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A new, simple and fast flow injection analysis (FIA) method has been developed for the indirect determination
of nitrite. The proposed indirect automatic method is based on the oxidation of nitrite to nitrate using a lead(IV)
dioxide oxidant microcolumn where the flow of the sample through the microcolumn reduces the PbO> solid
phase reagent to Pb(II), which is measured by flame atomic absorption spectrometry. The absorbance of Pb(1I)
are proportional to the concentration of nitrite in the samples. The calibration curve was linear up to 30 mg L™,
with a detection limit of 0.11 mg L' for a 400 uL injected sample volume and a sampling rate of about 80 h™'.
The results exhibit no interference from the presence of large amounts of ions. The developed procedure was
found to be suitable for the determination of nitrite in foodstuffs and wastewaters. A relative standard deviation
better than 0.9% was obtained in a repeatability study. The reliability of the method was established by parallel
determination against the standard method.
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Introduction

The nitrogen cycle involves several important biological
and abiotic processes that are related to the production of
nutrients essential for the growth of microorganisms.'?
Nitrite, nitrate and ammonium ions take part in several
important environmental transformations involving nitrogen.
Nitrate and ammonium are sources of nitrogen for the
synthesis of proteins by microorganisms. However, large
amounts of these species may be toxic and cause eutro-
phication."* Nitrite ions are toxic even in low concentrations
and may cause death by asphyxia.! Recent evidence suggests
that plasma nitrite anion represents a latent substance that
can be reacts by hemoglobin in areas of hypoxia to elicit
vasodilation.> Analysis of this compound revealed a nitro
substitution of the heme vinyl group, which caused little
change in the ligand binding properties of the heme protein.*
This reaction appears to be largely responsible for the
‘greening’ of cured meats and can also be observed with
hemoglobin. Nitrite has also been reported to bind to
methemoglobin to form a reversible complex with a
dissociation constant of between 1 and 3 mM.>® Nitrite can
react with secondary or tertiary amines present in the body
and water resulting in the formation of nitrosamine some of
which are known to be carcinogenic.”'® Furthermore, when
present at high concentration in blood it can react with
iron(I1T) of the hemoglobin, forming methemoglobin which
has no oxygen carrying ability and this disease is called
methemoglobinemia.!" Therefore, the determinations of
nitrite in foodstuffs and wastewaters have attracted much
attention and a simple, sensitive and specific determination
of nitrite is highly desirable.

Recently, a number of different techniques for the quan-

titative determination of nitrite have been reported, which
include electrochemistry,'>'* chromatography,'>'” capillary
electrophoresis,'**° spectrophotometry,”'** flow analysis-vapor
phase generation-fourier transform infrared,” electron spin
resonance,”* sonoelectrochemical analysis,? electrokinetic flow
analysis system,”® gas-gap sensor’’ and spectrofluorimetry.?**
However, there are several disadvantages of using these
methods such as low sample frequency, application of
complicated flow injection systems, poor reproducibility and
expensive.

Today, it is known that the use of solid-phase reactors
incorporated into flow injection analysis manifolds may
offer certain advantages over homogeneous systems such as
decreasing of reagent consumption, utility for the in situ
preparation of unstable reagents and simplification of the
system with fewer junctions for mixing of reagents, sample
and carrier streams.**? There are a few studies about using
solid-phase reactors for determination of inorganic and
organic compounds.**>' So, it is important to find these
kinds of reagents for application in every laboratory.

To the best of our knowledge, no solid-phase reactor and
atomic absorption spectrometry have been reported for
determination of nitrite. Our basic study has been shown that
in an acidic media, nitrite can reduce PbO; to Pb(Il). The
present paper describes for first time the details of the
development of a lead(IV)dioxide solid-phase reactor for
automatic indirect determination of nitrite with a flame
atomic absorption spectrometry (FAAS) detection system.

Experimental Section

Reagents and solutions. All reagents were prepared from
analytical reagent grade chemicals unless specified otherwise.
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All aqueous solutions were prepared with re-distilled water.
Nitrite stock solution 1000 mg/L. was prepared freshly
before each measurement by dissolving 0.1500 g sodium
nitrite (Merck) in 100 mL water. Working standard solutions
of nitrite were prepared daily by dilution of the standard
stock solutions. The solution for the carrier stream was
prepared by dilution of HNOs (Merck) with re-distilled
water to a final concentration of 0.1 M. The silica gel beads
(mesh 230-400, 0.04-0.063 mm; Merck) were treated for
three hours at 950 °C for irreversible dehydration®® before
mixing with Lead(IV) dioxide (Merck).

Our standard spectrophotometric method has been
reported previously by Rincén and Martinez.>® Reagents was
prepared as follow; 0.5 g sulphanilamide dissolved in 30 mL
acetic glacial acid and added 120 mL of warm water, and
filtered. Coupling reagent solution: 0.25 g N-(1-naphthyl)-
ethylenediamine dihydrochloride (NED) dissolved in water.
Diluted to 250 mL with water. Stored in a well-stoppered
brown bottle and kept in a refrigerator. These reagents are
used in the general procedure for standard method given as
follow. Add 2.5 mL of sulphanilamide solution to aliquot
containing nitrite in 50 mL standard flask and mix. After 5
minutes, add 2.5 mL N-(1-naphthyl)-ethylenediamine di-
hydrochloride solution, dilute to the mark and mix. After 20
min, measure the absorbance at 545 nm, using a reagent
blank solution (containing 2.5 mL of sulphanilamide
solution and 2.5 mL of N-(1-naphthyl)-ethylenediamine
dihydrochloride solution reagent and 45 mL water in 50 mL
standard flask).

Instrumentation. A schematic diagram of the flow in-
jection (FI) system is given in Figure 1. A variable flow-rate
peristaltic pump, (IKA.Schlauchpumpe, Janke & Kunkel
GMBH, IKA. Labortechnik, PA.B1) was used to pump
carrier-streams and the sample through the manifold at
a flow rate of 3.5 mL/min. Manifold lines consisted of 0.8
mm i.d. polyethylene tubing. The six-way injection valve
(Rheodyne, Model 7125) allowed the sample to be directly
loaded into a 400 uL loop, and subsequently injected into
the carrier stream. The injection valve was kept in the load
position for the first 10 s of every run to load the sample
loop, after which it was switched to the inject position to
place the sample plug into the carrier stream. The valve was
kept in the inject position for a further 35 s to ensure that the
entire sample was flushed out of the sample loop. This was
followed by switching the valve to the load position to fill
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the sample loop for the next run. After being placed in the
carrier stream, the sample zone was pumped through the
solid-phase reactor. The products were channeled to a
Philips flame atomic absorption spectrometer (Model PU
9110X) with an air-acetylene flame and 5 cm optical path-
length (burner). The light source was a Pb hollow cathode
lamp. The wavelength was set to 217 nm with a spectral slit-
width of 0.5 nm and a lamp current of 7 mA.

The solid-phase reactors. The solid-phase reactor was
constructed from stainless tubing with i.d. of 0.7 mm and
length of 120 mm. The tubing was packed by silica gel
beads embedded in solid PbO.. The reactor was prepared by
mixing 0.5 g powdered solid Lead(IV) dioxide (Merck) and
1.5 g of silica gel beads. This mixture was homogenated
using an IR vibration mill (Shimadzu, Japan). Each packed
reactor had to be conditioned for at least 30 min before use.
Conditioning involved pumping re-distilled water through
the reactor for 15 min followed by pumping the carrier
stream, 0.1 M HNOj3, for another 15 min at flow rate of 3.5
mL/min. The lifetime of each reactor was established by
comparing absorbance for the same standards from day to
day. When the absorbance started to decrease systematically
and drastically, the reactor had to be replaced. The total
number of samples that could be processed with one column
varied between 800 and 850, depending on the nitrite
concentration.

Real samples. Meat products (10 g) were weighed in a
beaker. Deionized water (150 mL) was added and blended
for 2 min in a laboratory blender. The suspension was
incubated for 15 min in a warm water bath at 50 °C. After
cooling, the volume was diluted to 250 mL and filtered
through a Whatman filter paper no. 1. An aliquot of this
solution was then filtered from a 0.45-mm cellulose acetate
filter disc. The resulting solution was injected directly. The
proposed method was tested with different wastewaters; the
samples were filtered with Whatman filter paper no. 1 and
determined by the proposed method. The original nitrite
concentration of these samples was also determined before
spiking.

Results and Discussion
Analysis with PbO.. It is the aim of the present work to

investigate the possibility of using a solid-phase lead(IV)
dioxide reactor for on-line oxidation of NO> in an FI system

Hw|
R Ing FAAS
W

Figure 1. Schematic diagram of the single-line flow system used for the determination of Nitrite. C, Carrier; P, Pump; Inj, Injector loop
valve; R, Microcolumn mini-column; Hw, Haply nut and glass wool plug; FAAS, Detector; W, Waste.
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at room temperature and without any sample concentration.
In this reactor, nitrite reduces PbO» to Pb(Il) and nitrate is
formed. The equation for this reaction is:

PbOysoligy + NOy” + 2H" — NO5™ + Pb> + H,O

The absorbance of Pb(Il) is proportional to the concen-
tration of nitrite in the sample. Hence, we used lead(IV)
dioxide solid reagent for the determination of nitrite in a
flow injection system. Nitrite, when added in increasing
amounts, consumes lead(IV) dioxide and increases the Pb
absorbance. The absorbance is found to increase linearly
with increasing concentration of nitrite, which forms the
basis for its determination.

Optimization of variables. The performance of the
proposed flow-injection system depends on the efficiency of
the reaction at the interface between the solid and liquid
phases of the reactors. The acid HNOs concentration in
carrier stream, the PbO, concentration in reagent section, the
loop volume and the temperature also had major effects and
had to be optimized.

The contact time between the sample zone containing
NO:™ and the reactor is very important for the reaction to
proceed sufficiently. Because this depends on the flow rate
of the sample zone through the reactor, a study of the flow
rate of the carrier stream was conducted. Flow rates between
0.5 and 6.0 mL/min were evaluated. The optimization is
shown in Figure 2. The highest analytical signal (absorbance)
was found for a rate of 3.5 mL/min. At the lower flow rates
down to 3.5 mL/min, the resulting absorbance is low,
because of increased longitudinal diffusion. Decreasing
absorbance was found for flow rates above 3.5 mL/min,
because the reaction between NO,~ with PbO, had not gone
to completion. A carrier flow rate of 3.5 mL/min was
selected in order to obtain maximum sensitivity and
minimum residence times. Under these conditions, at least
80 injections per hour can be performed.

Based on the above reaction, an acidic carrier is required
for the completion of the reaction between NO,™ and PbO..
Care should be taken that the concentration of the acid in the
carrier stream will give optimum performance, but without
any destruction to the response reactor. The response of
oxidation reactor was studied by using HCI, H,SO4, H3PO4
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Figure 2. Influence of the carrier flow rate on the analytical signal,
[NO>]=8.0 mg/L, T =25 °C, [PbO,] =25%, Loop volume = 400
UL, carrier stream = 0.1 M HNO:s.
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Figure 3. Influence of the carrier stream HNO; concentration on
the analytical signal, [NO>"] =8 mg/L, T =25 °C, [PbO,] =25%,
Loop volume =400 puL and flow rate = 3.5 ml/min.

and HNO;3 acids in the carrier stream. Nitric acid was chosen
as the best acid, mainly because the greatest absorbance of
the oxidation reactor was achieved with this acid. The effect
of acid concentration between 0.0001 and 1.0 M (pre-
paration from nitric acid) was evaluated (see Figure 3). The
analytical signals increased with an increase in acid con-
centration from 0.0001 to 0.1 and then were constant, so 0.1
M HNOs was chosen as the optimum concentration.

The effect of the oxidant (lead(IV) dioxide) concentration
on the performance of the method was evaluated between 5
and 35% for PbOs : silica ratio. Figure 4 shows the results
of increasing the PbO, : silica ratio on the amount of
absorbance. A 25% PbO, mixture was chosen to ensure
longer reactor lifetime and better sensitivity.

The loop volume has a significant effect on absorbance,
range of linearity and sensitivity, as one would expect. The
absorbance was found to increase with the injected sample
volume (see Figure 5). The height absorbance was obtained
for loop volume upper of 400 uL. The loop volume of 400
UL was chosen as optimum.

Finally, the effect of the reactor temperature between 10
and 90 °C was evaluated. The optimization is shown in
Figure 6. The analytical signals increased slowly with in-
creasing temperature between 10 to 70 °C and then decreased
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Figure 4. Influence of the solid PbO> (% m/m suspended on silica
gel beads) on analytical signal, [NO,>"] = 8 mg/L, carrier stream =
0.1 M HNOs, T =25 °C, Loop volume = 400 pL and flow rate =
3.5 mL/min.
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Figure 5. Influence of the injection volume on analytical signal,

[NO,] =8 mg/L, carrier stream = 0.1 M HNOj3, [PbO,»] =25%, T =
25 °C and flow rate = 3.5 mL/min.
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Figure 6. Influence of the reactor temperature on analytical signal,
[NO>] =9 mg/L, carrier stream = 0.1 M HNOs, [PbO,] = 25%,
Loop volume =400 puL and flow rate = 3.5 mL/min.

with an increase in temperature up to 90 °C. We chose 25 °C
(r.t.) as the optimum temperature for a simple system.
Sample matrix interference. The investigation of inter-
ferences was carried out for the NO, -PbO, reaction, by
adding the interfering element to a NO»™ standard solution.
Tolerance is defined as the maximum weight ratio of foreign

Table 1. Precision and accuracy of the method
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compounds to NO,  producing an error of £5% in the
determination of 10 mg/L NO,™. According to this work, no
interference is observed from anions such as ClOs~ with
weight ratio up to 1000, NOs™ with weight ratio up to 800,
CO;*, Ca*", Mg”", CI" with weight ratio up to 500, S,0g*"
with weight ratio up to 200, F~, HPO,~, S,05> with weight
ratio up to 100, CH;COO™, Fe**, B,O7*~ with weight ratio up
to 50 and 1057, BrO;", 82042_, 82052_, Mo7044% with weight
ratioup to 1.

Evaluation of the method. Using the experimental
conditions described above, the calibration graph is linear up
to 30 mg/L and is described by the equation: 4 = 0.003 +
0.0308Chivite, ¥ = 0.9992, n = 10 where A4 is the absorbance,
Chirrire 18 the nitrite concentration (mg/L), r is the correlation
coefficient and # represents the number of determinations.

The detection limit (DL) was calculated using the equation
DL = 3Sp/m, where Sy is the standard deviation of blank
signals for 10 determinations and m is the slope of the cali-
bration graph. The calculated DL was found to be 0.11 mg/L.

Precision and accuracy of proposed method. The
precision of the method was determined by seven repetitive
analyses of different standard solutions under the optimum
conditions. The results are shown in Table 1. These results
indicate that the relative standard deviation (RSD %) and
relative error (RE %) could be better than 0.82% and + 2.6,
respectively. Also, the results from standard method have
shown in Table 1.

The figure of merit of the proposed FI-FAAS system and
many recently publications in the literature for determination
of nitrite is summarized in Table 2.°*7 The figure of merit of
the proposed system is better than these reported systems.
However to date no such study has been directed to the use
of SPR for determination of nitrite in the literatures.

Application to real samples and recovery tests.
Recovery tests using the proposed method were performed
using four different samples, and the test for each sample
was carried out in triplicate. As shown in Table 3, the

[NO; ] present  [NO:7] found with proposed  RSD, %  Relative error,  [NO>] found with standard ~ RSD, %  Relative error,
(mg/L) method (mg/L) n=7) method (mg/L) (n=7) %
2.00 2.03+0.03 0.46 1.5 1.95 £+ 0.05 1.06 2.5
5.00 4.91+0.09 0.82 -1.8 4.93+0.07 0.48 -1.4
10.00 10.16 £0.16 0.33 1.6 10.26 £0.26 0.73 2.6
18.00 18.47£0.47 0.48 2.6 17.66 £ 0.32 1.01 -1.8

Table 2. Comparison of analytical performance data with literatures

Sampling rate

Linear range  Detection limit RSD

System Samples (sample/h) (mg L) (mg L) %) Ref.
FIA-spectrophotometry Water 25 0.36 - 90 0.36 1.2 [54]
FIA-spectrophotometry Food samples 30 0.3-3.0 13¢ 1.2 [55]
SIA®-spectrophotometry (Griess reaction) surface water 14 0.16 - 3.29 0.16 1.10 [56]
Capillary zone electrophoresis human saliva No data No data 0.7 1.5 [57]
FI-FAAS Foodstuffs, water 80 up to 30 0.11 0.9 This work

and wastewaters

“mg kg™'. Sequential injection analysis.
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Table 3. Results of recovery test

Bull. Korean Chem. Soc. 2006, Vol. 27, No. 6 879

Sample [NO>"] added [NO;] found Proposed method RSD, % [NO,7] found standard method Recovery,
(mg/L) (mg/L) (n=7) (mg/L) 0
wastewater 1 0.00 1.19+0.01 0.91 1.15+£0.02 -
10.00 11.20 £0.08 0.89 10.12+0.15 100.1
wastewater 2 0.00 0.99 £0.02 0.89 0.95+0.04 -
10.00 10.06 +0.12 0.85 9.96 +0.22 100.6
Meat product 1 0.00 26.00 = 0.03 0.41 2578 £0.12 -
10.00 35.86+0.14 0.64 35.07+0.16 98.6
Meat product 2 0.00 55.20+0.11 0.74 54.10 £0.28 -
10.00 65.38 £0.20 0.79 65.01 £0.15 101.8

recoveries of nitrite added to meat products and wastewaters
were all between 98.6 to 101.8%. The results of the recovery
tests are very good. These results are compared with those
obtained with standard method by the paired #-test. The
paired #-test equation, applied in statistics, is

_ difn

Sa

t

where d and s; are the mean and standard deviation
respectively of d (the difference between paired values). For
the pairs of values in Table 2, the mean difference, d, is 0.35
and the standard deviation of the differences, s4, is 0.51. The
calculated 7 was found to be 1.37. The critical value of ¢
(tabulated 7) for » — 1 degrees of freedom (in this work 3) is
3.18 (P = 0.05). Since the calculated value of ¢ is less than
this, the null hypothesis is not rejected: the methods do not
give significantly different results for nitrite concentration.’®
These results indicate that the rapid and selective proposed
method could be readily implemented on a very simple and
stable FIA system.

Conclusions

A new solid-phase reactor in a continuous-flow procedure is
proposed for the determination of nitrite in foodstuffs and
wastewater. The manifold is provided with a solid-phase
reactor containing immobilized PbO,. The sample is forced
through the reactor and the liberated lead ions are then
monitored by a flame atomic absorption spectrometer. The
procedure resulted in a selectivity which fits well with that of
the real samples tested. A sample injection reproducibility of
< 0.91% (RSD) was calculated. The PbO, reagent used is
cheap, stable and readily available in every laboratory. The
recovery for the proposed FIA system is close to 100%.
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