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ABSTRACT

Soil is exposed to heavy metals that are associated with the anthropogenic activities, and is currently an environ-
mental and food safety problem. The concentration and source of heavy metals in soils, the level of contamination
and the potential for ecological risk in high Andean ecosystems were evaluated. The soil samples were collected
from the surface part in which Andean crops were sown and the concentration of As, Cd, Pb, Fe and Zn was quanti-
fied. The concentrations of heavy metals in soils did not exceed the threshold of the national and international stan-
dard, while As, Pb and Zn exceeded the values of the background. The contamination factor (CF) values showed a
high level of contamination for As and moderate for Pb and Zn. The geoaccumulation index (Igeo) values showed
that As had the highest load of accumulated pollutants in soils by anthropogenic contribution. A moderate degree
of contamination (CD) was found in 61.5% of the sampling sites. The potential ecological risk index (RI) showed
that the soils of the study area presented a moderate to low potential ecological risk, and As was the main pollutant
in high Andean soils. As, Pb and Zn occurring in high Andean soils mainly originated from human activities such
as agricultural practices, whereas Fe mainly originated from the parent material of the soil. The effects of the use
of organic and inorganic fertilizers on the accumulation of heavy metals in and Andean agricultural products must

be analyzed and verified to protect the health of the inhabitants and the environment.
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INTRODUCTION

Soil is an important component of the bio-
sphere, a fundamental sustenance for food
crops (Kumar et al. 2019, Rai et al. 2019), sink
of nutrients and pollutants (Wu et al. 2018). In
general, the heavy metals in soil come from the
natural sources associated with the parent mate-
rial or from the anthropogenic sources (Jiang et
al., 2019), Naturally, they are found in very low
concentrations, while high concentrations are
commonly associated with the pollutants result-
ing from human activities (Chandrasekaran and
Ravisankar 2019, Islam et al. 2017). Mining,
smelting processes, solid waste, fossil fuels, ur-
ban and industrial wastewater irrigation, agri-
cultural activities are the most important sourc-
es of heavy metals caused by human activities
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(Alloway 2013, Davies 1987, Huang et al. 2007,
I. ur Rehman et al. 2018, Yang et al. 2018). The
soil contamination due to the prolonged use of
pesticides and chemical fertilizers is another
source that has been causing the accumulation of
metals and deterioration of agricultural soils (Liu
et al. 2019).

Heavy metals are one of the most danger-
ous pollutants in our natural environment due to
their toxicity, persistence and bioaccumulation.
They are considered dangerous for human health
and the ecosystem (Enuneku et al. 2017, U. ur
Rehman et al. 2018). Currently, these pollutants
are causing adverse effects on the crop quality,
posing a threat to food security and human health
(Li et al. 2018). Overall, the quality and produc-
tivity of soils from different land uses is deterio-
rating worldwide due to various anthropogenic
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activities (Bhatti, Kumar et al. 2018). The use of
fertilizers and pesticides leads to an increase in
the productivity of crops, but the excessive and
prolonged use of these chemical substances can
cause changes in the structure and function of the
soil and the generation of contaminants (Cu, Zn,
Cd, Pb, Cr, Ni, Hg and As) on a large scale for the
environment (Chen et al. 2015, Liang at al. 2015).
Therefore, it is very important to assess the distri-
bution and sources of heavy metals in agricultural
soils in order to protect the ecological environ-
ment and human health.

Ecological risk assessment is a tool that al-
lows evaluating the impact of chemical pollutants
on ecosystems (Huang et al. 2019), used by re-
searchers to assess the state of the soil environ-
ment due to the long-term accumulation of heavy
metals (Mirzaei et al. 2019, Weissmannova and
Pavlovsky 2017). Several authors studied the
heavy metal contamination of agricultural soils
and ecological risk, in different countries, such
as China, India, Iran, Poland, and Nigeria (Ba-
ran et al. 2018, Bhatti, Bhat et al. 2018, Chan-
drasekaran and Ravisankar 2019, Enuneku et al.
2017, Huang et al. 2019, Shen et al. 2019, Wu et
al. 2018, Xiao et al. 2019, Zhu et al. 2018). The
studies on soil pollution and ecological risk from
heavy metals, particularly in high Andean ecosys-
tems remain limited.

In Peru, mining activity and mining environ-
mental liabilities (effluents, emissions, waste pro-
duced by abandoned and inactive mining opera-
tions) are sources of the contamination of aquatic
ecosystems, soils, air, vegetation and a permanent
and potential risk to ecosystems, such as La Oroya
(Chang Kee et al. 2018, Loayza-Muro 2016). On
the other hand, agricultural practices are sources
of the heavy metal contamination associated with
the use of fertilizers and agrochemicals, the farm-
ers in the Junin region use these products to im-
prove the production of their Andean agricultural
products such as native potato (Solanum tuberos-
um), olluco (Ullucus tuberosus) , mashua (Tro-
paeolum tuberosum) and oca (Oxalis tuberosa),
and these products constitute the basic food of the
Andean population, due to their nutritional value
as food and usefulness as natural medicine (Del
Aguila Lopez 2018). Therefore, it is a concern
to assess the level of soil contamination, because
it affects not only the growth and yield of crops
but also the food security of local residents. The
objectives of the research were (1) to determine
the concentration, sources and levels of the heavy

metal contamination (Cd, Pb, Fe, Zn and As) in
the high Andean soils for agricultural use and (2)
to evaluate the potential ecological risk for heavy
metals in the superficial soils from the central
highlands, Junin.

MATERIALS AND METHODS

Study area

The scope of the study includes the high An-
dean areas of the provinces of Huancayo, Con-
cepcion, Jauja and Chupaca in the department of
Junin (Figure 1), on the left bank of the Mantaro
Valley between the altitudes of 3700 m a.s.l. to
4200 masl. They present a cold sub-humid moun-
tain climate, with an annual average temperature
of 8.5°C, a maximum temperature of 18.2°C and
a minimum temperature of -10.3°C, with a mean
rainfall of 630 mm, ranging between 580 and
721 mm annually. The physiography of the ter-
rain is mountainous with steep slopes. The soils
belong to the group of entisols and inceptisols,
originating from sedimentary material, good and
moderate drainage, moderate permeability, super-
ficial to moderately deep soils, medium to mod-
erately textured thick, with pH of 5.1-6.4. The
main economic activity of the Andean settlers is
livestock and subsistence agriculture, the planting
of their Andean products (native potato, olluco,
mashua and oca) is carried out in the rainy season
between September and October in small plots of
700 m? to 1250 m?.

Sample collection and analysis

In August 2019, the agricultural plots where
Andean products were grown were selected, six
to eight plots were chosen for each locality. In
each selected plot, five soil samples were col-
lected, which were mixed and homogenized in a
plastic container, to obtain a composite soil sam-
ple of 1 kg each, at a depth of 0-20 cm below
ground level (Kicinska 2020). The soil samples
were placed in self-closing polyethylene bags by
means of a stainless steel spatula and transported
to the laboratory. The location of the sampling
sites was recorded using a portable global posi-
tioning system (GPS). The samples were air dried
at room temperature for eight days and sieved
through a 2 mm mesh to remove thick remains.
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Figure 1. Location map of the soils sampling sites in the high Andean zones of Junin, Peru

In the laboratory, 10 g of soil sample was pul-
verized using a pulverizing mill with a zirconia
oxide grinding system, and then sieved through a
100 mesh nylon sieve. The samples were analyzed
following the 3051A (USEPA 2007) method, ap-
proximately 0.5 g of soil sample was weighed in a
beaker, 9 ml hydrochloric acid (HCI) and 3 ml of
nitric acid (HNO,) were added in a 3: 1 ratio then,
they were sealed and subjected to temperatures
of 180 °C until they acquired a pasty density. The
digested samples were diluted with ultrapure wa-
ter and poured into 100 ml flasks, filtered with
200 mm @ No. 42 filter paper, finally the samples
were stored at 4°C until the later analysis. The
determination of heavy metals and arsenic was
performed with the flame atomic absorption spec-
trophotometry method (air-acetylene) using the
atomic absorption spectrometer (Varian model
AA240FS). Standard solutions of the five met-
als studied were used to establish the calibration
curves; then, the respective samples were read.
The recoveries of heavy metals ranged from 80%
to 120%.

Assessment of soil contamination for heavy
metals

Contamination factor (CF)

The CF was used to measure the relationship
between the content of each heavy metal in the
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soil with respect to the geochemical background
value (concentration in uncontaminated soil),
it is an indicator of contamination by anthro-
pogenic contributions associated with a single
heavy metal (Hakanson 1980), the equation (1)
was as follows:

CF = Csoil/ Cbackground )]

where: C_ is the concentration of each metal in
the soil samples, and
Chactground is the background value of each
metal that indicates the concentration of
the metal in the soil when there was no
anthropogenic input. In Peru, there are
no studies on the background values of
metals in soils, so the background values
reported by Taylor and Mclennan (1995)
were used for As, Cd, Fe, Pb and Zn with
1.5, 1.0, 35000, 20 and 71 mg/kg respec-
tively, and Bhatti et al. (2018) used these
values. Hakanson (1980) categorized the
contamination values as follows: low
contamination (CF<1), moderate contam-
ination (1<CF<3), considerable contami-
nation (3<CF<6) and very high contami-
nation (CF>6).

Pollution load index (PLI)

The PLI provides a simple and comparative
means of assessing the soil quality through the
level of soil contamination by heavy metals. PLI
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is defined as the n-th root of the multiplications
of the contamination factor for each metal, and is
calculated according to equation (2):
PLI=(CF1 x CF2 x CF3 x --- x CFn)'» (2)
where: CF is the pollution factor and n is the
number of heavy metals considered. Two
classes of PLI were proposed by Tomlin-
son (Tomlinson et al. 1980), when PLI>
1, it means that there is contamination,
if PLI <1 there is no contamination for
metals.

Geoaccumulation index (Igeo)

The geoaccumulation index (Igeo) quantifies
the degree of pollutants load accumulated by the
anthropogenic or geogenic contributions in soil
and it was determined using equation (3) sug-
gested by Muller (Muller 1969):

Igeo = log, (Cn/1.5Bn) 3)
where: Cn is the heavy metal content in the soil
sample n and Bn is the geochemical
background value of the metal n in the
corresponding soil. Constant 1.5 is the
correction factor due to the lithogenic
effects and natural fluctuations of met-
als in the environment (Kamani et al.
2017). The geoaccumulation index (Igeo)
was classified into seven classes (Muller
1979): uncontaminated (Igeo<0), uncon-
taminated to moderately contaminated
(O<Igeo<l), moderately contaminated
(1<Igeo<2), moderately to highly con-
taminated (2<Igeo<3), highly contami-
nated (3<Igeo<4), highly contaminated to
extremely contaminated (4<Igeo<5) and
extremely contaminated (Igeo>5).

Contamination degree (CD)

The CD is a diagnostic tool that was devel-
oped by Hakanson to simplify the contamination
control study. The sum of the contamination factor
(CFi) for all metals represents the contamination
degree (CD), which is expressed in equation (4):

CD =1, CFi 4)

where: CFi is the contamination factor for each
metal i. The degree of pollution was clas-
sified into four classes: low degree of pol-
lution (CD<8), moderate degree of pollu-
tion (8<CD<16), considerable degree of

pollution (16<CD<32) and high degree of
pollution (CD>32).

Assessment of potential ecological risk for
heavy metals in soils

The toxicity and potential ecological risks of
heavy metals in the soil were evaluated using the
method proposed by Hakanson (1980):

Potential ecological risk index (RI)

RI was calculated to assess the damaging
effect of all heavy metals on the soils studied
through the equations (5) and (6):

RI=Y™, ERIi (5)

ERIi= Y}, Trix CFi (6)

where: ERIi is the potential ecological risk index
of an individual metal i, Tri represents the
toxic response factor of metal i, and CFi
is the contamination factor of metal i. The
toxicological response factor for As, Cd,
Pb, Fe and Zn was considered 10, 30, 5, 1
and 1, respectively (Li et al. 2020, Mirza-
ei et al. 2018). The potential ecological
risk factor associated with an individual
metal (ERI) was classified as: low risk
(ERI<40), moderate risk (40<ERI<80),
considerable risk (80<ERI<160), high
risk (160<ERI<320) and very high
risk (ERI>320). Potential ecological
risk index (RI) was categorized as fol-
lows: low risk (RI <95), moderate risk
(95<RI<190), high risk (190<RI<380),
very high risk (RI>380) (Essien et al.
2019, Wu et al. 2015).

Data analysis

The data collected were processed using
the statistical software SPSS (v23), which were
systematized in tables and figures. The statistic
used was one-way ANOVA and the Tukey test to
measure the differences in heavy metals between
the study areas at a significance level of 0.05.
Pearson’s correlation and principal component
analysis (PCA) were used to identify the possible
sources of contamination by heavy metals in the
soils from the high Andean areas.
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RESULTS AND DISCUSSION

Heavy metal concentration in the high
Andean soils

The descriptive statistics of concentration of
heavy metals in the high Andean soils where the
Andean agricultural products are grown, these are
presented in Table 1. The mean values of heavy
metals concentration in soils showed a trend:
Fe>Zn>Pb>As>Cd with averages of 24360.03,
79.18, 28.31, 9.41 and 0.27 mg/kg respectively.
The content of these metals in soils was found be-
low the national and international environmental
quality standards. In all soil samples, the content
of Fe was highest, while the content of Cd regis-
tered the lowest value. These results were consis-
tent with the metals found in agricultural soils in
India (Kumar et al. 2019). Significant differences
were detected in the concentrations of As, Cd, Pb
and Zn between the different study areas (p<0.05),
the soils of zone 2 in Huancayo registered a high-
er concentration of these metals followed for zone
3 in Jauja, which could indicate variations in the
impact of the anthropogenic activities in the high
Andean zones. However, the average content of
As, Pb and Zn exceeded the background value on
6.2, 1.4 and 1.1 times respectively, which could
indicate that the soils in the study area were con-
taminated by the anthropogenic activities (Wu et
al. 2018, Xiao et al. 2019). The concentrations of

Cd and Fe did not exceed the natural background
values, which could reveal that the soils were not
contaminated with these metals.

The coefficient of variation (CV) indicates
the degree of variability of the concentrations of
a metal in soil. A low CV value indicates that the
heavy metal contamination of soils is due to the
natural sources and a high CV value indicates
that it is caused mainly by the human activities
(Cai et al. 2015, Mamut et al. 2018). The maxi-
mum CV was recorded for Pb (60.72%) and As
(51.43%), which could involve a high variability
of these two metals in the sampling sites, it means
that the distribution of these chemical elements in
the studied area was not homogeneous in com-
parison to Zn, Cd and Fe that showed moderate
variability.

High Andean soils contamination
for heavy metals

The calculated values of the contamination
factor (CF), contamination degree (CD) and the
pollution load index (PLI) for heavy metals in
soils are presented in Table 2. The average CF val-
ues of heavy metals were found in the following
order:  As(6.22)>Pb(1.29)>Zn(1.08)>Fe(0.70)>
Cd(0.28). The average CF value for As showed
a very high contamination level (CF>6), while
the average CF values for Pb and Zn indicated
a moderate contamination level (1<CF<3), and

Table 1. Mean (£SD) of concentration of heavy metals and arsenic (mg/kg) in the soils collected from the high

Andean zones of Junin

Sampling sites Descriptive statistics As Cd Pb Fe Zn
Zone 1 Mean 8.7622 0.288° 29.66° 21,099.47° 76.02%
SD 2.473 0.054 8.27 6,887.83 11.34
Zone 2 Mean 14.816° 0.336° 45.70° 28,893.17° 96.90°
SD 3.199 0.041 15.26 5,944.69 18.67
Zone 3 Mean 11.598P 0.260° 35.97¢c 23,257.33° 89.38%
SD 3.584 0.079 10.04 7,292.95 20.01
Zone 4 Mean 4.2032 0.2152 8.512 24,232.63° 60.60°2
SD 1.517 0.070 2.96 4,897.85 19.05
General mean 9.411 0.270 28.31 24,360.03 79.18
SD 4.840 0.075 17.19 6,456.86 22.15
Minimum 2.338 0.123 4.67 13,684.00 36.55
Maximum 19.986 0.402 67.82 38,789.25 124.18
CV (%) 51.43 27.77 60.72 26.51 27.97
MAL 502 142 702 - 300°
°Background value 1.5 1.0 20 35000 71

SD (standard deviation). CV (coefficient of variation). MAL (Maximum allowable limits) according *(Ministerio
del Ambiente (MINAM), 2017) and *Environmental Quality Standard for Soils (CEPA, 1995). “Background value

(Taylor & Mclennan, 1995)
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Table 2. Contamination factor (CF), pollution loading index (PLI) and contamination degree (CD) of heavy
metals and arsenic in soils collected from high Andean zones of Junin

. . Contamination Factor (CF)
Sampling sites CD PLI
As Cd Pb Fe Zn

Zone 1 5.619° 0.322° 1.483° 0.603° 1.071% 9.097° 1.101°
Zone 2 9.8772 0.319° 2.1182 0.826° 1.365° 14.5052 1.475°
Zone 3 7.732% 0.2932 1.465° 0.6642 1.118% 11.273° 1.158°
Zone 4 2.802° 0.215° 0.394° 0.6922 0.853° 4.957° 0.658¢°
General mean 6.222 0.282 1.290 0.696 1.083 9.573 1.055
SD 3.209 0.070 0.774 0.184 0.302 4.070 0.339
Minimum 1.559 0.123 0.234 0.391 0.515 3414 0.496

the average CF values for Fe and Cd indicated
a low contamination level (CF<1). 50%, 61.5%
and 61.5% of the sampled sites were contaminat-
ed with As, Pb and Zn respectively, these results
suggest that those metals have accumulated on
the soil surface over time, and mostly correspond
to zones 1 and 2. The contamination degree (CD)
of heavy metals in soils was moderate and low
(Table 2). 61.5% of the sampling sites presented
a moderate contamination degree (8<CD<16),
while 38.5% presented a low contamination de-
gree (CD<S). As, Pb and Zn were the elements
that contributed to the degree of contamination of
high Andean soils in zones 1, 2 and 3. The average
value of the pollution load index (PLI) was 1.06,
slightly higher than 1; therefore, it was detected
that the soils of the studied area presented light
contamination by heavy metals. In the four zones,
the PLI average followed in decreasing order:
zone 2(1.48)>zone 3(1.16)>zone 1(1.10)>zone
4(0.66). Zone 4 in Concepcion registered lower
levels of pollution degree with a PLI less than 1.

Geoaccumulation index (lgeo)

The Igeo values of heavy metals varied sig-
nificantly in the different sites and are presented
in Figure 2. The average Igeo values decreased
in the following order: As (1.84+0.84)>Zn
(-0.53+£0.44)> Pb(-0.56+1.10)>Fe (-1.16+0.39)>
Cd(-2.4740.41), the minimum and maximum val-
ues of Igeo were from —3.61 (Cd) to 3.15 (As),
which could indicate that As showed a higher
load of pollutants accumulated in soils by the an-
thropogenic input in the four studied areas. The
ranges in the Igeo values for each individual el-
ement were not very wide, demonstrating little
variability in the soil properties and the sources
of contamination of the soil by heavy metals. Fur-
thermore, the mean Igeo values for As and Pb in
the four zones were positive, while Cd, Fe and

Zn showed mostly negative Igeo values. More
than 81% of the soil samples were contaminated
with As from moderate level (1<Igeo<2) to mod-
erately to highly contaminated level (2<Igeo<
3); 42% of the sampling sites were contaminated
with Pb at the level of uncontaminated to mod-
erately contaminated (0<Igeo<l). Cd, Fe and
Zn did not present load of pollutants in the soil
(Igeo<0), which could indicate that the sampling
sites in the four locations were not contaminated
with these three elements. As caused a more seri-
ous contamination than the other elements based
on the geoaccumulation index, which could be
attributed to the anthropic activities such as agri-
cultural practices (Kabata-Pendias 2011, Kabata-
Pendias and Mukherjee 2007). Significant dif-
ferences were detected between the study areas,
zones 2 (Huancayo) and 3 (Jauja) showed higher
Igeo values by As higher than 2, classifying them
from moderately to highly contaminated for As;
soils in the study area were not contaminated by
Cd, Fe and Zn.

Potential ecological risk index (RI)

The potential ecological risk index (ERI)
values of each heavy metal and As decreased
in the following order As (62.22+32.09)> Cd
(8.45£2.11)> Pb (6.45+3.87)> Zn (1.08+0.30)>
Fe (0.69+0.18) (Table 3, Figure 3). The average
ERI value for As (40<ERI<80) suggested that
it could present a moderate potential ecological
risk, while the ERI values for Cd, Pb, Zn and
Fe were lower than ERI <40 which suggested a
low potential ecological risk for these four met-
als in the four study areas. It was observed that
27% of the sampled sites in the four zones pre-
sented a considerable potential ecological risk
for As (80<ERI<160), 38% of moderate level
(40<ERI<80) and 35% of low level (ERI<40).
Zone 2 (Huancayo) presented a considerable
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ecological risk level for As and zones 1 (Chu-
paca) and 3 (Jauja) presented a moderate eco-
logical risk level for As. The levels of the total
potential ecological risk (RI) showed significant
differences between the studied areas, and the
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averages followed the decreasing order: zone 2
(121.13£20.71)> zone 3 (95.22+25.79)> zone
1 (74.92+16.00)> zone 4 (37.99+11.52) which
could indicate a moderate to low risk for the
heavy metals and arsenic. 65.4% of the total
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Table 3. Potential ecological risk index of individual metals (ERI) and potential ecological risk index (RI) of
heavy metals and arsenic in soils collected from high Andean zones of Junin

s;;;m.sr,g D;Z;;i;.ﬁg\s,e - Potentli;cologlc:tl) risk |nd'(-;:;(ERI) - RI Level of Rl

Zone 1 Mean 56.188 9.645 | 7.414 0.603 1.071 74.920 Low risk

SD 13.731 1.938 | 2.068 0.197 0.160 16.007

Mean 98.773 9.575 | 10.591 0.826 1.365 121.130 | Moderate risk
Zone 2 SD 21.330 0.771 2.768 0.170 0.263 20.711

Mean 77.320 8.790 | 7.326 0.664 1.118 95.219 Low risk
Zone 3 SD 23.894 1.393 | 2.757 0.208 0.279 25.792
Zone 4 Mean 28.018 6.461 1.971 0.692 0.853 37.996 Low risk

SD 10.113 2.115 | 0.680 0.140 0.268 11.521

General mean 62.224 8.452 6.452 0.696 1.083 78.907 Low risk

SD 32.093 2.110 | 3.871 0.184 0.302 36.584

Minimum 15.587 3.690 1.168 0.391 0.515 24.316

Maximum 133.240 | 12.600 | 14.898 | 1.108 1.669 155.669

sampling sites presented a low potential eco-
logical risk (RI<95) and the remaining 34.6%
were classified as moderate risk (95<RI<190),
this could be attributed to the toxicity of heavy
metals released by the anthropic activities such
as agricultural practices (As, Cd and Pb) and
natural sources. Moderate risk was obtained
for 100%, 33.3% and 16.7% of the sampled
sites, and these values correspond to the towns
of Huancayo, Jauja and Chupaca respectively.
The metalloid As was the main contributor to
the total ecological risk with a contribution of
61.5%, consequently it is the main toxic element
in soils followed for Cd and Pb, which could
represent a potential ecological risk for the high
Andean ecosystem. These results that coincide
with those reported by Xiao et al. (2019), so it
is likely that the most predominant contribution
of heavy metals to agricultural soils is the appli-
cation of chemical fertilizers, organic fertilizers
and pesticides (Mirzaei et al. 2019). Continuous
monitoring of the use of agrochemicals in the
Andean products crops is suggested in order to
reduce the possible ecological risks caused by
As and heavy metals in the high Andean soils of
the Junin region.

Identification of sources of heavy metals in
high Andean soils

According to Pearson’s correlation coeffi-
cients for metals and arsenic in the soil samples,
relatively strong and highly significant correla-
tions (p<0.01) were found between As-Cd and
As-Pb (0.504 and 0.663), which could indicate
sources common contamination levels for all three
metals. Likewise, the positive and significant cor-
relations were observed for Cd-Pb (0.527) and
Pb-Zn (0.728) and would reveal a common origin
for these elements that probably occur as a result
of the contributions from the anthropogenic ac-
tivities (Y. Wang et al.2020). Correlation (p<0.05)
was also observed between As-Zn (0.486). The
concentrations of all metals were positively cor-
related with each other. This suggests that these
elements have the same source of contamination,
except the Fe content that did not show a signifi-
cant correlation with the other metals, indicating
that the sources of Fe accumulation come from
other sources.

Principal Component Analysis (PCA) identi-
fies the sources responsible for the heavy metal
variations in soils (Zhang et al. 2018). Bartlett’s

Table 4. Total variance explained and component matrix for heavy metals in soils

Initial eigenvalues Component matrix
Component - - Element

Total % of variance Cumulative % PCA1 PCA2
1 2.650 52.998 52.998 As 0.829 -0.068
2 0.950 19.001 72.000 Cd 0.668 0.237
3 0.817 16.336 88.336 Pb 0.916 -0.168
4 0.405 8.109 96.445 Fe 0.335 0.871
5 0.178 3.555 100.000 Zn 0.752 -0.320
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analysis (p<0.01) revealed that the original data
are adequate for PCA. According to the eigenval-
ue >0.95, two main components for heavy metals
in soils were extracted, and the contribution rate
of the accumulated variance was 72% (Table 4).
The elements As, Cd, Pb and Zn had higher loads
in the first principal component (PCA1) with a
contribution rate of 53% of the total variance with
relatively strong associations between the four
metals, this could indicate that the heavy metal
contamination of soils mainly originates from the
human activities such as agricultural practices,
the repeated and prolonged application of ani-
mal manure (sheep, cattle and poultry) causes the
incorporation of As, Cd, Pb and Zn in soils, as
reported from the previous studies in China (Liu
et al. 2020, Yang et al. 2017, Zhang et al. 2012).
In addition, the accumulation of As and Cd could
also be attributed to the use of inorganic fertil-
izers, especially phosphate fertilizers, and the use
of agrochemicals such as pesticides that can be
the main source of contribution of As in agricul-
tural soils (Solgi et al. 2018, L. Wang et al. 2019,
S. Wang et al. 2019). As in surface soils exceeds
the background value six times, which could indi-
cate that the farmers in the four study areas would
be using pesticides for pest and disease control of
their Andean crops. On the other hand, the prox-
imity to the urban area could increase the content
of Pb in the soil due to the gas emissions from
transport vehicles (Cai et al. 2019) especially in
zones 2 and 3, as well as the transport of atmo-
spheric particles for the wind product of the emis-
sion of toxic gases from the Pb smelter of the La
Oroya Metallurgical Complex the operation of
which began in 1928, possibly causing the depo-
sition of Pb in the upper layer of the soil.

The second main component (PCA2) was
composed with maximum loads in Fe and was
explained with 19.0% of the total variance,
which suggests that the distribution of Fe could
be controlled mainly for the parental material of
the soil. This factor was considered as a natu-
ral source of heavy metals from the topsoil that
does not exceed the background value. These
results are consistent with the studies of Jiang
et al. (2020) and Li et al. (2020). The study pro-
vides valuable information on the risks of con-
tamination for As and heavy metals in soils of
high Andean ecosystems.
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CONCLUSIONS

The concentration of heavy metals and arse-
nic in the high Andean soils were found below the
national and international environmental quality
standards for soils. However, As, Pb and Zn regis-
tered higher concentrations than the background
values; 61.5% of the sampling sites presented a
moderate contamination degree. As showed the
greatest contribution to the contamination degree
of soil in the high Andean areas of Huancayo and
Jauja. According to the values of the geoaccumu-
lation index (Igeo), As presented the highest load
of accumulated pollutants in soils by anthropo-
genic contribution. The potential ecological risk
(RI) of the high Andean soils in the four studied
zones ranged from low to moderate, As was the
main contributor to the total ecological risk, and
the Huancayo zone presented the highest poten-
tial ecological risk classified as moderate. The
presence of As, Pb and Zn in the surface soils
was attributed to the use of organic and inorganic
fertilizers and pesticides in the Andean products
crops. Considering the level of contamination and
the potential for ecological risk of soils by heavy
metals, it is necessary to analyze and verify the
effects of the use of animal manure and inorganic
fertilizers on the accumulation of heavy metals in
soils and Andean agricultural products to protect
the health of local residents and the environment.
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