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Characterization of the content of anions and metals
in potatoes, tomatoes, and onions marketed in Cuenca,
Ecuador to obtain a classification model

Caracterizacion del contenido de aniones y metales
en papa, tomate y cebolla comercializados
en Cuenca, Ecuador, para obtener un modelo de clasificacion

Alvarez-Blacio Astrid’,,’, Alvitres-Medina Claudia™?", Castro Cynthia®,’, Verdugo Josselyn®’,
Pérez-Gonzalez Andrés®, Maria Dolores Tonon’, Pinos Véronica'?", Tripaldi Piercossimo®”

Abstract

Due to the accelerated growth of the world population, the need for food has increased. Due to the differentiated
climatic factors that Ecuador has, the usage of pesticides and fertilizers has increased at an alarming rate, in search
of increasing the productivity of crops, which results in an accumulation of residues in food and soil. In this stuady,
the search for concentrations of metals and ions from fertilizers in four high-consumption products will be limited to
INIAP Cecilia and Chaucha Amarilla potatoes, Kidney Tomato and Paitefia Onion found in markets and supermarkets.
The metals were determined by using inductively coupled plasma spectrometry with a mass spectrometer (ICP-MS).
For ions, through a UV-visible spectrophotometer. The values found were within the norm. Differences were found
between the metal content of the potato between peel and pulp where the latter will appear at the highest concen-
trations. Multivariate statistics showed that the samples are grouped by the planting site and not the type of sample,
which shows the importance of the soil and the cultivation process. The generation of a classification model for fed
products with the analyzed parameters is discussed.
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Resumen

Debido al crecimiento acelerado de la poblacion, el requerimiento de alimentos se ha incrementado. A esta demanda
se suman los factores climaticos diferenciados que tiene Ecuador, los cuales inciden en que los agricultores utilicen
pesticidas y fertilizantes de forma indiscriminada para incrementar la productividad de los cultivos. El resultado de
esta practica es una acumulacion de residuos tanto en los alimentos como en el suelo.

En este estudio se determino las concentraciones de metales e iones provenientes de los fertilizantes en cuatro
productos de alto consumo: papa INIAP Cecilia, papa chaucha amarilla, tomate rifion y cebolla paitefia encontra-
dos en los mercados y supermercados. Los metales fueron determinados por espectrometria de plasma acoplado
inductivamente con espectrometro de masas (ICP-MS) y los iones a través de un espectrofotometro UV-visible. Los
valores encontrados estuvieron dentro de la norma. Se detecto diferencias entre la concentracion de metales de la
papa entre cascara y pulpa donde esta dltima mantenia las mayores concentraciones. La estadistica multivariada
permitio evidenciar que las muestras se agrupan por el sitio de siembra y no por el tipo de muestra, lo que revela la
impartancia del suelo y el proceso de cultivo. Se obtuvo un modelo de clasificacion de productos con base en los
parametros analizados.
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1. Introduction

The environmental contamination of toxic or eco-toxic inorganic compounds such as Lead, Cad-
mium, Mercury, Chromium, and Arsenic, among others, represents a danger to public health (Mc-
Clintock et al., 2012; WHO, 1980). These metals are found diffused in different environmental ma-
trices and come from natural and anthropogenic sources due to organometallic compounds that
are illegally used in pest control products, as well as industrial and mining waste. Studies carried
out to determine metals in sails have found considerable amounts of metals in soils destined for
food production (Dziubanek et al., 2015). For example, the presence of high amounts of Arsenic
and Cadmium in soils in Spain and Portugal and high levels of Zinc and Copper in arable soils in
Greece and Macedonia has been found among others (Topalidis et al., 2017; Taoth et al,, 2016).
This fact is worrying because the consumption of food grown in environments contaminated with
toxic metals has been detected as the greatest source of exposure for people to these (Khan
et al,, 2008). From the soils, the metals are mainly transferred to the foliar tissues of the plant.
Confirming this fact, studies have found metals in foods (Dziubanek et al.,, 2015; Hu et al., 2017).
For example, in China, a study of cultivated rice found high doses of Cadmium, Lead, Chromium,
Copper, Zinc, and Nickel in the water and soil used to grow rice (Huang et al.,, 2019). Meanwhile,
a study on the bioaccumulation of metals in pumpkin, carrot, and potato in several Polish cities
found higher than allowed levels of Cadmium and Lead in these products (Dziubanek et al., 2015).
To the concern that foods contain toxic metals, compounds are added that are not toxic
by themselves, but when they hioaccumulate or in large caoncentrations, they can be dangerous
for man, such as nitrates. The availability of these compounds is varied (soil, plants, water) and
occurs naturally from the nitrogen cycle: atmospheric and industrial fixation, mineralization of
arganic matter, and nitrification of released ammonium (Cabrera, 2007); but anthropogenic mo-
difications (mining, industries, agricultural production) alter the normal concentrations of these
in the different environmental matrices (Moreno C et al,, 2015). For example, intensive green-
house agriculture makes heavy use of nitrogenous fertilizers so vegetables and drinking water
may contain higher nitrate concentrations than in the past. Nitrates are not considered toxic
unlike nitrites; however, it should be considered that approximately 5% of nitrites are converted
in the digestive tract during ingestion into nitrates (Santamaria, 2006). Nitrates from fertilizers
remain in food as shown by studies in this regard. For instance, Leyva et al. (2005) determined
concentrations in tomato fruits of up to 850 mg/kg using 454 kg of N/ha (Leyva et al., 2005).
According to the INEC (National Institute of Statistics and Censuses of Ecuador), pota-
toes, tomatoes and onions are high priority crops in Ecuador due to their high internal demand.
The tomato is an annual, biannual herbaceous plant belonging to the Solanaceae family (Sola-
num Lycopersicum), in Ecuador, according to the Agricultural Public Information System (SIPA),
there are productions of up to 38 thousand tons/year. Finally, the onion is a biennial herba-
ceous plant belonging to the Amaryllidaceae family (SIPA, 2020). According to MAGAP (2015),
it is the second most-consumed vegetable (6 kg/year/capita) (MAGAP, 2015). The potato is a
tuber belonging to the Solanaceae family (Solanum tuberosum L.) and according to the Inter-
national Potato Center is the third most consumed crop worldwide. In Ecuador, figures from the
Survey of Surface and Continuous Agricultural Production (ESPAC), estimate annual production
of 523 thousand tons, with more than 400 varieties (MAG, 2020), it is also the main source of
food in the highlands of the country, with an annual per capita consumption of 122 kg in Quito
and 80 kg in Cuenca (Pumisacho & Sherwood, 2002). The Yellow Chaucha potato (S. Phureja),
is one of the few native potato varieties of the high Andean communities, it is small, with an
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approximate diameter of 4 cm, whose skin and pulp color is ocher or intense yellow, it has a
high nutritional value, good flavar, and a short cycle, which means that they are harvested in
less time. The INIAP Cecilia potato (Solanum vertifolium x andigena Var.), is one of the improved
potato varieties by INIAP, it comes from the species S. Vertifolia and S. Jabonilla (INIAP, 2014).
It has an elongated oval shape with a medium size, it is slightly flattened on the upper and
lower faces, its skin is creamy-white and smooth, and it has eyes on the surface (Pumisacho
& Sherwood, 2002). These crops are threatened throughout their cycle by different pests and
diseases, such as Globodera Pallida and Rostochiensis, Phytophthora infestans, Ralstonia so-
lanacearum, Premnotrypes Vorax Hustache in potatoes; Tetranychus spp., Trialeurodes vapo-
rariorum, red spider mite in tomato and Thrips tabaci, Lyriomyza huidrobensis and Sclerotium
Cepivorum, in anion (Chirinos et al.,, 2020; MIP, 2007). For this reason, various agrochemicals are
used, sometimes unregulated or in overdose, which eliminate pests and beneficial insects for
crops, causing secondary pests, without counting on the migration of arganisms, which create
new phytosanitary problems (Pumisacho & Sherwood, 2002). Despite the danger that the use
of agrochemicals in crops could represent, tropical countries make tremendous use of them,
justified by their functionality, being able to alter the natural chemical composition of crops and
soil with toxic metals and nitrates. In Ecuadar, the most widely used fungicides for potatoes
are: Cymoxanil, Metalaxil, Propanocarb, Fosetil - Aluminum, Ofurace and Oxadixyl (Pumisacho &
Sherwood, 2002). The pesticides most used are: Pythroids (cypermethrin, lambda cyhalothrin),
Neaonicotinoids (thiametonxan), Carbamates (carbofuran), Organophosphates (metamidophos,
profenophos) (Chirinos et al, 2020); while potato fertilizers are based on nitrogen and those
that contain the element phosphorus in their structure (Gaitan, Gonzalez, Nustez, Saldana &
Cotes, 2013). In the case of onions, the most used insecticides are: Azocor (Profenofos), Cimox
(Cymoxanil + Mancozeb), Fungloraz (Prochoraz) and the most used fertilizers are Sanacor (Man-
cozeb + Metalaxyl), Poncho de agua (Mancozeb + Cymaoxanil) and Cypermethrin (Adama Andina,
2019; Agrocalidad 2020; Codex Alimentarius, 1999; Interoc Custer S.A,, 2015; Grupo Andex S.A.,
2015). For tomatoes, the most widely used pesticides are cypermethrin, Sanacor (Mancozeb +
Metalaxyl), Poncho de agua (Mancozeb + cymoxanil) (Limin Chemical Co. Ltd, 2019; Codex Ali-
mentarius, 2006; Codex Alimentarius, 2019; Interoc Custer S.A., 2015; JECFA, 2004).

In Cuenca, Ecuador, there are no studies on this subject, therefore, this work identifies
and quantifies the absorption of toxic metals and anions in frequently consumed foods such as
potatoes, tomatoes, and onions.

2. Methodology

2.1 Sampling

The content of metals and anions was taken in samples of potato Chaucha Amarilla (S. Phureja),
INIAP Cecilia (S. vertifolium x andigena Var.), kidney tomato (S. Lycopersicum), and red onion
(Allium cepa). Only in the case of potatoes, the analysis is carried out on the skin and pulp. For
the collection of the samples, first, a list of supermarkets, markets, and organic fairs within the
city was made. Later, a visit was made to each point, identifying, and classifying each of these,
depending on whether there is a variety used for the study. Finally, 1 kg of each product was
purchased, and a second sampling was carried out after ane month. The selected outlets are
shown in Table T and are found on the map in Fig.1.
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Figure 1. Sampling points
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Table 1. Sampling sites
Local Cod Potato Chaucha Potato Tomato Red
Amarilla INIAP Cecilia rinén Onion
Coral supermercados: San Blas*® PO1 0 0 2 2
Coral supermercados: El Batan* P02 0 2 0 0
Coral supermercados: Don Bosco * P03 0 0 2 2
Supermaxi: Las Ameéricas* P04 0 6 0 0
Tia supermercados: El Arenal® P05 0 2 0 0
Mega Tienda del Sur: Las Américas* PO6 0 0 2 2
Gran Sol: Gonzalez Suarez* PQO7 0 0 2 2
Mercado Feria Libre P08 2 0 2 2
Mercado El Vergel P09 0 0 2 2
Mercado Empresa Electrica P10 0 0 2 2
Mercado 10 de Agosto P11 2 0 0 0
Mercado 12 de Abril P12 2 0 2 2
Mercado 27 de Febrero P13 2 0 2 2
Mercado 3 de Noviembre P14 2 0 0 0
Mercado 9 de Octubre P15 2 0 2 2

* The chosen point of sale represents a company, not the place of purchase. For mapping purposes, the locality is placed.
Note: The samples were taken according to market availability during the sampling date.
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2.2 Pretreatment of Samples

The potatoes were washed with water for 1 minute, removing soil remains, then a bath in dis-
tilled water was made for 30 seconds to subsequently dry them. All the potatoes were peeled
manually with a zirconium knife, removing up to 1 mm thickness of the skin. Peel and pulp were
separated between them and between varieties. All samples were chopped into small pieces up
to 2 cm and double guartered. Once the subsamples were obtained, they were ground in a por-
celain mortar until obtaining a uniform texture and weighed on the analytical balance (KERN ABT
100-5M). The tomatoes were cut with a parcelain knife into pieces of approximately 1 mm, the
same procedure was carried out on the onions, with a previous peeling. Then, a triple quartering
was performed to obtain the sub-samples.

2.3 Determination of Nitrates

20 g of peel ar pulp of each variety were weighed; maceration was carried out with 100 ml of
distilled water. After 24 hours, the first filtering was carried out with cotton and a second with
activated carbon where it was left to rest for 36 hours to remaove color and colloids. Finally, it was
filtered with filter paper to remove activated carbon. In the case of tomatoes and onions, the
samples were placed in a muffle at 105 °C until a constant weight was obtained and then mace-
rated with 25 ml of distilled water for 24 hours. The first filtering was done with cotton and later
with activated carbon, it was left to rest for 3 days before making the last filtering; the filtered
liguid was made up to 100 ml. Nitrates were determined through the absorbance measured in
the Thermo SCIENTIFIC Evolution 60 UV-Visible spectrometer following the AOAC official method
(1995). KNO, standards of 0.1, 0.25, 0.5, 1, and 2.5 ppm were prepared to obtain a calibration
curve as ion nitrate (NO3). Samples found to be outside the measurement range were diluted.

2.4 Metal determination

20 g of each potato sample were weighed and kept for 24 hours in an oven (Continental Equip-
ment) at 105 °C. Subsequently, they were moistened with T ml of HNO, (SUPRAPUR at 65%) and
dry calcination was carried out in the muffle (Nabertherm) at 550 °C until total calcination, ~ 6 h
(Bianchini & Eyherabide, 1998). The onion and tomato samples were taken directly to the muffle
at 550 °C for 10 hours, then 10 ml of 10% HNG, were added and left to calcine in the muffle for
10 hours. The ashes obtained were diluted with 3 drops of HNO, and made up to 50 mlwith disti-
lled water. The detection and quantification of metals were carried out through a multi-element
analysis of trace elements, this technigue allows elements to be quantified due to their high
sensitivity, for which ICP-MS (NexION 350, Perkin Elmer) was used using EPA Method 200.8 (US
EPA, 1994); to check reliahility, two of the standards used in the calibration curve were read af-
ter having read every 20 samples. In total, 84 determinations of 43 metals were made.

2.5 Statistical analysis

Inferential statistical analyzes for potatoes were performed with the R statistical software and
the RStudio version 1.2.5033 interface. To verify normality, histograms, and Q-Q (Quantile-Quan-
tile) graphs were made, the statistical tests used were Shapiro Wilk, Jarque Bera, and Pearson.
To verify homoscedasticity, the interquartile ranges were compared graphically through box
and whisker plots, the statistical tests used were Bartlett, Levene, and Fligner Killeen, the latter
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being a non-parametric test. In addition, the assumption of independence was verified with the
Chi-Square test. Most cases did not meet the assumptions of normality and/or homaoscedasti-
city, therefore, the non-parametric Kruskal Wallis test was used; if statistically significant diffe-
rences were found, a non-parametric test was applied to determine differences between pairs,
Wilcoxon (Pairwise Wilcoxan). In tomato and onion, no inferences were made because only one
variety of each was studied.

For the multivariate analysis of the data, the Minitab 19 and MATLAB 2019 programs were
used. As a first step, unsupervised analysis of the results was carried out using cluster analysis
to obtain the greatest amount of information “hidden” behind the concentration values. The
cluster analysis used was of the hierarchical agglomerative type in which at each step the two
most similar elements are grouped to form a cluster; This process continues until you are left
with a single large cluster that encompasses all the elements. For the creation of the groups,
the Ward method was used in which the distance between two clusters is represented by the
sum of the squares of the deviations of the elements from the centroid of the cluster, which
allows for minimizing the distance between the elements in inside the cluster. The formula to
calculate the distance is shown in equation 1. Where: d,,; is the distance between clusters m
andjand N; is the number of elements in cluster |

(N + Ni)dj + (N; + Ni)dyj-Nydig
e N; + Ny,

After exploring the data and grouping it into 4 clusters, a classification model was created
to discriminate the compaosition of tomatoes, onions, and potatoes. For this purpose, the KNN
(K-nearest-neighbors) algorithm coupled with a genetic selection of the most important metals
in the classification was used. For this purpaose, the data set was subdivided into two subsets:
ane for calibration (Training set 70 % of the samples) and one for the evaluation of the predictive
capacity of the model (Test set 30 % of the samples). The assignment to each set was random,
trying to maintain the numerosity of the three classes.

3. Results and Discussion

The concentrations found, both in fertilizers and metals, in the potato, tomato, and onion sam-
ples are reported in tables SI.1 and SI.2 of the annexes. The concentrations found, both in fer-
tilizers and metals, are close to the concentrations found in other studies (Becker et al., 2011;
Poberezny et al.,, 2015; Suarez et al,, 2014). All the concentrations of metals and nitrates de-
termined in the products studied were within the expected values, even though the samples
chosen came from places where intensive crops are grown. For instance, potatoes are a great
source of potassium, consuming 100 g of unpeeled potato or just its pulp of the Chaucha Amari-
lla variety, 31.76 and 31.72 % of daily required K are obtained and 32.81in the Cecilia variety. and
32.77 %, representing a slight problem when adding other products with large amounts of K'in
the daily intake. An elevated level of potassium in the blood can lead to blood arrhythmias, which
in severe cases could be fatal (American Heart Association, 2017; Gabarra et al. 2017); the toma-
to is also a great source of potassium, however its daily consumption does not impose risk; on
the other hand onions eaten raw as in salads have a not relevant contribution in minerals except
from K (UCM, 2016). In addition, metals such as Chromium and Nickel that are susceptible to
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being absorbed by these products were determined (Baghour et al,, 2001; Chen et al.,, 2009) but
not high concetrations were found in this study. This could be since a greater accumulation of
toxic metals has been found in crops close to urban regions, where the soils are contaminated
by industrialization (Gichner et al., 2006); and the cultivation areas of the country are distribu-
ted in the rural area. Other factors that influence the concentration of metals and ions are the
use of residual water for irrigation (Khan et al., 2008), the mineral composition of the soil, and
the application of fertilizers and pesticides, especially those not regulated indiscriminately.

Figure 2. dendrogram by Ward method
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To determine if there are significant statistical differences between the two types of po-
tato and between skin and pulp of the same variety, tests such as Wilconxon and Kruskal Wallis
were performed. Significant statistical differences were found between the peel and pulp of
the yellow Chaucha potato in the content of metals V, Co, and Niand in the INIAP Cecilia variety
in the case of Ca, Sr, and V, being in bath cases the peel where higher concentration was pre-
sented. Differences were found between the skin of both varieties in Co, Ni, Rb, and Mn, with
the Chaucha Amarilla variety presenting a higher concentration. When comparing the pulps of
the two varieties, significant differences were found in the P content, with a higher content
in the INIAP Cecilia variety, and in the content of Co, Ni, Rb, and Cs, with a higher value in the
Chaucha Amarilla variety. Comparing the concentrations of Chaucha Amarilla skin and pulp of
INIAP Cecilia, significant differences were found in the concentrations of the elements Co, Nj,
Rb, Zn, Ba, Sr, and V, where the concentration of Chaucha Amarilla skin was higher. Unlike P, the
highest concentration was found in the pulp of INIAP Cecilia. Comparing the pulp of Chaucha
Amarilla with the skin of INIAP Cecilia, the former presented a higher value in concentrations in
the elements Co, Ni, Ca, Cs, Mn, and V, compared to the elements Ca and V whereas in the skin
of INIAP Cecilia found the highest concentration. In general, the toxic metals where significant
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differences were found, were found in higher concentrations in the Chaucha Amarilla variety,
this could be since this variety has a very thin skin that allows the diffusion of metals in the
tuber more easily.

The dendrogram in Figure 2 shows the presence of two large groups of samples. The
first cluster is made up of 40 samples collected from many outlets: 18 tomato samples; 20 red
onions; 2 potatoes (1 pulp and 1 peel). The second is made up of 2 tomato samples. The third
group is made up of 38 potato samples, while the fourth cluster is made up of 4 potato samples
collected at different points of sale. To know which metals, characterize the different clusters,

the average concentration of each metalin each cluster has been calculated as shown in figure
3 and table SI.3.

Figure 3. A plot of the centroids of the four clusters
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Clusters 3 and 4, which are made up of potatoes, have the highest concentrations in mgL™*
of AL, Ca, Mg, P and Na. Figure 4 shows the graph of the average values of the metals in the cen-
troids of the clusters, where the maximums have been scaled to 1 and the minimums to zero.

The samples grouped in the first cluster (mainly tomato and red onion) present low re-
lative values of almost all metals apart from Calcium, Magnesium, Nickel-phosphorus, Sulfur,
Selenium, Titanium, and Uranium. Sodium is similar to the content of clusters 3 and 4. This
could indicate that the marketing centers sell tomatoes and onions from the same area or that
the two species concentrate metals in the same way. The samples grouped in cluster 2 present
the highest relative values of all the other clusters in the following metals Dysprosium, Erbium,
Gadolinium, Lead, Samarium, Ytterbium, Silver, Europium, Lutetium, Praseodymium, Sulphur,
Thallium, Thulium, Uranium, Holmium, Sodium. While the values of Barium, Cadmium, Copper,
Iron, Rubidium, Strontium, Vanadium, Aluminum, Beryllium, Calcium, Cobalt, Cesium, Gallium,
Magnesium, Nickel, Phosphorus, Selenium, and Thorium are the lowest. The concentration of
the other metals is comparable to that of the other clusters. The composition of these sam-
ples indicates that they are characterized by high values of metals from the Lanthanide family,
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which, being quite rare, show that the two tomato samples come from the same area. Addi-
tionally, these two samples of tomatoes have been marketed by a supermarket and by a large
store. The samples grouped in cluster 3 are all potatoes and present relatively high values of B,
Ba, Cd, Cu, Rb, Ca, Ga, Mg, Ni, P, S, Se, and Zn; while the concentrations of Dy, Er, Gd, Pb, Yb, Cs,
Eu, Lu, Nd, Pr, Th, Tm, U, Ho, are low. The other metals in this group have intermediate concentra-
tions. The concentrations of lanthanides in this group are not high, so these samples come from
different places than those of groups 2 and 1. The samples grouped in cluster 4 are potatoes
and generally present relatively high values of B, Ba, Cd, Ce, Cu, Dy, Er, Fe, Gd, La, Rb, Sm, Sr, V, Yb,
Ag, Al, Be, Ca, Co, Ga, Mg, Mn, Nd, Ni, P, Pr, Th, Te, Zn, Na; the greater presence of lanthanides in
this cluster indicates that the origin of these samples is different from that of group 3 potatoes.
Two samples have been collected in markets and two in supermarkets. The presence of a potato
skin without the pulp is quite strange. In summary, the two potato clusters have very different
compositions from those of tomato and onion.

Figure 4. values of the average concentrations of the metals in the centroids of the 4 clusters
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A model has been obtained to discriminate between the products studied with five me-
tals: Sr, V, Cs, Cu, Mn. Whose quality parameters are presented below in Table 3.

Table 3. Quality parameters of the KNN classification models

N.E.R Parameters Potato Tomato Onion

Precision 1.000 0.929 0.933

Calibration 0.96 Sensibility 0.968 0.929 1.000
Specificity 1.000 0.978 0.978

Precision 1.000 0.830 0.830

Prediction 0.89 Sensibility 1.000 0.830 0.830
Specificity 1.000 0.950 0.950
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Figure 5. score plot
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The tomato and onion samples are almost overlapping, as was also observed in the clus-
ter analysis (cluster 1), however, the KNN manages to differentiate them. Potatoes form a class
well separated from the previous two. The centroids of the auto-scaled data of the discriminant
metals of the classes are presented in Table 4.

Figure 6. Centroids of the selected metals in each class
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The analysis of figure 6 indicates that potatoes are richer in Sr, V, Cs, Cu, and Mn, while it
is noted that the difference between tomato and onion is due to Strontium, which is higher for
onions, vanadium, and cesium, which are higher for tomatoes, while for copper and manganese
there is practically no difference between the two classes.

Tabla 4. Centroid values for each selected metal in each class in mgL?

Metal Centroide 1 Centroide 2 Centroide 3
Sr - 0.487702 -0.051092 0.2433265
\% -0.441522 -0.654467 0.4949626
Cs -0.390787 -0.542777 0.8687837
Cu -0.938824 -0.984911 0.8687837
Mn -0.955663 -0.879913 0.8289701

4. Conclusions and recommendations

None of the samples analyzed presented values outside the regulations for the concentrations
of metals, and nitrates, this may be since they are planted in rural areas, far from factories and
the use of wastewater for irrigation is not given. Therefore, we assume that there are no high
concentrations of these compounds in the soil. The Chaucha potato presented higher metal
contents compared to the Cecilia potato, this is explained because the Chaucha potato has a
thinner skin, which makes it susceptible to the absorption of minerals by osmosis processes.
When comparing each variety by skin and pulp, it was in the skin where the highest concen-
tration of metals was found. Multivariate statistics allowed the grouping of by-products and
origin, mainly due to their metal content. Being evident that depending on the amount of metals
present, onions and tomatoes share the same cluster, except for 2 tomato samples that form
a cluster, what they have in particular is that they do not share the same origin. The predictive
maodel used four metals as classification variables, which indicates that these metals are those
that are present in the three types of food and that their characteristic concentrations are in-
fluential for their characterization, being able to consider that these concentrations are due to
selectivity processes specific to the absorption of each plant.
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