatments.  

Conclusions 

Flow injection analysis is an attractive technique 

with respect to demands on time, cost and 

equipment. FIA has been very successful in 

simplifying chemical assays. It is easy to see that 

compared to manual analyses; the tubing lines 

serve as solution containers and transfer 

vessels, the injection valve serves as a 

micropipette and the pump replaces the 

laboratory technician using all the laboratory 

ware. The main reasons for the success are the 

following advantages of FIA over conventional 

manual techniques includes; reduced labor 

costs due to automation, great precision due to 

mechanical performance of the assays, high 

sampling rate, smaller sample and reagent 

consumption and waste generation, simplicity 

and low cost instrumentation, availability of 

instrumentation in almost all laboratories, 

reduced analyses cost when a lot of samples 

have to be analyzed, increased precision 

compared to batch methodologies and 

automation in sample preparation and detection. 
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