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ABSTRACT

The main objective of this article is to describe the pollution in the main Loreto-Coca rivers using physico-
chemical parameters. Our analysis is focused on the Orellana province and examines the Suno, Napo, Coca,
and Payamino rivers, which are adversely impacted by oil and mining activities. These activities result in toxic
and chemical residues, such as heavy metals and other contaminants. Samples were collected following the
INEN 2176 standard to do this. We could evaluate parameters such as pH, dissolved oxygen, conductivity,
turbidity, nutrients (nitrates, phosphates), heavy metals, and COD using laboratory equipment and specific
techniques and methods. The level of pollution was determined by comparing these results with permissible
limits. Therefore, based on the comparative results obtained, environmental education is crucial for raising
awareness about the importance of protecting and conserving water as a vital resource. Conducting these
studies provides essential information for taking preventive and corrective measures and monitoring and ad-
dressing identified issues to safeguard public health and the environment.

Keywords: pollution, water, rivers, sample, standard, physicochemical parameters.

INTRODUCTION

Water has particular characteristics; it is fragile, scarce, and essential for us living beings; it has been used as
the primary issue of adaptation among the population to satisty all its biological needs. The problem with this
resource is due to the reproduction, circulation, and generation of waste, including toxic-chemical waste or
other particles found in the surroundings of our communities, when these pollutants enter the water, such as
rivers, lakes, seas, etc. They dissolve in them, thus leaving suspended particles and even depositing at the
bottom of rivers, therefore causing degradation of water quality'.

The extraction, refining, or use of petroleum derivatives are still part of the world's economic activities. Pe-
troleum is a mixture of paraffin, naphthenic and aromatic hydrocarbons, benzene, sulfur, nitrogen, oxygen and
metallic compounds. However, its chemical components are detrimental to the health of the communities near
the oil areas, which have shown carelessness in the traces left by their petrochemical activities, mainly the
contamination of water resources. To this is added deficient government surveillance. River water is the pri-
mary source of consumption for the rural population, and being contaminated by chemical compounds, it is
difficult to carry out water treatment?.

The Latin American region is very rich in water resources, and people have the right to consume clean water.
Drinking water is everyone's responsibility, and it must be ensured that it is acceptable, accessible, and afford-
able for personal and domestic use. A safe, quality water supply is essential to prevent deaths from dehydration
and reduce the risk of waterborne diseases. Therefore, it is necessary to carry out physical parameters that
indicate how polluted the rivers of the Coca and Loreto cantons are to know the water quality and if humans
can consume them 2.
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The factors most considered as potential pollutants in Ecuador are organic and inorganic products and heavy
metals that are produced by industries, the agricultural sector, and urban runoff surrounding the area; all these
pollutants not only cause environmental damage but also cause severe diseases to the population, organophos-
phates and carbonates come into contact with humans, and there is a high percentage of probability that these
are the cause of chronic diseases such as cancer and damage to internal organs. The human being needs at
least 3 liters of drinking water a day for his existence and about 20 liters for daily activities; in our country,
we have a significant advantage since Ecuador has a quantity of fresh water of 22,500 m3/inhab/year *.

Environmental Education (EE) is so important due to the life we lead; focusing on EE, we know that it is
essential to see the issue of water as a resource that must be cared for, conserved, and enjoyed rationally.
Therefore, in the last decade in our country. Due to this particular context, it should be logical to expect that
the province in which this study will be carried out would present a relatively higher level of awareness than
it may present for other topics. However, we have not even reached 50% awareness in our province; we are
far from being able to affirm this approach °.

It is time to focus on one of the most seen problems in the province of Orellana and the affectation caused by
mining activity at the provincial level; we know that it is of great importance for the productive development
of our country; however, the fact that heavy metals are used for their production implies a high risk of con-
taminating the environment and the communities where mining is practiced. We all make use of water; there-
fore, we want to find a way to propose a balanced design based on the narratives about the degree of contam-
ination to go beyond the emotions and the humanistic side of man but rather through This can contribute to
the commitment of societies with the environment °.

When we talk about the detection and quantification of heavy metals in rivers, we cover techniques, method-
ologies, equipment and materials, all this with planning according to the situation; this has given way to the
investigation of various methods to use, comparing time, cost and accuracy of the results, mentioning some
we have Atomic Absorption Spectrometry, Inductively Coupled Plasma Spectrometry, Photometric Tech-
niques, Electrochemical Techniques, among others, each technique has different advantages and disad-
vantages, some have derivations for specific metals which is essential for the results, others have low cost, all
this allows us to decide the scope of the investigation and the price we want to reach ’.

For decades, there has been evidence that a high percentage of diseases come from poorly processed water,
that is, it does not meet the standards of water suitable for human consumption; in turn, the rivers, precisely
which the project focuses on, are not clean water, but contaminated with fecal matter that affects the decrease
in water quality and therefore the life of living beings, bacterial and viral diseases caused by agents are present.
Another factor is the excessive presence of chemical, organic, and inorganic contaminants and heavy metals
from industrial and agricultural sources and urban runoff, alterations in the nervous and immune systems,
damage to the human genome, and the product of reproduction ®.

With water quality evaluation, we refer to the substrate's chemical, physical, and biological characteristics to
be analyzed. Towards the tributaries of the Loreto-Coca rivers in the province of Orellana, we will require the
widely known Water Quality Index (QWI). First, we will analyze the study of 5 physical-chemical parameters
to determine the degree of contamination in the collection area. According to each river, all kinds of standard-
ized norms will be carried out to collect the sample, transport it, and determine results; with this, we will have
an adequate value to continue comparing the degree of contamination of the rivers mentioned above °.

The contamination of rivers in the Orellana province in Ecuador is a matter of great concern for residents and
government authorities. The province is located in the Amazon region of the country, which is one of the most
biodiverse areas in the world and has significant ecological and economic importance. However, human ac-
tivity, such as oil exploitation, agriculture, and livestock, has caused a series of environmental problems, in-
cluding the pollution of rivers.

According to a study '°, due to mining and oil activity, Orellana's rivers are contaminated with heavy metals,
such as lead, mercury, and cadmium. These metals can have toxic effects on human health and aquatic eco-
systems. In addition, agriculture and livestock also contribute to the contamination of rivers with pesticides
and fertilizers.
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Another study carried out '! found high levels of contamination in the Napo River, which runs through the
province of Orellana. The contamination included high levels of fecal coliforms and other chemical contami-
nants, which can negatively affect human health and aquatic fauna.

Local and national authorities have implemented measures to address river pollution in Orellana, including
regulating mining and oil activity and promoting sustainable agricultural practices. However, more decisive
action is required to protect human health and the environment.

In the Unified Text of Secondary Environmental Legislation 2, Book VI Annex 1, we can find norms and
regulatory standards for protecting and controlling water resources. The tables above contain water quality
criteria for human consumption, aquatic and wildlife life preservation, agricultural irrigation, livestock use,
and recreational use through contact and effluent discharge into the sewer, freshwater bodies, and seawater.
Evaluating the physicochemical parameters of water is crucial to determining the level of contamination in
water bodies. As indicated '3, these parameters make it possible to measure the presence of chemical sub-
stances and organic compounds that can harm human health and the environment. Early identification of con-
taminants helps preventive and corrective measures be taken to avoid more significant problems. In addition,
the periodic measurement of physicochemical parameters allows for monitoring the evolution of water quality
and evaluating the effectiveness of environmental management policies and programs.

The detection of pH and electrical conductivity are vital parameters to determine the level of contamination
in rivers, according to the authors '# in their study on the monitoring of physicochemical parameters in the
upper basin of the Bogotd River. The pH measurement allows us to know the water's acidity or alkalinity and
detect the presence of acidic or basic substances that can affect the quality of the water and aquatic life. Elec-
trical conductivity indicates the amount of dissolved salts in water and can indirectly infer the presence of
organic and inorganic substances in water. Both parameters are essential to assess the impact of human activ-
ities on rivers.

The study carried out !° on the physicochemical and microbiological evaluation of the water quality of the
Machangara and Monjas rivers of the Quito metropolitan district (DMQ) water network is relevant due to its
contribution to the identification of contamination levels in these rivers through the measurement of physico-
chemical and microbiological parameters. The information obtained through this study is helpful for decision-
making regarding the management and conservation of the water of these rivers and, therefore, for the protec-
tion of the environment and public health.

Detecting heavy metals in river sediments is vital to determine water quality and assess environmental impact.
The digestion process is essential in this analysis since it allows the extraction of metals in the sediment and
its subsequent quantification. The EPA Standard is a tool to establish allowable limits for metals in surface
waters and sediments. The study carried out in ' in the Puyango River basin, Ecuador, demonstrates the ap-
plication of this methodology to assess the levels of heavy metals in river sediments.

Standard methods !7 for analyzing drinking water and wastewater are essential for determining water quality.
Methods used include Method 2550-B for the determination of total solids, Method 2540-B for the determi-
nation of suspended solids, Method 2510-B for the determination of settleable solids, and Method 5220-D for
the determination of dissolved oxygen. These methods provide detailed information on contaminants present
in water and their concentration, allowing informed decisions to protect public health and the environment.
The advantage of using physicochemical water quality parameters is that the information obtained during
monitoring can be easily transferred and interpreted. The indicator shows the level of contamination of the
type of water tested, allowing the user to understand the water situation quickly. It can be excessive, moderate
or non-existent, understandable, and abstract; the studies of the characteristics of the water bodies quantify
and simply present results that generate general or specific perceptions of the state of each case study so that
measures can be taken to improve the general conditions of the bodies of water '8,

Most studies include physicochemical parameters, BOD variables, total coliform counts, and percent oxygen
saturation. These first two variables reflect different sources of organic pollution, and the last variable repre-
sents the environmental response to varying types of pollution. The importance of using specific organisms
as biological indicators is emphasized because these organisms occupy habitats that must meet specific envi-
ronmental requirements. Therefore, when carrying out studies that involve physicochemical and biological
parameters, conclusions can be drawn based on water quality *°.
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The choice and use of these tools require a deep knowledge of various physical and chemical variables and
their interactions with the biological communities that inhabit this type of ecosystem. Physicochemical pa-
rameters such as pH, temperature, conductivity, and dissolved oxygen are measured, among others, in bodies
of water; it is probably the easiest way to define changes in their composition. These parameters also contain
information on the evaluation of chemical and biological processes, which suggests that it can also help to
identify geochemical processes such as self-purification 2°.
Those studies that have served the scientific community to determine the level of contamination of natural
water effluents are one of the main tools for remedying, purifying, and even preventing the contamination of
this resource. Next, friendly options with the environment that can be implemented are disclosed.
Bioremediation: The application of microorganisms, plants, and fungi with the enzymatic capacity to degrade
molecules affects the natural composition of either water or soil .
We find specific applications within this field according to the species used.
e Phytoremediation: Plants are used to remove or degrade the contaminants in the place of interes
e Mycoremediation: Fungal organisms are used due to their tolerance to contaminated systems; they also
mineralize contaminants and spread quickly through their hyphae 2.
An important step is the implementation of treatment plants used by oil companies. It would not reduce pol-
lution on a large scale, but control of the waste generated within the oil fields would be maintained. In turn,
campaigns and contributions from the companies must be developed. They carry out oil extraction in ex-
tremely low-resource communities, the same ones that are affected; all this contamination goes hand in hand
with the human being; the waste and detachment of crude oil generates diseases and causes damage to the
skin, contributing to bioremediation a One step ahead of pollution, the damage to marine life is closer to
becoming extinct 2,
Investigating different research areas, we found some alternatives for bioremediation in freshwater applied to

t22

heavy metals. The problem in the river is due to the high degree of contamination by heavy metals in these
waters. The possibility of using microalgal biomass as a bioremediation agent for the purification of water
contaminated with PM (Particulate matter) has demonstrated the effectiveness of four green microalgae
species (Chlamydomonas reinhardtii, Chlorella vulgaris, Scenedesmus almeriensis, and Chlorophyceae sp.,
isolated from the Loa River). These biological purification processes on the elements As, B, Cu, Mn, and Zn,
present in aqueous solutions, gave us good results by analyzing the operation factors and integration
processes>,

In the mineral extraction process, large quantities of reagents such as cyanide and mercury are unavoidable
and highly toxic to our environment. Today, the mining industry uses many methods to decontaminate cyanide
effluents, such as The characterization of Cecropia peltata 1. and Malva sylvestris; with both plants, a percent-
age of cyanide removal of 17% was obtained with Malva sylvestris and with Cecropia peltata 1, 12%. On the
other hand, when doing dosage tests, 14% and 11% removal percentages were obtained with the aqueous
extracts. This treatment not only helps to decontaminate effluents, it also serves as a cost-reduction treatment
since this type of plant is found in large numbers in our country 26,

Bioremediation is essential to act on the contamination of one or several rivers, for which microbial processes
used for the recovery of soils contaminated by metals are employed so that the cleaning of degraded soils is
an efficient process, optimal conditions must be biodegradation, taking into account the variables of humidity,
pH and oxygen, through the inoculation process of bacteria of the genus Rhizopus, Penicillium and Phanero-
chaete, in addition, there is an extended field of bacteria capable of using hydrocarbons as a carbon source for
their metabolic functions, being the most known genera, with biodegrading capacity: Achromobacter, Aci-
netobacter, Alcaligenes, Arthrobacter, Aspergillus, Bacillus, Brevibacterium, Candida, Corynebacterium, Fla-
vobacterium, Fusarium, Micrococcus, Mucor, Mycobacterium, Nocardia, Penicillium, Pseudomonas, Rhodo-
coccus, Rhodotorula, Sporobolomyces, Stenotrophomonas 2’.

River pollution is a major environmental problem, and over the years, numerous scientific studies have con-
tributed innovative ideas to remedy this situation. Among these studies is research that has explored the use
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of aquatic plants and bacteria to mitigate river pollution. Next, I will mention some relevant scientific articles
in this field, along with the bacteria or plants mentioned:

1. They demonstrated that the aquatic plant Pistia stratiotes (water lettuce) can remove pollutants in
the Tinto River 2.

2. They investigated the Lemna minor plant (duckweed) 's potential for removing heavy metals in a
polluted river %°.

3. They evaluated the capacity of the bacterium Pseudomonas aeruginosa to degrade hydrocarbons in
a polluted river .

4. They studied the ability of the bacterium Bacillus subtilis to degrade organic compounds in a pol-

luted river 3!,
These are just a few examples of the wide range of scientific research that has provided ideas for remediating
river pollution using aquatic plants and bacteria. These studies demonstrate the potential of nature to deliver
sustainable solutions to the environmental challenges we face.
Advances in the industrial sector have increased pollution by releasing toxic compounds such as chromium
(VI) deposited in water and soil. Due to this problem, alternative methods of managing these resources have
been developed to reduce their environmental impact. This algorithm identifies microbial communities based
on their taxonomic and functional profiles, which can be used for bioremediation of polluted rivers to increase
remediation efficiency by analyzing the practical characteristics of microbial communities.
The issues of awareness and care for the environment do not have as much value as they should be at present,
and the threat to the planet will never cease to exist; technological advances and the lack of human motivation
are factors that have generated concern at the time of seeking strategies for the conservation and preservation
of life. Environmental education can be a beacon of salvation to reach communities, schools, colleges, and
universities and get current generations to commit to ecological care through methodological and didactic
strategies that help the population see the causes and the effects caused by our pollution in rivers, forests, and
soils.

MATERIALS AND METHODS

Bibliographic searches were carried out, and several articles and theses with relevant information were se-
lected, focused on the evaluation of water through the analysis of physicochemical parameters and the appli-
cation practice was carried out for the determination of the measures of the matrices such as pH, conductivity,
total solids, Chemical Oxygen Demand (COD) and turbidity, in the Basic Sciences and Specialization Labor-
atory (L-CB-E-1) of the North-Orellana Headquarters, as part of the investigative process.

Sample collection.

Water samples were collected in Loreto and Francisco Orellana, mainly from the Suno, Coca, Payamino, and
Napo rivers, in compliance with INEN Standard 2176, to guarantee their quality.

Ecuadorian technical standard INEN 2176 establishes guidelines on the sampling techniques used to obtain
the necessary data to analyze quality control of natural waters, contaminated waters, and wastewater for their
respective characterization, which is for stagnant and flowing waters. Following this standard, the point sam-
pling technique was applied to each river under study during the winter season.

Standardization reflected in a legal and practical standard is crucial to acquiring concrete and acceptable re-
sults, such as the freshwater analysis and experimental study. Therefore, the Ecuadorian Technical Standard,
recognized by the Ecuadorian Institute of Normalization (INEN), was applied.

It helped obtain, transport, handle and preserve wastewater samples. According to NTE INEN 2 169:98, in
3.1, it emphasizes that wastewater is susceptible to changing the results in its concentration due to chemical,
biological and physical reactions during sampling and analysis. Note that different results will be noticed in
the period of the conservation of the samples in the laboratory and when determining the concentration.
Taking the sample in a container free of polyethylene and contaminants is essential. The new glass container
must be washed with water and detergent, and then distilled water must be used for a subsequent chemical
analysis. Sample collection should be immediate and sealed to avoid air ingress and variation of constituents
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such as pH. Mention that, when transporting the samples, each must be in a package and transported in a dry
environment without the presence of light or external contamination concerning the refrigeration of the sam-
ples at 2 °C and 5 °C. It must be stored in a dark place for a short period, and in case of freezing, it is considered
to be -20 °C.

Methods to determine physicochemical parameters.

pH measurement

Equipment provided by the chemical laboratory of the Orellana-ESPOCH campus was used for pH measure-
ment.

Conductivity measurement

It is essential to know the conductivity of the water to see the degree of contamination. For this purpose, the
conductivity meter present in the laboratory of the ESPOCH-ORELLANA Headquarters was used. The data
obtained were recorded in a notebook and later tabulated in an Excel spreadsheet. For a correct technique, we
rely on the NTE INEN 2 169:98 standard, which refers to the sampling, handling, and conservation of samples
for an accurate determination of electrical conductivity, among other things.

Measurement of Chemical Oxygen Demand (COD).
The determination of the Chemical Oxygen Demand (COD) indicates the amount of oxidizable compounds
in the water, which was carried out based on the Ecuadorian Technical Standard INEN 1203. For this purpose,
a test tube was used with a solution available at the Chemical Laboratory - ESPOCH - Orellana, which con-
tained potassium dichromate (K>Cr2,07), sulfuric acid (H2SO4) and distilled water.
The different absorbances were taken to the calibration curve to calculate the COD of the sample, considering
that these results are within the curve. Otherwise, the process was repeated. This calculation was made by
measuring a blank, tearing it, and measuring the sample.
Since the CR25 reactor is used to heat 16 mm flasks safely and reliably, it becomes fundamental equipment
to aid digestion for measurements of COD, total phosphorus, and nitrogen, among other parameters.
The calculations for obtaining COD were made based on the INEN 1 203 Standard, which establishes the
following formula:

mg (a — b)N % 8000

1DQO0  cm3muestra

(1)

Where:
COD = chemical oxygen demand.
a = cm?’ Fe(NH4)(SO4): used for the blank.
b= cm® Fe (NH4) (SO4), used for the sample.
N = normality of Fe (NH4) (SO4) »

The difference between the results of a duplicate determination must not exceed 5% of the mean of the

two values otherwise, the determination must be repeated.
Total Solids Measurement
The determination of total solids using the gravimetric method is based on the evaporation of liquids and was
carried out under adequate temperature conditions in the oven of 103-105°C. Sufficient time for the
determination of total solids is 24h. The application interval is 50 - 20,000 mg/L according to DEAM with
code TP0436. Later it goes to the desiccator for 20 minutes, and with the help of tweezers, it is weighed on
the analytical balance, allowing us to calculate results using the following formula:

(A - B)100
ST = T (2)
Where:
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ST: Total Solids, in mg/L

A: Final weight of the capsule with the dry residue, in grams.

B: Initial weight of the tared capsule in grams.

V: Volume of dried sample, in liters.

The total solids are the sum of the suspended, dissolved, and settleable solids present in the freshwater matrix,
determined in a single procedure in the digester in the chemistry laboratory of the ESPOCH - Orellana site. In
addition, the results were calculated using the TICS tool in Microsoft Excel, as it allows us to load and save
the data easily. We used the basic formula mentioned above to calculate the total solids.

Check the control standard; if the analytical result falls outside the normal control limits, the filtration
procedure, analysis, or the control analyte should be reviewed (IDEAM TP0436, page 7). IDEAM also
mentions that coarse floating particles and submerged agglomerates, materials that are not homogeneous or
foreign to the rest of the sample, must be removed since they require prolonged drying, proper drying and
rapid weighing.

Turbidity Measurement

Turbidity determination is based on an optical measurement that indicates the presence of suspended particles
in a sample. It is done by emitting light through the sample and quantifying the concentration of suspended
particles. The greater the amount of particles present, the greater the turbidity recorded.

Ensuring that the turbidimeter is clean and in optimal working condition is essential. It should be verified that
the batteries are charged or that the equipment is connected to a suitable power source.

Before starting the measurements, it is necessary to calibrate the turbidimeter following the instructions
provided by the manufacturer. This process establishes a known reference point using a standard turbidity
solution with 0 and 10 NTU values. It is recommended to wash the cell used in the process with distilled water
and repeat this rinse three times. Then, the blank value is measured in the 10 mL cell using distilled water. It
is essential to repeat the washing process before filling it with the sample avoiding forming bubbles. The
washing procedure with distilled water and repetition must be done for each sample analyzed.

It is essential to record the turbidity values obtained for each sample in a laboratory notebook or other
recording medium. Subsequently, these data must be analyzed, and the turbidity levels about the established
water quality standards must be interpreted. Esto permitié evaluar la calidad del agua de los principales rios
Loreto-Coca, en términos de turbiedad, obtiendoses las respectivas conclusiones sobre su estado de
contaminacion.

It is necessary to follow the specific instructions provided by the turbidimeter manufacturer, as the steps may
vary slightly depending on the model and brand of equipment used.

RESULTS

This section discloses the derivations obtained from each analysis mentioned above, which are based on the
APHA norm according to the standard methods with the 2017 edition, Ed 232130 B, Ed 23 4500 H+ B, Ed
23 2510 B, Ed 23 5220 D and Ed 232540 B.
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Figure 1. Geography of the surveyed area and sampling points (Google Maps).

MATRIX
ANALYSIS UNITS TECHNIQUE METHOD COKE NAPO PAYAMINO SUNO
uS/cm Standard
Conductivity electrometry Methods 2017, 100.8 59 43 58
Ed232510B
COD mg/L spectrophotometry Standard
(Chemical Oxygen AUV/Vis, HACHDR = Methods 2017, = ________ 8 fifteen 37
Demand) 1900 Ed235220D
ST (Total Solids) mg/L Standard 601.57 63.77 74.29 45.00
Duplicate (ST) gravimetry Methods 2017, 59425  62.07 72.47 44.83
STD 500mg/L Ed2325408 492.81 492.81 492.81 492.81
Temperature °C electrometry | --m-mmememeemee- 222 23.8 24.4 23
UNT Standard
turbidity nephelometry Methods 2017, 979 1.94 4.48 2.46
Ed232130B
pH units Standard
pH electrometry Methods 2017, ¢85 6.81 6.88 6.87
Ed 23 4500 H+
B

Table 1. Results were obtained by measuring the physical-chemical parameters with the different matrices of the principal
rivers of Orellana and Loreto.
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Figure 2. Conductivity results of the four water rivers.
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Figure 3. Total solids results.
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Figure 4. Turbidity results.

pH (pH units)

6,88 6,87
6,9 6,85
6,85
6,8
6,75
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Figure S. pH results.
ANALYSIS UNITS PERMISSIBLE LIMITS
Conductivity uS/em e
cob mg/L
(Chemical Oxygen Demand) 40
ST (Total Solids) mg/L max increase of 10% of the

Duplicate (ST) natural condition

STD 500mg/L

Temperature °C Natural conditions + 3
turbidity UNT 5

pH pH units 6,5-9

Table 2. According to ANNEX 1 OF BOOK VI of TULSMA, there are permissible limits for quality control of river waters.
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Within the framework of the present investigation, the analysis of physicochemical parameters was carried
out. This was done in water samples from the rivers analyzed. Parameters evaluated included pH, temperature,
COD, electrical conductivity, turbidity, and STD.

The results revealed that the pH of the water of the analyzed rivers varied between 6.81 and 6.88, indicating
a slightly acid range. The recorded temperatures oscillated between 22°C and 24°C, reflecting conditions
typical of the region's rivers during the sampling season. Regarding COD, values ranging between 8 and 37
mg/L were found, indicating adequate levels for the maintenance of aquatic life. The electrical conductivity
ranged from 43 to 100 uS/cm, demonstrating a high presence of dissolved substances in the rivers analyzed.
Regarding turbidity, values ranging between 1 and 92 NTU were observed, indicating that the Coca The river
is outside the established ranges, compared with the other rivers analyzed, which are within the established
ranges.

In general, the results obtained suggest that the water of the Payamino and Suno rivers presents physical-
chemical characteristics within the ranges considered adequate for the maintenance of aquatic ecosystems and
the supply of drinking water. However, the Coca and Napo rivers present analyses outside the permissible
ranges; continuous monitoring and a more exhaustive evaluation are recommended to ensure the maintenance
of water quality in the long term and detect possible changes or environmental impacts.

DISCUSSION

The Physicochemical results obtained cannot vary in comparison to the matrix with the duplicate. If the ana-
lytical result falls outside the standard control limits, the filtration procedure, analysis, or the control analyte
should be reviewed. An important factor may be removing coarse floating particles and submerged agglom-
erates of materials that are not homogeneous or foreign to the rest of the sample.

Once the results without variations have been obtained, we can compare the quality obtained from the samples,
with domestic uses, irrigation, recreational purposes and livestock use, with the standards established in An-
nexo I of book VI TULSAM "ENVIRONMENTAL QUALITY STANDARD AND DISCHARGE OF EF-
FLUENTS: WATER RESOURCE.

The results revealed variations in the electrical conductivity values, ranging between 43 uS/cm and 100.8
uS/cm. These findings show the presence of dissolved substances in the rivers analyzed, with the Coca River
having the highest conductivity. These results point to the influence of minerals or other substances in the
water, which could require further evaluation of its quality and origin.

The Chemical Oxygen Demand (COD) values in the Napo, Payamino and Suno rivers ranged from 8 mg/L to
37 mg/L. All were below the established permissible limit of 40 mg/L. These results indicate an organic load
within acceptable limits in the analyzed rivers, crucial for maintaining aquatic life.

The total solids (TS) analyses revealed values ranging between 45.00 mg/L and 601.57 mg/L. The Coca River
had the highest value, with the following values. Although these results exceeded the Standard of 500 mg/L,
they were within the permissible limit, allowing an increase of up to 10% of the natural condition. Therefore,
it is considered that the values obtained are within the acceptable limits regarding the presence of dissolved
solids in the rivers analyzed.

The temperature measurements registered values that reflected the environmental conditions typical of the
region during the sampling season, ranging between 22.2°Cand 24.4°C. These results indicate that the selected
rivers present temperatures within the adequate limits for maintaining aquatic ecosystems.

Regarding turbidity, the values obtained varied between 1.94 and 92.9 UNT. These results indicate the
presence of suspended particles in the water. The Coca River was the one with the highest turbidity. Although
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all the rivers analyzed remained within the permissible limit of 5 UNT, except the Coca River, the latter
showed a higher load of sediments or suspended particles.

The pH of all the rivers analyzed showed slightly acid values, with results that oscillated around 6.81 pH units.
This condition may have implications for certain aquatic species and highlights the importance of monitoring
and regulating acidity levels in the water.

CONCLUSIONS

The results indicate that the Payamino and Suno rivers present physicochemical parameters within the ranges
considered adequate for maintaining aquatic ecosystems and the drinking water supply. However, the Coca
and Napo rivers show values outside the permissible ranges in some parameters analyzed. Therefore,
continuous monitoring and thorough evaluation are recommended to ensure long-term water quality
maintenance and to detect possible environmental changes or impacts. These conclusions support the need to
implement appropriate management measures to preserve water quality in the analyzed rivers and ensure the
sustainability of aquatic ecosystems.

For future researchers interested in determining the contamination of the main Loreto-Coca rivers through
physicochemical parameters, a careful selection of parameters, establishment of strategic sampling points,
adequate collection and preservation of samples, rigorous statistical analysis of the data and a contextualized
interpretation of the results.
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