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ABSTRACT

In the annex of Vifias, Pampas district, Tayacaja Province, Huancavelica department, Peru, they lack the benefit
of a drinking water treatment plant and consume water directly from the river, which is also used for livestock
and agricultural activities, and waste is dumped, Therefore, the objective of the study was to analyze the physical-
chemical parameters of the Vifias River and compare it with drinking water. The evaluation was performed ac-
cording to the Jefatural Resolution N° 010-2016-ANA and a Hanna brand multiparameter water analyzer was used
to evaluate temperature, total dissolved solids (TDS), dissolved oxygen, conductivity, pH, salinity, biochemical
oxygen demand (BOD) and chemical oxygen demand (COD). In addition, ANOVA and Tukey tests, Hierarchical
Cluster Analysis and Pearson correlation tests were performed. It was determined that none of the samples ana-
lyzed exceeds the ECA for water (DS 004-2017-MINAM), nor LMP (DS 031-2010-SA), in addition, if there are
significant differences between samples. On the other hand, the parameters that influence the water quality of the
Vidias River are STD (975 mg/L), BOD (58 mg/L) and COD (250 mg/L). It is concluded that the habitants of Vifias
consume water according to Peruvian standards, even though it comes directly from the river; therefore, there is a
need to improve the water purification systems in the annex.

Keywords: water quality, water physicochemical parameters, Vifias River.

INTRODUCTION

Water is a basic element for the realization of
life, and worldwide freshwater consumption is in the
middle and increasing (Vargas and Vizcarra, 2023).
Its quality depends on both anthropogenic and natu-
ral factors and is related to chemical, physical and bi-
ological characteristics (Aguilar and Obando-Diaz,
2020), and is compared with guidelines on national
standards to ensure the safety of consumption and, if
not, to recommend treatment techniques (Araujo et
al., 2022). However, for decades, multiple diseases
related to water quality have been reported in the
world, due to deficiencies in the treatment or loss of
safety in water distribution (Ramirez et al., 2021).
Contaminated water is generated from the insertion

of waste, direct or indirect by human and/or natural
actions, which when exceeding its concentration
generates some negative effect on human health,
ecosystems and economic activities (Mancheno,
2024), for example, it is estimated that more than
485,000 people die from diarrhea caused by drink-
ing contaminated water (Addisie, 2022) and more
than 1.4 million people die from unsafe and in-
efficient water sanitation (WHO, 2022). That is
why a constant follow-up, through monitoring,
on water quality helps countries to assess, predict
and control the contamination of water resources
and better plan their sustainable use (Syeed et al.,
2023), in addition to the evaluation methods are
constantly evaluated with the intention of ensur-
ing public health (Toniolo et al., 2024).
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Among so many anthropogenic factors, the
extension of agricultural areas, pastures and de-
forestation has caused the lack of protection of
water resources, generating contamination and
erosion in aquatic environments and a decrease in
the amount of water (Ferrer-Sanchez et al., 2024)
and a modification in the physical, chemical and
biological characteristics of water sources and
their environment (Ramirez, 2022). In addition,
livestock and grazing also influence the salubrity
and quantity of water in watersheds (Chugden,
2021), since livestock frequently enter streams in
order to drink water, thus allowing sedimentation
of watercourses and deposition of feces and urine,
affecting the uptake of this resource (Ferrer-San-
chez et al., 2024). Because of these and many
other reasons, the deterioration of water quality
has become a concern, in addition to considering
its scarcity in the future, which would imply risks
to drinking water and the economic development
of societies (Domenech et al., 2022). Therefore, it
is important to understand how land use is related
to the quality of water sources within watersheds,
especially those that are not monitored and lack
information (Toniolo et al., 2024).

In the Huancavelica region, water resources
are affected by contamination from mining and
agricultural activities (Gaspar, 2021); among
many, the province of Tayacaja is a major agri-
cultural production sector, and the compounds
used can alter the physical-chemical parameters
of nearby rivers, streams and lagoons, which are
mostly destined for human consumption, affect-
ing the health of citizens. For example, the Man-
taro River contains heavy metals such as Zinc,
Copper, Chromium, Arsenic, Lead and Cadmium
that exceed the MPL, affecting the quality of the
water body and surrounding areas directly or in-
directly (Cerron et al., 2018).

Pampas, a district in the Tayacaja province
of the Huancavelica region, distributes drinking
water to its population through the collection and
treatment of water from the Vifas River, but there
are still towns and/or annexes that do not have the
benefit of a drinking water treatment plant and di-
rectly use the river water without considering its
conditions and generating complications to their
health. In addition, the main economic activities
are livestock and agriculture, most of which are
carried out in the headwaters of the river. There-
fore, the objective of the research was to analyze
the physical-chemical parameters of the drinking
and direct source water of the Vifias River.
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MATERIALS AND METHODS

Study area

The geographical location of the center of
Pampas, Tayacaja, Huancavelica, is located at
74°52°02”W and 12°23°42”S at 3276 m.as.l
(Azarte, 2016). The city uses the Viflas River as a
source of water for human consumption. The av-
erage annual temperature is 12 °C, with an annual
precipitation of 780 mm and it is considered a dry
forest (bsMT, 3000-3500 m.a.s.l.) according to the
Holdridge classification (Caceres, 2015), it also has
a semi-dry and cold climate with moisture deficien-
cies in winter and autumn (Castro et al., 2021).

During the sampling, grazing and agricultural
areas (Figure 1) were identified around the Vifas
river because of the settlers of the Vifias Annex,
and it should also be noted that these are some
factors that influence the availability of water for
the Pampas locality. The present investigation
was carried out Ex situ in the facilities of the Uni-
versidad Nacional Autonomy de Tayacaja Daniel
Hernandez Murillo.

Materials

The following materials were used: a 5 L
glass container with protective covers (plastic or
mesh), a stylet, Tecnopor and a Hanna Multipa-
rameter water analyzer. As well as filter paper,
funnels, labels, and personal protective equip-
ment (gloves, goggles, dust cover and masks).

Procedure

An integrated sampling of 4 points along the
Viiias River (Figure 1) was performed, each with
a capacity of 1 liter in the winter season, accord-
ing to the National Protocol for monitoring the
quality of surface water resources (Jefatural Res-
olution N° 010-2016-ANA), in force at the time
of the execution of the research, and preserved in
a cooler with ice to preserve the samples.

Then, from the integrated sample of 5 liters of
water, a portion of 1 liter was extracted in a glass
container of 1.5 liters capacity, for subsequent
analysis in the biology laboratory of the Univer-
sidad Nacional Autonomy de Tayacaja Daniel
Hernandez Murillo. In the case of the sample for
water for human consumption, sampling was car-
ried out according to DS 031-2010-SA (MINAM,
2017), where the first house to receive drinking
water from the drinking water treatment plant in
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Figure 1. Identification and evaluation of sampling points in the Vifias river

the city of Pampas, one house representing the cen-
ter of the city and the last house were considered
(Figure 1). As well as the sample, an integrated
sample of 1 liter was considered for evaluation.

Measurement of parameters

The research did not intend to manipulate the
variables analyzed; thus, it is descriptive, non-
experimental and transectional. The following
physicochemical parameters were mainly consid-
ered: temperature, TDS, dissolved oxygen, con-
ductivity, pH, salinity, BOD and COD.

Data analysis

The statistical package RStudio Version
2024.04.2 Build 764 was used to analyze the phys-
ical-chemical parameters of the samples collected

from the Vifias River and drinking water according
to the ANOVA test and Tukey’s test, and the Pier-
son’s correlation and a Hierarchical Cluster Analy-
sis (HCA) of the parameters were also determined.

RESULTS AND DISCUSSIONS

In Table 1, the amount of STD is lower in the
water for human consumption because it went
through a sedimentation process; however, the sam-
ple to be evaluated contains residual organic matter.
In the case of the drinking water sample, it complies
with the ECA for water that can be made potable
with conventional treatment (Ministerio Del Ambi-
ente (MINAM), 2017), as does the untreated water;
however, the latter is about to exceed both the ECA
and LMP, so it may have health implications. How-
ever, the case of TDS can be due to minerals from
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Table 1. Physical-chemical parameters of the Vifas river and drinking water

Water for human Water from the Vifas ECA water Sub MPL for water
Parameter consumption (potable) | river (unpotabilized) category A2 (DS consumption (DS 031-
ption {p P 004-2017-MINAM) 2010-SA)
Temperature (°C) 14 14 A3 —
Total dissolved solids (mg/l) 420 997.5 1000 1000
Dissolved oxygen (mg/l) 2 3 >5 —
Conductivity (us/cm) 420 834 1600 1500
pH 75 8.1 5.5-9.0 6.5-8.5
Salinity (%) 0 1.2 — —
Biochemical oxygen
demand (mg/l) 25 58 20 o
Chemical oxygen demand 120 245 10 .
(mgfh)

the surface, subsoil or interior of the mountains,
which are carried by water and are dangerous due
to bioaccumulation (Chéavez Araujo et al., 2022);
in addition, agriculture can generate eutrophication
and decrease oxygen concentrations, with modifica-
tion of banks and canals, increasing sediments in the
water (Ferrer-Sanchez et al., 2024).

Likewise, conductivity (Table 1) also influ-
ences the presence of metals in water and is related
to the concentration of ions and TDS. For example,
in an evaluation of the Lluchca micro-watershed,
Amazonas, 39.90 mg/l of TDS and 64.83 us/cm
of conductivity were recorded, and other records
showed a direct relationship, the higher the TDS,
the higher the conductivity of the water (Chugden,
2021). In addition, a concentration of less than 600
mg/l of TDS is considered good, but if it starts to be
higher than 1000 mg/1 is significantly unpleasant to
the consumer (WHO, 2022), therefore, water for
human consumption complies with this indicator,
as well as in the study of (Bendezl and Hernandez,
2022), while the water of Viiias does not.

In other studies, (Mata et al., 2024), after pH
analysis in water systems, there are cases that
exceed international technical standards, being a
risk to human health. While the samples evaluated
in this study do not exceed national standards, as
in the study of (Bendezt and Hernandez, 2022).

In turn, there is a certain amount of BOD and
COD, which are considered indicators of the devel-
opment of microorganisms, as they may be due to
the concentration of nutrients caused by domestic
waste and the presence of organic matter generated
by urban settlements and their economic processes
such as agriculture and livestock (Sivalingam et al.,
2024). It is important to point out that, according to
Peruvian regulations, there is an ECA for water that
is destined to be treated (MINAM, 2017); BOD and
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COD are considered as indicators of water contami-
nation; however, the town of Vinas still depends on
the river for human consumption without prior treat-
ment and, since it is not contemplated in the national
MPL, there are risks for the population’s health due
to the existence of bacterial activity in rivers (Ken-
Onukuba et al., 2021).

On the other hand, pH, BOD, COD and DO
differ with (Makumbura et al., 2024), with the
following results: pH (6.96 + 0.45), DO (6.34 +
1.39 mg/l), COD (13.08 + 11.67 mg/l) and BOD
(2.18 = 1.80 mg/1). In addition, all the parameters
in this research exceed standard ranges, while
those of this study are within, at least according
to Peruvian technical standards.

However, despite the fact that water from the
Vifias River is used without prior treatment, which
does not guarantee the quality requirements, it can
be indicated in this study that they are within the
range according to technical standards. On the other
hand, a factor that becomes a topic of discussion is
population growth, which negatively affects water
quality, and solid waste is an aspect to be highlight-
ed (Ramirez, 2022), since in some situations it is
disposed of in water sources. At the same time, the
type of vegetation cover and land use around rivers
affects surface water quality, with livestock being a
key factor (Domenech et al., 2022).

Temperature (Figure 2A) in both samples
analyzed is significantly the same, as it is closely
related to factors such as altitude, latitude and
season (Sivalingam et al., 2024). On the contrary,
TDS are statistically different in the samples (Fig-
ure 2B), due to a water treatment process intended
for consumption in one of them; in addition, to-
gether with temperature, it has a strong statistical
relationship in the presence of Na*, Mg*, Ca*,

S0; %y HCO 3 (Velandia, 2018).
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Figure 2. Comparison of temperature, TDS, dissolved oxygen, COD, BOD and pH of water samples, where “CH” is
water for human consumption and “C” is water from the Vifias river. Tukey-Anova test is used, 95% confidence level

Figure 2C, 2D and 2E shows the significant
differences in the water samples for DO, BOD
and COD. In the three cases there are differenc-
es due to the existence of treatments that reduce
their quantity to ensure the quality of water to be
consumed and are within the Peruvian technical
standard, however, it is necessary to indicate that
they are punctual evaluations in winter, and a spa-
tio-temporal monitoring is not considered where
the concentrations can vary significantly, as indi-
cated by (Li et al., 2024), where the DO can de-
crease at the beginning of the year and increase in
summer, while the BOD can fluctuate in the first
half of the year with respect to the second, but
for COD can be higher in spring and winter and
lower in autumn and summer. In addition, COD
may increase because of the death of microbial
cells that, as they decompose, release dissolved
organic carbon, COD increases (Gqomfa et al.,
2022), and low levels in river systems indicate
good water quality (Edokpayi et al., 2017).

In the case of pH (Figure 2E), the purified
water coincides with (Reddy et al., 2023), who
obtained a pH value of 7, which is an indicator
that the drinking water in the untreated sample is
slightly alkaline, but it is necessary to indicate that
it can vary throughout the year, being one of the
parameters that can undergo the greatest change
due to different natural and anthropogenic activi-
ties. In the study of (Giao and Ly, 2023), they
found that there are no significant differences in

the dry season and rainy season; however, alka-
linized detergents and cleaning products can in-
crease the pH of water (Aminuddin and Chotib,
2021). In the case of Vinas, they discard deter-
gent containers near water sources, which causes
a change in pH.

In addition, an HCA was performed to classify
the primary water quality variables evaluated in
this study into distinct groups based on similari-
ties. In this way, it is intended to identify whether
the variables studied share some type of character-
istic as a source or origin. Figure 3 shows a total
of three main groups. The first one is formed by
conductivity and STD of water for human con-
sumption with BOD and COD of both categories
(for human consumption and from the same wa-
ter source), being the main parameters governing
water quality in the study area. This suggests its
origin in the waste that prevails despite the exis-
tence of some treatment, mainly due to the activity
of nearby urban settlements. However, for (Zafar
and Kumari, 2024), the water quality index is re-
lated to STD, total hardness, total alkalinity and
electrical conductivity. The second includes pH
and temperature influenced by salinity and DO.
These last two indicators are associated with rock
weathering (Le et al., 2021), land development,
solid waste and fertilization (Canedo-Argiielles et
al., 2013; Kaushal et al., 2018); on the other hand,
it can also be associated with microbial activity
as indicated by (Luis Fuentes et al., 2009), which
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Figure 3. HCA of water quality parameters for human consumption and direct source water to the river. The
meanings of each of the variables are as follows: conductivity (C), total TDS, COD, BOD, salinity (S) DO,
hydrogen potential (pH) and temperature (T). The symbols added at the end of each variable, CH and C written
at the end of the acronyms that represent the monitored variables correspond to a sample of water intended for
human consumption (CH) and a sample of water directly from the river (C), respectively

found a high correlation in ponds. The last cluster
shows that STD and conductivity are closely relat-
ed, suggesting a geogenic origin caused by rocks.

Some parameters have high correlations (Fig-
ure 4). A very high positive correlation is ob-
served between BOD-CH and C-CH with T-CH,
but negative with COD-CH, however, between
BODCH and CODCH is a very low negative cor-
relation, which differs from the research of (Li
et al., 2024), which found a positive relationship
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between the latter parameters, being similar to the
results with BOD-C and COD-C, as well as the
research of (Sidek et al., 2024); this last finding is
due to the fact that the first parameters are treated
water intended for human consumption, which
underwent treatment, and the last two were evalu-
ated directly from the water source. In addition,
PH-C has a positive and negative correlation with
BDO-C and COD-C, respectively, which differs
from (Sidek et al., 2024), where both are positive,
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Figure 4. Pearson correlation of water quality parameters for human consumption and direct source water to the
river. The meanings of each of the variables are as follows: C, TDS, COD, BOD, S, DO, pH and T. The symbols
added at the end of each variable, CH and C written at the end of the acronyms that represent the monitored
variables correspond to a sample of water intended for human consumption (CH) and a sample of water directly
from the river (C), respectively
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but for (Makumbura et al., 2024) they are nega-
tive close to zero. On the other hand, C-C has a
negative correlation with PH-C and T-C, having
similarity to the study of (Siti et al., 2022), in nor-
mal flow, without considering storms.

CONCLUSIONS

The parameters evaluated for both treated wa-
ters intended for human consumption and direct
consumption of the water source (Vifias River),
are within the environmental quality standards
for water, according to DS 004-2017-MINAM.
However, there are parameters that are at the
limit of these standards, mainly untreated water,
thus being a danger to the health of the population
of Vifias that directly uses water from the river,
because of ignorance for consuming untreated
water. Therefore, it is necessary to improve the
sanitation and water distribution systems in the
locality, as well as to raise awareness and sensi-
tize the community about the dangers of consum-
ing water directly from the river.

On the other hand, the study reaffirms the
need to make the water potable before consump-
tion, as there are significant differences in the pa-
rameters evaluated. In addition, periodic monitor-
ing of conductivity, STD, BOD and COD should
be carried out before and after water treatment,
since they have an influence on water quality in
the Vifas River.
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