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ABSTRACT: The presence of metals in soils used for primary economic activities can
negatively impact the environment and public health. This research identified soil
contamination by heavy metals (Lead, Copper, Zinc, and Manganese) by examining
physical and chemical properties (Phosphorus, Potassium, organic carbon, cation
exchange capacity, pH, texture, and bulk density) of the area during the dry and rainy
seasons of 2017. Composite samplings of soil were carried out in both seasons, in
order to obtain a representative value of the soil in certified laboratories. Thereafter,
through interpolation by means of the Kriging method, a spatial scale of metal
concentrations was conducted. This led to the conclusion that the study area has an
acceptable environmental quality (5.8-6.9) for its current use of grazing. Likewise,
the area presents a medium level (75.37), pursuant to the Potential Ecological Risk
Index (RI) for the dry season, and a very high risk (195.04) during the rainy season.
These estimates are directly related to lead concentrations, introduced to the soil of
the area by human development activities and by contributions of parent material to
the soil surface layers, through natural processes of weathering.

RESUMEN: La presencia de metales en suelos usados para actividades económicas
primarias puede generar impactos en el ambiente y la salud pública. Este estudio
identificó la contaminación de suelo por metales pesados (Plomo, Cobre, Zinc y
Manganeso), mediante la determinación de propiedades físicas y químicas (Fósforo,
Potasio, carbón orgánico, capacidad de intercambio catiónico, pH, textura y densidad
aparente) durante la época seca y la época de lluvia del año 2017. Se realizó un
muestreo compuesto de suelo, obteniendo un valor representativo a escala espacial,
por medio de la interpolación con Kriging, de las concentraciones de metales
determinadas en laboratorios certificados. Como resultado, se identificó que la
zona de estudio presenta calidad ambiental aceptable (5,8-6,9) para el uso actual
de pastoreo y delimitación del área de conservación del pozo de agua subterránea.
De igual forma, se evidenció que el área presenta un Índice de Riesgo Ecológico
Potencial (RI) de carácter medio (75,37) para la época seca, y riesgo muy fuerte
(195,04) en época de lluvia. Estas estimaciones están directamente relacionadas con
las concentraciones de plomo, el cual puede ser introducido al suelo por actividades
de desarrollo humano en la zona y por aportes a las capas superficiales del suelo del
material parental del área, generados por procesos naturales de meteorización.

1. Introduction The soil is defined as a complex and dynamic system that
constitutes a fundamental component of the environment.
It aids in the generation of several ecosystem functions
and services, acting as the foundation for biodiversity
habitat, regulation of the hydrological and nutrient cycle,
food production, among others. Soils are formed from
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the decomposition of rocks and organic matter over
the years, caused by factors such as weather, climate,
and microorganisms [1]. In soils, heavy metals can
originate from natural sources such as parent material,
pedogenesis, and weathering conditions that maintain
an equilibrium in the concentration of these elements,
contributing to the biological cycles. On the other hand,
the anthropogenic origin of heavy metals in soils can
be traced to industrial and agricultural activities (use
of fertilizers and/or pesticides), sewage and debris, or
mining operations [2].

Soil contamination, caused by the presence of heavy
metals, such as lead (Pb), copper (Cu), manganese (Mn),
zinc (Zn), cadmium (Cd), chromium (Cr), and iron (Fe),
can generate negative impacts on hydric resources.
For example, when these elements are transported
at groundwater levels in soil solution, they affect the
quality of groundwater [3] and human health, leading
to an impact on the soil, which could, in turn, trigger a
process of contamination in the entire ecosystem. To
face this problem, in the industrial city of Shaanxi-China,
a potential ecological risk index (RI) was developed to
assess ecosystem risks caused by high levels of heavy
metals (Pb, Cu, Ni and Zn), in order to provide inputs for
the implementation of regulatory and risk management
measures [4]. Similarly, in Indian soils, non-sustainable
intensive agriculture, industry, and urban development
have significantly contributed to the presence of metals
that can present a great risk to the ecosystems when
evaluated with the RI method [5].

In Colombia, the problem of metal contamination has
been studied for the last forty years, and its impact has
been observed in every hydrographic basin of the country,
mainly due to the high persistence of these metals in the
environment, their toxicity, biogeochemical recycling, and
ecological risk. In some areas of the Colombian Caribbean
coast, where gold-mining activities have been traditionally
carried out, higher concentrations of metals, mainly
mercury, are reported in soils, sediments and, through
biomagnification mechanisms, in fish and humans [6].

The environmental effects of heavy metals in agricultural
soils are related to their non-biodegradability and their
interaction with different soil properties that determine
their accumulation, mobility and bioavailability. This
allows for their inadvertent accumulation in the soil
profile, reaching toxic concentrations, which can later
interact with other components of the ecosystem [7].
Another study analyzed their impact on soils and the
Paramo ecosystem in the Colombian Andean region,
demonstrating that soils contribute to the mitigation
of metal pollution in rivers, and emphasizing the need
of taking into account heavy metal concentrations in

Colombian environmental quality legislation [8].

The Guascamunicipality engages in agricultural and cattle
raising activities, which produce intermediate and capital
goods near Bogota, Colombia’s capital. This region is
characterized by agroecosystems that have historically
changed land use, oscillating between agriculture,
livestock, and milk production, which have generated
pressure regarding the quality of resources such as water
and soil [9]. In 2015, the Borderless Engineers Project
study group developed a quality analysis of water sources,
reporting that its low quality was caused by the presence
of total coliforms, low levels of pH, as well as high
concentrations of Pb close to the ceiling limit provided in
National Resolution 2115 of 2017. Similarly, other studies
measured Pb concentrations in soils used for grazing
activities, in order to examine a possible relation between
Pb concentrations in the soil and concentrations of the
same metal in the water. These findings determined that
the groundwater is polluted by heavy metals, which could
lead to health problems in the municipality of Guasca.

This research aims to determine the Potential Ecological
Risk Index in a rural grazing area located in Colombia used
for cattle raising, by determining metal concentrations,
evaluating soil quality, and analyzing its spatio-temporal
behavior.

2. Materials and methods

The study area is located at La Trinidad village in the
municipality of Guasca, Cundinamarca: a total area of
2,292 m2 (Figure 1). Based on the dimensions selected
and the underground water reservoir located at the center
of the north side of the study area, a slope of 9.47% was
measured, which recharges from rainwater, a channel of
approximately 30 cm. wide and 20 m. long. This channel
diagonally crosses the study area (Figure 2).

This area is used for grazing dairy cattle. Likewise, its
underground water source has been demarcated for its
protection, as it supplies the families living in the area.
Historically, and verified through field visits, the area was
used for potato cultivation, which used organic fertilizers,
chemical fertilizers, and pesticides in its production.

2.1 Sample collection

The area was divided into seven blocks and each block
into four equal parts, in order to cover areas adjacent to
the water source (Figure 1). Two composite samplings
were carried out following the USDA methodology (2001),
during the dry climatic season in March-2017 and during
the rainy season in June-2017, according to rainfall
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Figure 1 Study area location. Latitude: 4°48’17.78”N, Longitude: 73°53’4.37”O

 

 

Figure 2 Study area and distribution of sampling blocks

records [10]. Soil samples were collected to analyze their
physicochemical properties, including P, K, percentage
of organic carbon, Cation Exchange Capacity (CEC),
Nitrogen in Nitrate state (N-NO3), bulk density and pH.
Additionally, 100 gr of soil sample were collected to
determine heavy metal concentrations (i.e. Pb, Cu, Mn and
Zn). For this specific study, Cr and Cd were not taken into
account. Duplicated subsamples of soil were processed
by acid digestion (HNO3) treatment, using protocols
for metal determination in environmental samples (U.S.
Environmental Protection Agency [EPA], 1991).

Furthermore, two certified labs conducted the analysis
of these samples, in order to obtain the necessary
information for this study. In relation to physicochemical
properties such as P, K, percentage of organic carbon,
Cation Exchange Capacity (CEC), Nitrogen in Nitrate
state (N − NO3), and pH, the results were provided

by Dr. Calderón Labs in the city of Bogota, a certified
Lab, through a complete soil analysis. Additionally, the
analysis for heavy metals in soil (Pb, Cu, Mn, Fe and
Zn) was performed by the Chemical and Biology Lab
from the ECCI University, also located in the city of
Bogota. This analysis was made through the procedure
of atomic absorption spectrophotometry (AAS) with
direct air-acetylene flame, Standard Method 3111B. The
instrument’s limits of detection (LOD) was 0.97 mg/g, and
the limit of quantification of 0.153 mg/g for Pb, Cu, Mn,
and Zn.

2.2 Soil quality

On the one hand, the chemical properties analyzed to
establish the quality of the soil were Phosphorus (P),
Potassium (K), percentage of organic carbon (% OC), cation
exchange capacity (CEC), Nitrogen (N −NO3) and pH. On
the other hand, regarding physical properties, texture and
bulk density were analyzed. Furthermore, soil quality was
assessed using Equation (1) [11]:

Quality block n =

∑
Quality range of (physical and chemical properties) indicators

Number of variables
(1)

The scale categorizes the soil quality from one to ten with a
linear or nonlinear valuation. The lower limit of the range
is the “least favorable” value, while the upper limit is the
“most favorable” value [12] For this study, classification
ranges of soil quality were considered intermediate if there
were values between 3.1-5, acceptablewith values from5.1
to 8, and good with values from 8.1 to 10. This methodology
was adapted from Arrieche, R., a study performed in
2012 [11] Additionally, variables determined with Principal
Components Analysis (PCA) on a temporal scale were
analyzed, in order to identify relations between them.
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2.3 Potential Ecological Risk Index (RI)

To estimate and quantify the risk that an adverse effect
can generate on the integrity of ecosystems, the Potential
Ecological Risk Index was determined using formulas 2-4
[13]. Equation (2) is the contamination factor of a single
element. Equation (3) represents the potential ecological
risk factor of a single element, and Equation (4) is the
comprehensive potential ecological risk index.

Ci
f =

Ci
D

Ci
R

(2)

Ei
R = T i

R × Ci
f (3)

RI =
m∑
i=1

Ei
R (4)

Where Ci
D is the metal concentration extracted from

the samples, and Ci
R is a reference concentration value

gathered from studies carried out in the Bogotá Savannah.
In this study, the reference values for each metal were:
10 mg/kg for Pb, 60 mg/kg for Zn [14], 198 mg/kg for
Mn and 16 mg/kg for Cu [15]. On the other hand, T i

R

is the biological toxicity factor of a single element; the
value used for Pb was five [16], for Mn it was two, for
Cu it was five, and for Zn it was one [17]. The ecological
risk factor (Ei

R) and potential ecological risk index (RI)
outcomes were analyzed to determine the risk degree
according to the categorization of Table 1. Iron (Fe) was
not taken into account for this calculation because the
secondary information, and initial methodology presented
by Hakanson (1980), do not include a toxicity factor for this
metal.

2.4 Kriging interpolation methodology

Considering the lead (Pb) concentrations found in the study
area, their outcomes in relation to the ecological risk
factor (Ei

R), and influenced by the potential ecological
risk index (RI), the Kriging Bayesian interpolation method
(Equation 5) [18] was conducted, using ArcGis 10.3®. This
technique was implemented to identify the behavior of Pb
concentrations in both sampling seasons. The outcomes
related to Pb were analyzed temporarily, digitizing the area
and considering undergroundwater reservoirs, inclination,
distribution of blocks and their respective sampling points
(28 in total). Additionally, a digital elevation model (DEM)
was implemented, extracted from the NASA database with
a resolution of 1.7x1.7 km, which allowed for identifying
contour lines and the determination of their influence on
the pollutant displacement.

Z (S0) =

N∑
i=1

λiZ (Si) (5)

Si is the value measured at a specific location, λi the
unknownweighting for the valuemeasured at location i. So

is the location of the estimation. Lastly, N is the number of
measured values.

3. Results

3.1 Physicochemical indicators and soil
quality

Every physicochemical result in the soil analysis displayed
in Table 2 show that during the rainy season, the
concentration values of K, P and N-NO3 increased (29.1,
3,105 and 34,800 cmol/kg, respectively) compared to
values during the dry season (1.2, 31.0 and 40.0 cmol/kg,
respectively). Similarly, the percentage of OC decreased
in the rainy season r (4.9%-6.1%), in comparison to the
dry season (11.5%-12.9%). Furthermore, the pH values
decreased from a maximum range of 5.5 in the dry season
to 4.6 during the rainy season. CEC showed an opposite
behavior compared to that of OC and pH: it increased
its values during the rainy season. Thus, it became a
determining factor for the adsorption of contaminant
elements in the soil (e.g., waste from agrochemicals and
heavy metals) [11]. The change in values of CEC may be
related to OC concentration, due to it being one of the
composites that provides such features to soil aggregates.

The physical properties of the soil, texture, and density
remained stable at both sampling seasons since no type
of mechanization was carried out in the study area. Soil
texture is silty, i.e., it is more impermeable than sand or
clay; hence, it can generate greater retention of elements
in soil aggregates and their water properties [19]. The
apparent density results are low, as it has an OC-rich soil,
which indicates that the porosity of the soil is adequate.

On the other hand, the behavior of physical and chemical
properties in the sampling area showed how P and
N-NO3 concentrations increased during the rainy season,
specifically in the block five area, which is located to
the left side of the underground water well and has less
inclination. Compared to the higher concentrations of
both elements in the dry season, which were distributed
in the areas blocks three and five (Figure 2), they were
located at the north end of the study area and of less
inclination than the others. In addition, K displaced its
highest concentrations from blocks one and five during
the dry season, the first one located at a more significant
distance from the well and with a greater elevation,
to blocks two and three during the rainy season. The
aforementioned was caused by the slope present in
the field with a direction towards blocks two and three,
which, with the interference of the runoff, can mobilize
this element. On the other hand, during the dry season,
K is accumulated in an elevated ground of the area.
Similarly, CEC may be influenced by runoff processes,
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Table 1 Standards for classification of ecological risk factor (Eri) and the potential ecological risk index (RI)

Ecological Risk Factor (Eri) Pollution Degree (RI) Risk Level Risk Degree
Eri < 30 Low RI<40 A Low
30Eri < 60 Medium 40≤RI<80 B Medium
60Eri < 120 Strong 80≤RI<160 C Strong
120Eri < 240 Very Strong 160≤RI<320 D Very Strong

Eri240 Extremely Strong RI≥320 - -

registering greater ranges during the rainy season in
blocks three and five. There is also an increase in the
concentrations of metals and chemical elements during
the same sampling season. Thus, it is likely that these
spatial behaviors are influenced both by the inclination
of the ground and by the runoff and soil washing processes.

Average soil quality per sampling block indicates a
good quality both for the dry season (5.9-6.5) and for
the rainy season (6.4-6.9) displayed in Table 2. It was
observed that soil quality increases and is maintained
in closer ranges in each block during the rainy season.
This behavior may be influenced mainly by the CO and pH
values, as well as soil nutrients, such as K and P. When
observing the results, it is evident that block onemaintains
a higher range and appreciation of quality during both
sampling seasons compared to other blocks.

3.2 Metals in soil

The outcomes showed an increase in concentrations of
Cu, Zn, Mn and Fe during the rainy season. From these
results, we can infer that soil availability is influenced by
characteristics such as pH, OC and CEC. On the other hand,
Pb concentrations significantly decreased in each block
with the exception of block three (790 mg/kg), located at
the north end of the field and that had less inclination. This
phenomenon is probably related to runoff, soil washing,
and land inclination, as shown in Table 3.

When conducting a PCA exploratory analysis in relation to
soil physicochemical properties and metal concentrations,
a cumulative variability was obtained in factors one and
two, corresponding to 61.51% for the dry season (Figure
3), and 68.33% for the rainy season (Figure 4). These
percentages can statistically explain the variation of
metals in relation to their properties.

During the dry season, PCA shows a correlation between
metals like Pb, Zn and Fe, and chemical properties like
P and CEC. On the other hand, there is a low correlation
between other chemical properties such as OC, pH and
nutrients such as N-NO3 and K (Figure 3). During the
rainy season, the CEC is the property that mostly relates
to metal concentrations, including Cu. Furthermore, the
soil has K as a nutrient related to these elements (Figure

4).

 

 

Figure 3 Analysis of the main components of the study area for
the dry season

3.3 Potential Ecological Risk Index

From the reference concentration values and biological
toxicity factor for each metal, the metal contamination
factor, potential ecological risk factor, and potential
ecological risk index were determined based on the
concentration average (Table 4). The results indicate that
Pb is the key element that contributes to the contamination
risk, with an Ei

R of 75.07 for the dry season and a
value of 122 for the rainy season (Table 4), showing high
levels of contamination in the two sampling seasons and
a higher incidence during the rainy season, mainly due
to its high toxicity. In contrast, the essential metals
in the soil (i.e., Mn, Zn and Cu) have a low degree of
contamination since they can only generate risk in extreme
cases where their concentrations exceed the permissible
levels. The aforementioned explains why the risk factors
do not exceed 10.33 in relation to Mn for the rainy season.
Furthermore, the ecological factor of the metals for each
season impacted the behavior of the RI, which decreased
during the dry season, in comparison to the rainy season
(Table 4). However, Pb is themain element closely linked to
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Table 2 Values of physical and chemical properties during the dry and rainy seasons

Properties K (cmol/kg) P (mg/kg) N − NO3 O.C (%) C.I.C pH Texture Bulk density
(mg/kg) (cmol/kg) (g/cm3)

Season Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry RainyBlock
B1 1.2 29.1 29.0 3,105 30.0 8,896 11.5 5.0 28.0 74.4 5.5 4.5

Silty Silty

0.6 0.6
B2 1 30.2 25.0 1,916 30.0 7,481 12.1 6.0 26.0 77.1 5.4 4.4 0.6 0.6
B3 1.1 34 31.0 2,075 30.0 6,481 11.2 5.5 27.0 86.9 5.4 4.4 0.5 0.5
B4 1.1 27.3 19.0 1,996 3.0 11,927 12.4 4.9 25.0 69.8 5.5 4.5 0.5 0.5
B5 1.2 23.1 25.0 2,682 40.0 34,800 12.9 5.1 27.0 59.0 5.3 4.5 0.5 0.5
B6 1.1 26.7 23.0 2,365 20.0 6,452 12.7 6.0 27.0 68.2 5.3 4.6 0.5 0.5
B7 0.9 29.5 29.0 2,524 5.0 26,504 12.83 6.1 27.0 75.3 5.5 4.6 0.6 0.6

Table 3 Metal concentrations per block in the soil sampling
during the dry and rainy seasons

Metal Pb (mg/kg) Mn (mg/kg) Cu (mg/kg) Zn (mg/kg)
Season Dry Rainy Dry Rainy Dry Rainy Dry Rainy
B1 186 153 10 2,073 0.6 150 3.5 540
B2 171 153 16 2,393 0.3 144 2.3 361
B3 136 790 15 2,435 0.3 218 2.4 618
B4 61 153 14 2,260 0.3 115 1.3 360
B5 127 153 17 1,975 0.5 140 2.2 316
B6 289 153 11 1,633 0.5 141 1.1 360
B7 81 153 17 1,542 0.2 123 0.9 117

 

 

Figure 4 Analysis of the main components of the study area for
the rainy season

the RI, as identified by the values determined by the index,
generated by the overall increase of its concentrations in
the soil under study, as well as concentrations of the other
metals that were present.

3.4 Implementation of the Kriging method

The Kriging method allowed for the interpolation of
the distribution of Pb concentrations obtained for both
sampling seasons (Figure 5). During the dry season,
we observed that the southern side of the field had the
highest Pb concentration because the degree of elevation
in the area is greater, specifically, in blocks one and six

(Figure 5). However, during the rainy season, the highest
range concentrations of Pb move northward, where there
is a steep inclination of the area, between blocks two,
three, and five, which had the greatest contact with the
underground water well (Figure 6).

 

 

Figure 5 Spatial distribution of Pb concentration (mg/kg) during
the dry season

4. Discussion

Several outcomes of this research showed that the
behavior of soil nutrients is possibly affected by processes
such as washing and the contribution of elements from
surrounding crops which, alongside runoff and the
inclination level, increase their concentrations in the soil
surface layer, mobilized throughout the different seasons
of the year (i.e., registering higher concentrations during
the rainy season). Similarly, the sporadic fertilization
generated by the excrement of cattle that usually graze
the study area, according to [15], may explain the increase
in K concentrations during the rainy season. In addition,
it is possible to observe that runoff contributes with
fertilization chemicals from surrounding crops during the
rainy season. Likewise, this chemical element boosted
the soil quality as it represents a greater nutritional
contribution to soil and vegetable matter when the rainfall
increases in the area.
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Table 4 Values to determine the Potential Ecological Risk Index and its respective results

Metal Pb (mg/kg) Mn (mg/kg) Cu (mg/kg) Zn (mg/kg)
Season Dry Rainy Dry Rainy Dry Rainy Dry Rainy
Ci

f 15.01 24.4 0.07 10.33 0.02 9.21 0.03 6.36
Ei

R 75.07 122 0.14 4.09 0.12 46.03 0.03 6.36
Pollution

Strong Very Strong Low Low Low Medium Low Low
Degree
Season Dry Rainy
RI 75.37 195.04
Risk Degree Medium Very Strong

Note: Ci
f is the pollution factor of the element andEi

R is the potential ecological risk factor of a
single element.

 

 

Figure 6 Spatial distribution of Pb concentration (mg/kg) during
the rainy season

P availability, a fundamental element in the nutrition
of vegetal matter, which allows for an increase in the
maturation and quality of crops and which, in turn, does
not have much mobility in comparison to nitrogen (N)
[20], is easily affected by soil properties such as moisture,
texture, organic matter and pH. In particular, the amount
of available P is greater when the soil texture is fine. Given
that the texture present in the study area is silty, we can
infer that concentrations of this nutrient increase due to
the retention generated in available spaces in the soil [20].
This is because silty-textured soils significantly impact
water retention in soils, while retaining nutrition elements
such as P, and contaminants as heavy metals. However,
this could also be closely related to the pH levels found in
the study area, since these acid values fix the element in a
greater proportion to those generated at higher alkalinity
levels [15]. Variations in soil concentrations of N-NO3 may
be caused by the influence of temperature and humidity,
which explains why concentrations during the rainy season

are higher than during the dry season. This is possibly due
to an increase in soil moisture, influenced by precipitation,
whichmanages to raise levels of N available in the soil [21].

The variation in the OC percentage could be directly
related to values obtained from pH in the soil because
concentrations of OC increase in the same proportion as
pH values. Soil organic matter tends to increase when
the pH of the soil is acidic and to decrease in alkaline
soils. Considering the pH and OC results, the importance
of CEC is represented in the control it exerts on the
availability of nutrients such as K, Mg, and Ca, as it is
able to form structures and stability of aggregates, and
retain contaminant elements in soil [22]. Finally, from its
chemical properties, the soil is categorized as very acidic
during dry and rainy seasons, which generally relates to
leached soils and areas with high levels of precipitation
[23], as those present in the region. Thus, it is evident that
the current use of the soil in this study area is appropriate
(grazing and conservation). However, its conditions are
not suitable for implementing agricultural activities.

As already discussed, pH is a parameter that directly
affects the availability of nutrients in the soil, since
hydrogens and aluminum abound in a complex change
of soil, which prevents other essential elements such as
Ca, Mg, Na or K from remaining in it, as they are easily
eliminated by runoff or assimilated by vegetable matter
[15]. In the case study, we can infer that pH conditions
for two sampling seasons are a limitation with respect to
the growth and development of crops, as they hinder the
retention of the aforementioned nutrients.

As for soil physical properties, first, we can infer that
the silty texture does not greatly contribute to its quality
since, according to [7], loamy textures (silt and sand)
favor vegetable material production, and although it is a
soil used for grazing with a water source limitation, its
mechanization makes its structure more compact than
that of soils with a productive use. In summary, it is
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possible to infer that in each sampling season, soil quality
is mainly influenced by the values of pH, OC, and soil
nutritional elements (K and P), the latter being the main
parameters that can improve its quality, in the case of a
possible productive use different than grazing.

By seasonally analyzing concentrations of each metal
and factors that directly affected them, a PCA was
developed where a decrease in Zn concentrations during
the dry season was observed, influenced by CEC and by
the high presence of P, due to soil porosity [20]. However,
there was a significant increase in these Zn concentrations
during the rainy season due to the high organic matter
mineralization that remains throughout the season, which
allows for the formation of mobile organic complexes
absorbable by plants [24]. Copper behavior could be
affected by factors such as pH with values higher than 7,
which can interfere with its availability. In contrast, its
availability increases with values below six. Likewise, this
phenomenon can also be influenced by the micronutrient
N-NO3 and the percentages of OC, since a highly organic
soil can feature a deficiency ofmetallicmicronutrients [20].

Taking into account the previous results, during the
dry season, the concentrations of N-NO3 in each block
are high due to excess of fertilizers implemented in
the surroundings of the area, as well as a higher OC
percentage than during the rainy season. Thus, we can
deduce that the soil has a Cu deficiency during the dry
season. However, during the rainy season, due to a
decrease in the same nutritional element of the soil,
the percentages of OC and pH, the availability of metals
increases.

When it comes to iron, its soil availability is mainly
affected by pH level of the soils. For this case study, the
amount of this metal is limited by the type of silty texture
shown in the laboratory analyses. This is because its
moisture saturation is high, while its aeration is low and
thus, the accumulation of CO2 increases, decreasing its
availability [25]. Finally, and taking into account that the
behavior of Pb was completely different from other metals,
i.e., its concentrations decreased during the rainy season,
we can attribute its mobility to the influence exerted by
physical adsorption, which allows for the conservation of
its chemical nature. It is worth noting that its dynamics
in soil may also be influenced by OC, CEC and the low pH
range [26].

Once the concentrations of soil metals are determined for
both seasons, we can conclude that Pb has the highest
degree of incidence on results of Potential Ecological Risk
Index (RI), not only due to its high concentrations, but also
to the impact that such element can have on the ecosystem
stability, e.g., cause harm in relation to chlorophyll and

photosynthetic processes, negatively impacting the overall
growth of the plants [27]. Likewise, high concentrations of
this element can also affect human health, including the
central nervous system and the gastrointestinal tract [28].
Therefore, RI shows how the influence of a single metal
with a high ecological risk factor can involve a large degree
of pollution risk for the human population. Considering
that Pb was themetal that entails the greatest risk for RI, it
was the only metal to which the Kriging spatial distribution
method was applied, reaffirming the previously stated
hypothesis, and confirming that the slope of the land has
an impact on the distribution of this metal at different
sampling points and seasons. Similarly, and taking into
account the results of the analyses, an increase in the
precipitation level and, therefore, in the runoff, causes
Pb concentrations accumulated in the upper part of the
study area to move to the bottom, that is, to blocks three,
five and the northern part of block seven. It is worth
highlighting that the channel that crosses in diagonally
facilitates Pb dragging towards groundwater well, which
will later be used for human consumption. Considering
the aforementioned results, and the fact that the soil
is used for grazing dairy cattle and the cultivation of
vegetables and potatoes, we identified that this risk of
heavy metal pollution, especially Pb, could create a direct
risk for the population supplied by this soil resource (food
and water bodies, surface or underground).

5. Conclusions

The analyses of physical and chemical properties in
the study area show that the soil has an acceptable
environmental quality (range 5.8 to 6.9) for the current use
of grazing and the demarcation of the conservation area
of the groundwater well. However, if the use of the soil
changes, e.g., to agricultural use, a soil treatment process
(mechanization, addition of amendments, bio-recovery,
among others) must be conducted, in order to improve
its quality and the performance of its resources. On
the other hand, Guasca belongs to the Guavio region,
where significant mining activity with an impact on the
environment occurs, which causes contamination of the
bodies of water and soil and makes this region susceptible
to permanent risk monitoring concerning metals in this
study area [29].

From the analysis of metal concentrations on a
spatio-temporal scale, we can observe that, with higher
levels of precipitation, these concentrations increase
in the resource, influenced both by the change in the
soil property values and by the runoff phenomenon,
driven by the inclination of the area. This last factor not
only provides chemical elements (nutrients and metals)
from nearby crops, but also manages to transfer their
concentrations to blocks near the well, which implies that,
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during seasons with high rainfall, the risk of pollution of
water resources for human consumption, caused by heavy
metals presence, increases.

As a result of the aforementioned analyses, this grazing
soil showed a RI, due to metal concentrations, with a
medium degree of risk (75.37) during the dry season,
and very high (195.04) during the rainy season, which
constitutes a risk alarm for the soil under study, the
surrounding ecosystem and the population supplied
by the crops and groundwater that emerges from the
area. Such degree of risk was mainly influenced by Pb
concentrations, which presented a potential risk factor of
75.07 for the dry season, and 122 for the rainy season. This
metal is possibly introduced to the soil not only by human
development activities carried out in the area, but also by
contributions by parent material upon reaching surface
layers of the soil, which, through natural weathering
processes, can increase the release of this element and
thus, its concentrations.

From the results of this research, at the time of conducting
this study, we can conclude that the quality status of the
soil does not amount for an alarm for the ecosystem, the
surrounding population, or for the current use (grazing).
On the contrary, the risk is directly related to heavy
metal concentrations and their degree of incidence on
the Ecological Risk Index, which may negatively impact
the ecosystem or the health of the population, if the
soil starts to be used for food extraction, which, through
biomagnification, would increase the amount of direct
contact and exposure to contaminants present in the soil.

6. Declaration of competing interest

Wedeclare that we have no significant competing interests,
including financial or non-financial, professional, or
personal interests interfering with the full and objective
presentation of the work described in this manuscript.

7. Acknowledgements

This work was carried out with the support of the Institute
of Environmental Studies and Services of Universidad
Sergio Arboleda-IDEASA, to Professor Alejandro Casallas
of the Environmental Engineering program of the same
university.

8. Funding

The authors received no financial support for the research,
authorship, and/or publication of this article

9. Author contributions

Conceived and designed the analysis: MABV, LCRV, EAL,
CAPR. Collected the data: MABV, LCRV. Contributed data
or analysis tools: EAL, CAPR. Performed the analysis:
MABV, LCRV, EAL, CAPR. Wrote the paper: MABV, LCRV.

10. Data availability statement

The authors confirm that the data supporting the findings
of this study are available within the article and its
supplementary materials.

References

[1] (2016) Política para la gestión sostenible del suelo. Ministerio
del Medio Ambiente y Desarrollo Sostenible. Colombia. [Online].
Available: https://observatorio.epacartagena.gov.co/ftp-uploads/
pub-politica-para-la-gestion-sostenible-del-suelo-final.pdf

[2] M. R. Guzmán and G. A. Prieto, “Estudio ambiental sobre el riesgo
ecológico que representa el plomo presente en el suelo,” Revista
Escuela De Administración De Negocios, vol. 72, 2012. [Online].
Available: https://doi.org/10.21158/01208160.n72.2012.568

[3] J. Marrugo-Negrete, J. Pinedo-Hernández, and S. Díez,
“Assessment of heavy metal pollution, spatial distribution and
origin in agricultural soils along the sinú river basin, colombia,”
Environmental Research, vol. 154, Apr. 2017. [Online]. Available:
https://doi.org/10.1016/j.envres.2017.01.021

[4] X. Lu, X. Wu, Y. Wang, H. Chen, P. Gao, and Y. Fu, “Risk assessment
of toxic metals in street dust from a medium-sized industrial city of
china,” Ecotoxicology and Environmental Safety, vol. 106, Aug. 2014.
[Online]. Available: https://doi.org/10.1016/j.ecoenv.2014.04.022

[5] V. Kumar, A. Sharma, P. Kaur, G. Preet, S. S. A. Shreeya-Bali,
and et al., “Pollution assessment of heavy metals in soils of india
and ecological risk assessment: A state-of-the-art,” Chemosphere,
vol. 216, Feb. 2019. [Online]. Available: https://doi.org/10.1016/j.
chemosphere.2018.10.066

[6] M. Diaz and E. López. (2020, nov.) Metales pesados en nuestra
mesa: contaminación de peces de consumo humano en colombia.
Universidad Sergio Arboleda. Bogotá, Colombia. [Online]. Available:
t.ly/Jgc-

[7] G. Rueda, J. Rodríguez, and R. Madriñán, “Metodologías para
establecer valores de referencia de metales pesados en suelos
agrícolas: Perspectivas para colombia,” Acta Agronómica, vol. 60,
no. 3, Oct. 7 2011. [Online]. Available: http://www.scielo.org.co/pdf/
acag/v60n3/v60n3a01.pdf

[8] M. González, C. Huguet, J. Pearse, N. McIntyre, and L. Camacho,
“Assessment of potential contamination of paramo soil and
downstream water supplies in a coal-mining region of colombia,”
Applied Geochemistry, vol. 108, Sept. 2019. [Online]. Available:
https://doi.org/10.1016/j.apgeochem.2019.104382

[9] A. Bermúdez, “Efectos de la ganaderÍa en el proceso de
transformaciÓn del paisaje en el valle de sopÓ,municipio de guasca,
(cundinamarca) durante el periodo 1945-2009,” Undergraduate
thesis, Fac. Estudios Ambientales y Rurales, Pontificia Universidad
Javeriana, Bogotá D. C., 2011.

[10] Tiempo y clima. Instituto de Hidrología, Meteorología y
Estudios Ambientales IDEAM. Accessed Apr. 07, 2018.
[Online]. Available: http://www.ideam.gov.co/web/tiempo-y-clima/
precipitacion-diaria-en-la-sabana-de-bogota

[11] R. Abi-Saab-Arrieche, “Evaluación de la calidad del suelo, en el
sistema productivo orgánico la estancia, madrid, cundinamarca,
2012,” Undergraduate thesis, Ecología, Pontificia Universidad
Javeriana, Bogotá, Colombia, 2012.

111

https://observatorio.epacartagena.gov.co/ftp-uploads/pub-politica-para-la-gestion-sostenible-del-suelo-final.pdf
https://observatorio.epacartagena.gov.co/ftp-uploads/pub-politica-para-la-gestion-sostenible-del-suelo-final.pdf
https://doi.org/10.21158/01208160.n72.2012.568
https://doi.org/10.1016/j.envres.2017.01.021
https://doi.org/10.1016/j.ecoenv.2014.04.022
https://doi.org/10.1016/j.chemosphere.2018.10.066
https://doi.org/10.1016/j.chemosphere.2018.10.066
t.ly/Jgc-
http://www.scielo.org.co/pdf/acag/v60n3/v60n3a01.pdf
http://www.scielo.org.co/pdf/acag/v60n3/v60n3a01.pdf
https://doi.org/10.1016/j.apgeochem.2019.104382
http://www.ideam.gov.co/web/tiempo-y-clima/precipitacion-diaria-en-la-sabana-de-bogota
http://www.ideam.gov.co/web/tiempo-y-clima/precipitacion-diaria-en-la-sabana-de-bogota


M. A Barriga-Vélez et al., Revista Facultad de Ingeniería, Universidad de Antioquia, No. 106, pp. 103-112, 2023

[12] M. A. P. B. (2010, Mar.) Sistema agroecológico rápido de evaluación
de calidad de suelo y salud de cultivos :guía metodológica.
Corporación Colombiana de Investigación Agropecuaria. Bogotá D.
C. [Online]. Available: http://www.Amdahl.com/doc/products/bsg/
intra/intra/html

[13] X. Jiang, W. Lu1, H. Zhao, Q. Yang, and Z. Yang, “Potential
ecological risk assessment and prediction of soil heavy-metal
pollution around coal gangue dump,” Natural Hazards and Earth
System Sciences, vol. 14, no. 6, Jun. 27 2014. [Online]. Available:
https://doi.org/10.5194/nhess-14-1599-2014

[14] T. van der Hammen, S. Gaviria, P. Caro, J. Padilla, H. Vergara,
and et. al, Eds., Aspectos geoambientales de la Sabana de Bogotá,
ser. Publicaciones Geológicas Especiales de Ingeominas 27.
Bogotá, DC: Instituto de Investigación e Información Geocientífica,
Minero-ambiental y Nuclear, 2004, pp. 1–301.

[15] G. Prieto, L. González, O. Vargas, and A. Matamoros, “Geoquímica de
suelos de la cuenca del río bogotá,” Boletín Geológico, vol. 41, 2006.
[Online]. Available: https://doi.org/10.32685/0120-1425/boletingeo.
41.2006.156

[16] L. Hakanson, “An ecological risk index for aquatic pollution control.a
sedimentological approach,” Water Research, vol. 14, no. 8, 1980.
[Online]. Available: https://doi.org/10.1016/0043-1354(80)90143-8

[17] Y. Zhang, J. Zhou, F.-J. Gao, B.-J. Zhang, B. Ma, and et
al., “Comprehensive ecological risk assessment for heavy metal
pollutions in three phases in rivers,” Transactions of Nonferrous
Metals Society of China, vol. 25, no. 10, Oct. 2015. [Online]. Available:
https://doi.org/10.1016/S1003-6326(15)63979-6

[18] M. A. Oliver and R. Webster, Basics Steps in Geostatistics: The
Varigram and Kriging, 1st ed. Switzerland, A. G: Springer, 2015.

[19] S. Garrido. Interpretación de análisis de suelos. Ministerios de
Agricultura, Pesca y Alimentación. Madrid, España. [Online].
Available: https://www.mapa.gob.es/ministerio/pags/biblioteca/
hojas/hd_1993_05.pdf

[20] A. Sanzano. (2001) Cátedra de edafología. Facultad de Agronomía y
Zootecnia, UNT. Argentina.

[21] C. Perdomo, M. Barbazán, and J. M. Durán-Manzoni. Nitrógeno.
Facultad de Agronomía, Universidad de la República. Montevideo,
Ur. [Online]. Available: http://www.fagro.edu.uy/fertilidad/publica/

Tomo%20N.pdf
[22] C. A. Pereira-Morales, C. C. Maycotte-Morales, B. E. Restrepo,

F. Mauro, and et al. Módulo edafología 1. Cooperación de la
Comisión Europea. Caldas, Col. [Online]. Available: https://www.
uaeh.edu.mx/investigacion/productos/4776/edafologia.pdf

[23] A. Luters and J. C. Salazar. (2000) Guía para la evaluación de
la calidad y salud del suelo. Departamento de Agricultura de
los Estados Unidos de Norteamérica (USDA). Argentina. [Online].
Available: https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/
nrcs142p2_051284.pdf

[24] J. C. Ramos and J. D. Santiago-Rodríguez, “El zinc
(zn), en la nutrición de los cultivos,” Engormix, Aug. 19,
2014. [Online]. Available: https://www.engormix.com/agricultura/
articulos/zinc-nutricion-cultivos-t31354.htm

[25] N. Roca, M. Pazos, and J. Bech, “Disponibilidd de
cobre, hierro, manganeso, zinc en suelos del no
argentino,” Ciencia del suelo, vol. 25, no. 1, Apr.
2007. [Online]. Available: http://www.scielo.org.ar/scielo.php?pid=
S1850-20672007000100005&script=sci_arttext&tlng=pt

[26] E. Galán-Huertos and A. Romero-Baena, “Contaminación
de suelos por metales pesados,” Revista de la sociedad
española de mineralogía, vol. 10, Nov. 10, 2008. [Online].
Available: http://www.semineral.es/websem/PdfServlet?mod=
archivos&subMod=publicaciones&archivo=Macla10_48.pdf

[27] U. Najeeb, W. Ahmad, M. Hussain, Z. Malik, and W. Zhoua,
“Enhancing the lead phytostabilization in wetland plant juncus
effusus l. through somaclonal manipulation and edta enrichment,”
Arabian Journal of Chemistry, vol. 10, no. 2, May. 2017. [Online].
Available: https://doi.org/10.1016/j.arabjc.2014.01.009

[28] M. Jaishankar, T. Tseten, N. Anbalagan, B. Mathew, and
K. Beeregowda, “Toxicity, mechanism and health effects of some
heavy metals,” Interdisciplinary Toxicology, vol. 7, no. 2, Nov. 15 2014.
[Online]. Available: https://doi.org/10.2478/intox-2014-0009

[29] J. Garzón, S. Villalba, and J. González, “How does it affect
mining in guavio (colombia)?” Universidad Distrital Francisco
José de Caldas, vol. 16, no. 1, 2019. [Online]. Available: https:
//revistas.udistrital.edu.co/index.php/tekhne/article/view/16972

112

http://www.Amdahl.com/doc/products/bsg/intra/intra/html
http://www.Amdahl.com/doc/products/bsg/intra/intra/html
https://doi.org/10.5194/nhess-14-1599-2014
https://doi.org/10.32685/0120-1425/boletingeo.41.2006.156
https://doi.org/10.32685/0120-1425/boletingeo.41.2006.156
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.1016/S1003-6326(15)63979-6
https://www.mapa.gob.es/ministerio/pags/biblioteca/hojas/hd_1993_05.pdf
https://www.mapa.gob.es/ministerio/pags/biblioteca/hojas/hd_1993_05.pdf
http://www.fagro.edu.uy/fertilidad/publica/Tomo%20N.pdf
http://www.fagro.edu.uy/fertilidad/publica/Tomo%20N.pdf
https://www.uaeh.edu.mx/investigacion/productos/4776/edafologia.pdf
https://www.uaeh.edu.mx/investigacion/productos/4776/edafologia.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051284.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051284.pdf
https://www.engormix.com/agricultura/articulos/zinc-nutricion-cultivos-t31354.htm
https://www.engormix.com/agricultura/articulos/zinc-nutricion-cultivos-t31354.htm
http://www.scielo.org.ar/scielo.php?pid=S1850-20672007000100005&script=sci_arttext&tlng=pt
http://www.scielo.org.ar/scielo.php?pid=S1850-20672007000100005&script=sci_arttext&tlng=pt
http://www.semineral.es/websem/PdfServlet?mod=archivos&subMod=publicaciones&archivo=Macla10_48.pdf
http://www.semineral.es/websem/PdfServlet?mod=archivos&subMod=publicaciones&archivo=Macla10_48.pdf
https://doi.org/10.1016/j.arabjc.2014.01.009
https://doi.org/10.2478/intox-2014-0009
https://revistas.udistrital.edu.co/index.php/tekhne/article/view/16972
https://revistas.udistrital.edu.co/index.php/tekhne/article/view/16972

