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Abstract: Water effluent pollution in the Ecuadorian Amazon occurs mainly due to the lack of sewage
infrastructure, wastewater treatment plants in urban and rural areas, and agricultural and livestock
activities. Consequently, understanding water quality is crucial because of its dynamic nature,
influenced by various activities along its course. We evaluated and compared the water quality status
of the El Salvador River with the current standards of the Ministry of the Environment, Water, and
Ecological Transition in Ecuador and with Decree No. 115/2003 on water quality and water pollution
management. The water quality index was determined through random sampling at seven locations
along the river. The results show good water quality, with contamination indices ranging from 84 to
87. When comparing the results with the standards, all water quality parameters met the standards for
recreational purposes. However, considering the river’s uses for agricultural activities, we compared
the water with additional standards from legislation outlined by the Environment Ministry and
found that the nitrate content exceeded permissible limits due to runoff from the surrounding crops,
causing a potential risk to human health. Therefore, incorporating helophyte plants is a promising
option that would promote the health of this aquatic ecosystem and others.

Keywords: contamination; physicochemical and biological parameters; regulations

1. Introduction

Water quality is important for the preservation of ecosystems, health, agriculture, and
industry [1], playing a fundamental role in the preservation of the environment as well
as in the protection of human health [2]. However, the contamination of water sources is
generally diffuse, i.e., it does not have a specific point of origin or is generated in large areas
where its control and detection are complicated [3]. Agricultural activities, agricultural
industrial discharges, and sewage systems are the main causes of a loss of surface water
quality due to nutrient pollution [4,5]. To this, we must add natural factors, such as
precipitation (intensity, frequency, and quantity), vegetation type, landscape, topography,
soil type, and river flow, which add complexity to water quality management [2].

Several studies demonstrate the relationship between water quality and land use [6].
Settlement areas and the inadequate use of soil were found to be responsible for water
degradation. The excessive use of fertilizers on cropland is one of the main causes of
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elevated nitrogen and phosphorus levels in water [6]. This is mainly because global
nitrogen consumption accounts for 80% of anthropogenic nitrogen fixation [7]. In contrast,
forested land and grassland correlate positively with water quality [8,9].

For this reason, monitoring emerges as a fundamental activity for the proper manage-
ment of water resources. The early detection of worrying trends in water quality is the
only way to identify the adverse effects of pollution and apply corrective and preventive
measures [10]. Source water monitoring should become one of the main strategies [11].
One tool to assess water quality [12] is the Water Quality Index (WQI), based on a combina-
tion of physical, chemical, and biological factors, which are condensed into a single value
ranging from 0 to 100 [13-16]. Its development involves four main processes: the selection
of relevant parameters, normalization of the data to a uniform scale, assignment of weights,
and aggregation of sub-indices [12,13]. The final value obtained is given a rating from
excellent (91-100) to good (71-90), average (51-70), bad (26-50), or very bad (0-25) [13,17].

Given this situation, and knowing that the Ecuadorian Amazon Region faces this prob-
lem of water effluent contamination, mainly due to an absence of wastewater treatment
plants in urban and rural areas, agricultural activities, and a lack of sewage infrastruc-
ture [18], the need arises to evaluate the water quality of the El Salvador River, located
in Tres de Noviembre parish, La Joya de los Sachas canton. This is because, according
to the Plan of Development and Territorial Planning of the Decentralized Autonomous
Government (PDOT) of the Tres de Noviembre rural parish, the water in this river is used
for agricultural and recreational purposes [19]. In the locality, families use 28% of the land
for perennial crops (Theobroma cacao L., Coffe canephora, and Elaeis guineensis) and transitory
crops (Zea mays, Arachis hypogaea, Oriza sativa, Colocasia esculenta, and Musa spp.), 29% for
cultivated and natural pastures (especially for cattle raising), 4% for swampy soils, 25% for
stubble, and 14% for forest.

On the other hand, the accelerated population growth of the La Joya de los Sachas
canton due to oil intervention has awakened interest among tourists who want to explore
the canton’s flora, fauna, geography, and territory. In view of this situation, local authorities
have identified some tourist attractions that promote economic activity in the sector. In
the Tres de Noviembre parish, there are twenty-nine tourist attractions with ecological
tourism, agro-tourism, adventure tourism, and cultural tourism activities [19]. Yet, it is
in the El Salvador River, with a flow of 30.33 m3/s, where the most important tourist
attractions are located. This situation and anthropogenic activities in areas adjacent to the
river have caused significant changes in water quality. For example, the water quality of
several effluents that flow into the Jivino Rojo River was assessed by monitoring benthic
macroinvertebrates (BMWP). Up until 2018, the water quality was good or acceptable, with
a BMWP of 137 to 80, but from 2019, the BMWP index decreased to 51, an unacceptable
level [20]. This change in water quality is very worrisome because in the Tres de Noviembre
parish, 45% of the people use average-quality water and 9% use water of poor quality,
especially because they use piped water (untreated), water from ponds and estuaries, and
rainwater. In addition, 46% of the population uses treated water (good quality) from drilled
wells. It is important to mention that the wastewater treatment plant has not been operating
in the town since 2007. A total of 79% of households dispose of their excreta in septic tanks
and 21% in the open air [21].

Subsequently, after finding that there were no water quality studies of the El Salvador
River, a study was proposed to assess the water quality since this effluent flows through the
three most important tourist centers in the sector, Yakuruna, Selva Aventura, and Paraiso
Escondido, and because several agricultural and livestock activities are carried out along
the river. For this analysis, the current standards of the Ministry of the Environment, Water,
and Ecological Transition in Ecuador were reviewed [22] along with Decree No. 115/2003
on water quality and water pollution management and class III for fishing and animal
husbandry [23]. The water quality index (WQI) was also calculated [13]. The findings
of this research are intended to broaden our understanding of the connection between
recreational activities and land use with surface water quality, which, in turn, will favor
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informed decision-making in the implementation of strategies to counteract or prevent the
effects of pollution in the water body.

2. Materials and Methods
2.1. Study Area and Site Selection

The El Salvador River is located in the Tres de Noviembre parish, La Joya de los Sachas
canton, Orellana Province. This parish is located in the micro-basin of the Jivino Rojo River
(57.5%) and the Eno River (42.5%). It has a humid tropical climate with an average cloud
cover of 5.5 oktas, average rainfall ranging from 2650 to 4500 mm per year, minimum
temperature of 18 °C, maximum temperature of 42 °C, and average daily temperature of
25.6 °C [21].

A total of 7 sampling sites were selected on the El Salvador River. Sampling was
carried out during the wettest months of the year, April, May, and June (306.1, 337.9,
and 300.9 mm, respectively), every 15 days with two samplings per month for a total of
42 samples. The sampling sites were the following: Point 1—confluence of the El Salvador
River with a minor tributary; Point 2—before the Yakuruna tourist center; Point 3—between
Yakuruna and Selva Aventura; Point 4—after the Selva Aventura tourist center; Point 5—
before Paraiso Escondido; Point 6—after Paraiso Escondido; and Point 7—at the end of the
El Salvador River before the junction with the Jivino Rojo River (Figure 1). Site selection
was based on in situ observations and the methodology proposed by Larrea et al. was
followed [24], where the sampling points should be located in a place that presents a regular
flow and, if possible, allows for a reference for future location. For the elaboration of the
map, where the current land use surrounding the river was included, the national base
map (scale 1:50,000) of the Military Geographic Institute of Ecuador was used [25] along
with the Land Cover and Use Map (CUT 2022) of the Ministry of the Environment, Water,
and Ecological Transition [26].
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Figure 1. Study area where sampling was conducted in the El Salvador River. Sampling sites were
georeferenced (X, y, z) and numbered from 1 to 7. Point 1: confluence of the El Salvador River with a
minor tributary; Point 2: before the Yakuruna tourist center; Point 3: between Yakuruna and Selva
Aventura; Point 4: after the Selva Aventura tourist center; Point 5: before Paraiso Escondido; Point 6:
after Paraiso Escondido; and Point 7: end of the El Salvador river before the junction with the Jivino
Rojo River [25,26].
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2.2. Data Collection
2.2.1. Physicochemical and Biological Analysis

At the study site, the water temperature and ambient temperature were recorded
using a digital thermometer (519215, ATM Limited, Hong Kong, China). The containers
used for sampling are the same as those detailed in the Ecuadorian Technical Standard
(NTE-INEN 2169:2013) [27]. For turbidity, 100 mL plastic (P) and glass (G) containers were
used; for biochemical oxygen demand, a 900 mL P and G container was used (test method
1202); for chemical oxygen demand, a 100 mL P and G container was used (test method
1203); for cadmium, nickel, and lead, a 100 mL P(A) and G(A) container was used (test
method 1204 and 982); for nitrites and nitrates, a 100 mL P and G container was used
(test method 1203); and for total coliforms and fecal coliforms, 100 mL P containers were
used. Sample collection was carried out in three specific zones of the river section (left,
right, and central) [28] according to the Water Technical Standard: Water Quality, Sampling,
and Design of Sampling Programs (INEN 2226:2013) [29]. The analyses were carried out
according to the methods suggested by Ann and Franson for the analysis of drinking water
and wastewater (APHA-AWWA-WPCF) [30].

pH and electrical conductivity were measured in situ; pH, conductivity, dissolved oxy-
gen (DO), and total dissolved solids were measured by electrometry according to standard
methods 4500 H+B and 2510 B (HI 9829, HANNA, Carbon County, WY, USA). For turbidity
determination, the standard method 2130 B was used with the nephelometry technique
(HEDP167001, AquaMate Plus, Muscatine, IA, USA). Biochemical oxygen demand (BODs)
was determined with the WITW OxiTop IS 12 (Oxitop, Madrid, Spain), using standard
method 5210 B. Using spectrophotometry (HEDP167001, AquaMate Plus), nitrites and
nitrates were determined, with nitrites according to method HACH 8507 and nitrates with
method HACH 8192. Using flame spectrophotometry (C113500052, ICE 3500, Richmond
Scientific, Lancashire, UK), cadmium, nickel, and lead were determined with standard
methods 3030 B and 3111 B. The determination of fecal and total coliforms was carried out
using standard method 9222 D by membrane filtration (AD-VANTEC Vacuum Filtration
System, 353130 MANIFOLD3XVALVE, Suite A Dublin, CA, USA, and ESCO Incubator
Oven, 87706, IFA-110-8, Singapore).

The flow velocity was determined with a current meter (range: 0.1 to 6.1 m s using
the buoyancy method, considering a length of 5 m [30]. In addition, manual measure-
ments of hydromorphological variables (depth and width of the river) were taken. The
physicochemical and biological parameters selected for the El Salvador River were based
on previous research carried out by Vargas-Tierras et al. [18,31].

2.2.2. Comparison with Water Quality Standards

The results of the analysis of the water quality variables of the El Salvador River,
which are presented in Tables 1 and 2, were compared with the regulations of Reform
Book VI of the Unified Text of Secondary Legislation of the Ecuadorian Environment
Ministry—Ministerial Agreement 097-A (Supplementary S3). This book indicates the
maximum limits allowed for water quality for human consumption (Supplemental Table 1),
for the preservation of aquatic life and other wildlife (Supplemental Table 2), for irrigation
(Supplemental Table 4), and for recreational purposes (Supplemental Table 6). The class
IIT water quality standard for fish and livestock is stipulated in Government Regulation
no. 82/2001, cited by Effendi in the study entitled Water quality status of Ciambulawung
River, Banten Province, based on the pollution index and NSF-WQI in Supplementary
Material 54 [23].
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Table 1. Means, minimum (min), maximum (max), and standard deviation (SD) of the physicochemi-
cal and biological variables taken at the 7 sampling points along the El Salvador River.

Variable Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7
DO mean (mg L) 2.6 2.9 3.1 3.1 3 3.1 3
Min 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Max 43 5 53 5.4 5.4 5.1 5.1
SD 1.2 1.5 1.6 1.6 14 1.5 1.5
Confidence Interval 0.5-5.4 0.2-6.5 0.14-6.9 0.1-7.0 0.3-6.7 —0.4-7.24 0.2-6.5
Nitrates mean (NOs) 203 259 236 30.1 311 375 43
(mgL™)
Min 15.3 15.3 16.6 15.2 20.9 20 16.2
Max 26.5 434 27.6 56.7 57 83.7 103.3
SD 46 12.3 48 18.6 17.2 30.9 40.7
Confidence Interval 10.8-31.1 3.3-55.4 11.8-32.4 —3.14-74.9 3.9-73.8 —22.6-143.2 —23.6-143.2
TDS mean (mg L~1) 94.5 93.8 94 87 947 95 95.4
Min 89.6 88.2 88.2 66.5 88.9 88.9 90.3
Max 98 98 97.3 9.6 98.7 98.7 98.7
SD 3.7 4.1 4 14.1 4.1 43 34
Confidence Interval 85.9-101.0 84.2-102 84.3-101 52.7-110 84.9-102 83.0-104 86.8-102

Total coliforms mean

(ol 100 mL-1) 155 112 141 133 138.5 138 148
Min 90 70 60 50 30 70 70
Max 218 188 238 240 240 200 230
SD 69.4 53.4 89.5 97.8 79.6 53.7 65.5
Confidence Interval 21.9-286.0 17.6-240.4 —277-3257  —458-3359  —481-3181 = —4.41-2744 5.7-294.2
Fecal coliforms mean
(ol 100 mL-1) 305 20 27.8 18.8 47.8 415 39
Min 18 4 10 5 5 16 10
Max 60 34 44 30 120 90 66
SD 19.8 15.2 14.2 10.3 4738 33.9 28.1
Confidence Interval ~1.4-79.4 ~10.9-48.9 ~3.91-57.9 ~5.10-40.1 —450-170.0  —31.1-137.1 ~17.6-93.6
pH mean 7.3 7.1 6.8 6.9 7.1 7.3 7.1
Min 6.5 6.5 6.2 5.9 6.7 7 6.6
Max 7.9 7.4 7.4 7.6 7.6 7.7 7.8
SD 0.6 04 05 0.8 04 04 0.5
Confidence Interval 5.8-85 6.1-7.8 5.8-7.9 5.1-8.4 6.3-8.1 6.4-82 6.1-8.2
Conductivity mean 1345 134 134.3 124.3 135.25 135.3 136.3
(uSem™)
Min 128 126 126 95 127 127 129
Max 138 139 139 138 141 141 141
SD 47 5.8 57 20.1 5.9 6.1 5.1
Confidence Interval 123.4-142.6 120.2-145.7 120.4-144.6 75.3-157.7 121.2-146.8 118.6-149.4 123.9-146.0
Flow ‘g";ﬁﬁ% mean 05 03 10.8 8 07 05 0.6
Min 02 0.1 9 7 05 0.1 05
Max 0.7 0.6 12 9 12 0.8 0.6
SD 03 03 15 1.2 02 04 0.1
Confidence Interval 0.1-0.9 0.1-0.9 7.5-13.5 5.9-10.1 03-12.2 0.1-1.4 0.4-0.7
Depth mean (m) 0.6 0.7 1.6 0.7 1.7 0.8 0.8
Min 03 0.6 03 05 02 0.6 0.7
Max 0.9 0.8 22 0.8 32 12 0.9
SD 04 0.1 0.9 0.2 1.7 03 0.2
Confidence Interval 0.01-1.3 0.5-0.9 0.01-3.1 0.3-1.0 0.01-4.9 0.2-1.7 05-1.2
Water temperature 247 24.9 25 25.1 25.1 25.7 25.7
mean (°C)
Min 245 247 247 248 24.9 25.1 25.1
Max 249 25.1 25.3 25.3 25.4 26.3 26.4
SD 03 0.3 04 0.3 03 0.9 0.9

Confidence Interval 24.2-25.1 24.3-25.4 24.3-25.7 24.5-26.0 24.6-26.0 23.9-28.0 24.3-27.2
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Table 2. Water quality index at the seven sampling points along the El Salvador River.
L Q Value Subtotal Quality Index
Description Units
1 2 3 4 5 6 7 1 2 3 4 5 6 7
DO mg L! 92.2 91.3 90.7 90.7 91.0 90.7 91.0 19.0 18.8 18.7 187 187 187 187
N-NO3 mg L! 87.82 84.5 85.8 81.9 81.3 77.5 734 11.9 11.5 11.7 111 111 105 100
BODs mgO, Lt 100.0 100.0 100.0 100.0 100.0 100.0 100.0 13.6 13.6 136 136 136 13.6 136
TDS mg Lt 81.1 81.2 81.2 82.6 81.1 81.0 80.9 9.4 9.4 9.4 9.6 9.4 9.4 9.4
Fecal Coliforms MPN 100 mL! 99.11 994 99.2 99.5 98.6 98.8 98.9 13.3 13.3 133 133 132 132 132
pH - 53.5 54.5 56.0 55.0 54.5 53.5 54.5 8.3 8.5 8.7 8.6 8.5 8.3 8.5
Turbidity NTU 100.0 100.0 100.0 95.5 92.7 92.3 88.3 11.6 11.6 116 11.1 108 10.7 102
Sum index 87 87 87 86 85 85 84

Average index

86

2.2.3. Water Quality Index (WQI) Estimation

This tool is effective for the continuous assessment of water quality from various
sources, which usually combines several parameters to describe the status of water re-
sources and their suitability for various uses. Different authors have proposed varying
weights for different water quality parameters [13,32].

n

WQI = ) (SI; = Wi) 1)

i=1

where WQI: water quality index; subi: subscript the parameter i; and wi: relative weights
or weight of importance for subscript i.

The value of QI was obtained from the function curves developed by Ott (1978) and
Brown et al. (1970) for the parameters indicated, using the data collected during field
measurements [33].

This value of QI was adjusted by multiplying it by the assigned weight (wi), as detailed
in Supplemental Table 1. The sum of all these weights was matched with the water quality
classification, which provides the water quality at each sampling point. It is important to
note that when calculating the WQI of the El Salvador River, temperature variation was not
considered in order to prevent this factor from distorting the results because the samples
were taken at intervals of several hours and with alterations in cloud cover [34].

To ensure that the sum of the weights of all parameters is equal to unity, we relied
on the document “Water Quality Indices (WQIs) and Contamination Indices (WQISs) of
Global Importance” [13], which suggests that if any variable is missing, a correction factor
should be applied to the total value of the index. This correction factor was calculated by
distributing the missing weight among the other variables, and then the corresponding
recalculation was performed (Table S1) [13,35]. In order to facilitate the interpretation of
the information, instead of presenting a list of numerical values, this index is represented
by colors. The relative weight of the parameters considered in the QWI and the color scale
indicating water quality are shown below (Table S2) [13,36].

2.2.4. Data Analysis

Analyses were performed using R software version 4.1.1 developed by the R-Core
Team in 2021 [37]. Prior to analysis, the data were normalized. A descriptive analysis of
the physicochemical, biological, and hydromorphological variables was performed. The
correlation between hydromorphological, biological, and physicochemical variables was
examined using Spearman’s coefficient.

3. Results
Physicochemical and Biological Analysis

The detailed results of the analysis are presented in Table 1. In this study, it was
determined that the amount of dissolved oxygen and the presence of nitrates were lower
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in the first two sampling points (2.6 and 2.9; 20.3 and 25.9 mg L™}, respectively). The
amount of dissolved solids was lower (87.0 mg L~!) at sampling point 4. Likewise, the
amounts of total and fecal coliforms were lower at sampling point 2 (112 and 20 col
100 mL~!, respectively). The pH of the water was lower at sampling points 3 and 4 (6.8
and 6.9) with respect to the other sampling points, where the pH was higher than 7. It
was also determined that only at sampling point 4 was the water conductivity lower than
130 uS cm~ 1. The analysis of the hydromorphological variables shows that the El Salvador
River is not very deep; minimum depths of 0.2 m and maximum depths of 3.2 m were
determined along with a minimum velocity of 0.1 and a maximum of 13 m s~!. Finally, it is
important to note that the width of the river fluctuated in the analyzed section from points
1to7(11.1,17.0,5.1, 9.0, 10.0, 9.0, and 9.0 m).

The water reports also determined that the presence of N-NO,, BODs, lead (Pb), nickel
(Ni), and cadmium (Cd) in the seven sampling points were <0.05, 0.0, <0.30, <0.20, and <0.03,
respectively. The turbidity of the river at the first three sampling points was 0, and from
points 4, 5, 6, and 7, average values of 7.5, 12.2, 12.8, and 19.5 were obtained, respectively.

The correlation analysis for April identified a highly significant positive correlation
between total dissolved solids (TDS) and nitrates (0.75), dissolved oxygen (0.79), and
conductivity (0.99) as well as between conductivity and dissolved oxygen (0.83) (Figure 2).
In May, a highly significant correlation was found between conductivity and TDS (1.0)
(Figure 3). In June, highly significant correlations were found between water temperature
and TDS (0.84) and conductivity (0.84), between TDS and dissolved oxygen (0.88) and TDS
(1.0), and between dissolved oxygen and conductivity (0.88) (Figure 4).
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Figure 2. Correlation matrix of environmental and hydromorphological variables in April (* signifi-
cant at 90%, * *significant at 95%, *** significant at 99%, NS not significant).
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Figure 3. Correlation matrix of environmental and hydromorphological variables in May (* significant
at 90%, ** significant at 95%, *** significant at 99%, NS not significant).

In addition, in April, a slightly negative correlation was observed between pH and
conductivity, dissolved oxygen, nitrates, and dissolved solids (—0.57, —0.69, —0.58, and
—0.56) (Figure 2). In May, there were non-significant negative correlations (Figure 3), and
in June, significant negative correlations were again determined between river width and
conductivity (—0.57), dissolved oxygen (—0.57), and TDS (—0.57), between fecal coliforms
and conductivity (—0.57), and between pH and dissolved oxygen (—0.66) and conductivity
(—0.55) (Figure 4). The non-correlation of these variables with the pH of the water is
possibly due to the fact that the pH remained in acceptable ranges (6.5 to 8.5); that is, it
is appropriate for the subsistence of many biological systems [34]. Finally, the correlation
of nitrates with some variables in April, May, and June is possibly due to anthropogenic
activities, such as growing crops with the intensive use of agrochemicals.

The water quality index (Q value) from Supplemental Table 2 was multiplied by the
wi (Supplementary Material S1) of the physicochemical and biological parameters shown
in Supplemental Table 1. The calculated values show that at sampling points 1, 2, and 3, Q
was 87; at sampling point 4, it was 86; at points 5 and 6, the value was 85; and at point 7, it
was 84. It was therefore determined that the water quality index was 86, which corresponds
to good water quality.
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Figure 4. Correlation matrix of environmental and hydromorphological variables in June (* significant
at 90%, ** significant at 95%, *** significant at 99%, NS not significant).

4. Discussion

In the El Salvador River, located in the Tres de Noviembre parish in the La Joya de
los Sachas canton, the DO, nitrate content, and TDS were found to be 1.7 to 5.19, 23.6 to
44.3, and 87 to 95.43 mg L, respectively, values that are lower (DO: 3.08 to 2.72) and
higher (nitrates: 0.40 to 0.58; TDS: 53.9 to 73.6 mg L~!) than those reported by Vargas-
Tierras et al. [18] in a study conducted in the Yanaquincha River located in the same canton.

The presence of nitrates in the El Salvador River exceeded the permissible limits
(20 mg L), mainly due to the dragging or draining of nitrogen (fertilizers) used for agri-
cultural activities [38]. For this reason, as the river continues its course and agricultural
activities increase, the nitrate content also increases. The determination of DO is funda-
mental in water quality evaluations because of the aerobic respiration processes of aquatic
organisms [39]. In this study, the DO at sampling points 1 and 2 was below 3 mg L1,
possibly compromising aquatic life. Likewise, the TDS content at the sampling points was
between 80 and 96 mg L~!. We do not know if these values are within the minimum or
maximum permissible limits stipulated by the Ministry of the Environment, Water, and
Ecological Transition; however, it is known that the main sources that cause high concen-
trations of TDS are eroded soils, agricultural waste, livestock waste, and other human
activities [33]. The water temperature at the sampling points was within the parameters
established as normal (24.4 to 30.0 °C), i.e., a good condition for the ecosystem [34].

When comparing the results of this study carried out on the El Salvador River with the
values suggested by Effendi [21] in Government Regulation No. 82/2001, class III water
quality for fisheries and livestock, it was determined that nitrates and conductivity exceeded
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the values reported in the standard (20 mg L.=! and 50 uS cm~!, respectively). And, when
comparing these values of nitrates obtained with those issued by the Ministry of the
Environment, Water, and Ecological Transition, it was determined that the values of nitrates
and conductivity exceeded the values reported in the standard (20 mg L~ and 50 puS ecm—!,
respectively) [22]. Compared to Supplemental Table 2 of Supplementary Material S3:
admissible quality criteria for the preservation of aquatic life and other wildlife in fresh,
marine, and estuarine waters and Supplemental Table 4 of Supplementary Material S3:
parameters of water quality levels for irrigation, our values exceeded theirs by 13 mg L~!
and >30 pS cm ™!, respectively (Supplementary Material S1).

The presence of nitrates in the El Salvador River is possibly due to the presence
of permanent (Theobroma cacao L., Coffe canephora, and Elaeis guineensis) and transitory
crops (Zea mays, Arachis hypogaea, Oriza sativa, Colocasia esculenta, and Musa spp.) [21]
located around the river (Figure 1), with transient crops being the most demanding in
the use of synthetic fertilizers. In Guatemala and Honduras, a study showed that the
leaching and runoff of fertilizers used in agriculture and human manure caused nitrogen
contamination of 92% and 55.5%, respectively, in surface water and groundwater [40,41],
causing the development of invasive macrophytes and the eutrophication of the river [42].
This statement is corroborated by Zaresefat et al. [43], who point out that the concentration
of nitrates in rivers is due to the widespread use of nitrogen fertilizers in high-yield crops;
they also mention that high nitrogen inputs can negatively affect human health and aquatic
ecosystems. Zhang et al. [44] mention that several studies have confirmed that both
cultivated and urban areas export a greater amount of nitrates to river water compared to
forested and pasture areas and that the concentration of nitrates in rivers occurs due to an
increase or decrease in surface runoff, land use transformation, and human activities. On
the other hand, Pacheco and Sanches Fernandes [45] point out that human activity has a
direct and indirect impact on the quality of river waters.

Likewise, changes in conductivity in the El Salvador River go hand in hand with
the presence of nitrates and may indicate a deterioration in the ecological state of this
water system, mainly due to the presence or absence of aquatic organisms [46]. In this
situation, this parameter is widely used in monitoring studies as an indicator of general
inorganic pollution of the water system (catchment pressure) and is sometimes used as a
complementary indicator of the progress of eutrophication caused by human activities [46—48].

On the other hand, the positive correlations between TDS and nitrates, dissolved
oxygen, conductivity, and water temperature in April, May, and June are possibly due to
the fact that the variables are always related. Chibinda et al. [49] mention that conductivity
is closely related to the content of total dissolved solids because they are proportional
to conductivity. Zhang et al. [50] assert that the correlation between conductivity and
dissolved oxygen is a key factor that allows us to predict the concentration of nitrogen in
the water. Castro et al. [51] also point out that values for nitrates, dissolved oxygen, and
conductivity were related in sites where the land use around the river is for agricultural
purposes due to inorganic fertilizer intake [34]; for example, along the Bermtudez River
in Costa Rica where coffee is grown, these parameters were highly correlated. In the
Puyo River, located in the central Ecuadorian Amazon Region, dissolved oxygen and
nitrates were also found to be correlated [52]. The relationship between temperature and
conductivity and TDS is corroborated by Adjovu et al. and Dewangan et al. [53,54], who
maintain that as the water temperature increases, the ions present in the water become
more active and move rapidly, which leads to an increase in conductivity and TDS. For this
reason, the evaluation of temperature must be considered in these water quality studies.

The correlation between total soluble solids was corroborated by Sugiarti et al. [55] in a
study conducted in Indonesia, where it was determined that current land use behaved as an
inverse proxy, i.e., land use was mainly related to an increase in TDS [56]. The correlation
with nitrates is possibly due to the current modern use of the soil [57].

From the results obtained in the monitoring of the El Salvador River, it can be con-
cluded, based on the physical, chemical, and biological characteristics, that the water
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quality index was good (86). Throughout the river, it was determined that the water quality
patterns were similar, showing minimal variations and mostly acceptable levels at the
seven sampling points. It can be indicated that human activities in the tourist centers
located along the river have not yet generated water quality problems. In the province of
Orellana, some water quality studies have been carried out using the biotic quality index
and physical, chemical, and biological analyses, and it has been determined that the water
quality of other rivers (Rumiyacu, Suno, and Yanaquincha) can still be categorized as aver-
age or good [18,58,59]. In Pastaza, it was determined that two rivers used for bathing are
contaminated [60]. In view of this situation, it is important to carry out periodic monitoring
of the water and surrounding areas in order to take immediate corrective actions.

On the other hand, it is important to mention that the “good” water quality index in
the El Salvador River may be applicable if this river were to be used only for recreational
activities, as shown in Supplemental Table 4 (Supplementary S3): water quality criteria for
recreational purposes by primary contact [22], where nitrates are excluded as an evaluation
parameter. However, the presence of this molecule in the El Salvador River suggests that it
is being exported by surface runoff [44] to the river from the surrounding crops located
along the banks. For this reason, it is recommended that periodic nitrate sampling be carried
out in this river in order to alert local authorities about possible water contamination and,
above all, to take corrective actions to prevent nitrate levels from exceeding 50 mg L1, the
value established in Supplemental Table 1 (Supplementary S3): quality criteria used for
water sources for human consumption.

Finally, it is worth mentioning that in the Ecuadorian Amazon Region, there are no
systems for the treatment of contaminated water. An alternative for decision-makers could
be the use of bioengineering systems with aquatic plants, such as helophytes, which are
used to reduce excess nitrogen in the water [61]. First, it is suggested that aquatic plants with
this potential in the region be identified, then experimental studies should be carried out to
select plants with purifying capacity, and finally, these processes should be implemented in
situ to further explore the potential of helophytes in different environmental contexts and
evaluate their long-term effectiveness in improving water quality and aquatic biodiversity.
In addition, collaboration between scientists, engineers, and environmental managers will
be essential in order to design and implement effective and sustainable bioengineering
systems that harness the power of aquatic plants for the restoration and conservation of
aquatic ecosystems.

5. Conclusions

The water quality index of the El Salvador River showed that this water is good enough
to be used for recreational activities; however, the nitrate content in the river exceeded the
values determined in Reform Book VI of the unified text of Secondary Legislation of the
Ecuadorian Environment Ministry—Ministerial Agreement 097-A and Decree No. 115/2003,
class III. Therefore, it is advisable to carry out periodic sampling to compare the behavior
of this molecule over time.

It is important to point out that if agricultural and livestock activities intensify around
the river, the nitrate content could increase, becoming a potential risk to human health
in most of the communities of the Tres de Noviembre parish, with children being more
vulnerable than adults to the carcinogenic effects caused by this contamination.

It is advisable to implement bioengineering systems that integrate helophyte plants,
especially in environments with water pollution problems. Further research is recom-
mended to explore their effectiveness in different environmental contexts and to assess
their long-term impact on water quality and aquatic biodiversity.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/w16091259/s1; The Supplementary S1 and S2 shows Table S1, relative
weights used for the determination of the WQI. Table S2, Water Quality Index (WQI). The Supplemen-
tary S3, shows the regulations of Reform Book VI of the Unified Text of Secondary Legislation of the
Ecuadorian Environment Ministry—Ministerial Agreement 097-A, specifically in the Supplemental
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Table 1: quality criteria for water sources for human and domestic consumption; Supplemental
Table 2: water quality criteria for the preservation of aquatic life and other wildlife in fresh waters,
and in marine and estuarine waters; Supplemental Table 4, parameters of water quality levels for
irrigation; and Supplemental Table 6, water quality criteria for recreational purposes through primary
contact; and Supplementary S4, contain the table Class IIl water quality standard for fish and livestock
as stipulated in Government Regulation no. 82/2001, cited by Effendi in the study entitled: Water
quality status of Ciambulawung River, Banten Province, based on pollution index and NSF-WQL
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