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Abstract

In late December 2019, the emerging disease COVID-19 was identified as a global pandemic. 
Countries around the world have implemented various types of blockades to stop this infection. These 
health measures have led to a significant reduction in air pollution. However, the impact of these 
measures on aquatic environments has been little analyzed.  In this context, the water quality of rivers 
in the Mantaro River basin was evaluated using multivariate statistical methods and heavy metal 
contamination indices during the health crisis of the COVID-19 pandemic. Surface water samples were 
collected in triplicate from 15 sampling sectors at the end of the rainy season, between March and April. 
Concentrations of Cu, Fe, Pb, Zn and As were determined by the method of atomic absorption flame 
spectrophotometry. The average concentrations of heavy metals and arsenic in the rivers evaluated did 
not exceed the environmental quality standards for drinking water of the Peruvian, WHO and US EPA 
regulations, except for Pb, Fe and As in the Mantaro River and As in the Chia River. PCA presented  
a total variation percentage of 83.8%. The results showed a clear positive relationship between the five 
heavy metals and metalloids. The hierarchical cluster analysis according to Spearman’s correlation 
generated a dendrogram where the five chemical elements were grouped in two statistically significant 
groups, one group conglomerating to Cu, Pb, Zn and Fe and the other group to As. PERMANOVA 
partition shows that the spatial effects of the sectors are strong and significant. The HPI revealed that 
13.33% of the sampling sectors exceeded the critical contamination value (150). The Cd revealed low 
degree of contamination (<1) in 86.67% of the sampling sectors
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Introduction 

Aquatic systems are exposed to a variety of 
environmental pollutants, including heavy metals. 
Discharges of these pollutants into natural ecosystems 
are of great concern in today’s society because of their 
inherent toxicity, persistence, non-degradability and 
tendency to accumulate in aquatic organisms [1] with 
implications for human health [2]. In addition, the release 
of trace metals from sediments into the water column 
is another source of contamination. Some metals, 
such as Cd, Pb, are carcinogenic and can bioaccumulate 
and biomagnify in fish and other aquatic organisms and 
can be transferred to humans through the food chain. 
Quantification of pollution and sources of pollutants are 
crucial for water resource management [3]. 

An emerging infectious disease called COVID-19 
was identified in late December 2019 and has become 
a global pandemic [4-6].  Countries around the world 
have implemented various types of blockades to 
stop and mitigate this infection. Social isolation 
is one of them, with drastic effects on social and 
economic fronts. However, this blockade is leading to 
a rapid environmental recovery of the health status of 
ecosystems and air quality [7]. Satellite data published 
by the National Aeronautics and Space Administration 
(NASA) and the European Space Agency (ESA) indicate 
that pollution in some countries of the world has been 
reduced by up to 30 per cent, mainly nitrogen dioxide 
(NO2) [8]. In Peru, after two months of obligatory social 
isolation decreed by the government as measures of 
protection, prevention and control of risks to contagion 
and deaths from SARS-CoV-2 (COVID-19), the water 
bodies have shown signs of recovery. To date, the 
waters of the Rímac River are crystal clear due to a 
90% reduction in waste [9], at the close of operations 
of industrial activities and resilience driven by natural 
processes. 

The central region of Peru is rich in mineral 
resources such as copper (Cu), iron (Fe), lead (Pb), 
cobalt (Co) and zinc (Zn). In this region for several 
decades the extraction of minerals has been done by 
various mining units and most of the metals have been 
melted in the metallurgical center of the city La Oroya. 
Many of the mining units discharge their wastewater 
with high concentrations of toxic elements to water 
bodies causing pollution with repercussions on human 
health and ecosystems. Mantaro River water quality 
studies in 2007 showed high contents of Pb, Cd, Hg, Fe, 
Cr, Zn, As and cyanide [10], indicating that metals are 
the tracers of mining activity in this watershed. In 2018, 
the results of water quality monitoring in the Mantaro 
River watershed by the National Water Authority [11], 
revealed the persistence of high concentrations of some 
heavy metals and metalloids. Consequently, heavy metal 
contamination of water bodies in this basin remains one 
of the main environmental problems. 

The Mantaro hydrographic system is composed 
of several bodies of water that are used for energy, 

agriculture, population, fish farming and mining, of 
great importance in the regional and national economy. 
The contamination of the Mantaro River with heavy 
metals and metalloids due to industrial activities, mainly 
mining, has restricted its use for human consumption 
[12, 13]. The reduced availability of water in the low 
water season in the basin has led to the use of Mantaro 
River waters for agricultural irrigation and animal 
drinking. The use of these polluted waters affects soil 
quality, agricultural production, livestock and human 
health. 

Monitoring of the water quality of the Mantaro 
River and some of its tributaries by the Peruvian 
National Water Authority has been carried out for 
several decades by conventional methods using physical 
and chemical parameters, mainly. Currently, there are 
several methods to characterize, analyze, evaluate and 
model water quality, from those using water quality 
indices to multivariate statistical methods [14]. The 
use of indices makes it possible to communicate the 
general condition of a body of water at a given place 
and time [15].  It helps monitoring programs to inform 
the general public and water managers of the state of 
the ecosystem. Multivariate statistical methods provide 
a detailed understanding of water quality through the 
interpretation of complex data matrices, facilitating the 
identification of potential sources of pollution [16]. 

In this context and considering that the industries 
that frequently discharged their wastewater to the water 
bodies of the Mantaro River Basin have reduced to 
fewer man-hours due to the national state of emergency 
against COVID-19. As well as the importance of 
water quality implications for human well-being and 
ecosystems, it becomes essential to answer the general 
question: What is the water quality of rivers in the 
Mantaro River basin using multivariate statistical 
methods and heavy metal contamination rates during 
the COVID-19 pandemic health crisis; as well as the 
specific questions: What is the concentration and 
distribution of heavy metals and arsenic in surface water 
of the Mantaro River basin? Are the results consistent 
with other recent findings on water quality in the 
Mantaro River and its tributaries, based on heavy metal 
and arsenic concentration levels, and what is the water 
quality based on multivariate statistical methods and 
heavy metal contamination indices? To answer these 
questions, the general objective of the study was: to 
evaluate the water quality of rivers in the Mantaro River 
basin using multivariate statistical methods and heavy 
metal contamination indexes during the health crisis 
of the COVID-19 pandemic, and as specific objectives: 
(1) analyze the concentration and distribution of heavy 
metals and arsenic in surface water of the Mantaro 
River basin; (2) compare the results obtained with 
other recent findings on water quality of the Mantaro 
River and its tributaries, according to the concentration 
levels of heavy metals and arsenic; (3) determine water 
quality according to multivariate statistical methods and 
indices of heavy metal contamination.



Surface Water Quality in the Mantaro River... 3007

Materials and Methods 

Study Area 

Mantaro River basin is located in the central 
Andes of Peru between the parallels 10º34’30’’ and 
13º35’30’’ south latitude, and the meridians 73º55’00’’ 
and 76º40’30’’ west longitude. It has an area of  
34,550.08 km2 and a complex topography that gives 
rise to a variety of climatic conditions. The Mantaro 
River is the main river in the basin. Its flow depends on 
rainfall throughout the basin, the level of Lake Junín, 
and the lakes located at the foot of the snow-capped 
mountains of the western mountain range and the snow-
capped mountains of Huaytapallana. Its waters are used 
to develop a large number of activities, such as the 
irrigation of some 11,000 hectares of agricultural land 
[17]. 

The mean air temperature is lowest in July and 
highest in November. In areas above 4000 m.a.s.l., the 
temperature is around 4.3ºC, in areas between 3000 and 
4000 m.a.s.l., the temperature varies between 8.1ºC and 
10.4ºC and in areas between 2000 and 3000 m.a.s.l., 
the temperature varies between 14.6ºC and 17.4ºC. The 
climate varies from semi-humid in a large part of the 
basin to very humid in the north-western and central-
eastern part of the basin. Rainfall begins in July and 
gradually increases in August and September, being 
more significant from October until it reaches maximum 

values in February and March. In April, precipitation 
decreases sharply, reaching minimum values in June 
[18].

The rivers included in the study were chosen 
according to the characteristics of their environment and 
productive activities. The Chia River is characterized 
by its fish farming activities. The Cunas River is 
characterized by urban and agricultural activities 
developed along its banks. The river Shullcas, of glacial 
origin, is strongly influenced by the presence of large 
cities and small-scale agricultural activities in the last 
8 km of its course. While, the Miraflores river along 
its course are small populations that are dedicated to 
subsistence agriculture. The Mantaro River, the main 
river in the watershed, has its own characteristics for 
each sector since its origin in Lake Junin. The sampling 
sectors were established according to their vulnerability 
to contamination, that is, according to industrial and 
municipal wastewater discharges, agricultural areas, 
tributary rivers, and urban areas. Three sampling 
sectors were established in the Mantaro River, Mant A, 
Mant B and Mant C, with seven, six and three sampling 
sites, respectively. The first sector (Mant A) was located 
downstream of the city of La Oroya, where the La Oroya 
metallurgical complex is located [19] with a length of  
45 km The second sector (Mant B) with a length of 
40 km, includes an important part of the inter-Andean 
valley, whose primary activity is agricultural production 
for local consumption, national and export. The third 

Fig. 1. Distribution of sampling sectors in rivers of the Mantaro River watershed in the central Peruvian Andes.
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sector (Mant C) has a length of 15 Km and includes 
the consolidated urban area. In the Chia, Shullcas, 
Cunas and Miraflores tributaries three sampling sectors 
were established with their respective sampling sites 
(Fig. 1). These tributary rivers of the Mantaro River 
run through areas with important agricultural and 
fish farming activity, mainly. However, in the areas 
that these rivers cross, there are abandoned and active 
mining units, as well as consolidated urban settlements 
(Fig. 1).

Collection and Analysis 
of Water Samples

The sampling was done in established sectors of the 
Mantaro, Chia, Shullcas, Cunas, and Miraflores rivers 
in the Junin region, at the end of the rainy season, 
between March and April 2020. The water samples 
were obtained in the opposite direction to the flow of the 
current, about three meters from the shore and 20 cm 
from the surface of the water, in triplicate, in two-liter 
polyethylene bottles. Previously, the bottles were treated 
with a 10% nitric acid solution for 24 hours and rinsed 
with distilled water and water from the sampling sector, 
repeatedly. The conservation of each of the samples was 
achieved by adding 1.5 ml of concentrated nitric acid 
to one litre of water [20]. All precautions were taken 
to minimize the risks of contamination during sample 
collection. Then, under refrigerated conditions, the 
samples were sent to the Water Research Laboratory of 
the National University of Central Peru for analytical 
determination.

The laboratory methods used for analytical 
determinations corresponded to those specified in the 
American Public Health Association’s International 
Analytical Standards [21] and Food and Agriculture 
Organization of the United Nations [22]. The water 
samples were filtered using 0.45 µm filters. The 
digestion of the samples was carried out from 250 ml 
of water, brought to a boil to obtain 100 ml. Then,  
5 ml of nitric acid and 5 ml of concentrated hydrochloric 
acid were added for the destruction of organic matter 
and again brought to a boil. It was left to cool and then  
10 ml of distilled water was added, filtered and 
measured in a 100 ml phial, with 1% nitric acid. The 
concentration of Cu, Fe, Pb, Zn and As (mg L‒1), 
was determined by the method of atomic absorption 
spectrophotometry by flame, using a Varian AA240 
Atomic Absorption Spectrophotometer.

Quality Control

The analytical grade reagents and stock standard 
solutions were supplied by Merck (Germany). Double 
deionized water (Milli-Q System, Millipore) was used 
for the preparation of all solutions. The elemental 
standard solutions used for the calibration were 
prepared by diluting 1,000 mg L‒1 stock solutions 
of Cu, Pb, Zn, Fe and As. From an average standard 

solution of 100 mg L‒1, working standards 0.001; 
0.01; 0.1; 1.0 and 2.0 mg L‒1 were prepared with 1% 
nitric acid. All glass materials used were cleaned by 
immersing them in dilute nitric acid for at least 24 
hours. They were then rinsed with plenty of deionized 
water before use. The accuracy of the analytical 
procedures expressed as the relative standard deviation 
was less than 5% for all metals analyzed by atomic 
absorption spectrophotometry. All analyses were 
performed in triplicate, and the results were expressed 
as the mean.

Data Analysis

Statistical Analysis

The k-R clustering technique (non-hierarchical) 
or flat clustering was used in the clustering analysis. 
It allowed a clustering with a desired number of 
clusters (k) in a meaningful way, based on the classical 
k-means clustering method. In addition, it seeks to 
minimize the sums of squares within the cluster, 
specific for Euclidean distance matrices, maximizing 
the similarity analysis (ANOSIM), which measures 
(non-parametrically) the degree of general separation 
of the k-groups, formed from the ranges in the full-
similarity matrix [23], Spearman’s non-parametric Rho 
was used for samples with non-normal distribution to 
test the correlations between the variables analyzed [24]
ranging from ungrazed since 1979 to heavily grazed, at  
540 sampling points to a depth of 0-4  cm. Each 
sample was analysed for bulk density, organic carbon 
(OC. Principal component analysis (PCA) was used 
to explain the variance of a large data set of variables 
interrelated with a smaller set of independent variables. 
PCA provides information on the most significant 
parameters, which describe the entire data set, while 
allowing data reduction with minimal loss of original 
information [25, 26]. Annual and sector differences 
in heavy metal concentration were determined by 
an analysis of permutational multivariate variance 
(PERMANOVA) of two factors through a geometric 
partition of multivariate variation in the Euclidean 
dissimilarity space.

Water Quality Indices

Water quality has been determined by two indices, 
the heavy metal pollution index (HPI) and the pollution 
index based on the group averages determined by 
cluster analysis (Cd). 

Heavy Metal Pollution Index (HPI)

The HPI indicates the total quality of water with 
respect to heavy metals and is based on the arithmetic 
weighted average method. Initially, the classification 
scale is established for each selected parameter weight. 
Then, after selecting the pollution parameter on which 
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the index should be based [27], the HPI is calculated 
using Equation (2).

           (2)

…where, Qi = the parameter sub-index, Wi = the 
parameter unit weight, n = the number of parameters 
considered. 

Sub index Qi of the parameter is calculated using 
Equation (3).

              (3)

…where, Mi = the monitored heavy metal value of the 
parameter, Ii = the ideal value of the parameter, Si = the 
standard value of the parameter.

An HPI value<90 indicates a low pollution degree, 
an HPI value from 90 to 150 indicates a medium 
pollution degree and an HPI value>150 indicates a high 
pollution degree.

Contamination Index (Cd)

Cd evaluates water quality through the degree of 
contamination based on the number of parameters that 
exceed the upper permissible limit or guide values for 
potentially harmful elements and the concentration that 
exceeds these limit values [28]. Cd is calculated using 
Equation (4) [29].

                          (4)

…where, Cfi = represents the pollutant factor for the i-th 
component and is calculated using the equation (5).

                     (5)

…where CAi = analytical value of the i-th component 
and CNi = upper permitted concentration of the i-h 
component (N denotes the normative value).

A Cd value<1 indicates a low pollution degree, a Cd 
value from 1 to 3 indicates a medium pollution degree 
and a Cd value>3 indicates a high contamination degree.

Results 

Analysis and Distribution of Heavy Metals 
and Arsenic in Surface Water

Table 1 shows the mean and standard deviation of 
heavy metals and arsenic recorded in surface water 
of the Mantaro River basin during 2020, compared to 
data recorded in 2019 [30]. The results from both years 
show similar behavior of the rivers as a function of 
their average concentration of the elements evaluated. 
The results obtained in the Mant A sector of the 

Mantaro and Shullcas rivers reveal a distribution of 
the mean concentration of heavy metals and arsenic in 
the descending order Fe>Zn>As>Cu>Pb. In Chía and 
Cunas rivers the distribution of the mean concentration 
of metal species was in the descending order 
Fe>Zn>As>Cu. In the Miraflores river the distribution 
of the metallic species was of the order Fe>Zn>Cu.  
The behavior of heavy metals and metalloids as a 
function of their mean concentration showed marked 
variability. In the Mantaro River, the Man A sector 
showed the highest mean concentrations of heavy 
metals and arsenic. The mean concentration of Fe varied 
from 9.50 μg L‒1 in the Cunas River to 671.10 μg L‒1 

in the Mantaro River Mant A sector in 2019 and from 
19.33 μg L‒1 to 493.70 μg L‒1 in the same water bodies, 
in 2020. Similar behavior was presented by the Zn 
for these two rivers. The mean concentration of the 
As fluctuated from 1.67 μg L‒1 in the Shullcas River 
to 20.75 μg L‒1 in the Mant A sector of the Mantaro 
River in 2019, maintaining this trend in 2020. This 
same distribution trend showed the mean Cu and Pb 
concentrations in the Shullcas and Mantaro rivers in 
2019 and 2020. 

In the three sectors of the Mantaro River the mean 
concentration of these metallic elements was higher 
than that registered in the other rivers in both years. Fe 
presented the highest concentrations in all the sampling 
sectors, exceeding the environmental quality standards 
(EQS) (300 μg L‒1) of Peru, referred to water for human 
consumption [31]. As well as the WHO drinking water 
guidelines (300 μg L‒1) [32] and U.S. Environmental 
Protection Agency drinking water standards [US EPA] 
(300 μg L‒1) [33]. However, they did not exceed the 
environmental quality standards (EQS) for irrigation 
water (5x103 μg L‒1). In the Chia, Cunas, Shullcas 
and Miraflores rivers during 2019 and 2020, the 
mean concentration of Fe did not exceed national or 
international standards, except for the Miraflores river 
in 2020.

The mean zinc concentrations in the rivers 
evaluated did not exceed the national EQS for drinking  
water production (3x103 μg L‒1) and irrigation 
(2x103 μg L‒1). They also did not exceed the WHO 
drinking water guidelines (3x103 μg L‒1) or the 
US EPA drinking water standards (5x103 μg L‒1). 
The highest concentrations of this metal were recorded 
in the Mantaro River, which receives a large number 
of tributary rivers that flow through areas with mining 
influence and industrial and municipal effluents.  
The mean concentration of As in 40 %the rivers 
evaluated did not exceed the values of the EQS for 
water intended for human consumption in Peru (10 μg 
L‒1), nor the WHO guidelines for drinking water, except 
in the Chia River. In this river the mean concentration 
of As greatly exceeded the Peruvian water EQS and 
the threshold values established by the WHO and EPA  
(10 μg L‒1). 

The mean Cu concentrations recorded in the five 
rivers in the study did not exceed the EQS for water 



Custodio M., et al.3010

Table 1. Mean and standard deviation (SD) of heavy metals and arsenic recorded in surface water of the Mantaro River basin in the 
central Andes of Peru (μg L‒1).

Sector Descriptive 
statistics Cu Pb Zn Fe As

Mant A / 
2019*

Mean±DE 16.24 ± 4.69 12.81 ± 2.97 76.83 ± 9.71 671.10 ± 151.70 20.75 ± 5.83

Rank 11.00 - 24.70 6.60 - 15.00 66.50 - 94.00 470.90 - 841.00 11.96 - 26.57

Mant A / 
2020

Mean±DE 11.04 ± 4.38 13.67 ± 4.99 70.14 ± 18.41 493.70 ± 108.40 20.50 ± 3.96

Rank 7.00 - 17.40 7.60 - 22.00 48.00 - 10.80 167.00 - 489.00 15.00 - 26.06

Mant B / 
2019*

Mean±DE 11.80 ± 4.33 10.48 ± 3.94 60.62 ± 6.38 560.00 ± 290.00 11.08 ± 3.12

Rank 5.57 - 18.80 6.00 - 16.30 55.60 - 73.00 212.00 - 935.00 7.21 - 15.77

Mant B / 
2020

Mean±DE 7.50 ± 1.05 6.50 ± 1.76 74.33 ± 24.20 423.00 ± 94.50 11.50 ± 1.05

Rank 6.00 - 9.00 5.00 - 9.00 48.00 - 112.00 265.00 - 503.00 10.00 - 13.00

Mant C / 
2019*

Mean±DE 9.95 ± 2.91 10.60 ± 2.60 47.50 ± 6.74 681.20 ± 70.80 13.75 ± 2.57

Rank 8.04 - 13.30 7.60 - 12.20 41.50 - 54.80 615.10 - 756.00 10.81 - 15.55

Mant C / 
2020

Mean±DE 8.33 ± 2.08 6.33 ± 2.08 69.30 ± 22.50 338.00 ± 119.90 13.67 ± 2.08

Rank 6.00 - 10.00 4.00 - 8.00 50.00 - 94.00 241.00 - 472.00 12.00 - 16.00

Chia / 2019*
Mean±DE 1.37 ± 0.06 0 ± 0 15.30 ± 0.30 14.40 ± 4.40 14.33 ± 1.53

Rank 1.30 - 1.40 0 - 0 15.00 - 15.60 10.00 - 18.80 13.00 - 16.00

Chia / 2020
Mean±DE 1.57 ± 0.51 2.33 ± 1.16 11.00 ± 1.73 34.33 ± 15.28 15.00 ± 5.00

Rank 1.00 - 2.00 1 - 3 10.00 - 13.00 21.00 - 51.00 10.00 - 20.00

Cun / 2019*
Mean±DE 1.90 ± 0.20 0 ± 0 9.30 ± 0.80 9.50 ± 2.40 8.00 ± 1.00

Rank 1.70 - 2.10 0 - 0 8.50 - 10.10 7.10 - 11.90 7.00 - 9.00

Cun / 2020
Mean±DE 1.00 ± 0 0 ± 0 13.00 ± 3.61 19.33 ± 4.16 1.67 ± 0.58

Rank 1.00 - 1.00 0 - 0 10.00 - 17.00 16.00 - 24.00 1.00 - 2.00

Mir / 2019
Mean±DE 1.70 ± 0.10 0 ± 0 11.20 ± 0.60 183.20 ± 5.20 0 ± 0

Rank 1.60 - 1.80 0 - 0 10.60 - 11.80 178.00 - 188.40 0 - 0

Mir / 2020
Mean±DE 1.27 ± 0.25 0 ± 0 12.00 ± 2.00 452.70 ± 56.50 2.00 ± 1.00

Rank 1.00 - 1.50 0 - 0 10.00 - 14.00 397.00 - 510.00 1.00 - 3.00

Shull / 
2019*

Mean±DE 1.13 ± 0.15 0.73 ± 0.06 13.30 ± 1.50 91.00 ± 4.70 1.67 ± 1.16

Rank 1.00 - 1.30 0.70 - 0.80 11.80 - 14.80 86.30 - 95.70 1.00 - 3.00

Shull / 2020
Mean±DE 6.33 ± 1.53 2.33 ± 2.08 17.00 ± 8.89 95.70 ± 77.80 2.00 ± 1.00

Rank 5.00 - 8.00 0.00 - 4.00 10.00 - 27.00 25.00 - 179.00 1.00 - 3.00

Peruvian

Drinking water EQS 2 x 103 10 3 x 103 300 10

Water for irrigation 200 50 2 x 103 5 x 103 100

WHO

Drinking water guide-
lines 2 x 103 10 3 x 103 300 10

USEPA 
Drinking Water Standards 1 x 103 0.0 5 x 103 300 0.0
*Data shared by Custodio et al.
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from Peru intended for drinking water production 
(2x103 μg L‒1) and irrigation (200 μg L‒1), nor did 
they exceed the WHO drinking water guidelines  
(2x103 μg L‒1) and US EPA drinking water standards 
(1x103 μg L‒1). The highest mean Cu concentration was 
recorded in the Mantaro River followed by the mean 
Cu concentrations of the Cunas, Miraflores, Chia and 
Shullcas Rivers. The mean Pb concentration in 80 % of 
the rivers under study did not exceed the EQS for water 
(10 μg L‒1) in Peru. In the Mantaro River, all three 
sectors evaluated during 2019 exceeded Peru’s EQS 
and WHO drinking water guidelines. In 2020, only the 
Mant A sector exceeded these standards and guidelines. 
The high standard deviation value revealed that the Pb 
concentration in some sampling sectors of this river 
exceeded the Peruvian and WHO water EQS.  

Principal component analysis (PCA) is a powerful 
technique that allows the dimensionality of a data set 

to be reduced in such a way as to highlight similarities 
and differences [34, 35]. PCA generated five main 
components and showed that only two factors were 
necessary for the Eigen values, with values above 0.5, 
which represents 83.8% of the total variance. The first 
component explains 72.1 % of the total variance with 
strong loads of Cu, Pb and Zn, elements that trace 
anthropogenic activities associated with mining and 
smelting in the evaluated sectors. In addition, these 
results highlight the contamination of nearly 100 years 
of operation of the metallurgical complex La Oroya. 
However, the joint location of these trace elements 
probably also indicates the geochemical nature and soil 
heterogeneity. The second component explains 11.7% of 
the total variance, with high As and Fe loads; a result 
that reflects the possible contributions of anthropogenic 
and lithogenic activities.

Fig. 2 shows the principal component analysis 
(PCA) of the 2020 sampling sectors and its comparison 
with the 2019 results. This analysis reveals significant 
differences between the tributary rivers and the 
Mantaro River sectors with respect to the concentration 
of Pb, Cu and Zn. Meanwhile, As and Fe, although they 
vary in the rivers evaluated, their significance value 
is minimal. The Mant A sector included the sampling 
sectors located near the La Oroya metallurgical 
complex, which had higher concentrations of Pb, As and 
Cu. The Mant B sector included the sampling sectors 
located 52 km from the Mant A sector, which had 
lower concentrations of heavy metals and metalloids, 
except for Zn. The sector Mant C, located 80 Km 
from the sector Mant A showed a similar behavior to 
the sector Mant B regarding the concentrations of the 
elements evaluated. However, this group contains the 
highest concentrations of Fe and Zn for both years. PCA 

Table 2. Principal component loads (Varimax standardization) 
for metals in water.

Element PC 1 PC 2 PC 3 PC 4 PC 5

Cu -0.454 0.023 -0.823 0.325 -0.1

Pb -0.476 0.147 0.108 -0.141 0.849

Zn -0.472 -0.144 -0.011 -0.788 -0.369

Fe -0.411 -0.713 0.381 0.412 -0.088

As -0.419 0.67 0.407 0.289 -0.355

Eigen values 3.61 0.584 0.335 0.251 0.225

% variance 72.1 11.7 6.7 5 4.5

Cumulative 72.1 83.8 90.5 95.5 100

Fig. 2. Perceptual map of principal component analysis of sampling sectors based on cluster analysis.
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indicates that as the course of the river moves away from 
the main source of contamination which is the La Oroya 
metallurgical complex and the Cerro de Pasco mine, 
the concentrations of Cu, Pb and As decrease, but the 
concentrations of Fe and Zn increase. However, along 
the entire course of the Mantaro River, Pb is a constant 
concentration element. The sectors of tributary rivers 
present chemical behaviors different from the sectors 
of the Mantaro River. The Cunas and Chia rivers run 
through agricultural and fish farming areas respectively. 
The Shullcas and Miraflores rivers have characteristics 
of disturbance typical of urban areas with effects of 
sanitary landfill and solid waste storage. Therefore, 
the first main component (CP 1) is weighted for sectors 
with metallurgical mining pressure and CP 2 varies its 
distribution according to the pressure of agricultural, 
urban and fish farming activities. These results also 
reveal that the effect of the health emergency context by 
COVID-19 on the concentrations of heavy metals and 
As assessed do not reflect a significant decrease.

K R cluster analysis has been successfully applied in 
numerous studies to group sampling sites with similar 
characteristics, process and sources [36, 37]. The AC 
was conducted to pool similar water samples in the 
Mantaro River basin based on heavy metal and arsenic 
concentrations obtained during the COVID-19 pandemic 
health crisis. Fig. 3 shows the k R clustering overlaid 
on the AC. The SIMPROF routine has completed the 
procedure with k = 2 groups (with an R of 0.92 at  
a significance level of 5%), which groups 56 sampling 
sites into 2 statistically significant groups. Group 1 
(A) grouped 43% of the sampling sites of the Cunas, 
Chia, Shullcas and Miraflores rivers, characterized 
by being tributaries of the Mantaro river and having 
similar characteristics. Group 2 (B) grouped 57% of 
the Mantaro River sampling sites. The clustering of 
sampling sites shown by the k R cluster results indicates 

the significant spatial variation of heavy metal and As 
concentrations in the Mantaro River groups. These 
results also reveal the opportunity to design a future 
spatial sampling strategy in an optimal way in this basin 
and to propose a water monitoring program that will 
strengthen the monitoring carried out by the Peruvian 
National Water Authority.

The hierarchical cluster analysis as a function 
of Spearman’s correlation in Fig. 4 generated a 
dendrogram where the five chemical elements were 
grouped into two statistically significant groups, one 
group conglomerating to Cu, Pb, Zn and Fe and the 
other group to As. The group containing the heavy 
metals has concentrations consistent with their 
distribution across the sectors evaluated. The highest 
concentrations of heavy metals were recorded in the 
Mant A, B and C sectors and the lowest concentrations 
in the tributary river sectors, maintaining a constant 
distribution as shown in Fig. 4B). The results also show 
a highly significant correlation between these elements 
according to Spearman’s analysis (Fig. 4A). The rho 
for the correlation pairs of Cu with Pb, Zn, Fe, and As 
were 0.80, 0.73, 0.63 and 0.58 respectively. The rho for 
the pairs of Pb with Zn, Fe and As were 0.76, 0.66 and 
0.71 respectively; for the case of Zn its rho values for its 
pairs Fe and As were 0.62 and 0.60 respectively. While 
the rho for Fe with As was 0.41. These results showed 
a strong association/interaction between the metals 
in the different sampling sectors, revealing a strong 
dependence on the causal factor. The contribution 
of heavy metals and As to the waters of the rivers 
evaluated comes from metallurgical activities, mining, 
agricultural runoff, urban activities and transport, 
mainly. However, they probably also come from the 
natural crust, as natural geological processes play an 
important role in the contribution of heavy metals and 
metalloids [38].

Fig. 3. k-R clustering (α = 0.05) in scatter diagram of principal components of metals in water for Mantaro river basin by sector and year.
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Despite finding a significant correlation between 
the elements (p<0.05), some tended to be more 
analogous to others, such as Cu, Pb, Zn and Fe. The 
correlation analysis in dendrogram 4A shows the As 
with different distribution tendencies in the sampling 
sectors; since their rho values were low despite being 
significant. Fig. 4C shows the distribution of As across 
all sectors evaluated for the year 2020, with a decrease 
in the sectors of the Cunas river. This behavior is  
due to the decrease in mining extraction activities 
in some areas as a result of the mandatory social 
immobilization adopted by the Peruvian government to 
curb COVID-19. While the Chía and Mat B sectors of 
the Mantaro River located in agricultural areas and the 
Mat C sector of the Mantaro River located in densely 
populated urban areas showed an increase in their 
arsenic concentrations.

PERMANOVA partition shows that the spatial 
effects of the sectors are strong and significant, 
matching the larger variation components of the 
PCA. Small-scale spatial-temporal variation was also 
identifiable from statistically significant interactions  
(p<0.05). The effects of sectors per year varied, as is 
the case for the Mantaro River, especially sectors A and 
B for both years (Table 3, p <0.05). According to the 

PCA, the effects of the proximity to the metallurgical 
zone are the strongest, especially contrasting the areas 
of slag deposits sub product of mining, with higher 
concentrations of Fe. In addition, it is observed that 
for both years the tributary rivers did not significantly 
modify their concentrations of elements, denoting a low 
effect of the activities close to these sectors.

The results of this study as an effect of the 
obligatory social immobilization and partial paralysis of 
the mining industry in the Mantaro River basin would 
only be reflected in the Mantaro River’s Mant A and 
Mantaro River’s B sectors (Table 4, p<0.05), since 
only in these sectors the concentrations of the elements 
evaluated significantly decreased. These results are 
also evident along axis 2 of the GPA (from 2019 to 
2020). In the case of the tributary rivers, there were no 
significant changes in their metallic concentrations at a 
multivariate level, reflecting the relative sizes of these 
main effects in the partition of PERMANOVA: sector 
and year of sampling. The PCA graph not only shows 
the same pattern, but also shows that the spatial effects  
(along CP 1) are much larger in sectors near metallurgical 
mining centers. The pair-wise comparisons further 
support these general conclusions.

Fig. 4. Spearman correlation dendrogram and distribution of heavy metal concentration in river water by sectors and years.
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Assessment of Water Quality Through 
Pollution Indices

Table 5 shows the existing contamination levels 
through the HPI and Cd indexes categorized according 
to Kwaya et al. (2019) [29] compared according to 
the groups defined by the sampling sector and year 
of evaluation. The HPI value for the Mant A sector 
based on WHO and EPA quality standards exceeds the 
critical values of 150 for 2019 and 2020. This result 
indicates that the Mantaro River Mant A sector has a 
high degree of contamination, followed by the Mant 
B and Mant C sectors that presented an intermediate 
HPI with a tendency to decrease the concentrations 

of elements according to the course of the Mantaro 
River. Most of the sectors of the tributary rivers have 
low HPI values. However, the sectors of the Chía, 
Miraflores and Shullcas rivers present HPI values with 
a tendency to increase year by year. In contrast, the 
sectors of the Cunas River showed low HPI values. The 
contamination index (Cd) calculated for the elements of 
Pb and As are high only in the Mantaro River sector 
A with indexes above or close to l, indicating that they 
are high risk according to WHO. While according to 
the EPA regulations these contamination indexes of 
these elements are at the limit, but tend to decrease 
along the river. While for the other sectors of the 
tributary rivers there are no traces of these elements 
or they are insignificant according to the regulation of 
both organisms. In general terms, the concentrations of 
heavy metals and As evaluated in the Mantaro River 
basin have average pollution rates, and that tributaries 
are responsible for reducing these concentrations along 
their course.

Discussion 

Analysis and Distribution of Heavy Metals 
and Arsenic in Surface Water

The World Health Organization in January 2020 
declared a global public health emergency due to the 
rapid spread of the new coronavirus (SARS-CoV2). 

Within level ‚2019’ of factor ‚Year’(t/P(pem))

  Mant A Mant B Mant C Cun Shu Mir Chi

Mant A   0.007 0.004 0.01 0.01 0.008 0.016

Mant B 2.134 0.605 0.012 0.014 0.009 0.005

Mant C 2.0592 0.84166 0.107 0.1 0.102 0.102

Cun 6.267 4.2006 7.9725 0.11 0.105 0.101

Shu 6.4059 4.1074 7.8319 7.6459 0.095 0.09

Mir 6.4047 4.0578 7.8127 16.109 5.1496 0.109

Chi 5.9193 4.1279 7.5927 6.0868 11.403 17.376  

Within level ‚2020’ of factor ‚Year’ (t/P(pem))

  Mant A Mant B Mant C Cun Shu Mir Chi

Mant A   0.001 0.58 0.008 0.01 0.009 0.006

Mant B 2.7302 0.704 0.01 0.01 0.02 0.012

Mant C 1.734 0.70879 0.087 0.093 0.113 0.086

Cun 5.1475 5.9979 5.4505 0.096 0.118 0.105

Shu 4.2282 4.4986 3.7491 2.7584 0.102 0.113

Mir 4.9509 5.0887 4.8581 10.775 4.295 0.108

Chi 3.8869 4.8262 3.7666 4.3997 3.4912 5.7865  

Table 3. PERMANOVA pair wise test in term ‘Sector*Year’ for pairs levels factor ‘Sector’.

Table 4. PERMANOVA pair wise test in term ‘Sector*Year’ for 
pairs levels factor ‘Years 2019-2020’.

Sector t P(perm)

Mant A 2.1663 0.003**

Mant B 1.6342 0.016*

Mant C 2.0966 0.097

Cun 7.4015 0.094

Shu 2.4126 0.11

Mir 7.3691 0.097

Chi 1.0646 0.612
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Currently, almost all countries are trying to stop the 
spread of this virus by establishing public policies of 
isolation and social distancing. In this period of a few 
months of abiding by health restrictions, the world has 
changed, giving rise to unexpected consequences, such 
as the notable fall in the consumption of fossil fuels with 
positive effects on air quality [39, 40] and the recovery 
of water transparency due to the significant reduction 
in anthropogenic pressures, as has been observed in the 
waters of the Venice canals, Italy [41].

In Peru, as in other parts of the world, the usual 
human activities, industries, and vehicle and air 
transport were stopped in response to the measures 
taken by the Peruvian government in the face of the 
COVID-19 pandemic health crisis. Consequently, the 
indirect impact of the coronavirus (SARS-CoV2) on 
the environment in Peruvian territory has been little 
analyzed. This exceptional circumstance provides an 
opportunity to corroborate claims that industry and 
human activities cause damage to the environment 
[42]. Because of this, it was important to monitor the 
behavior of toxic metals in surface water during the first 
month of obligatory social isolation decreed in Peruvian 
territory and the total paralysis of some industries and 
partial paralysis of others, such as mining.

In the Mantaro River watershed, most of the water 
bodies are used for energy, agriculture, population, fish 
farming and mining, which are of great importance 

in the national and regional economy. However, many 
of these water bodies show signs of heavy metal 
contamination. In the Mantaro River, the main river 
in the basin, high concentrations of heavy metals 
and metalloids have been recorded that exceed the 
environmental quality standards for water in the 
Peruvian standard and the threshold values of WHO 
and US EPA. However, in this study the concentrations 
of these metallic contaminants are lower in most of the 
sectors evaluated than those registered by Custodio et 
al. (2020) [30] in this same river basin in April 2019, 
where activities were regular. 

The distribution of heavy metals in surface water  
is influenced by natural and anthropogenic factors  
[43]. Fe was the element that recorded the highest 
concentrations in the rivers studied. This result would  
be influenced by the contribution of Fe containing 
minerals from sedimentary rocks of the Andean 
Mesozoic belt in the Peruvian Andes [44] and 
anthropogenic sources of Fe, such as corrosive iron 
materials, leachates and industrial and municipal 
wastewater. These results are supported by Kumar et al. 
(2017) [45] indicating that Fe values above water quality 
standards are generally associated with anthropogenic 
sources. Fe is a metal with biological importance for the 
normal development of cellular processes [46]. However, 
high concentrations can negatively affect living beings 
by generating reactive oxygen species [47].

Cu is an essential micronutrient that every living 
organism needs for growth and is required as a key 
element in many biological processes as a cofactor for 
numerous enzymes. In humans, low concentrations 
of Cu can result in incomplete development, and 
high concentrations can trigger gastrointestinal 
problems, hemolysis, hemoglobinuria, liver necrosis, 
cardiotoxicity, tachycardia, tachypnea, and central 
nervous system-related effects [48]. In the environment 
Cu is found in a wide range of mineral deposits, either 
in its pure or compound form [49]. In the aquatic 
environment Cu concentrations often increase due to 
the input of wastewater from industrial and domestic 
activities. In this study the Mantaro River recorded the 
highest Cu concentrations with values far exceeding 
values recorded in other parts of the world [50, 51] 
which indicate that lethal Cu effects are observed in 
several groups of aquatic invertebrates from 5 µg/L.

Zn is one of the most common elements in the earth's 
crust, it is found in air, soil and water and is present in 
all foods. It is one of the oldest known trace elements 
and a common contaminant that is widely distributed in 
the aquatic environment [52-54]. In these environments, 
high concentrations of Zn have been shown to be toxic 
to aquatic organisms. In humans, this metal has low 
toxicity, but if consumed over a long period of time it 
can constitute a health risk, causing fatigue, dizziness, 
and neutropenia [55, 56]. Prolonged oral exposure to 
Zn may interfere with essential Cu metabolism which 
may result in hematological and gastrointestinal effects 
[57]. The concentrations of Fe, Cu and Zn recorded 

Table 5. Heavy metal and arsenic contamination indices in river 
water in the Mantaro River watershed. 

Sector HPIa HPIb Cda Cdb

Mant A/2019 168.034 167.736 1.356 0.929

Mant A/2020 168.967 168.666 1.417 0.961

Mant B/2019 108.652 108.460 0.156 -0.193

Mant B/2020 90.470 90.308 -0.200 -0.417

Mant C/2019 122.976 122.758 0.435 0.082

Mant C/2020 99.803 99.625 -0.001 -0.212

Chia /2019 70.282 70.156 -0.567 -0.567

Chia /2020 85.084 84.932 -0.267 -0.344

Cun /2019 39.236 39.166 -1.200 -1.200

Cun /2020 8.271 8.256 -1.833 -1.833

Mir/2019 0.998 0.996 -2.000 -2.000

Mir/2020 12.260 12.238 -1.800 -1.800

Shull/2019 12.251 12.229 -1.760 -1.784

Shull/2020 21.731 21.693 -1.567 -1.645

Average 2019 74.633 74.500 -0.511 -0.676

Average 2020 69.512 69.388 -0.607 -0.756

a. Based in WHO standar
b. Based in EPA standar
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in the rivers studied were in the range of national and 
international water quality standards evidencing the 
effect of the quarantine shutdown of most industrial 
activities. These results are supported by Goher et 
al. [58] reporting that soil erosion and atmospheric 
adsorption can add heavy metals to water bodies, 
significantly.

Pb is a heavy metal that is found as metallic lead 
in nature, in the forms divalent (Pb2+) and tetravalent 
(Pb4+). Pb2+ salt is soluble in water and its high content 
in the aquatic environment is toxic to aquatic biota. In 
humans, a number of studies have shown that lead can 
seriously damage the nervous system (mental retardation 
and related dysfunctional diseases), blood, reproductive 
and renal systems, particularly in children [59]. As 
well as other natural minerals, ace tends to circulate 
in the environment. In aquatic environments, the most 
thermodynamically stable form of As is the pentavalent 
As(V) that forms arsenate [60]. In waters highly 
affected by industrial pollution, the formation of organic 
As occurs through microbial activity (of some bacteria 
and fungi) that can induce some biomethanization 
phenomena (addition of CH3-arsenic) leading to the 
formation of monomethylarsonic acid, dimethylarsinic 
acid and trimethylarsinic oxide, mainly [61]. The values 
of Pb and As exceeded the maximum permissible 
values of national and international standards were 
recorded, revealing that this river has been experiencing 
strong anthropogenic pressure, such as industrial 
water discharges from mining-metallurgical activities, 
glassware and ceramics, tanning, insecticides, metal 
coatings, among others.

Assessment of Water Quality through 
Contamination Indices

The increasing deterioration of water quality 
has led to the development of various indices to 
assess the effects of human interventions, including 
pollution indices for heavy metals and the degree of 
contamination. The results obtained with the use of 
these indices reveal the great influence of the metals 
studied on the general quality of the Mantaro River 
water. This behavior would be influenced by processes 
of mineralization of the basin, mining, industrial 
activities, vehicle fleet, agriculture, among others. 
The mean value of the contamination index (HPI) for 
the studied rivers, both tributary and main river of 
the basin, in all its sectors, qualified as waters with a 
medium contamination degree. In general, the water 
quality of the rivers in the Mantaro River Basin is 
moderately acceptable according to the WHO indices. 
The results of HPI in the rivers studied showed lower 
values than those obtained for these metals by Kwaya 
et al. Based on US EPA indices, the Mantaro River 
waters show high HPI values and indicate that the 
waters are contaminated by the toxic metals included in 
the study. The mean contamination degree (Cd) values 
calculated according to WHO and US EPA standards 

exhibited lower values revealing that the study area 
has low heavy metal contamination. In general, the 
behavior of toxic metals in surface water is complex 
and is a function of anthropogenic interventions. This is 
corroborated by the results obtained in this study during 
the period of cessation of much of the human activities  
by the pandemic COVID-2019, which show a slight 
reduction in concentrations of heavy metals and As 
in most sectors of sampling compared to the study 
conducted in these bodies of water in the Mantaro River 
basin during 2019.

Conclusions 

The rivers of the Mantaro River watershed provide 
an important source of water for the populations of 
large cities in the central region of Peru. Anthropogenic 
activities such as mining, agriculture and other 
industrial activities have an impact on water quality. 
The values of heavy metal and As content in most of the 
rivers studied during the period of mandatory isolation 
and cessation of industrial activities established by the 
Peruvian government due to the COVID-19 pandemic 
showed values lower than national and international 
standards and those recorded in studies during 2019 in 
this river watershed. 

With respect to national and international standards, 
As and Pb are the most serious pollutants involved in 
carcinogenic problems. In addition, the toxic metals 
were separated spatially, as the highest concentrations 
were recorded in the sectors of the Mantaro River. 
Therefore, controlling the discharge of pollutants, 
improving the treatment of industrial and domestic 
wastewater, and strengthening monitoring in the 
Mantaro River watershed can be of great importance 
to restore the health of surface water bodies and reduce 
the risk of the population to exposure to toxic metals.
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