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Abstract: The state of Veracruz has ample water resources. However, due to population and industrial growth,
there has been an increase in the discharge of wastewater into surface water bodies. To analyze the water
quality in the Bobos River, Veracruz, and its sustainability, researchers collected nine samples from nine
different points in the reservoir. They measured various parameters such as temperature, pH, dissolved
oxygen, conductivity, total nitrogen, nitrate, chemical oxygen demand, total phosphorus, phosphate, dissolved
solids, and fecal coliforms. The results showed that the river’s water quality is at risk. The concentration of
pollutants such as chemical oxygen demand and fecal coliforms is high. Conductivity values ranged from 0.26
to 3.81 mS. If preventive and corrective measures are not taken, the river’s ability to purify pollutants will be
severely compromised. This study evaluates the physical, chemical, and microbiological characteristics of the
water in Bobos River. It specifically investigates the influence of the nearby citrus industry on the river’s water
quality. The study also aims to promote environmental sustainability.

Keywords: water pollution; Bobos River; physicochemical parameters; urban development;
industrial development

1. Introduction

Urbanization, population growth, and industrial and agricultural development can have a
significant impact on the quality of rivers [1]. Research has demonstrated a strong correlation
between urbanization [2] and water quality. As cities expand, the presence of pollutants in water
increases, including chemicals, heavy metals, and nutrients [3]. In many developing countries,
natural resources such as water are not adequately protected by public policies.[4,5]. In numerous
developing countries, there are inadequate public policies to protect natural resources like water.
This is especially prevalent in rivers that receive untreated wastewater, which can decrease their
capacity for dilution and self-purification. The consequences of river pollution not only have
economic impacts on vulnerable sectors, such as fishing, livestock, and agriculture but also endanger
the existence of organisms that live in these ecosystems and can even expose them to possible
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extinction. [6,7]. This is especially prevalent in rivers that receive untreated wastewater, which can
decrease their capacity for dilution and self-purification. The consequences of river pollution not only
have economic impacts on vulnerable sectors, such as fishing [8], livestock [9], and agriculture [10]
but also endanger the existence of organisms that live in these ecosystems and can even expose them
to possible extinction [11].

Along the banks of rivers in Mexico, major population centers are commonly found. This has
resulted in over 70% of water bodies exhibiting some level of contamination, causing significant
problems concerning availability and access to this resource [12]. Without any prior treatment,
approximately 40% of wastewater generated (both industrial and domestic) is discharged into surface
water bodies [13].

Veracruz State, located in Mexico, possesses a significant amount of water resources with its 17
hydrographic basins and 24 rivers. However, the rivers have been affected by wastewater from
population centers and industries. It is unclear if these bodies of water have undergone any treatment
process. Mexican standards NOM-001-SEMARNAT-1996, NOM-002-SEMARNAT-1996, and NOM-
003-SEMARNAT-1997 set limits for wastewater discharges. All water, whether for public or
industrial use, must be treated before reintroduction into the cycle. Unfortunately, Veracruz has only
a few registered treatment plants, with 74 urban wastewater treatment plants found in 2002. These
treatment plants only treat 30% of the wastewater. For the 212 municipalities of Veracruz, the number
of existing treatment plants is insufficient, allowing only a small amount of urban wastewater to be
treated. The treatment plants address only some parameters, such as solids, carbon, and coliforms,
or are non-functional.

Access to clean drinking water is essential for both human health and sustainable development.
Unfortunately, human activities are threatening water quality in various parts of the world, and the
Bobos River basin in southeastern Mexico is no exception. In particular, the discharge of waste from
the citrus industry is having a significant impact on the river’s water quality. Therefore, in this work
a physicochemical and microbiological evaluation of water quality in the Bobos River, focusing on
analyzing the impact generated by the citrus industry in the region. In addition, it seeks to address
environmental sustainability concerning industry practices, proposing sustainable measures to
mitigate the negative effects and contribute to protection and conservation of the Bobos River and
other water bodies.

2. Materials and Methods

2.1. Description of the Bobos River Basin

The study area corresponds to the Nautla River basin, which runs through the municipalities of
Plan de Arroyos, Tlapacoyan, Martinez de la Torre, San Rafael, and Nautla, Veracruz, Mexico until it
flows into the Gulf of Mexico. The basin has a maximum elevation of 3,299 meters and a minimum
of 6 meters as well as an approximate length of 121 kilometers of main channel; it also has an average
slope of 3.25% and a retention time of 520 minutes. This area has a population of 366,500 inhabitants
and approximately 97,500 inhabited homes. It is important to highlight that approximately 92,500
homes have piped water and 3,400 do not; 90,500 have sewerage and 6,500 do not have towns near
the Bobos River (Figure 1).

2.2. Sampling

2.2.1. Area of Study

The study area corresponds to the Nautla River basin, which is located in the states of Puebla
and Veracruz, Mexico, and covers a total area of 3,544 km?2. The basin extends across several
municipalities, including Puebla, Teziutlan, Martinez de la Torre, Misantla, and Nautla. With a length
of 121 km, the Nautla River flows into the Gulf of Mexico. The relief of the basin is predominantly
mountainous, with altitudes ranging from 50 to 3,299 meters above sea level. In terms of climate, the
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region is characterized by a warm and humid climate, with annual precipitation ranging from 1,000
to 3,500 mm [14].

The Bobos River basin, located in Veracruz, Mexico, covers an area of 1,417 km? and extends
along 77 km, while the Bobos River has a length of 58 km and an average slope of 1.5%. With an
average annual precipitation of 2,229 mm, 75% of the rainfall is concentrated during the June to
October season. However, the intensification of agriculture and livestock, along with deforestation
and urbanization, has increased the vulnerability of the basin to soil erosion and sedimentation [15].
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Figure 1. Location of the study area and sampling site in the Bobos River basin.

2.2.2. Water Samples

Three water samples were collected at nine different points along the Bobos River (as shown in
Figure 1), and the sampling points were numbered in ascending order as they flowed down the river,
from SW1 to SW9. High-density polyethylene containers of 2 L capacity were used to collect the water
samples, to which concentrated nitric acid was added to achieve a pH < 2. The containers were then
labeled with their respective date, name, and location of the site, and placed in coolers for
transportation under established guidelines [16,17].

The pH, electrical conductivity, temperature (HANNA instruments, HI98130), and dissolved
oxygen (Milwaukee, model 600) were measured directly in the monitored water body with portable
meters. Parameters such as Total Nitrogen, NOs, chemical oxygen demand (COD), Total Phosphorus
(TP), PO4, and fecal coliforms were determined at the Wetlands and Environmental Sustainability
Laboratory located at the Instituto Tecnolégico Nacional de México Campus Misantla, Veracruz.
Samples were preserved at 4°C until processing; the techniques used were taken from the Mexican
Standards which are based on the standard methods for water and wastewater analysis [16].

2.2.3. Quantification of NaOH (%)

Place 0.5 g of a sample of sodium hydroxide of unknown concentration in a beaker. Add 2 drops
of phenolphthalein. Add sulfuric acid 0.1 N dropwise until a color change of the indicator occurs.
The % of NaOH is obtained from the following formula:

%NaOH = Volume of acid used * Acid normality * meq of NaOH (0.04) * 100 / Weight of the
analyzed sodium sample.

2.3. Statistical Analysis

To investigate the relationship between water quality factors, correlation and principal
component analysis (PCA) analyses were performed using Statistical Package for the Social Sciences
software (SPSS, ver. 25.0; SPSS Inc., Chicago, IL, USA).

3. Results and Discussion
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3.1. Temperature and Dissolved Oxygen

Temperature and dissolved oxygen (DO) are important parameters for assessing water quality
in an aquatic system. In this study, we observed a wide variability in water temperature along the
Bobos River basin, which was influenced by both geographic location and human activity (Table 1
and Figure 2). The lowest temperature values were found in the upper parts of the basin, while the
highest values were observed in the lower areas where settlements are located.
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Figure 2. Localization of the study area and industries.

The increase in water temperature along the river may result from the mixing of tributaries with
higher temperatures and the reduction of water velocity as the river widens. In most cases, a
significant increase in water temperature is due to the discharge of wastewater from industries [18].
It is important to note that, although the water temperature values in the Bobos River basin are within
normal ranges, it is necessary to regularly monitor the temperature levels and other water quality
variables to ensure the sustainability of the river ecosystem.

Dissolved oxygen (DO) is a critical parameter that determines water quality and the health of
aquatic ecosystems [19]. Aquatic plants and animals, including fish, require oxygen to survive. For
example, fish cannot survive for extended periods in water with dissolved oxygen levels below 5 mg
L1 [20]. Low levels of dissolved oxygen in water indicate contamination and are important factors in
determining water quality, pollution control, and treatment processes [21].

The study demonstrated that the highest dissolved oxygen (DO) value in the river was 2.64 *
0.05 mgL (SW3). However, this value is considered low compared to water quality standards. In
Table 1, the DO results at different study points are presented. The findings suggest that water quality
may have decreased due to contamination and wastewater discharges. It is essential to note that DO
levels can be affected by the presence of contaminants and water temperature [22].

The dissolved oxygen (DO), an indicator of water contamination, can vary between 0 and 18 mg
L1, although most rivers and streams require a minimum of 5-6 mg L to support diverse aquatic life
[23]. In Table 1, it is observed that the values found at the evaluated points are <6 mg L-1 (except
SW3) for the presence of aquatic life in general. Another factor that influences DO levels is the
turbulence of the current due to the air that favors its dissolution in the water. A body of water that
has a level of dissolved oxygen <2 mg L or < 30% saturation is considered hypoxic [24]. The low
oxygen content or oxygen depletion generally results from a combination of high biological
productivity and reduced water exchange [25].

Table 1. Temperature and DO concentration.

Parameter SW1 SW2 SW3 SW4 SW5 SW6 SW7 SW8 SW9
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5
Temperatur | 20.21+0.2 | 26.7+.01 30.25+0.6 | 29.80+0. | 29.40+0.4 | 30.50+0.5 | 30.30+0.1 | 30.35+0.2
e (°C) 8 4 29.60.71 | 4 4 2 7 4 1
DO (mg L 0.25+0.0 | 6.45+1.0 | 0.30+0.14 | 2.64+0.0 | 0.25+£0.02 | 0.15+0.07 | 0.35+0.21 | 0.60+0.14
) 0.15+0.7 7 6 5 1

OD: oxigeno disuelto; SW: Water sample point; +: desviacion estantar.

It has been found that water temperature can affect the amount of oxygen dissolved in water,
especially under polluted conditions [26]. In this study, no relationship was found between these
parameters. The same DO value was observed in samples SW1 and SW7 but at different
temperatures.

3.2. pH and conductivity

pH is a critical factor affecting water quality and aquatic life. When pH falls outside the optimal
range, it can have adverse effects on aquatic flora and fauna [27] and may also indicate the presence
of contaminants. In this study, pH levels remained within the expected natural range for freshwater
bodies, although they were slightly alkaline or acidic at some locations. Point SW3 had the highest
pH and is located near the mouth of the river, suggesting that human activities may be affecting water
quality at this location.

The majority of natural waters fall within a pH range of 6.5 to 8.0, which is primarily controlled
by the carbonate system [25]. In this study, pH values were observed to vary from 6.40+0.71 in SWS5,
slightly acidic, to 8.65+0.07 in SW3, slightly alkaline. It is important to note that in nature there are
aquatic organisms that cannot thrive in an acidic environment. In SW2 and SW3, the pH values were
slightly above the optimal values and tended to be alkaline. The presence of human settlements in
SW3 may contribute to this pH increase due to the discharge of wastewater with a higher pH than
natural waters. Therefore, continuous monitoring of pH levels in the watershed is crucial to prevent
adverse effects on aquatic life and aquatic ecosystems in general (Figure 2).

In contrast, pure water has low electrical conductivity due to the absence of ions in the solution.
However, river water contains ions in solution, so its conductivity is proportional to the concentration
of dissolved mineral salts and temperature, as explained in the article [28]. Table 2 shows the
conductivity values measured in this study, showing significant variations between the different
points evaluated. In particular, SW9 had the highest and significantly different value compared to
the other points (p<0.05). It's worth noting that river conductivity can vary due to various factors
such as regional geology, industrial discharges, and human activities, as mentioned in the reference
[29].

Table 2. pH and conductivity at the sampled points.

Sites Conductivity
pH (mS)
SW1 7.85+0.02 0.30+0.14
SW2 8.60+0.14 0.27+0.01
SW3 8.65+0.07 0.27+0.01
SW4 7.5040.14 0.26+0.03
SW5 6.40+0.71 0.72+0.03
SW6 8.25+0.21 0.34+0.04
SW7 7.75+0.04 0.75+0.02
SW8 7.78+0.05 0.37+0.02
SW9 7.87+0.09 3.81+0.04

OD: oxigeno disuelto; SW: Water sample point; +: desviacion estantar.
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The main causes of increased electrical conductivity in natural water bodies are wastes from
households and businesses and salts dissolved by natural runoff. A significant change in conductivity
is an indication that a discharge or other source of pollution has occurred in the water body [30].
River conductivity typically varies between 50 and 1500 mhos cm-! [31]. In contrast, [32] evaluated
the water quality of different Amazonian rivers (Tapajds, Incoloros streams, Cupari, Jutai, Tefé, and
Jurua) and observed variable electrical conductivity, with values of 14.33, 15.12, 59.90, 8.71, 7.36 and
191.14 (uS cm-1), respectively. These values are different from those obtained in the present study.

3.3. Total Nitrogen, N-NOs, and Total Phosphorus, P-PO«

Nitrate is a chemical substance formed by the combination of nitrogen and oxygen and may be
found in small amounts in drinking water due to its natural occurrence. However, when elevated
levels of nitrate are detected in surface waters, it may be an indicator of contamination due to the
presence of industrial and municipal fertilizers in the water [33].

In this study, it was found that total nitrogen concentrations followed an increasing order from
P1 to P9, with a significant difference (p<0.05) between sampling points P1 and P9. In addition, it was
observed that both total nitrogen and nitrate (N-NOs') concentrations as well as the NT/N-NOs- ratio
were higher at sampling points P5 to P9. This suggests that the river bed did not have favorable
conditions for the oxidation of nitrogen to nitrate, or that there was an additional source of nitrogen,
such as the nearby population or industrial discharges, near the sampling sites.

The presence of high concentrations of nitrogen in surface waters can have negative effects on
the aquatic ecosystem, including reduced dissolved oxygen and toxicity to aquatic species. In
addition, increased agricultural, livestock, and industrial activities, as well as population growth and
industrial centers in a watershed, can significantly alter nitrogen and phosphorus concentrations in
water [34] (Figure 2). It is important to note that nitrate is also a contaminant that affects public health,
and the permissible limit in the water standard for human consumption is 10 mg L [35]. However,
this limit was not exceeded in this study.

There are many sources of phosphorus, both natural and anthropogenic. These include soil and
rocks, wastewater treatment plants, runoff from fertilized lawns and agricultural fields, failing septic
systems, runoff from animal manure storage areas, disturbed land areas, drained wetlands, water
treatment, and commercial cleaning products [36].

Sources of phosphorus in surface waters can include agricultural and urban runoff, soil erosion,
wastewater treatment plant discharges, atmospheric deposition, and industrial activities, according
to a 2021 report by the Minnesota Natural Resources Council. In addition, the report notes that
phosphorus can also be released from sediments that accumulate at the bottom of water bodies and
are reused by algae and other aquatic plants, which can contribute to increased algal blooms and
decreased water quality [37].

Orthophosphate is the oxidized mineral form of phosphorus. Similar to total nitrogen, total
phosphorus from SW1 to SW4 and from SW5 to P9 (Figure 1b) shows a similar pattern of
development where optimal conditions for oxidation of phosphorus to orthophosphate are not
observed.
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Figure 3. a) Total Nitrogen and nitrate concentration, b) Total phosphorous in the river channel
evaluated.

The concentration of phosphorus in domestic wastewater ranges from approximately 4 to 50 mg
L1 [38]. In this study, values within this range were found, specifically 5.60+0.7, 7.40+0.14, 7.60+0.71,
7.95+0.92, and 8.65+0.35 mg L. These results suggest the possibility of wastewater discharges into
the river due to the presence of human settlements near the banks of the water body, as observed in
Figure 1.

Comparing the results obtained in this study with those obtained in studies conducted in rivers
in the Manzini and Lubombo regions of Swaziland, it is observed that the average phosphate levels
are higher than the recommended level of 2.0 mg L set by the SWSC (Swaziland Water Service
Corporation). Specifically, the values obtained in this study (0.55-8.65 mg L' P-PO4) are up to 23 times
higher than those found by [39].This may be because material from higher elevations reaches this site
and is eventually retained as it may have a flatter relief.

In addition, total nitrogen in water is observed to increase as the river flows, due to the amount
of total nitrogen carried by the water from its source to its mouth. The EPA has established a
recommended limit of 0.05 mg L of total phosphate in lake inlets and 0.1 mg L of total phosphorus
in runoff. It is important to note that these limits are designed to ensure water quality and protect the
environment.

3.4. Nitrogen/Phosphorus and conductivity/DS ratio
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Figure 4. a) Ratio between NT and PT, b) N/P ratio.
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The nitrogen/phosphorus (N/P) ratio in river water is an important indicator of the health of the
aquatic ecosystem and can affect the growth of aquatic organisms such as algae, plants, and
phytoplankton. An unbalanced N/P ratio can lead to excessive growth of algae and aquatic plants,
resulting in eutrophication and negatively affecting water quality and the organisms that depend on
it. Generally, an N/P ratio of 16:1 is considered the ideal ratio for the growth of aquatic organisms in
freshwater. However, N/P ratios can vary depending on geographical location and specific
environmental conditions [40], as observed in Figure 5 of this study.
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Figure 5. a) Concentration COD and, b) Concentration dissolved solids.

3.3. Chemical Oxygen Demand (COD) and Total Dissolved Solids (TDS)

Sources of COD include leaves and woody debris, dead plants and animals, animal manure,
effluent from pulp and paper mills, wastewater treatment plants, feedlots, feed processing plants,
failing septic systems, and urban stormwater runoff. Discharges of wastes with high COD levels can
cause water quality problems such as severe dissolved oxygen depletion and fish kills in receiving
waters [41].

High COD levels are not only a water quality issue, but can also be a public health concern. The
degradation of organic matter in water can result in the formation of toxic organic compounds, such
as trihalomethanes, which have been linked to an increased risk of cancer and other health problems.
Therefore, COD is a critical parameter for measuring the presence of organic compounds in
contaminated wastewater [42].

A study by [43] evaluated COD levels in four rivers in South Korea and found values ranging
from 0.8 mg L' to 11.6 mg L. In comparison, in the current study, the values ranged from 0 mg/L to
381 mg/L, indicating higher contamination in the samples studied. A study by [44] evaluated the
contamination of the Atoyac River in the metropolitan area of Puebla, Mexico, and found that the
average COD values were 130.91 + 39.52 mg L' in the wet season and 260.60 + 75.32 mg L-! in the dry
season. In this study, the average value obtained was 185.06+169.23 mg L' (2a), indicating a high
variability between sampling points.

The variation of dissolved solids was not significant, except for SW9 (Figure 6b). The
composition of dissolved solids can include salts, metals, metalloids, and dissolved organic matter
[45]. Processes that contribute to the presence of organic dissolved solids in streams include the
release of organic molecules during biological growth (e.g., by plant roots and microbes) and the
decomposition of organic matter within the stream or on its banks. A proportional increase in the
amount, of dissolved solids in the water was also observed from SW to SW9, as the water carries
more dissolved particles as it flows. There is a polygon along the studied water body that corresponds
to industrial zones and areas with population presence that generate wastewater discharges (Figure
3).
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Figure 6. Principal Component Analysis of Evaluated Variables.

Dissolved solids in water are a topic of interest in environmental research because they can affect
water quality and human health. According to a study by [46], dissolved solids can include salts,
metals, and dissolved organic matter, and can be generated by biological processes such as the
decomposition of organic matter and the growth of plants and microbes.

3.6. Fecal coliforms (FC)

Estos estudios muestran la importancia del monitoreo de la contaminacion fecal en aguas
superficiales y la necesidad de implementar medidas de control para prevenir la propagacion de
enfermedades y proteger la salud ptblica y el medio ambiente. Es necesario continuar realizando
estudios de monitoreo para evaluar la calidad del agua en diferentes regiones y tomar medidas
adecuadas para minimizar la contaminacion fecal en el agua.

According to the World Health Organization (WHO), coliform bacteria are a group of
microorganisms found in large quantities in human and animal feces. Their presence in water may
indicate fecal contamination and, consequently, the possible presence of other associated pathogens
(OMS, 2011). Coliform bacteria can cause serious illnesses such as gastroenteritis or diarrhea through
contaminated water from untreated sewage, septic tanks, etc. [48]. The fecal bacteria groups
Escherichia coli (the most commonly isolated organism in the clinical laboratory [49], Klebsiella, and
Enterobacter, which are found in the gastrointestinal tract of warm-blooded animals [50], are used as
indicators of water quality because their presence is associated with some of the most difficult to
detect pathogens, such as Salmonella, Shigella, and Vibrio, which cause gastroenteritis, dysentery,
typhoid, and cholera.

Table 3 shows the distribution of fecal coliforms at the nine study sites in the Bobos River. There
is an increase in the concentration of these microorganisms from SW1 (0 x 100+0 x 100) to SW9 (3.2 x
105+3.707107 x 10%). According to Figure 3, this increase in coliform density is mainly due to the type
of discharge present at each sampling point. This study found a significant variation (p<0.05) in CFU
values between different sampling points, especially between SW1 and SW9. The monitoring of fecal
contamination in water used for industrial and recreational purposes is crucial due to the economic
and public health implications.
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These studies highlight the importance of monitoring fecal contamination in surface waters and
the need to implement control measures to prevent the spread of disease, thereby protecting public
health and the environment. Continued monitoring studies are needed to assess water quality in
different regions and to take appropriate measures to minimize fecal contamination in water.

Table 3. FC concentration.

Sampling

points FC (UFC 100 ml1)
SW1 0 = 1000 x 100
SW2 7.255 x 102+1.0677 x 10?
SW3 1.215 x 10%+1.3435 x 102
Sw4 8.16625 x 104+7.425 x 10!
SW5 8 x 104+8.48528 x 10°
SWé6 1.91 x 105£5.65685 x 103
SW7 2.2 x 10°+2.12132 x 10¢
SW8 2.385 x 10°+3.53553 x 103
SW9 3.2 x 10°4£3.707107 = 10*

3.7. Quantification of NaOH (%)

Sodium hydroxide (NaOH) is a caustic substance that commonly appears in wastewater from
drain and oven cleaners, paint and varnish removers, degreasers, dishwasher detergents, and
alkaline batteries. This chemical is used in the manufacturing of aluminum, rayon, and biodiesel,
along with various organic synthesis procedures. It is a frequently occurring byproduct in the
production of chlorine [51], and is also found in pharmaceuticals like Clintest® [52]. NaOH can alter
water pH [53], and its occurrence in drinking water might mark contamination or system
malfunctions. In wastewater, NaOH detections may pinpoint industrial discharges or cleaning
product use.

Appropriate identification and control of NaOH are crucial to preserving water quality and
averting any detrimental consequences to the environment and public health. However, NaOH was
detected at points SW5, SW6, and SW7 of this study, with concentrations of 6.8%, 5.6%, and 3.9%
respectively. These findings may be attributed to discharges originating from the settlements and
even industries in the study area. The Mexican Official Standard NOM-001-SEMARNAT-2021
defines the acceptable levels of wastewater contaminants that can be released into national water
bodies, but it does not specifically mention NaOH.

Concerns regarding the presence of contaminants are associated with the local population, who
use these bodies of water for recreational and aquacultural purposes. As the level of contamination
in the water is high, immersion in it may provoke health issues. Reports from residents suggest that
contact with this tributary’s water can result in skin rashes, itching, diarrhea, and respiratory
illnesses. To date, there is a dearth of research evaluating these conditions, highlighting the urgency
to address this matter to safeguard the well-being of the community.

3.8. Statistical Analysis

3.8.1. Pearson correlation

Correlation analysis determines whether the relationship between two variables is present or
absent, and that two variables are associated to a degree. Table 4 shows the correlation of the
parameters evaluated, with the following correlations: Temperature/CF; Conductivity/DS; TN/ NOs,
TP, POs, COD, FC; NOs /TP, PO4, COD, FC; PO4 /COD, FF; COD/EC, all these are positive correlations,
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i.e., if one parameter increases the other with which it correlates will also increase. This correlation
becomes stronger when the given value is close to 1.

3.8.2. Principal Component Analysis (PCA)

PCA is a statistical technique used in environmental analysis to reduce the number of variables
needed to characterize an ecosystem [54]. Figure 7 shows that using the obtained coordinates (rotated
components) and relating the first and second principal components, two well-defined groups can
be identified. One is composed of TP, POs, TN, FC, NOs, SP, and COD (F1), while the other is
composed of DS and conductivity (F2). Conductivity (EC) and total dissolved solids (DS) are water
quality parameters used to describe the level of salinity. The relationship between conductivity and
DS is not linear and depends on the activity of specific dissolved ions, the average activity of all ions
in the liquid, and the ionic strength [55]. Furthermore, in F1, a close correlation was found between
parameters, including SP (sampling point), indicating that the sampling point influences the
measured parameters.

Temperature is not a preponderant variable, as well as DO; however, [56] highlights the
importance of these two parameters as they influence most of the life processes of organisms, as well
as various abiotic factors in the ecosystem.

Table 4. Correlation matrix of physicochemical and bacteriologic parameters in Bobos River.

Paramete | Tem Conducti CO F
r P pH DO v DS TN NOs TP PO: D C
Paramete 1
r
Temp 0.714° 1
pH -0.233 - 1
0.161
DO -0.229 | 0.193 | 0.131 1
Conducti 0.611| 0.252 - - 1
v 0.098 | 0.120
DS 0.580 | 0.244 - - .993™ 1
0.102 | 0.096
TN 919" | 0.579 - - 0.496 | 0.46 1
0.381 | 0.250 2
NO:s .887| 0.512 - - 0.435| 0.40| .917" 1
0.041 | 0.348 4 .
TP 952" | 0.563 - - 0.569 | 0.53 | .985" | .940" 1
0.267 | 0.286 0 . *
PO: 937" | 0.561 - - 0.521| 0.48|.990" | .953" | .997" 1
0.266 | 0.286 3 . . ’
COD 946 | 0.559 - - 0.511| 0.46|.921" | .973"| .964" | .963" 1
0.074 | 0.348 6 ) * * *
FC .896™ | .876™ - - 0.396| 0.37| .881"| .821" | .866" | .872"| .831"| 1
0.234| 0.071 5 . * * * *

doi:10.20944/preprints202312.2288.v1
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The presence of oxygen is critical for the transformation of nitrogen and phosphorus compounds
in river water [57], which highlights the importance of monitoring the variability of oxygen
concentration in water as a tool for recommending sustainable use of aquatic environments [42].
Although it was expected to find a correlation or clustering between temperature and the presence
of FC in some components, this was not found in this study. Instead, temperature does not appear to
be a relevant factor in the presence of FC, unlike the parameters that make up F1. This suggests that
FC growth may be related to nutrients and water pH.

3.9. The environmental impact of Martinez de la Torre, Veracruz on the Bobos River

The demographic growth, urban development, and human activities in its surroundings have
significantly impacted the environment, especially in the upper parts of watersheds, where industry,
population, and rainfall directly affect urban areas. The world is urbanizing at a rapid pace, and it is
essential to observe the interaction between urban centers, watersheds, rivers, and slope areas to
prevent risks and ensure the water supply for human consumption, which is crucial for achieving
sustainable development. An example of the effects of demographic and urban growth can be
observed in Martinez de la Torre, Veracruz, where as early as 1970, there was a growing and
cumulative housing problem due to population growth [58].

In warm climates such as Veracruz, a population of more than 150,000 inhabitants consumes
approximately 350 L of water per day' and produces 262.50 L of wastewater per day. The main
sources of pollution are the population living along the river (municipal wastewater) and the citrus
industry in the municipality, whose wastewater is discharged into the studied water body. In 2020,
the population of Martinez de la Torre will reach 108,842 inhabitants, while Tlapacoyan will have
61,337 inhabitants, San Rafael 30,351 inhabitants, and Nautla 10,130 inhabitants, a total of 210,660
inhabitants that will affect the study area [59]. These inhabitants generate wastewater and, in turn,
use water from the basin and the studied water body, which can have a significant impact on water
quality. Given a daily water consumption of 350 liters per person in a population of this size, it is
estimated that approximately 38,069,700 liters of water are consumed per day, generating
approximately 262.50 liters of wastewater per person per day in this region. Therefore, it is calculated
that the population of Martinez de la Torre generates about 28,542,750 L of wastewater per day.

After China, Mexico is the second country in the world that uses the most wastewater in
agricultural activities and is the Latin American country that irrigates the most hectares with
untreated wastewater [60]. An example of this is Mexico City, where wastewater is discharged into
the Tula River basin, providing water to an area that is scarce due to climatic conditions [61,62].
Despite providing economic benefits to farmers in the region, the same cannot be said for the study
area, as wastewater discharged into the Bobos River basin flows into the open sea, and its effects have
not yet been evaluated.

The results obtained show that there is an accumulative effect in this area since nature is not able
to clean the existing pollutants in time and space. This phenomenon is visible in the points SW4-
SWP9, where the highest concentration of pollutants is recorded downstream. According to the
Water Quality Index (WQI) developed by [63], the presence of COD >200 mg L in surface waters
indicates that they have been heavily affected by both urban and non-urban wastewater discharges.
In this study, values up to 389 mg L' were detected, indicating a situation of high pollution.

The alteration of river flows and the transport of sediment downstream are responsible for the
most significant environmental impacts, endangering aquatic life and riparian ecosystems. This
problem poses a threat to the survival of an entire watershed, as evidenced by various studies.
Considering that the world’s population is expected to reach 9 billion by 2050, the demand for water,
food, and energy is expected to increase significantly, with estimated increases of 55%, 60% and 80%,
respectively. This situation puts tremendous pressure on natural water systems, making it imperative
to reduce the use of water resources. One possible solution would be to limit water consumption to
150 liters per person per day, which would allow the generation of only 100 liters of wastewater per
person per day. This approach would help prevent the depletion of water resources and reduce the
continuous discharge of large volumes of wastewater into surface water bodies.
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Martinez de la Torre is a city in Veracruz, Mexico, known for its citrus production, particularly
lemons and oranges [64]. Despite being known for its citrus industry, it has negatively impacted the
local environment, particularly water quality and public health. In addition to contamination during
the citrus production chain, the industry has been responsible for contamination with organic waste
from juice exporting companies such as Citrusper, Citrex, Citrofrut, and Sicar Farms. These
companies have been discharging contaminated water into the Bobos River for many years [65].
However, it was not until 2014 and 2015 that PROFEPA [66] initiated administrative proceedings
against Citrofrut, S.A. de C.V., and Citricos Ex, S.A. de C.V., primarily for irregularities in wastewater
discharges and the characterization of the sludge generated in the treatment plant.

So far, there is no additional information on the characterization of the Bobos River. However,
it is known that the inhabitants of this community are economically dependent on aquaculture
activities. They deplore this serious pollution, which is gradually reducing the fish population. The
local population points out that the citrus companies located in this region are the main culprits for
the death of crustaceans and fish because they dispose of polluting liquids in the tributary of the river
[67]. The production of these companies generates wastes that harm the environment, especially the
water body of the Bobos River, streams, and aquifers near the areas where they are disposed of. In
addition, these wastes have a significant negative impact on the local flora and fauna, affecting
fishermen and residents of the area. The pollution also has a significant impact on the air and soil
quality in this industrial area and is not limited to the city’s waters. Para abordar estos problemas, se
necesitan politicas y practicas mas sostenibles en la produccion citricola. Some solutions include the
implementation of cleaner agricultural practices and the promotion of composting methods for the
disposal of organic waste generated by the citrus industry.

3.9. Preventive measures to avoid contamination of the Bobos River and to maintain sustainable development
in the region.

The Bobos River in Veracruz is an important water source for the region and it is essential to
take preventive measures to avoid its contamination. Some of the measures that can be implemented
are Promoting sustainable agricultural practices, which is a measure so that the water resource does
not continue to be polluted, and since a large amount of pollution in the Bobos River comes from
agriculture, action must be taken, so sustainable practices should be promoted to reduce the use of
chemicals and pesticides used on crops. In this sense, crop rotation is also an option, since instead of
growing the same crop in the same place year after year, crops can be rotated to reduce the
accumulation of pests and diseases in the soil. Although this is an area where crops are perennial,
there are still areas where it is possible to use these techniques.

Large citrus orchards can use cover crops during fallow periods to protect the soil from erosion
and improve soil health. These crops can also act as natural nutrient reservoirs, reducing the need for
chemical fertilizers. In addition, instead of relying solely on pesticides, integrated pest management
practices can be implemented, which include the use of mechanical, biological, and cultural
techniques to control pests more sustainably. Considering that organic agriculture is based on the use
of natural and sustainable practices to grow food without the use of pesticides and chemical
fertilizers. The adoption of organic farming techniques can significantly reduce the amount of
chemicals used in agriculture and the pollution of the Bobos River.

Training employees in sustainable and responsible production and waste management
practices, as well as raising awareness of the importance of protecting the environment and the Bobos
River, are good industry practices. Control and monitoring are critical for ensuring compliance with
environmental standards and avoiding river contamination. This could entail deploying
environmental monitoring systems and performing regular audits to pinpoint areas for
enhancement.

The competent authorities must establish regulations and restrictions for industries that use the
Bobos River for their activities. Limits should be set on the amount of chemicals that can be
discharged into the river, and sanctions should be imposed on companies that violate these
regulations. Communities near the Bobos River should have sewage treatment systems to prevent
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contaminated water from entering the river. Encouraging citizen participation through local
communities can help prevent pollution of the Bobos River through active participation in protecting
and caring for the river. Cleaning and monitoring activities by the public should be encouraged.

Pollution of the Bobos River is a problem that affects not only the health of the people living in
the region but also the sustainability of the local ecosystem. Therefore, the community needs to take
preventive measures to avoid river pollution and promote sustainable development. Here are some
actions that the community can take:

The community needs to refrain from littering the Bobos River. Litter can accumulate in the
water and affect water quality and aquatic life. Therefore, appropriate waste disposal sites should be
established. Chemicals such as pesticides and fertilizers can be harmful to the river and aquatic
organisms. Therefore, people need to control the use of these chemicals in their homes and farmlands.
Instead, more natural and ecological methods can be used to control pests and fertilize crops.

Reforestation is an important measure to maintain water quality and protect the Bobos River
ecosystem. The community can promote reforestation by planting trees along the riverbanks and in
nearby areas. Trees will help maintain water quality by absorbing nutrients and pollutants and
providing habitat for aquatic organisms. Environmental education is another way to raise awareness
about the importance of caring for the Bobos River and the environment in general. Environmental
education programs should be established in schools and the community to raise awareness about
the importance of protecting the river and the local ecosystem. In addition, river cleaning activities
should be promoted to encourage community participation in the conservation of the Bobos River.

Wastewater treatment requires the implementation of wastewater treatment systems to reduce
the amount of pollutants discharged into the river. This may involve the installation of filtration and
purification systems to remove pollutants from wastewater before it is discharged into the river.
Industries should adopt cleaner and more efficient technologies to reduce the emissions of
greenhouse gases and other pollutants they produce. This may include the use of renewable energy,
the implementation of more efficient production processes, the use of energy-efficient equipment and
machinery, and water treatment systems such as constructed wetlands.

4. Conclusions

Based on the obtained results and existing regulations, it has been determined that the water
quality of the Bobos River in the state of Veracruz is poor. The river receives wastewater discharges
that greatly affect its quality, with COD levels exceeding 200 mg L, indicating severe contamination.
It is imperative to take measures to control wastewater discharges to prevent further negative impacts
and protect the river. However, further research is necessary to determine the appropriate measures
that need to be taken, as there is insufficient information regarding the water quality of the Bobos
River. Strict regulatory supervision and continuous environmental monitoring must be implemented
during and after the execution of these measures. Policies and regulations should be established to
ensure sustainable supply and fair distribution of water resources while maintaining their
sustainability.
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