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Abstract

The Tungurahua volcano, located in the eastern mountain range of Ecuador, since its reactivation in 1999 has had
several phases of volcanic activity, which have produced gas, ash and lava emissions. These emissions release a large
amount of metals to nearby soils that are currently used for agricultural purposes. Metal pollution can cause serious
problems for human health; while other metals are necessary as nutrients in most agricultural crops. In this inves-
tigation, the metal content in agricultural soils of the Quero canton was evaluated, as well as its bioavailability and
content in the culture of Allium fistulosum L., in order to obtain information on the impact of potentially polluting
metals (cadmium, lead, nickel, strontium, cobalt, copper and zinc) and nutrients (potassium, magnesium, iron and
manganese) on crops. For the estimation of total metals in soil an acid digestion was performed; for bioavailable
metals an extractant mixture (EDTA-Triethanolamine-CaCl,, pH 7) was used and for the branch onion a calcination
followed by acid digestion was carried out. The quantification of the metals was carried out by flame atomic absor-
ption spectroscopy or graphite furnace. The results showed that the metal content, both in the soil samples and in the
branch onion, was below the maximum values allowed in the local regulations for all the metals studied. In addition,
the intake of the metal by the branch onion was independent of the bioavailable fraction.
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Metal content evaluation in soils and edible tissues of Allium fistulosum L. on crops near the
Tungurahua volcano

Resumen

El volcan Tungurahua, ubicado en la cordillera oriental de Ecuador, desde su reactivacién en 1999 ha entrado en varias
fases de actividad volcénica, produciendo emisiones de gas, cenizas y lava. Estas emisiones liberan una gran canti-
dad de metales a suelos cercanos que, en la actualidad, se emplean con fines agricolas. La contaminacién por metales
puede provocar graves problemas para la salud humana; mientras que otros metales son necesarios como nutrientes,
en la mayoria de los cultivos agricolas. En esta investigacion, se evalu6 el contenido de metales en suelos agricolas
del cantén Quero, su biodisponibilidad y el contenido en el cultivo de Allium fistulosum L., con la finalidad de obtener
informacion sobre el impacto de metales potencialmente contaminantes (cadmio, plomo, niquel, estroncio, cobalto,
cobre y cinc) y nutrientes (potasio, magnesio, hierro y manganeso) sobre los cultivos. Para la estimaciéon de meta-
les totales en el suelo se realizé una digestion acida; para metales biodisponibles se emple6 una mezcla extractante
(EDTA-Trietanolamina-CaCl,, pH 7) y para la cebolla de rama se realiz6 una calcinacién seguida de digestién acida.
La cuantificaciéon de los metales se realiz6 mediante espectroscopia de absorcién atémica (EAA) de llama o de horno
de grafito. Los resultados mostraron que el contenido de metales, tanto en las muestras de suelo como en cebolla de
rama, estaba por debajo de los valores méaximos permitidos en las normas locales para todos los metales estudiados;
ademds, la ingesta del metal por la cebolla de rama fue independiente de la fracciéon biodisponible.
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1 Introduction

The Tungurahua volcano, located in the eastern
mountain range of Ecuador, has been into diffe-
rent phases of volcanic activity since its activation
in 1999, with gas, ash and lava emissions (Battaglia
et al., 2019). These emissions release a large amount
of metals to nearby soils that are currently used
for agricultural purposes. Heavy metal contamina-
tion in agricultural soils can create serious human
health problems, because many edible plant spe-
cies can absorb large amounts of potentially toxic
metals from the soil. The metal intake through the
consumption of contaminated food can lead to mal-
formations, neuronal dysfunctions and even death
(Rai et al., 2019).

While heavy metals such as cadmium, lead, nic-
kel, cobalt, copper and zinc are considered poten-
tially toxic (T6th et al., 2016), for plants, animals
and even humans (Rai et al., 2019), other metals
such as potassium, magnesium, iron and manga-
nese, are necessary for the nutrition of plants and
agricultural crops in general. It is important to eva-
luate the content of metals in soils and crops, since
soil composition is one of the factors influencing the
transfer of trace elements in the soil-plant chain as
part of the biochemical cycle (Kabata-Pendias, 2004;
Kabata-Pendias and Sadurski, 2004; T6th et al.,
2016). In addition, knowing the metal content ma-
kes it possible to show that the nutrient content
is suitable for cultivation, and that potentially po-
lluting heavy metals are below permissible limits,
according to national and international environ-
mental regulations.

Onion (Allium fistulosum L.) is grown in the Que-
ro canton (Choumert-Nkolo and Phélinas, 2019), es-
pecially near Tungurahua Volcano. Therefore, there
is the need to evaluate the content of metals that
could have been expelled in the latest ash emis-
sions in 2016 (Battaglia et al., 2019). In this inves-
tigation, the content of some metals in agricultural
soils in the Quero canton, their bioavailability and
content in the cultivation of Allium fistulosum L. we-
re evaluated in order to obtain information on the
possible impact of metals on crops, taking into ac-
count that metals such as cadmium, lead, nickel,
strontium, cobalt, copper and zinc, may be poten-
tial pollutants; and metals such as potassium, mag-
nesium, iron and manganese act as macro and mi-
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cronutrients for the crop.

2 Materials and methods

2.1 Soil sampling area and onion

The soil and onion samples were selected from a
plot of 3 884 m? located at 3 185 m.a.s.l in the Quero
canton, 12 km from the Tungurahua volcano and 29
km from the Chimborazo volcano. Figure 1 shows
its geographic location (A) and its subdivision into
five similar transects for sampling (B).

2.2 Selection and preservation of samples

Soil and onion samples were collected in Novem-
ber 2018 near the ash catchment zone of the Tun-
gurahua volcano. For the sampling, the zigzag met-
hod was used on a plot at approximately 5 meters
of distance, and 10-30 cm of deep were dug, taking
approximately 1-2 kg of soil. For the onion, a cluster
in its final stage of growth was cut from the same
places where the soil sample was obtained. The
samples were moved in clean and properly labeled
polyethylene bags. The entire sampling process was
carried out within 5 months.

The soil sample underwent a drying process at
room temperature, it was grounded and sifted with
a mesh No. 14, and the onion was washed with dis-
tilled water to remove visible dirt and the edible
portion was taken for analysis. Subsequently, it was
subjected to a convection drying at 40 °C for 24h, it
was grounded and sifted (Faithfull et al., 2005) and
was properly stored until performing the analysis
of the metals.

2.3 Physicochemical parameters

The moisture percentage for soil samples was deter-
mined by weight loss on a stove, using the method
93.06-37.1.10 (AOAC, 2006). Soil organic matter was
determined in samples dried in a stove at 105 °C,
by ignition loss at 450°C for 10 h using a flask NA-
BERTHERM LT 15/12/B180 (Cargua Catagfia et al.,
2017). The pH and electrical conductivity were de-
termined in distilled water (Kazlauskaité-Jadzevice
et al., 2014), 1:2.5 w/v ratio by using a potentiome-
ter METTER TOLEDO SEVENCOMPACT PH/ION
and a THERMO SCIENTIFIC ORION VERSASTAR
conductimeter, respectively. For the onion samples,
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the moisture content was determined using an in-
frared balance METTER TOLEDO HX 2014 MOIS-
TURE ANALYZER, using 3 g of sample with wor-

-

_Cebolia
SLet

king condition of 150°C and with drying criterion of
1 mg/50 seconds.

Figure 1. (A) Geographical location of the sampled plot. (B) Subdivision and sampling points. Source: Google Earth, 2019

2.4 Extraction of total and bioavailable me-
tals in soil samples

For the estimate of the total fraction of each me-
tal in the soil, digestion was performed with agua
regia concentrated HNO3 and concentrated HCI in
1:3 v/v ratio) (Sungur et al., 2014); 0.5 g of soil was
weighted by triplicate on an analytical balance and
agua regia was added in a ratio of 1:10 w/v to 90°C
by 2 h with magnetic agitation, subsequently it was
filtered and gauged at 25 mL with HNO3 0.14 M.

For the estimation of the bioavailable fraction
of each metal, an extractant mixture prepared with
EDTA 0.05M, triethanolamine 0.1 M and calcium
chloride dihydrate 0.01M adjusted to pH was used:
7 (Khan et al., 2019). The extraction was performed
in a ratio of 1:2 soil / extracting mixture, agitating
it for 30 minutes, it was subsequently centrifuged at
4500 rpm for 10 min, the supernatant was filtered
by gravity and graduated to 50 mL with HNO3 0.14
M (Golia et al., 2008).

2.5 Extraction of metals in onion samples

Onion samples were submitted to calcination at
450°C, followed by acid digestion. The ashes resul-
ting from the determination of organic matter were
taken and 0.50 mL of HC!I and 0.25 mL of concentra-
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ted HNO;3; were added, then were left to stand for 15
min and werefiltered with Nylon microfilters of 13
mm in diameter and with pore size of 0.45 um, were
gauged with 25 mL with HNO; 0.14 M.

2.6 Determination of metals using EAA

The determination of metals was carried out using
an atomic absorption spectrophotometer with PG
Intruments line source model AA500, using the
electrical conditions recommended by the manu-
facturer for each metal. The instrument is equip-
ped with flame atomizers and graphite furnace;
a D, deuterium lamp was used to correct non-
specific absorbance and an AUTO SAMPLER PG
Intruments model AS500 was used for the intro-
duction of liquid samples into the atomization sys-
tem. Single-element standards (AccuStandart) were
used to obtain daily calibration curves for each ele-
ment. The concentration of cobalt, strontium, lead,
nickel and cadmium was determined with the grap-
hite furnace using argon 5.0 grade of 99.99 % of pu-
rity (Linde Ecuador S.A.) during the pyrolysis sta-
ge and with stopped flow during atomization. Si-
milarly, potassium, magnesium, manganese, cop-
per, iron and zinc were determined with 2.5 grade
of acetylene air flame and purity of 99.5% (Linde
Ecuador S.A.). In all two cases, the determination of

115



Scientific paper / Articulo cientifico
SOIL SCIENCES

Briceiio, J., Tonato, E., Silva, M., Paredes, M. and Armado, A.

the metal content was made by direct comparison of
the signal of each element versus the calibration ob-
tained for each metal. All samples were processed
by triplicate, including a white interleaved between
each sample. The quality of the data was verified by
measuring a separately prepared calibration point
with other certified reference material to determine
the veracity of the method.

2.7 Bioavailability factor, 3

The typical measurement of the total content of the
metal in the soil is not always suitable for asses-
sing its mobility or availability (Rieuwerts, 2007). In
this sense, a bioavailability factor B, determined by
Equation 1, was established to evaluate the bioavai-
lable fraction and to verify that the metal content is
independent from the total content of the same me-
tal in the soil. With the value set, the metal absorbed

by the plant could be evaluated (Khan et al., 2015).

g = Melalbioavaitabie
Metalryy

ey

3 Results and discussion

3.1 Physicochemical parameters of the soil

The soil samples were evaluated based on national
reference values (Table 1) according to the Secre-
tariat of Environment and Natural Resources (SE-
MARNAT). The results obtained from the soil cha-
racterization are presented in Table 2. The pH was
below 5, thus the sampling sector is strongly acid
as specified in SEMARNAT (2003); these conditions
favor the solubility of metallic elements, thus allo-
wing better assimilation by plants (Kabata-Pendias
and Sadurski, 2004; Tangahu et al., 2011).

Table 1. Reference values reported for the classification of soils. Values taken from SEMARNAT (2003).

Property Classification Value
pH Stronly acid <5
Moderate acid 5.1-6.5
Neutral 6.6-17.3
Partly alkaline 74-8.5
Stronly alkaline > 8.5
Electric . .
conductivity E%giilble salinity <10
[dS/m]
Slightly saline 1.1-2.0
Moderate saline 2.1-4.0
Saline soil 4.1-8.0
Very saline 8.1-16.0
Stronly saline > 16.0
Organic matter Very low <4
[ %]
Low 4.1-6.0
Medium 6.1-10.9
High 11.0-16.0
Very high >16.1

As for the found values of electrical conducti-
vity, the soils analyzed are considered to have ne-
gligible salinity effects and the values of the organic
matter content were very low according to SEMAR-
NAT (2003). However, these conditions have allo-
wed an easy development of the plant, so it was
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evident at the time of sampling, probably by the
incorporation of rice shell residues into the soil by
farmers as an attempt to improve the properties of
the soil (Park et al., 2011).

The result of a low pH soil low in organic matter
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Table 2. Characterization of the soil studied.

Points pH EC[dS/m] OM[%] Humidity[%]
1T 496(0.06) 0.163(0.002) 2.9 (0.2) 20.4 (2.0
2 4.88(0.03) 0.160(0.002) 2.4 (0.1) 18.8 (0.3)
3 4.73(0.06) 0.238(0.002) 2.6 (0.9) 17.4(0.6)
4 436(0.04) 0.525(0.003) 2.5(0.2) 17.5 (1.2)
5 4.93(0.04) 0.200(0.001) 3.0(0.2) 20.4 (1.7)

pH: Hydrogen potential, EC: electrical conductivity, OM: organic
matter. The average is displayed and the standard deviation for n =
3 is shown in parentheses.

increases the bioavailability of metals for the plant
due to the lack of formation of organometallic com-
plexes, making it impossible for metals to be absor-
bed by the root of the plant that is in direct con-
tact with the soil (Tangahu et al., 2011; Bravo Realpe
et al., 2014; Borng et al., 2019). On the other hand,
the humidity for the collected agricultural soil sam-
ples were between 17.4 and 20.4 %, which is typical
to the climate of the area and the conditions of the
harvesting day.

3.2 Moisture and ash content in onion

In onion samples, the humidity and ash parameters
were from 90.63 to 91.70% and 5.17 to 6.06 %, res-
pectively. In general, the moisture content is con-
sistent with a review conducted by Mitra and Rao
(2012) of 91.20%, while the ash content was similar
to those obtained by Bello et al. (2013) who repor-
ted values up to 11.46 %. However, these properties
are of minimal control since they are influenced by
climatic and soil conditions, conditions of transport
and storage of the product during the post-harvest.

3.3 Metal content in the soil and onion

The metal content was compared to reference va-
lues according to national and international regula-
tions. For the specific case of onion, no legislation
regulating the metal content was found; however,
the value corresponding to items similar to those
analyzed was taken as a reference. Table 3 shows
the values of various legislations for food and soils
obtained from the MAE.
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The results obtained from the metal content in
soil samples for soluble fractions in agua regia (to-
tals), the soluble fraction in the extracting mixture
(bioavailable) and onion samples are expressed as
quantity of metal in fresh mass (Table 4). The dis-
cussion of the results was based on the total con-
tent, the bioavailable fraction and the value found
in onion for each metal.

The cadmium content (total 0.09-0.13 mg/kg
and bioavailable 0.0218-0.049 mg/kg) for soil sam-
ples was found within the environmental quality
standards established for soils, according to the
MAE (values below 0.5 mg/kg). The results ob-
tained for cadmium are within the reported values
(0.07-1.35 mg/kg) in New Zealand soils (Cavanagh
et al., 2019); however, they are lower than those re-
ported in soils of a petrochemical area (0.25-1.50
mg/kg) in Sardinia, Italy (Cortis et al., 2016) and
in sediments of Texcoco Lake (0.64-2.28 mg/kg),
located at the east of the Trans-Mexican Volcanic
Belt (Sedefio-Diaz et al., 2020). In another sediment
study of Caviahue Lake, Argentina, affected by Co-
pahue volcano fluids, cadmium values were below
the detection limit (Cabrera et al., 2015).

As for the Cd content in the edible portion of
onion (0.0188-0.030 mg/kg) it was comparable to
another variety of New Zealand onion with repor-
ted values of 0.007- 0.05 mg/kg (Cavanagh et al,,
2019). In addition and according to the laws con-
sulted, the samples were found in all cases below
the established limits of the cadmium content (0.1
mg/kg for the European Union, Australia, Codex
Alimentarius and 0.03 mg/kg for Russia).
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Table 3. Quality criteria of the soil and vegetables. Adapted from Diaz. (2014).

Soil Food products [mg/kg]
Metal  —§AE Codex
UE Australian law Brazilean law . . Finland Russia Soth Africa
[mg/Kg] Alimentarius
Cd 0.5 0.1 0.1 1 0.1 0.03 0.05
Root Other food
vegetables Leaf/ Root except juices, Stem and Vegetables/ Fruits and
s X vegetables alcoholic drinks, geta
tubers and and tubers and fishing root vegetables fruits vegetables
yound stems products
Co 10 - - - - - -
Cu 30 - - 5 10 - 5
Fresh Vegetables Ju} ces of vegetables,
fruits and nectars
Ni 20 - - 5
Other food
except juices,
alcoholic drinks
and hidrogenated
products
Pb 25 0.3 0.1 0.5 0.1 1 0.5 0.1
Potato,
cucumber, . . o
Vegetables (ex;fgte];i bles i Vegetables R?Ols ‘imd  natsudaidai (Pulp), Vegeta‘\b'les/ Fruits dr‘ld )
pt Brassica) tubers tubérculos fruits other vegetables
peach, strawberry
and grape.
Zn 60 - 5
Juices of vegetables,
fruits and nectars
Fe, K,
Mg, Mn,
Sr

The lead content (total 0.64-1.28 mg/kg and bio-
available 0.25-0.29 mg/kg) for the soil did not ex-
ceed 25 mg/kg, remaining within the environmen-
tal quality standards established in accordance with
the MAE, and below those found by Arnalds et al.
(2007) for Italian volcanic soils that report values up

to 3.420 mg/kg. In addition, the Pb content in onion
(0.040-0.058 mg/kg) in all cases was lower than the
limits established under the legislation consulted
(0.3 mg/kg for the European Union, and 0.1 mg/kg
for Australia, Codex Alimentarius and South Afri-
ca).

Table 4. Soil metal content and edible tissue of Allium fistulosum L.

Content in edible

Soil content (mg/kg) tissue of Allium
Hetal Total Bioavailable fistulosum L.
(mg/kg)
Cd 0.09-0.13  0.0218 —0.049 0.0188 —0.030
Pb 0.64 —1.28 0.25-0.29 0.040-0.058
Ni 13.9-18.6 0.9-1.8 5.1-6.9
Co 5.8-9.0 0.22-0.34 0.085-0.12
Sr 7.4-19.5 0.83-1.24 0.84-0.95
Cu 14.8-21.6 4.8-6.2 0.44-0.61
Zn 72.5-88.7 44-7.0 5.0-6.16
K 95-601 58-148 652-829
Mg 1217-3217 84-96 128-147
Fe 6462-7850 246-289 8.6-10.3
Mn 55-73 6.7-8.3 1.43-1.61
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As for the nickel content (total 13.9-18.6 mg/kg
and bioavailable 0.9-1.8 mg/kg) the soil did not
exceed 20 mg/kg, remaining within the environ-
mental quality standards established according to
the MAE, being lower than those found by Arnalds
et al. (2007) for Italian volcanic soils with values up
to 101 mg/kg. Moreover, the values obtained (5.1
to 6.9 mg/kg) for the Ni content in the edible tissue
of onion were above the established limits, in accor-
dance with the legislation consulted (5 mg/kg for
Brazil); however, it should be emphasized that the
categorization is not specific to the onion.

The cobalt content (total 5.8-9.0 mg/kg and bio-
available 0.22-0.34 mg/kg) in soil did not exceed 10
mg/kg, remaining within the environmental qua-
lity standards established in accordance with the
MAE, and it was consistent with the cobalt con-
tent reported for European volcanic soils with a
maximum of 33 mg/kg (Arnalds et al., 2007) and
agricultural soils on the Sao Miguel island, with
average values from 1.66 to 13.9 mg/kg (Linhares
et al., 2019). As for the content of Co in the edible
portion of the onion, between 0.085 and 0.12 mg/kg
was found (the legislation consulted does not indi-
cate Co limit values).

In relation to the strontium content in soil (total
7.4-19.5 mg/kg and bioavailable 0.83-1.24 mg/kg)
and in onion (0.84-0.95 mg/kg), no comparison was
found with any legislation; however, higher values
have been reported in other works, e.g. study of
strontium accumulation by native plants grown on
Gumuskoy mining soils, and values between 22.60
and 691.80 mg/kg were reported in soils and mean
levels of Sr were 163.65 and 163.93 mg/kg for roots
and shoots, respectively of the plants studied (Sas-
maz and Sasmaz, 2017), and also, in Volcanic Mine-
rals in Chaco Canyon, New Mexico with maximum
values of 254 mg/kg (Tankersley et al., 2018).

The copper content (total 14.8-21.6 mg/kg and
bioavailable 4.8-6.2 mg/kg) in soils did not exceed
30 mg/kg, being within environmental quality stan-
dards according to the MAE and below those repor-
ted for Italian volcanic soils with values up to 565
mg/kg (Arnalds et al., 2007); however, as a nu-
trient it was found at very high levels (>5 mg/kg).
Moreover, the content of Cu in onion (0.44 to 0.61
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mg/kg) was low, being below the established li-
mits, in accordance with the legislation consulted (5
mg/kg for Brazil and South Africa, and 10 mg/kg
for Finland).

The total zinc content obtained (72.5-88.7
mg/kg) exceeded 60 mg/kg, being outside the
environmental quality standards according to the
MAE; although the bioavailable fraction (4.4-7.0
mg/kg) is below that limit and below those repor-
ted for Italian volcanic soils with values of up to
2.550 mg/kg (Arnalds et al., 2007). As a nutrient,
it is at very high levels (>20 mg/kg), and its bio-
availability goes from average (2-5 mg/kg) to high
(5-20 mg/kg). Moreover, the content of Zn in onion
(5.0-6.16 mg/kg) was found above the reference
value (5 mg/kg in accordance with South African
legislation) for vegetable, fruit and nectar juices. No
reference values of onion or some other vegetables
were found.

Potassium content (total 95-601 mg/kg and bio-
available 58-148 mg/kg) in soils was very high as
a nutrient; however, although there are no environ-
mental rules regulating its content, it is below what
is reported in other works; for example, there are
values of up to 3,500 mg/kg of potassium in soils in
an industrial location in Italy (Cortis et al., 2016). As
for the content of onion, it resulted between 652 and
829 mg/kg. Importantly, the recommended potas-
sium intake is between 90-120 mmol/day in adults
to reduce blood pressure and the risk of cardiovas-
cular disease, stroke and coronary heart disease in
adults (WHO, 2012).

Magnesium content (total 1217-3217 mg/kg and
bioavailable 84-96 mg/kg) in soils was high, re-
sulting in very high bioavailability levels (>8
cmol/kg); although there are no regulations that
restrict its content. Average Mg values of 29,052
mg/kg have been reported in Lake Texcoco sedi-
ments (Sedefio-Diaz et al., 2020). While the mag-
nesium content in onion was between 128 and 147
mg/kg, the recommended daily intake for magne-
sium is varied, depending on age and sex with va-
lues between 30 and 420 mg to regulate muscle fun-
ction, protein formation, bone growth, and others
(NIH, 2016).

119



Scientific paper / Articulo cientifico
SOIL SCIENCES

Briceiio, J., Tonato, E., Silva, M., Paredes, M. and Armado, A.

=)
o
&

=
]

A 0,15
50,05 - B oo 1,0 C
= -
® g 5.0 (] B
£0,04 - 0,10 o £ 08
< o [ ] <
< 0,03 [ 1 iT 3 = 0,6 " - I
< I I o 0,05 a a? b4
O 0,02 ° o 8 04
3 ° 3
0,01 0,00 Y02
002 003 004 005 006
0,00 0,0
003 013 023 033 043 0,25 0,30 0,35 0,40
pcd BCo BCu
14 180
1200
12 D E 160 F
» %ﬂ 1000 ® 3
= 10 I ] F B ooy [ @ B 140 - $
£ %y E i 4 E : :
5 8 S 600 : @ 120
= 5 =
8 6 £ 400 2 100
S ) S
4 ~ 200 w 80
v
- =
2 0 60
o 0,11 0,31 0,51 20
0,03 0,04 0,05 0,02 0,04 0,06 0,08
pFe BK pMg
10
2,0 0,10
G 9 H 0,00 1
w 1,8 w8 20,08
3 16 F . T ™ 7 I 1+ 860,07
I -
E 14 & » - E s b L A E o6 t
., = 5 8 20,05 Fo.. W
g 2 a So0s * @ P
0 10 ] 'y
K O 3 00,03
E:: 0,8 Z 2 £ 0,02
0,6 1 0,01
0,4 0 0,00
' 0,05 0,07 009 011 0,13 0,15
0,09 0,10 BMQ,M 012 0,13 ’ ' BN ' ' 0,20 O'soﬁPb 0,40 0,50
14 s
J ; K
1,2 2
o g
2 B, .
£ £ 3
1,0 N
. 7 ©
© 3.1 b ] =5 b []
] T + * 8
o 08 [
[7] o 4
o c
& 0,6 N3
0,4 2
0,04 0,09 Bs 0,14 0,19 0,04 0,05ﬁ 0,08 0,10
r n

Figure 2. Metal absorption by onion based on the bioavailable fraction in the soil.

The iron content (total 6 462-7 850 mg/kg and
bioavailable 246-289 mg/kg) in the soil as a nu-
trient was very high (>200 mg/kg), however, these
high concentrations are common in most agricultu-
ral soils, without this representing negative effects.
As an example, studies may be cited in sediments
from a lake in Mexico (averages of 14 428 mg/kg)
and in soils close to an industrial area in Italy with
up to 3 200 mg/kg (Cortis et al., 2016). While the
iron content in onion was found from 8.6 to 10.3
mg/kg, above reported values of 0.84 to 2.47 (Vila-
nova et al., 2008) and within those reported by Bello
et al. (2013) up to 40 mg/kg in the estimated bulb
with 90 % of humidity.

The manganese content (total 55-73 mg/kg and
bioavailable 6.7-8.3 mg/kg) as a nutrient in the soil
is considered high (50-100 mg/kg), although its bio-
availability was low (2-10 mg/kg). These values are
lower than those reported by Linhares et al. (2019)
for agricultural soils in six volcanic areas of the is-
land of Sao Miguel (1 782.50 £+ 108.98). While the
manganese content in onion was found between
1.43 and 1.61 mg/kg. No legislation was found to
regulate manganese content in soils or food. For
most of the metals studied, it was observed that
they were within the maximum values set out in the
standards consulted, aligned with the results obtai-
ned in a study of metals in pineapple and pitahaya
grown in the vicinity of the Masaya volcano in Ni-
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3.4 Bioavailability factor, 3

Figure 2 shows the influence of the bioavailable
fraction of the metal in the soil on the absorption of
the metal by onion. The fine dashed line represents
the average of the obtained metal values in onion
and in the environment; the thick dashed lines re-
present the upper and lower limits determined as
the average 1.96 (corresponding to the z value for
95% confidence) times the standard deviation.

The absorption of metal in the onion samples
analyzed had an independent correlation of the bio-
available fraction in the soil, and in all cases it was
lower than the total concentration of the same me-
tal in the soil. This behavior observed in Figure 2
shows that onion is not a metal-accumulating plant
since it exclusively absorbs necessary amounts of
its nutrients from the soil. Unlike other plants such
as Brassica napus that has been investigated its ro-
le in the recovery of soils contaminated with me-
tals and Diesel by rhizoremediation (Lacalle et al.,
2018) or vetiver (Vetiveria zizanioides) which is
used for phytoremediation for its metal bioaccumu-
lation properties (Chen et al., 2004; Almeida et al.,
2019; Shabbir et al., 2019). Possibly these results
could be because onion is short-cycle, which limits
its exposure to metals for extended periods. It has
been mentioned that plants absorb metals to var-
ying degrees, depending on the plant species and
metal exposure (Intawongse and Dean, 2006; Khan
et al., 2015).

4 Conclusions

The studied soil collected in an area affected by
the ashes of Tungurahua volcano was strongly aci-
dic, with negligible salinity effect and low organic
matter content. The content of potentially pollu-
ting metals (cadmium, lead, nickel, strontium and
cobalt), in soil and onion of the Quero canton, is
below the regulations consulted. The content of nu-
trient metals (potassium, manganese, magnesium,
iron, copper and zinc) was found at adequate levels,
in no case deficiency was found.

The bioavailability of metals in soils near the
Tungurahua volcano allowed to determine that the

LA GRANIJA: Revista de Ciencias de la Vida 32(2) 2020:112-123.
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intake of metal by onion was independent of the
bioavailable fraction of metal in the soil for all me-
tals studied.
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