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Abstract

The presence of nitrate in food in general may indicate a threat to human
health. Nitrate can be converted to nitrite, a toxic species, in saliva and in the
gastrointestinal tract. This work describes a precise and sensitive method us-
ing ion chromatography to determine nitrate (NO,) in hardwood vegetables.
In the proposed method the extraction of the nitrate of the vegetal matrix was
carried out in an aqueous medium at a temperature of 70°C. The limit of de-
tection (LOD) for the determined ion was 0.06 pg-L™". The accuracy of the
method was evaluated as the relative standard deviation (DPR) of the analyt-
ical signal area and the retention time, with values of 0.63% and 0.41%, re-
spectively, for a solution of NO; 5.0 mg-L™". The detector presented linearity
between 0.22 and 10 mg-L™" with a correlation coefficient of 0.9999. The ac-
curacy of the procedure was evaluated by addition/recovery test using real
samples in which values greater than 95% were obtained. The validation of
the proposed method was also performed by comparing the NO, concentra-
tions obtained using the selective ion electrode method (EIS). The paired
Student t test and the F test showed that both methods provide equivalent
results concerning accuracy and precision.
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1. Introduction

Nitrates are nitrogenous compounds present in abundance in nature. They are
found in soil, water, and plants, and are therefore distributed in the food of ani-
mal and vegetable origin. They are also used as food additives, in the forms of
sodium and potassium salts [1]. Among the foods with the highest concentra-
tions of nitrate are vegetables such as fruits and vegetables, representing around
44% to 72% of the daily intake of nitrate [2]. In vegetables, especially hardwood,
nitrate plays a crucial role in the growth and yield of harvested products.

In Brazil, conventional agriculture is characterized by the mechanization and
high use of fertilizers, herbicides and insecticides and nitrogenous chemical fer-
tilizer, leading to the supply of nitrate directly to the plants. An adequate supply
of nitrogen is associated with high photosynthetic activity and vigorous vegeta-
tive growth [3]. Lettuce, cauliflower, spinach and arugula are leafy vegetables
rich in vitamin A, lutein, vitamins B2, B5, B9, C, K, calcium, iron, magnesium
and potassium [4]. The main properties of these vegetables are to help in the
growth, in the maintenance of skin, bones, hair and vision. The digestive, nerv-
ous, immune and sexual systems are also benefited by these vegetables, which
still reduce cholesterol and the risk of cardiovascular diseases [5].

The main risks associated with the ingestion of food of plant origin contami-
nated with high concentrations of nitrate are its endogenous reduction to nitrite
and the production of methemoglobinemia. The nitrite in the bloodstream oxi-
dizes the hemoglobin iron, producing methemoglobin [6].

Several methods, described in the literature, are used for the determination of
nitrates in plant material, including colorimetry [7], flow injection analysis with
colorimetric detection [8], potentiometry [9], polarography [10]. Separation
methods include capillary electrophoresis [11] [12] [13] and ion chromatogra-
phy [14]. Ion chromatography, since its introduction in the mid-1970s [15], has
been a useful tool for the determination of ionic species in a fast and adequate
way.

In the light of the above, the paper proposes to develop a simple and sensitive
method for the determination of nitrate in hardwood vegetables of popular cul-
ture (lettuce, cauliflower, spinach, and rocket) acquired in different municipali-

ties of the state of Bahia-Brazil using the ion chromatography.

2. Material and Methods
2.1. Reagents

In this study, all the reagents used were of a high analytical grade. Aqueous solu-
tions were prepared with deionized water, ultrapure (resistivity 18.2 MQ cm),
obtained from a Milli-Q system (Millipore, Bedford, MA, USA). For the deter-
minations, a standard stock solution of NO; 50 mg:L™' was prepared from a
P.A. Vetec salt. Solutions of Na,CO, 5.4 mmol-L™' and NaHCO, 5.1 mmol-L™*
were prepared by weighing suitable batches of the respective P.A. Vetec salts.
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2.2. Instrumentation

For the determination of nitrate (NO,), a METROHN ion chromatograph (He-
risau, Switzerland), model 883 Basic IC plus, composed of a high-pressure pump
(Ipump), a conductivity detector with controlled detection stabilizer by a MagIC
Net Basic software and a “packed bed” chemical suppression system. Separation
of the analyte was performed using a Metrohn mark high-resolution anion col-
umn (model METROSEP A Supp4-250/4.0).

The volume of the sample injected was 20 uL, which was subjected to isocratic
elution, whose mobile phase is composed of Na,CO, 5.4 mmol-L™! and NaHCO,
5.1 mmol-L™". A solution of 100 mmol-L™" H,SO, was employed as an anion ex-
change resin regenerator of the conductivity chemical suppression system. Data

was acquired using MagICNet software installed on a computer.

2.3. Calibration

The calibration curve was constructed by plotting the peak areas versus the con-
centrations of the injected standards. Injections were performed in triplicate at

six levels, ranging from 0.1 to 10.0 mg-L™".

2.4. Collection, Storage, and Preparation of Samples

Samples of lettuce, cabbage, spinach, and arugula, of conventional cultivars,
were obtained from free markets in different cities of the state of Bahia: Vitdria
da Conquista, Jequié, and Pogdes. Three (03) different lots were collected for
each vegetable between January and February of 2020. Each lot was analyzed in
triplicate for a total of 108 samples.

After collection, the samples were stored in closed and refrigerated bags to
avoid the proliferation of fungi and bacteria. The vegetables were washed in
running water to remove sand particles and then ground in a 1:1 (w/w) deio-

nized water blender until a homogeneous mass was obtained.

2.5. Extraction of NO; with an Aqueous Solution

Extraction of NO, from the vegetable matrix was performed in an aqueous me-
dium at a temperature of 70°C. To this end, 2000 + 0.001 g of each vegetable
sample was added in 40 mL of deionized water preheated to 70°C. The samples
were kept in a water bath for 15 minutes. The extract was then transferred to a
100 mL volumetric flask which had its volume filled with deionized water. Sub-
sequently, the suspensions were filtered on qualitative Whatman filter paper and
stored in capped polyethylene bottles for the determinations. Samples were in-
jected into the ion chromatograph using a standard needleless syringe, after be-
ing filtered again with a 0.45 um nylon filter, MillexR-HN type (Millipore,
Beadford, MA, USA).

3. Results and Discussion

Figure 1 shows the chromatogram of the standard solution of NO; 5.0 mg-L™".
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Figure 1. Chromatogram of NOj in reference standard solution 5.0
mg-L7\

Under the chromatographic conditions imposed, the retention time of the stan-
dard solutions was about 5 minutes with an analysis time of 8 minutes. The re-
tention time was observed to decrease slightly with increasing NO; concentra-
tion.

The calibration curve was constructed using external standardization from six
points of the standard NO, solutions at concentrations between 0.1 and 10.0
mg-L7.

The linear regression equation obtained was A = 0.06715 [NO, ] — 0.00538, R
=0.9999, where A is the peak area of the chromatogram for the determined ana-
lyte, [NO,] is the concentration (mg-L™") of nitrate ions er and is the correlation
ratio.

The limit of detection (LOD, S/N = 3) of NO, was 0.06 mg-L™', equivalent to
0.03 mg-g”', while the limit of quantification (LOQ) was 0.22 mg-L™" (0.11
mg-g™'). The linear range of work for the operating method ranged from 0.22
mg-L7" to 10 mg-L™' of NO; in vegetable samples.

In a chromatographic analysis, it is essential to know the retention time re-
peatability (tR) and the area of the analytical signal or peak height. According to
Lances, the repeatability of the retention time is important because, in most
chromatographic analyzes, it is used to confirm the identity of the compound
(qualitative analysis), and the repeatability of the area (or height) of the analyti-
cal signal is important because it is the parameter used in the quantification of
the compound of interest (quantitative analysis) [16]. ANVISA suggests a min-
imum of six determinations for repeatability to be verified [17]. Thus, the repea-
tability of the method was verified by injecting (six times) the same standard so-
lution of nitrate in succession.

The relative standard deviation (DPR) of the analytical signal area and the re-
tention time for NO; (n = 6) was 0.63% and 0.41%, respectively, for a standard
solution of NO, 5 mg-L™". According to these data, the method employed has
good accuracy.

The assessment of method accuracy was based on addition/recovery assays.

The tests were performed comparing the results obtained in the determination
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of NO; in the real samples with the results obtained when determining the ion

in the samples containing a known concentration of the standard solution of
NO;. The results are shown in Table 1.
Recoveries in the range of 94.0 and 116.0% were obtained by the proposed

method, indicating the absence of matrix effects.

Table 2 shows the concentrations of NO; found in different leafy vegetables

and determined by ion chromatography.

In Brazil, there is no specific legislation regulating maximum limits or ac-

ceptable daily intake for nitrates in foods of plant origin. Therefore, according to

Table 1. Evaluation of the accuracy through the recoveries obtained for NO; in lettuce

samples.
Amount of NO; (mg-L™")
Sample Recovery (%)
Added Found
0.0 <LQ -
Lettuce 5.0 5.4 108.0
10.0 11.5 115.0
0.0 <LQ -
Cauliflower 5.0 5.8 116.0
10.0 11.3 113.0
0.0 <LQ -
Spinach 5.0 4.7 94.0
10.0 9.4 94.0
0.0 <LQ -
Arugula 5.0 5.7 114.0
10.0 10.8 108.0

<LQ = below the limit of quantification.

Table 2. Concentration of nitrate (NO;) determined by ion chromatography in different
leafy vegetables of conventional cultivars.

Amount of NO; (mg-L™)

Sample Lettuce Cauliflower Spinach Arugula
VC1 3.48 £0.83 2.87 £0.23 17.20 £0.72 8.61 £ 0.64
vC2 3.83 £0.52 3.41+0.31 20.34 £ 0.98 9.52 £ 0.33
VvC3 4.02 +£0.96 2.96 £ 0.19 18.48 +£ 0.67 9.26 + 0.54
JQ1 1.63 £ 0.40 1.86 £ 0.12 11.23 £0.35 2.61 £0.22
JQ2 1.54 +£0.34 1.65+0.48 12.63 £ 0.85 3.04 +0.31
]Q3 1.59 £ 0.52 2.15 £ 0.63 12.15+0.76 2.96 + 0.54
PO1 1.19+£0.89 1.55+0.72 16.38 £ 0.65 6.73 £0.62
PO2 1.36 £ 0.12 1.46 £0.65 14.25 £ 0.86 5.96 +0.71
PO3 2.05+£0.19 1.32 £0.48 1643 £1.22 6.23 £0.25
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the WHO, the value established as admissible is the daily dose of 3.65 mg of ni-
trate ion per kg of body weight [18]. Thus, a person of 70 kg may consume up to
256.9 mg of NO, per day.

Therefore, it can be stated that the LOD and LOQ obtained are suitable for the
determination of NO, in leafy vegetable samples since they are smaller than the
highest concentration allowed by the WHO.

It is observed that the lettuce samples collected in the city of Vitdria of the
Conquista (VC samples) presented higher concentration of NO, compared to
the samples acquired in the cities of Jequié (JQ) and Po¢des (PO). However, even
so, the samples collected in Vitéria da Conquista can be consumed without
danger of causing damage to health. The difference in nitrate concentration in
the different vegetables is due to the geographical region, the particular season of
harvest, the choice of cultivar, the use of nitrogen-containing fertilizers, growing
conditions, light and humidity [19].

The results obtained using ion chromatography were compared with the
ion-selective electrode method (ISE), and the relative differences between the
results of the two techniques were presented, as shown in Table 3.

The results obtained with the two techniques were evaluated using the tests of
significance #paired student and F. The concentration values determined for the
test F revealed that the samples analyzed presented similar standard deviation
for the two evaluated methods. In this way, it is possible to conclude that there is
no significant difference between the precision of the methods, at the level of
5%. The influence of determined errors was evaluated by applying the paired
Student t-test, considering the results obtained using the ion-selective electrode
method as true. The calculated value of ¢ for leafy vegetable samples indicated
that the methods do not differ significantly from one another when employed

for this type of matrix.

4. Conclusion

The analytical method proposed for identification and determination of nitrate
in leafy vegetables was simple, fast and accurate. The procedure performed for
the treatment of the sample showed good recovery results, besides having the

advantage of not using organic solvents. The method provided good linearity,

Table 3. Concentration of nitrate (NO;) determined by ion chromatography in different
leafy vegetables of conventional cultivars.

Amount of NO; (mg-L™)

Sample Ion chromatography Ion-selective electrode
Lettuce 1 3.48 £0.83 3.23 £0.67
Cauliflower 1 2.87£0.23 2.41£0.19
Spinach 1 17.20+£0.72 16.92 +1.32
Arugula 1 8.61 £ 0.64 8.38 £ 0.69
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with limits of detection and quantification that revealed sufficient sensitivity for
the determination of NO; in hardwood vegetables. The anion exchange column
in conjunction with suppressed conductivity detection provided a selective de-
termination without interference from the matrix components present in the
plants. As perspectives for this study are the application of the method in ana-
lyses of various foods, beverages, pesticides, environmental samples and biolog-

ical fluids.
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