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Abstract

A novel autoadaptative sequential injection system for the analysis of nitrite is described. The automatic determination uses a direct
spectrophotometric method, based on the Griess–Ilosvay reaction. In this method the absorbance of the purple azo dye formed is measured
at 555 nm. In the sequential injection operation, the sample and the reagent are aspirated and mixed by reverse flow. The sequencing and
overlapping of stacked (reagent) zones as well as selection of volumes have been studied in detail. The proposed analytical system is intelligent,
simple and robust, allowing for nitrite determination in a double concentration range, by a simple and automatic programmable operation
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change. These two ranges are 0.0–3.0 and 0.0–20.0 ppm with detection limits being 0.048 and 0.4 ppm, respectively. Next surrou
been developed allowing autocalibration and independent monitoring of nitrite concentration. The experimental set-up has bee
applying it to real samples analysis of very diverse concentration samples coming from a WWTP. The throughput of the meth
samples per hour.
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1. Introduction

The increasing demand on process monitoring has led to
new analytical systems, which can work during long periods
of time with little maintenance and low reagent consumption.
Flow injection analysis (FIA) fulfils those requirements and
its simplicity and robustness helped in its introduction into the
design of monitoring systems[1]. Additional improvements
can be obtained exploiting the autoadaptative potentialities
of the continuous flow techniques that can automatically
modify its operational parameters according with the sam-
ple requirements. However, conventional FIA analysers have
been designed as closed and dedicated systems useful to work
with very well defined sample compositions. When modifi-
cations in the system features are needed, they can only be
introduced after considering physical changes of the system
parameters. This limitation prevents its operation in unat-
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tended automatic conditions when high variability in ana
concentrations is expected. This disadvantage can be ci
vented easily by the use of an alternative flow technique c
sequential injection analysis (SIA), which confers vers
ity, robustness and high degree of autoadaptative ab
[2].

SIA techniques are based on sequential aspiration of
volumes of sample and reagents into a single channe
lowed by mixing during their transport to the detector
simple manifold including a selection valve, a pump an
suitable detector can be adapted for many different ch
cal determinations. All the operations related to the liq
handling can be automated using an automatic bure
liquid driver and a selection valve. Forward and backw
movement of the syringe piston produces the aspiration
impulsion processes while the length of the piston st
regulates the volumes of the liquids. The sequence of
ple/reagent zones used as well as additional unitary o
tions (e.g., injection, washing) was controlled with the ai
the selection valve[3].
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The introduction of certain intelligence capabilities into
analytical systems seems to be the next logical step for
future developments. The implementation of this new concept
requires the use of automatic self-configuring instrumenta-
tion, which is basically incompatible with the usual instru-
mentation employed in flow injection equipment design. SIA
has permitted advantages in this way, but the need of spe-
cific control software is considered the main drawback for
the use of this flow system technique. In 2002, Lenehan et
al. only found, in a SIA review, three references worldwide
where SIA control software coupled with data acquisition
were developed[4].

In this paper, a sequential injection system is described
showing the possibilities of the SIA technique in the design
of intelligent autoadaptative monitors for analytical process
control. The proposed system for determining nitrite is espe-
cially suitable for analysing real samples over the usual detec-
tion ranges; it can also operate reliably over long periods of
time. A system for nitrite determination at a two concen-
tration ranges are proposed as a demonstrator. In order to
obtain the chemical signal corresponding to the sample and
depending on its concentration found in a preliminary step,
the system automatically adopts a suitable reagent to sam-
ple molar ratio. This is selected from two alternative systems
designed and previously optimised for two working concen-
tration ranges, without any change on the physical operational
p the
c seful
i gen
r sses
u on-
c erly.
H bio-
l ild
i vels
[ this
p ns in
t

The need of control of this parameter in urban wastewa-
ter plants[6] industrial flows[7] and natural waters[8–10]
shows the importance of nitrite determination. The proposed
method was applied to nitrite determinations of real samples
proceeding from a pilot WWTP. Two different studies were
done: kinetic inhibition of nitrification process with nitrite at
very high concentrations (0–1500 ppm) in plant process, and
monitoring of respirometric determinations, where degrada-
tion of ammonium into nitrite was achieved. In this second
study concentration range was much lower (0–20 ppm).

2. Experimental

2.1. Apparatus

The manifold for sequential injection analysis used in
nitrite determinations is shown inFig. 1. It consists in a mod-
ular digital burette CAVRO XP 300 (Cavro, USA), equipped
with a 2.5 ml syringe, 12.5�l minimum piston stroke and a
three-way valve head. By changing the direction of the piston
stroke, liquids are either aspirated or expelled at a constant
flow rate between 0.25 and 10 ml min−1. The three-way valve
allows load and discharge of the syringe without disturbing
the content of the flow lines. The liquids are directed using a
six-port valve CAVRO XL Series Smart Valve (SV) (Cavro,
U ed to
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arameters previously optimised and only defined by
ontrol software of the system. This system can be u
n a Waste Water Treatment Plant (WWTP) with nitro
emoval. Urban WWTPs that use nitrogen removal proce
sually maintain nitrate levels below 30 ppm. Nitrite c
entration rarely reaches 1 ppm when plants work prop
owever, an excessive load of ammonium inhibits the

ogical oxidation of nitrite to nitrate so the former may bu
n the reactor at concentrations well above the usual le
5]. The developed system can be used to monitoring
arameter in order to make the necessary control actio

he plant for its optimal operation.

ig. 1. Autoadaptative sequential injection analysis of nitrite manifo
olume 2.5 ml (minimum stroke 12.5�l) and flow rate 0.5 ml min−1.
SA). The burette and the selection valve were connect
personal computer via an RS-485 bus. The flow rate,
irection, volume and selection valve are controlled by ho
ade software. All flow lines are made of PTFE tube (Tec
oganes, Sweden). The dimensions of the finally sele
olding and reaction coils (Fig. 1) are 310 mm× 0.5 mm i.d
nd 36 mm× 0.5 mm i.d., respectively.

Spectrophotometric measurements were performe
55 nm using a single-beam Pharmacia LKB Biochrom
rimeter (Cambridge, USA) equipped with a flow cell of 1
ptical path length and 8�l internal volume purchased for
ellma GmbH (M̈ullheim, Germany). PC communica

ing coil: 310 cm× 0.8 mm i.d. and reaction coil 36 cm× 0.5 mm i.d., syring
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with the colorimeter through an ADDA-14 analogy to dig-
ital conversion card. The developed program was writ-
ten in C language and was used in all manifold elements
control.

2.2. Reagents and solutions

All solutions were prepared using deionised water from a
Milli-Q system (Millipore, Billerica, MA, USA).

In preliminary studies, the dye solution was prepared
by dilution of stock solution of phenol red (Panreac)
1.13× 10−2 M in sodium hydroxide 0.1 M (Panreac, 98%).
All dilutions were done in sodium hydroxide 0.1 M[11].
The standard Tris (hidroximetyl)aminomethane (Merck) and
chlorhidric acid (Panreac, 37%) were prepared and standard-
ized with the appropriate primary standard solution.

The standard nitrite solutions were prepared from a con-
centrated stock solution of 1 g/l of the sodium salt (Panreac,
98%). The chromogenic reagent was prepared by dissolv-
ing 10 g of sulfanilamide (Panreac, 99%) and 1 g ofN-(1-
naphtyl)ethylenediamine dihydrochloride (NED) (Panreac,
98%) in 100 ml of phosphoric acid (Panreac, 85%) in a final
volume of 1000 ml in Milli-Q water[12].

2.3. Procedures
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imental conditions (low and high concentration ranges). This
part ends with the adjustment and storage of the two corre-
sponding calibration regression equations. Nitrite standards
used in low range calibrations are: 0.0, 0.05, 1.0 and 2.0 ppm
while standards used in high concentration range are: 0.0,
2.0, 10.0 and 20.0 ppm. Real sample monitoring stage starts
with determination in low range conditions. If the response
is higher than 1.5 AU (control valour) the analysis is repeated
in high range conditions (0.0–20.0 ppm). Finally, using the
corresponding calibration equation obtained previously, the
program determines automatically nitrite concentration in the
sample. Results are shown in the screen as well as recorder in
a file. Sample analysis is repeated three times at the same con-
ditions as the last analysis. If high range conditions are now
used and absorbance value is smaller than 0.3 AU (control
valour), the sample analysis is repeated at low range condi-
tions (0.0–3.0 ppm).

2.3.2. Nitrite determination
Nitrite ion analysis was based on Griess–Ilosvay reaction

[14]. Appropriate sample volume was mixed with sulphanil-
amide and NED to obtain, through diazotization and coupling
reactions, a highly coloured compound that was detected
spectrophotometrically as explained before.

Sample and reagent volumes, dispersion and mixing of the
a rame-
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.3.1. SIA software control procedure
The specific software, developed in C language, allow

otal real time control of the process. The developed app
ion takes into account: the automatic calibration of syste
wo ranges of concentration, data acquisition and autom
election of the best sample/reagent ratio for each nitrite
entration using feedback control.

The homemade control software uses a bus RS-48
ata communication and a ADDA-14 card for data acq

ion. Automatic burette management, selection valve and
cquisition are entirely controlled by different subrouti

ntegrated in the main programme module. Other rou
ith specific actions included in the software are: set-up a
sis conditioning, graphic monitoring, data acquisition, d
reatment and cleaning cycles. In order to minimize ele
oise a digital filter BOXCAR[13] has been implemented

he data treatment routine.
All possible actions of automatic burette and valve w

efined in the program. Two files are used to configure
ystem. The first one with the specific analysis conditi
nd the second one where the calibration sequence, an
nd cleaning cycles are defined. High versatility of the sy

s obtained, while possible operational sequences chang
asily achieved with only few modifications on the spec
les.

The software is divided in three sections: system ini
zation, calibration and finally WWTP monitoring. The fi
equence consists in automatic burette and selection
nitialisation and detector stabilization. In the second par
ystem performs automatic calibration in two different ex
spirated zones and sequence in aspiration are key pa
ers that have been optimised and that will be discussed

“sandwich” optimal sequential aspiration in two comp
entary concentration ranges was adopted. The total tim
ach analysis cycle is 5 min. A complete measuring cyc
omposed by the following sequence:

. aspiration of 25 or 12.5�l of chromogenic reagent (su
phanilamide + NED + H3PO4) into holding coil (port 4);

. aspiration of 150 or 25�l of sample (port 2) into holdin
coil;

. aspiration of 25 or 12.5�l of chromogenic reagent (su
phanilamide + NED + H3PO4) into holding coil (port 4);

. aspiration of 12.5�l of MilliQ water (port 5) into holding
coil;

. injection of the content of holding coil into the react
coil through port 3;

. impulsion to into the detector using 10% H3PO4 solution;

. absorbance detection at 555 nm;

. new determination or system cleaning.

. Results and discussion

.1. Precision and accuracy of experimental set-up

Initially, precision and accuracy of experimental se
as evaluated. Experimental precision was considered

eproducibility of the aspiration/injection processes. This
tudied by successive aspirations and injections of a dye
ol red, 1.13× 10−2 M) representing the sample and reag
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Fig. 2. Repeatability in aspiration/impulsion process. Flow rate: 4.40 ml
min−1.

zones. Consecutive aspiration and injections of variable vol-
umes between 4.16 and 83.3�l were performed. Flow rate
was 4.40 ml min−1. Repeatability was calculated as relative
standard deviation (R.S.D. (%)) for 20 replicates of each
studied volume. Lowest repetitive volume found was 12.5�l
(R.S.D. (%) = 1.52) as shown inFig. 2. Relative standard
deviation for higher volumes was found to be lower than
1.5%, confirming the suitability and precision of the auto-
matic burette for sequential injection operations.

Volume aspiration accuracy was tested for the two first
volumes with lower R.S.D.: 12.5 and 16.6�l. Volumes of
a 0.1 M Tris solution previously aspirated and dispensed
with the developed system was titrated using a standardized
0.0125 M HCl solution. Obtained results were 12.11± 0.03
and 16.22± 0.04�l, with 0.34 and 0.31% R.S.D. forn = 10,
respectively. Piston speed was also considered as an impor-
tant parameter in volume aspiration precision. Titrations of
different volumes (12.5 and 16.6�l) were performed as done
before at different aspiration flow rates (F1: 1.78�l/s and
F2: 4.40�l/s). For a theoretical volume of 12.5�l obtained
results were:F1: 12.20± 0.05�l andF2: 12.207± 0.014�l,
and for the second volume (16.6�l) results were:F1:
16.23± 0.06�l and F2: 16.33± 0.13�l. Two factors vari-
ance analysis was performed and no significance differences
were observed asFcal = 1.324 <Ftab= 161.45.
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Fig. 3. Schlieren effect on system response for a sequence reagent/sample/
reagent (25/125/25�l) using 10% H3PO4 as a carrier solution.

reagent/sample/reagent/water) were studied. Simultaneous
increase in sample (25, 50 and 75�l) and reagent (100,
200 and 300�l) aspirated volumes and final carrier (water,
12.5�l) volumes were evaluated. In all cases, anomalous sig-
nals due to Schlieren effects[15] were obtained. Differences
in refraction index of reagent, water and sample solutions
were responsible for these phenomena. This effect is the main
cause of parasite absorbencies, higher than those associated
to reaction product formation (azo dye).

In order to minimize this effect, water was substituted
for 10% H3PO4 as carrier solution and sample and reagent
volumes were decreased. As shown inFig. 3, complete elim-
ination of the Schlieren effect is not possible. To avoid this
problem, blank subtraction from sample signal was always
performed. Additional studies were done in order to establish
the optimal aspiration sequence characteristics which allow
defining two operational working ranges.

The relations volumes (reagent/sample/reagent in micro-
liters) evaluated were: 25/150/25, 50/150/50, 25/50/25 and
12.5/25/12.5. Nitrite standards compressed between 0 and
10 ppm were used. The first two relations were studied in
order to evaluate the effect of increasing the volume of reagent
when analyte concentration is low. The last two combina-
tions tried to evaluate the response at higher concentrations
(0–10 ppm). In all cases three replicates were performed
automatically. An associated error was estimated asI95%.
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.2. System optimization (optimal reagent/sample
olume ratio)

Optimisation of reagent/sample volume ratio in
eagent/sample/reagent sequence was performed in or
btaining a robust, versatile and intelligent system, sui

or nitrite ion determination in two concentration rang
ystem autoadaptation or intelligence concept can be
idered as the possibility of automatic modification of
eagent/sample volume ratio in the mentioned sequenc

Preliminary tests were carried out with different fl
ssemblies in order to establish the influence of the

em variables on the final sample dispersion. To optim
he system, volumes in direct configuration sequence (w
n−1
ig. 4(a) shows the obtained response for the first rel
25/150/25) while inFig. 4(b) calibration curve correlatio
s shown at the same scale.

Table 1shows correlation adjustments in all perform
alibrations. It can be observed that when reagent
me was increased while sample volume remained con
second studied relation 50/150/50) response was no
er (r= 0.995) and no significant sensibility changes w
btained (0.52± 0.22 AU ppm−1).

Reduction in sample volume (relation 25/50/25) resu
n lineal range amplification up to 5 ppm and refract
ndex effect disappeared when concentration was over 1
ith good correlation (r= 0.995) but with less sensibili

0.18± 0.02 AU ppm−1) compared to higher volumes.
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Fig. 4. Obtained responses for a 25/150/25�l relation: (a) obtained peaks with subtraction of blank solution and (b) calibration regression.

With the aim of getting wider lineal concentration ranges
sample and reagent ratios were maintained at 1/2/1. Lin-
ear range was upgraded to 10 ppm with lower sensibility
(0.079± 0.010 AU ppm−1). No refraction index effect was
observed when sample concentration was over 0.5 ppm.
When sample and reagent volumes were reduced, disper-
sion increased and thus difference in refraction index at the
interfaces was decreased. Under these conditions obtained
response is only due to the formed azo dye.

Finally, the selected aspiration sequence was reagent/
sample/reagent using a 10% H3PO4 as carrier. The opti-
mal ratios were 25/150/25 and 12.5/25/12.5�l for low
range (0.0–3.0 ppm) and high range (0.0–20.0 ppm), respec-
tively. In both conditions it was possible to increase
the upper response limit.Fig. 5 shows the obtained
responses in the two concentration ranges. Corresponding
found calibration curves were:H (AU) = 0.03± 0.01 + 0.474
± 0.009 [NO2

−] (ppm) with n = 8, andH (AU) = 0.021±
0.017 + 0.102± 0.006 [NO2

−] (ppm)− 0.0014± 0.0003
[NO2

−]2 (ppm2) with n = 7. Associated errors have been cal-
culated ast(n − 2)s andsn − 1/n1/2, respectively.

3.3. System characterisation

Once aspiration sequence and sample/reagent volumes
w was
e and
r tem
c

3.3.1. Detection limits and repeatability
Due to the existence of Schlieren effect, detection

limit has been calculated following the strictest criteria
proposed by Calcutt and Boddy[16]. Response obtained
for a blank solution (MilliQ water) in the different experi-
mental conditions (ratio: sample/reagent) was used for the
determination of detection limit. The detection limit was
estimated from the standard deviation of 10 pairs of targets

Table 2
Principal parameters of quality of the autoadaptative SIA for the determina-
tion of nitrite

Parameter Low range High range

Sensitivity (AU ppm−1) 0.474± 0.009 0.102± 0.006
Zone operation (ppm) 0.0–3.0 0.0–20.0
Detection limit (ppm) 0.048 0.4
Optimal ratio

reagent/sample/reagent
(�l)

25/150/25 12.5/25/12.5

Sample consumption
(�l)

150 25

Reagent consumption
(�l)

50 25

Repeatability (R.S.D.
(%), n = 10)

0.88 1.54

Reproducibility
(one-way ANOVA)

Fcal = 0.32
< Ftab= 9.55
(n = 6)

Fcal = 0.08
< Ftab= 10.13
(n = 5)

S

R respec-
t

T
O

R

2 H = 0.01(±0.03) + 0.45(±0.04) [NO2−] (n = 4) 0.9997
2 H = 0.02(±0.08) + 0.48(±0.12) [NO2−] (n = 4) 0.9983
5 H =−0.04(±0.04) + 0.52(±0.22) [NO2−] (n = 4) 0.9950
2 H = 0.03 (±0.07) + 0.18(±0.02) [NO2−] (n = 5) 0.9950
1 H = 0.01 (±0.05) + 0.079 (±0.010) [NO2−] (n = 5) 0.9993
ere defined, the quality of the developed method
valuated in terms of the detection limit, repeatability
eproducibility. The most important features of both sys
onfigurations analysis are shown inTable 2.

able 1
btained results in reagent/sample/reagent sequence optimization

elation volumes (�l) reagent/sample/reagent Carrier

5/150/25 10% H3PO4

5/150/25 Water
0/150/50 10% H3PO4

5/50/25 10% H3PO4

2.5/25/12.5 10% H3PO4
ample throughput
(h−1)

12 12

epeatability has been estimated for a standard of 0.75 and 2.5 ppm,
ively.

H (AU) = a (±t(n − 2)sa) + b(±t(n − 2)sb) [NO2
−] (ppm) r
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Fig. 5. Obtained response for low and high ranges: (a) 0.0–3.0 ppm and (b) 0.0–20.0 ppm.

made in different days:

sb =
√∑

(dif)2

n

The detection criterion (DC) is defined as the minimum
detectable signal, because the standard deviation of a nitrite
solution can be higher that blanks.

DC = sb × 2 + 0.2 × sb

Replace this value into the correlated equation permits
obtain the minimum detectable concentration. The minimum
detectable concentration was confirmed with 10 analyses of
this standard solution concentration and afterwards the cal-
culation of the minimum detectable signal was obtained by
Sm = DC + ts× ss using thess obtained from the 10 analysis
of the standard nitrite solution. In all cases the absorbance
value of the ion solution was calculated subtracting targets
values.Sm value indicates detection limit using the calibra-
tion curve. The minimum detectable nitrite ion concentration
was 0.048 ppm for low range and 0.4 ppm for high range.

Repeatability was considered as the relative standard devi-
ation for 10 replicates of nitrite solution with an intermediate
concentration used in the calibration curves in each of the
defined ranges. These concentrations were 0.75 and 2.5 ppm
of nitrite for low and higher ranges respectively. For each
c the
a e 0.88
a than
t f the
a tion.
T ce the
R ntra-
t

3
m-

p on
d .

Variance analysis of an ANOVA factor was used. It was found
that there was no significant differences between calibra-
tion curves with a 95% confidence sinceFcalculated< Ftabulated
(Table 2).

3.4. System validation

Developed system was validated with synthetic and real
samples determination. After proper calibration efficiency
of the system was evaluated with the feedback control pro-
gram. Two synthetic samples of 2.5 and 5.0 ppm nitrite were
analysed.Fig. 6 shows the obtained response for these two
samples.

First analysis was performed at low concentration range
(0.0–0.3 ppm) conditions. When absorbance showed higher
values than 1.5 AU, nitrite concentration in sample was over
3.0 ppm, and thus, analysis is repeated automatically in
high range conditions (0.0–20.0 ppm). If absorbance showed
lower values than 0.3 AU analysis is repeated at low concen-
tration range conditions.

Finally, autoadaptative system has been validated with real
samples proceeding from a pilot plant WWTP where bio-

F ppm.
W ated in
h

oncentration R.S.D. (%) was calculated by averaging
bsorbance of 10 measurements. Obtained values wer
nd 1.54%, respectively (Table 2). Results were similar

hose obtained in the determination of the repeatability o
spiration/impulsion procedure without chemical reac
he obtained repeatability was considered adequate sin
.S.D. value was not higher than 1.5% in the two conce

ions used.

.3.2. Reproducibility
Reproducibility of this method was determined by co

arison of slopes of the calibration curves performed
ifferent days forn = 6 (low range) andn = 5 (high range)
ig. 6. Obtained response for standard concentration of 2.5 and 5.0
hen the concentration is greater than 3.0 ppm, the analysis is repe

igh range conditions (small peaks).



M. Baeza et al. / Talanta 68 (2005) 245–252 251

Fig. 7. Comparison of the obtained results by SIA vs. capillary electrophore-
sis (1 ppm NO2

− = 0.3043 ppm N–NO2−).

logic nitrification process was under study[17,18]. Nitrite
ion is an intermediate product of this process and thus it is
common to observe inhibition in wastewater substrates with
high ammonium concentration. Both the ammonium oxidiz-
ing and Nitrite oxidizing bacteria are inhibited for their own
substrates: ammonium and nitrite. As shown in the following
reaction:

Inhibition concentrations are dependent to multiple fac-
tors: nitrifying biomass conditioning to NH3 and HNO2,
temperature, and nitrifying microorganisms concentration.

Analysed samples proceeded from a WWTP pilot plant
with high charge, where kinetic studies were under develop-
ment. All samples were taken directly from the pilot plant
and after appropriate filtering (45�m Millipore) two sample
series were analysed.

The first set of samples corresponds to an inhibition nitrite
study in biological nitrogen removal of high-strength ammo-
nium industrial waste water[17]. A total of 17 samples
w sed.
S ined
r hose
o
a o sig-
n el. In
p n
a ed
(

on-
c tudy.
T o the
s itri-

Fig. 8. Real samples of respirometric estimation in WWTP.

fication process in urban wastewater biological treatment
plants[18].

In this case no dilution was necessary. Validation of the
obtained values was compared with those obtained with the
model from the oxygen uptake rate (OUR)[19]. Good adjust
is observed as long as predicted values are equal to those
obtained by the SIA system. N–NH4

+ analysis were per-
formed through the standard method[12]. N–NO2

− analyses
were performed through the developed method, knowing that
1.0 NO2 ppm corresponds to 0.3043 N–NO2

− ppm. No inter-
ference effect from sample matrix was observed during both
real applications.

4. Conclusions

With all the presented results in the present work, a SIA
procedure for the determination of nitrite at two concentration
ranges has been developed and validated. The implemented
system shows the autoadaptative potent abilities of this kind
of systems. Compared with FIA technique, the power of
SIA technique is basically instrumental, so that easy auto-
matic modification of its physical operations parameters in
order to fit to the sample composition at every moment. This
advantage allows the design of intelligent systems, which
m e per-
f ding
o tware
w

ents
v nal-
y posal.
T dur-
i tion,
t

on-
l pli-
c ples
h f the
d

ith high nitrite concentration (0–1500 ppm) were analy
ample dilution was performed when necessary. Obta

esults with the developed method were compared with t
btained by capillary electrophoresis. Statistical pairedt-test
nd direct regression analysis were used throughout. N
ificant differences were obtained at 95% confidence lev
airedt-test:tcal = 0.17 <ttab= 2.12, while in lineal regressio
slope of 0.95± 0.05 and 0.24± 13.7 intercept was obtain

Fig. 7). Correlation coefficient wasr = 0.995.
Fig. 8 shows the obtained results in lower nitrite c

entration samples proceeding from another kinetic s
his experiment use respirometric techniques coupled t
ystem model to monitor the nitrite concentration of the n
eans that the system allows the sample analysis to b
ormed in the optimum experimental conditions, depen
n the sample composition and on the management sof
orking-out.
Additionally, this technique reduces sample and reag

olumes, which is an important benefit in continuous a
sis as it means less maintenance and less waste dis
his fact favours its operation in unattended conditions

ng extended periods of time. Using specific instrumenta
his kind of systems can be easily miniaturised.

As can be derived, the intelligent systems design for
ine monitoring is one of the most promising future ap
ations of SIA techniques. Obtained results in real sam
ave permitted validation and efficiency demonstration o
eveloped system.
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