Gazi University Journal of Science
GU J Sci
29(2):285-291 (2016)

A New, Fast and Sensitive Polarographic Method for the

Determination of Trace Amounts of Nitrate and

Application to Raw Potatoes

Ummihan Taskoparan YILMAZ *, Giiler SOMER 2 *

'Gazi University, Polatli Science and Art Faculty, Chemistry Department, 06900 Polatli/Ankara, Turkey

*Gazi University, Faculty of Science, Chemistry Department, 06500 Ankara, Turkey

Received:26/02/2016 Revised:23/04/2016 Accepted: 03/05/2016

ABSTRACT

Nitrate in food stuff can be reduced to nitrite and may form nitrosamines which are known as carcinogenic
substances. Thus, its concentration has to be controlled by highly sensitive methods. In this work a new and fast
differential pulse polarographic (DPP) method is established for the determination of nitrate. According to the
reduction potentials V(1) was found most suitable for the reduction of nitrate. The product of this reaction is V(III)
and its polarographic peak is high and sharp, it also displays very good performance in regard to reproducibility.
Thus, with this method it is possible to determine low concentrations of nitrate. This reaction has been used first time
in this work. The optimum conditions for the quantitative reaction between nitrate and V(1) has been studied. This

method is applied to potato samples and nitrate is determined.
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1. INTRODUCTION

Nitrate is an important nitrogen source for plants taken
from soil as nutrient. It occurs in abundance because of
the use of nitrate salts as fertilizer. As a result, nitrate is
found in all fruits and vegetables as a natural
compound. It can be reduced to nitrite which may
interact with amines to form nitrosamines which are
known as carcinogenic substances. Thus, even its trace
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concentration in food-stuff has to be controlled by
highly sensitive methods.

The capillary electrophoresis method with direct UV
detection is proposed for the determination of nitrite
and nitrate in high-salt perchlorate solutions [1]. A new
UV-spectrophotometric method for the determination of
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nitrate in vegetables is presented. The method is based
on the spectral deconvolution of UV spectra [2].

Spectrophotometric method is proposed for rapid and
direct determination of nitrate in small volumes of
natural surface waters (maximum 2.0 mL), and optimal
experimental conditions, along with other analytical
parameters, have been evaluated [3].

A rapid and simple sequential potentiometric method is
described for the determination of nitrate and chloride
ions in vegetables, by using home-made ion selective
electrodes. Nitrate and chloride selective electrodes
were constructed, without inner reference solution, by
direct applying of the respective PVC and homogeneous
crystalline membranes onto a conductive epoxy resin
support, as previously described [4].

Amperometric Determination of Nitrate was made at a
Copper Electrode Formed In Situ In a Capillary-fill
Sensor Device [5]. A novel approach was developed for
nitrate analysis in a FIA configuration with
amperometric detection in mineral water and soft drinks
.Sensitive and reproducible current measurements were
achieved by using a copper electrode activated with a
controlled potential protocol [6].

An unsegmented continuous-flow method for the
determination of nitrite and nitrate is proposed. Nitrate
is photoreduced by UV irradiation with a low-pressure
8 w Hg lamp. The nitrite in the sample and that
resulting from the photoreduction of nitrate were used
to oxidize iodide ion [7].

Chromatographic determination of Nitrate Esters with
Chemiluminescence Detection was developed [8].

Nitrate and nitrite are extracted from food samples, then
analyzed by ion chromatography (IC). Commercial
samples of ham and salami were analyzed by IC with
UV absorbance detection [9].

A polarographic method for the determination of nitrate
is based on the reduction of nitrate to nitric oxide which
reacts in solution with cobalt (I1) and thiocyanate ions
forming an electroactive complex that is reduced at the
dropping mercury electrode [10]. Determination of
nitrate in mineral water and sausage samples was made
by using a renewable in situ copper modified electrode
[11]. Programmed-Potential Voltammetric
Determination of Nitrate was made at a Static Mercury
Drop Electrode in Natural Waters and Soil Extracts
[12]. Square Wave Voltammetric Determination of
Nitrate was made at a Freshly Copper Plated Glassy
Carbon Electrode [13].

In one of our studies we developed a new DP
polarographic method for the determination of nitrite
using sulfite ion as a reductant. In this method while
sulfite was oxidized into sulfate, nitrite ion was reduced
into NO gas. The polarographic peak of sulfite was used
for the determination. Using this method it was possible
to determine nitrite ion in sausage sample [14].

In one work Zr(IV) was used as a catalyst for the
destruction nitrite and nitrate and nitrite was determined
using DPP (differential pulse polarography) [15]. In

another work nitrate and nitrite were reduced into nitric
oxide and both ions could be determined by DPP [16].
DPP polarographic determination was used for nitrite,
in the presence of 0-m- or p- aminobenzoic acids [17].

The amperometric determination of both nitrite and
nitrate was made in mineral water and in cured meat
using tetraruthenated porphirin- modified electrode
[18]. Nitrate and nitrite could simultaneously be
determined using Griess reaction . Nitrate was first
reduced with V(I1I) and then the sum was determined
spectrophotometrically [19].

In the presence of large amount of nitrite it was not
possible to determine nitrate correctly. Nitrite was
removed with sulphamic acid. After that nitrate was
reduced to nitrite with Vanadium (I111) and determined
spectrophotometrically using Griess reaction [20].
Liquid chromatography was used for the determination
of nitrate and nitrite in atmospheric liquids and lake
waters [21].

The classical colorimetric methods, are based on the
formation of strongly colored azo dyes. For this purpose
an amine is diazotized by means of nitrite and then the
intermediate is let to couple with a selected aromatic
compound.

Most of the above mentioned methods are laborious,
since in many of them diazotization and coupling
reactions are used; some of them suffer from matrix
interference by oxidizing and reducing agents.

Electrochemical methods are mostly preferred for trace
analysis and speciation analysis because of their high
selectivity and very low detection limits without
necessitating tedious extraction or preconcentration
procedures. The results obtained with DPP are very
reproducible, since with the use of a dropping mercury
electrode, the behavior of the electrode is independent
of its past history.

In this work, a new and fast polarographic method was
developed where it was possible to determine very low
concentrations of nitrate. This method can be applied to
many biological materials safely.

2. EXPERIMENTAL

The aim of this work was to determine nitrate ion using
the reaction between V (Il) and nitrate ion as given
below. DP polarography will be used for this purpose

2V# + NOg +2H" <> 2V* + NO, + H,0
2.1. Apparatus

A polarographic analyzer (PAR 174 A) equipped with a
PAR mercury drop timer was used. The drop time of the
electrode was in the range 2-3 s (2.35 mg s%). A
Kalousek electrolytic cell with a saturated calomel
electrode (SCE), separated by a liquid junction, was
used in the three-electrode configuration. The counter
electrode was platinum wire. The polarograms were
recorded with a Linseis (LY 1600) X- Y recorder under
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the conditions of a drop life of 1 s, a scan rate of 2-5
mV s?, and a pulse amplitude of 50 mV.

2.2. Reagents

All chemicals used were of analytical-reagent grade
(proanalysis). Triply distilled water was used in the
preparation of all solutions. In order to expel the oxygen
present in polarographic cell 99.999 % pure nitrogen
was passed through the solution. Solutions of 10° M
and more diluted ones were prepared before every use
in order to avoid the aging process of solution.

The mercury used in the dropping mercury electrode
was obtained from Merck (Darmstadt, Germany).
Contaminated mercury was cleaned by passing it
successively through dilute HNO3 (3.0 M) and water
columns in the form of fine droplets by using a
platinum sieve. This mercury is then washed in the
same way until no acidic reaction was observed. The
collected mercury was stored in a closed vessel covered
with water. It was dried between sheets of filter paper
when it was needed. The mercury used is not lost since
it was collected quantitatively, without causing any
pollution. Thus, no mercury loss is possible and it can
be used continuously. Before use, a DPP polarogram of
this mercury was recorded in order to confirm the
absence of impurities.

2.3. Preparation of reagents
2.3.1. Preparation of 0.03 M V,05

0.2271g V,0s is taken and is added into 30 mL water
and 8 mL 12 M HCI, it is stirred for about one hour in a
magnetic stirrer using a teflon magnet until it is
completely dissolved.

2.3.2. Preparation of Jones Reductor
About 50 g of zinc granules were first cleaned in 1 M

HCI then they were left in 0.25 M Hg(NO,), about 2-3

minutes so that they were amalgamated with mercury
[22]. It was used for the reduction of V(V).

2.3.3.0.03 M Vanadium (1)

3.0 mL of 0.03 M V (V) solution (yellow) is left for
about 12 hours with Zn amalgam granules under
nitrogen atmosphere. It was turned into pink-purple

2V3 + NO;y +2H* & 2V* + NO, + H,0
2V?* + NOy +2H* & 2V¥ + NO, + H,0

From their reduction potentials, while A E for the first
reaction was found as + 0.6 V, for the second one it was
found as A E = + 1.2 V. According to these results the
second reaction will be more quantitative under
optimum conditions.

To check the possibilities of these reactions, application
for the first equation was made, but as expected the
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color of V (Il). Since V (I1) may be oxidized into V (l11)
(green) by air oxygen, during its preparation de-aerated
water was used, it was kept with mercury amalgamated
zinc granules and the experiments were performed
under nitrogen atmosphere. Using DC (direct current)
polarography the presence of V (llI) could be
investigated.

2.3.4.0.03 M Vanadium (I11)

V(1) is left under air atmosphere 24 hours so that it is
oxidized into V(II) [20]. The color has changed from
pink-purple to green during oxidation. The color of
V(II) is green. These changes are followed using
visible spectrophotometer and also with DC (direct
current) polarography.

2.3.5. Preparation of 0.1 M KNO;
0.253 g KNOsis dissolved in 25 mL distilled water.
3. RESULTS AND DISCUSSION

3.1.
salts

Vanadium V(V) was investigated in 4 M HCI, pH=4
and 5, HAc-NaAc electrolytes. No DP polarographic
peak was observed for V(V) in these electrolytes. On
the other hand the peaks of V (1) and V (1) were also
investigated in 4 M HCI and a peak at about -0.45 V
was observed for both. The cathodic or anodic behavior
of these peaks had to be studied with DC polarography.
It was shown that in 4 M HCI, V (Il) had an oxidation
peak at -0.47 V(anodic) Figure 1 and V (Ill) had a
reduction peak at the same potential (cathodic) Figure 2
and they were reversible.

Polarographic investigation of Vanadium

The reduction potentials of V (I1), V (l11) and nitrate are
as given below

v¥* o Vv EY=0.337Vv
V¥ o v Ef=-0.255V
NO; < NO, E%= +0.94V

According to these reduction potentials, two below
given reactions may take place for the reduction of
nitrate.

+0.6 V (equation 1)
+1.2V (equation 2)

reaction was not quantitative enough. Thus, it was
decided to work with the second one, where V (II) was
used for the reduction of nitrate. The reaction between
V (I) and nitrate may be quantitative only under
optimum conditions, as a first step the reaction has been
studied under various conditions.
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Figl.  DC (direct current) polarogram of Vanadium
(1) (cathodic current)

a) 4 M 10 mL HCI + 0.1 mL 0.05 M V/(111)
b) a+ 0.1 mL 0.05 M V(Ill)

0.0 -0.2 -0.4 E/V vs. SCE

Fig2.  DC polarogram of Vanadium (I1) (anodic
current)
a) 4 M 10 mL HCI + 0.1 mL 0.05 M V(l1)
b)a + 0.1 mL 0.05 M V(II)

Optimum reaction conditions;

For this purpose, nitrate and V (Il) solutions were
mixed in various ratios and various acidities and
polarograms were taken. After the reaction was ended
the nitrate concentrations were determined using the
polarograms.

In the light of the foregoing findings, in order to have
the reaction quantitative, the optimum reaction
conditions could be designated as:

1.V (Il) concentration has to be at least 4 times larger
than nitrate concentration.

2. The acidity has to be 4 M HCI

3. The reaction temperature has to be about 40 °C and
a waiting period about 5 minutes

3.2. Determination of 10° M nitrate

A synthetic sample is prepared by mixing 0.2 mL 5 x
10° M V(1) , 0.25 mL 1 x 10 M nitrate and 10 mL 4
M HCI and it was kept at 40°C for about 5 minutes
under nitrogen purging so that the reaction has ended.

The DP polarogram is taken at -0.47 V a peak of V(III)
reduction was observed which was formed from the
reaction with nitrate (eq. 2). First the V(I11) formed is
determined by standard addition of V/(lIl). The nitrate
concentration which was present in sample was
calculated according to equation 2 (Figure 3). The same
procedure was repeated 4 times. The results are
summarized in Tablel and 2.5 x10®° M nitrate was
found as (2.4 + 0.15) x 10" M. Here we have to mention
that before using the standard V(Il) solution, it was
controlled for the presence of V (IlI) using DC
polarography. As can be seen from Figure 4, no V (I11)
was present because of the oxidation of V(II) during
storing.

Peak height

-0.2 -0.4 -0.6 E/V vs. SCE

Fig 3. Indirect determination of 2.5 x10 > M nitrate
using V(I1) as a reducing agent

1. 4MHCI10mL +0.2mL5x10° M V(lI) +
0.25mL 1 x10° M NOy"

2. a+0.1mL5x10°M V(I
3. b+01mL5x10°%M V(I
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Table 1. Indirect determination of nitrate in a synthetic sample using V(I1)

Nitrate present X found S X found = ts/~ N
2.5x10°M 2.4x10° 0.1x10° (24+0.15)x 107
N=4, 95 % CI
1 cations such as Cd, Pb, Cu and Zn each 0.1 mL 1x1073
Cc
M.
0

00 -02 -04 -06 -08 E/Vvs SCE

Fig4. DC (direct current) polarogram of standard
Vanadium (I1) solution

a)4 M 10 mL HCI + 0.1 mL 0.005 M V/(II)
b) a + 0.1 mL 0.005 M V(l1)
¢) b+ 0.1 mL 0.005 M V(Il)

3.3. Interference studies

The most common ions which may be present next to
nitrate such as Fe(lll), Pb(ll), Zn(11), Cu(ll) and Cd(II)
have been investigated. For this purpose their peak
potentials in the same medium (4M HCI) were
determined. Cd(Il) was at -0.3 V, Pb (Il) at -0.25 V ,
V(i) at -0.47V and Zn(ll) at -0.70 V as expected Fe
(111) and Cu(I1) were both at about 0 V.

As can be seen no interference because of overlapping
peaks of Fe(lI1), Pb(I1), Zn(1l), Cu(ll) ve Cd(I1) will be
expected. Since sulfate, chloride ions are not
electroactive, they will not have a peak overlap either.

To check the possible interferences , a synthetic sample
is prepared containing , 9 mL 4 M HCI, 0.25 mL 1x 107
M nitrate , 0.2 mL 5x 10°M V (I1) and some common

It was kept under nitrogen atmosphere by bubbling it
for about 5 minutes at 40 °C so that the reaction was
quantitative. The DP polarogram is taken, Figure 5, and
the peak height of V (lIl) which was formed as the
reaction product is measured, then with standard
addition of V (Ill), its quantity was calculated. The
same procedure was repeated 4 times. The results are
summarized in Table 2. The nitrate present is found as
(2.4+0.4) x 10 M nitrate.

|

Peak height

-0.5 E/V'vs. SCE

Fig5. DP polarographic determination of 2.5x 10
M nitrate in the presence of Cu, Pb, Cd, Zn, Fe ions

a) 4 MHCI9.0mL +02mL 5x 10° M V (I1) + 0.25

mL 1 x 10° M nitrate + 0.1 mL 1x10° M Cd, Pb, Cu,
Zn

b)a+0.1mL5x10° MV (Il
0 b + 01 mL 5 x 10° M V ()
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Table 2. .Determination of 2.5 x 10°° M nitrate in the presence of interfering ions

X found nitrate

Interfering ions X add(el\cjl)nltrate M) s Xxts/A/N
1x10°M
Zn(11), Cu(l1), Cd(11), Pb(11), 25x10° 2.4x10° 15.x10° (24+04)x 10°
Fe(Ill)
95 % CI, N=3
3.4. Application to potato sample REFERENCES

The developed method is applied to potato sample
which was grown in Nevsehir, Turkey. For this purpose
100 g of raw, peeled potatoes are whipped in the
blender, it is filtered and 21 mL of potato juice is
obtained. This juice is diluted into 1000 mL with
distilled water in a volumetric flask. A 0.1 mL sample is
taken and is added into 10 mL 4 M HCI under nitrogen
atmosphere. To this solution which is warmed up to
about 40 °C, 0.2 mL 5x10° M V (lI) is added and it is
stirred by purging nitrogen for about 5 minutes so that
the reaction was ended. After it is cooled down it was
transferred into polarographic cell and the polarogram
was taken. The nitrate present is determined by the
addition of standard V (111) solution. The result found
for nitrate in 100 g of potato was 212 + 8 mg for N= 4
and 95 % confidence interval. It can be concluded that
the nitrate content in Nevsehir city is within normal
ranges [24].

4. CONCLUSIONS

A new and fast DP polarographic method for the
determination of nitrate has been established. According
to the reductions potentials, V (1) was found suitable
for the reduction of nitrate. The optimum reaction
conditions were studied under various conditions. In
order to obtain quantitative reaction between nitrate and
V (I1), the V (I1) concentration had to be at least 4 times
higher than nitrate concentration. The acidity had to be
4 M HClI, the reaction temperature had to be about 40°C
and a waiting period about 5 minutes was found
sufficient.

The limit of detection (LOD) was 5 x 107 M for (S/N
=3). This method is applied for the determination of
nitrate in potato sample. It can be concluded that the
proposed method can be applied safely for many
biological samples.
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