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Abstract: The aim of this study was to evaluate the water quality in two streams of the Valles
region of Jalisco, Mexico and fully determine if they are being used as tequila vinasse disposal sites.
Three sampling campaigns were carried out at eight different points of the two streams that run
near tequila factories (TFs). Different physicochemical parameters of water quality were measured:
chemical oxygen demand (COD); biochemical oxygen demand (BOD5); total suspended solids (TSSs);
total phosphates; fats, oils, and grease (FOG); Kjeldal nitrogen; nitrite; nitrate; pH; conductivity;
temperature; dissolved oxygen (DO); and turbidity. Also, the analysis of samples of tequila vinasses
(TVs) diluted with tap water were carried out to have a reference for the level of pollution in the
streams. Furthermore, due to the fact that COD could be considered the main indicator of pollution
with TVs, a linear regression was performed between COD concentrations and the percentage of
dilution of TVs (with tap water). A positive correlation was found between these two variables,
and based on this analysis, the vinasse content was estimated at each sampling point of the streams.
It was found that on average, a volume of 8.5 ± 6.3% and 11.5 ± 4.9% of TVs were present in
each sampling point of the Atizcoa and Jarritos Streams, respectively. Additionally, it was found
that, in general, the concentration of pollutants increased as the streams passed through the TFs,
particularly the Atizcoa Stream. According to the Water National Commission criteria, most of the
points would be classified as highly polluted, since they reach concentrations of COD and BOD5 up to
6590 mg/L and 3775 mg/L, respectively, temperature values up to 37 ◦C, and DO values of 0.5 mg/L.
Therefore, it was confirmed that the streams are being used as tequila vinasse disposal sites. Due
to the above, there is an urgent need for tequila companies to implement treatment systems for the
vinasse generated, since under current conditions, the monitored streams are practically devoid of
aquatic life.

Keywords: turbidity; surface water pollution; tequila industry; Atizcoa stream; Jarritos Stream

1. Introduction

Tequila production is an iconic activity of great social and economic importance for the
producing regions of Mexico, particularly for the state of Jalisco [1,2]. However, throughout
the tequila production process, a liquid residue is generated at the bottom of the stills
during the distillation process of the fermented must known as tequila vinasse [3,4]. In
general, the number of tequila factories (TFs) that treat their vinasses prior to discharge is
low, since it is mainly large companies that do so [5]. The rest of the companies do not treat
their effluents, mainly justifying this decision with the economic limitations (especially
micro- and small companies) of paying for the construction, operation, maintenance, and
personnel of a conventional wastewater treatment plant [4]. Therefore, the untreated
vinasse ends up being discharged into the soils or surface water bodies (rivers, streams, and
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lakes) located in the tequila production regions, without complying with the requirements
established by current Mexican regulations [2,6,7].

Tequila vinasses are characterized by their typical dark reddish-brown color and an
alcohol-caramel smell, with high temperatures of up to 90 ◦C, an acidic pH of approximately
3.4 to 4.5, and high electrical conductivity (2.4 to 5.8 mS/cm) [3,8]. In addition, vinasses
contain fats, oils, and grease (FOG) in concentrations of 10 to 100 mg/L, total chemical
oxygen demand (COD) from 60,000 to 100,000 mg/L, total biochemical oxygen demand
(BOD5) from 35,000 to 60,000 mg/L, total solids from 25,000 to 50,000 mg/L, phosphates
from 100 to 700 mg/L, and total nitrogen from 20 to 50 mg/L, among others [9–11].

These characteristics of tequila vinasses make them a highly dangerous waste for
surface aquatic ecosystems if they are discharged without any treatment or with inadequate
treatment. Different studies have shown evidence for the negative consequences for the
environment of vinasses from other types of industries but with similar characteristics to
tequila vinasses [12]. Among them, the evaluation of the toxicity of sugarcane vinasse
from the production of refined sugar and ethanol stands out [4]. It was found that vinasse
has toxic and cytotoxic potential in fish liver and that this depends on the concentration
of vinasse in bodies of water [13,14]. Gunkel et al. [15] evaluated the Ipojuca river in
northeastern Brazil, which receives runoff from vinasse irrigation from sugarcane crops,
and revealed that vinasse was the main source of contamination in the river, because it
causes an increase in the temperature and acidification of the water and increases the
turbidity and depletion of dissolved oxygen [13,15].

On the other hand, the Valles region of the State of Jalisco, located in the region with
Denomination of Origin to produce Tequila in Mexico [16], stands out as the region with
the highest number of tequila factories (44), with the municipality of Tequila having 22 TFs
in 2021 [2]. In this way, the main economic activity in both the region and the municipality
is the production of tequila [17]. This municipality is part of the Tequila Route in the
Agave Landscape that attracts hundreds of both national and international tourists per
year [18]. Furthermore, due to the increase in tequila consumption around the world in
recent years [16], the number of tequila factories is increasing, which implies a greater
generation of tequila vinasses. Due to the physicochemical characteristics of the vinasses
and their possibly inadequate disposal, the Valles region is considered an environmental
risk area since there are no effective vinasse disposal plans [5].

In addition, in general, given the inappropriate management of wastewater in Mexico,
the surface water exhibits different degrees of deterioration. An example of this is the
Santiago River, which is considered one of the most polluted and deteriorated rivers in
Mexico since it receives constant discharges of domestic and industrial wastewater, with
contributions of up to 4.22 ton/day of COD, 1.87 ton/day of BOD5, and 4.44 tons/day of
total suspended solids (TSSs) [19,20]. The Santiago River has a length of 562 km, originates
in Lake Chapala, and flows into the Pacific Ocean in the state of Nayarit [21]; part of its
route takes place in the Valles region of the state of Jalisco. Tequila vinasses are among the
industrial wastewaters that the Santiago River receives, since these are discharged without
treatment or with incomplete treatment in different streams that end up flowing into this
river [5]. In Mexico, despite the increasing production of tequila [16] and the consequent
generation of vinasse, as well as the common perception that it is discharged without
treatment, there are no studies that fully demonstrate such discharges and their impacts.

Therefore, the aim of this research was to evaluate and analyze the quality of water
in two streams in the municipality of Tequila in the Valles region of the state of Jalisco,
Mexico and to comprehensively demonstrate whether or not they are being used as sites
of final disposal of tequila vinasses. In this way, we expect to make visible the negative
impacts of managing tequila vinasse in a very important tequila-producing region. This
study was carried out by measuring water quality parameters at different points in the
streams during the dry season and in different samples of tequila vinasse diluted with tap
water (as a frame of reference) to analyze the level of contamination in the streams.
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2. Materials and Methods
2.1. Study Area

The surface waters monitored were the Atizcoa and Jarritos Streams located in the
municipality of Tequila, belonging to the Valles region of the state of Jalisco in Mexico. The
Atizcoa Stream originates in the Tequila volcano and runs approximately 16.5 km until it
empties into the Santiago River [22] as part of the Lerma Santiago basin (Figure 1). These
streams are the most important in the town of Tequila, Jalisco. The Jarritos Stream is smaller
than the Atizcoa Stream and there is no information available on where it originates or
its source; apparently, it originates within the same town of Tequila, near some tequila
factories where the first monitoring point was located.
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Figure 1. Geographical location of the study area in the municipality of Tequila.

2.2. Monitoring of Atizcoa and Jarritos Stream

The monitoring was carried out in the dry season to avoid the dilution of probable
contaminants. Three sampling campaigns were carried out every 15 days (2 February,
16 February and 1 March 2021) at 8 different points in the water bodies identified as the
Atizcoa and Jarritos Streams. Figure 2 shows the location of the streams, the sampling
points and evidence of the location of tequila factories near the streams. The 8 sampling
points were located along the two streams; 4 of them in the Atizcoa Stream, 3 points in
the Jarritos and 1 point after the union of both streams. The points were chosen for their
proximity to tequila companies and the ease and accessibility of taking water samples.
These points were numbered in ascending order in each of the streams as they moved
downstream. In the Atizcoa Stream, the 4 points were identified as A1 (located before the
stream passed through the tequila factories), A2, A3 (located very close to several tequila
factories), and A4 (located after the stream passed through the tequila factories). In the
Jarritos Stream, the 3 points were identified as J1, J2 (located near some tequila factories),
and J3 (after the stream passed through the factories). Finally, the point after the union of
both streams was named AJ.
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Figure 2. Sampling points in the Atizcoa and Jarritos Streams and evidence of the presence of tequila
factories around them in the town of Tequila.

With regard to the monitored parameters, some of them were measured directly in the
monitored streams, that is, the measurements were made on-site. These parameters were
pH, conductivity, dissolved oxygen, and temperature. For this, a HACH model HQ40d
portable meter was used with specific INTELLICAL probes for each of the parameters. The
other parameters, that is, turbidity, FOG, total suspended solids (TSSs), total phosphates,
nitrite, nitrate, ammonia, organic nitrogen, COD, and BOD5 were determined at the En-
vironmental Quality Research Center of the University of Guadalajara Campus Ciénega,
located in the municipality of Ocotlán, Jalisco. The samples were preserved at 4 ◦C until
processing and the techniques used were based on the Mexican standards, which in turn are
based on the standard methods for the analysis of water and wastewater [23]. It is worth
mentioning that the parameters were selected from those contaminants usually found in
tequila vinasses. Furthermore, to have a reference to compare the concentration of each
of the contaminants in the monitored streams, most of these parameters were evaluated
in vinasse samples diluted with tap water (TW). Furthermore, the flow rate along the
streams was estimated approximately using the well-known velocity/area method, which
consists of measuring the mean velocity of the flow and the cross-sectional area of the
stream (Flow rate (Q) = A (area of the cross-section transverse) × V (velocity of the water
at the surface)) [24].

2.3. Statistical Analysis

Because COD is the parameter that best reflects contamination by tequila vinasse, a
linear regression was carried out from control samples (tequila vinasse diluted with tap
water) to determine the relationship between vinasse concentration (independent variable)
and COD, and then, according to the model, estimate the presence of vinasse in the water
courses. Additionally, a randomized block experimental design was used to analyze
changes in water quality parameters at each stream sampling point. For the analyses,
the response variables were the on-site measurements as well as the laboratory measured
quality parameters mentioned in the last section. The treatments were all sampling points
along each stream, specifically, A1, A2, A3, A4, and AJ for Atizcoa que Stream and J1, J2,
J3, and AJ for Jarritos Stream. The date of the sampling campaign was used as a blocking
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factor. The linear regression and analysis of variance (ANOVA) were performed using
STATGRAPHICS CENTURION XV.II with a significant level of p = 0.05. Specifically, when
the ANOVA revealed significant differences, multiple comparisons were made using the
least significant difference (LSD) test in order to determine the difference between means.

3. Results and Discussion
3.1. Measurements of Pollutants in Diluted Vinasse Samples as a Frame of Reference

Table 1 shows the concentrations of the different contaminants measured in diluted
vinasse samples (with tap water). It is evident that contaminant concentrations were very
low or absent in tap water and increased dramatically when the percentage of TV increased.
In the case of pH, the value in tap water was 8.58 and was reduced to a value close to
4 when the samples contained between 25% and 100% vinasse. Due to the fact that, to the
best of our knowledge, this is the first study in which TV discharges to surface waters are
evaluated, there is no reference study to compare our results, so we consider these results
with diluted vinasses to be suitable as a reference.

Table 1. Pollutant concentrations in samples of diluted tequila vinasses with tap water a.

Dilutions of Tequila Vinasses with Tap Water

Parameter 0% (TW) 25% 50% 75% 100%(TV)

Chemical oxygen demand (mg/L) 13.5 ± 2.1 8850 ± 1131 15,225 ± 176.8 25,250 ± 1484.9 35,150 ± 1202.1
Total Kjeldahl nitrogen (mg/L) 0.22 ± 0.02 125.1 ± 4.8 236.5 ± 8.9 284.0 ± 21.7 426.1 ± 2.8

Nitrate (mg/L) 0.65 ± 0.07 450 ±70.7 655 ± 49.5 880.0 ± 28.3 220 ± 169.7
Nitrite (mg/L) 0.004 ± 0.00 2.1 ± 0.00 2.9 ± 0.40 4.55 ± 0.21 6.05 ± 0.49

Total phosphates (mg/L) 1.65 ± 0.78 100 ± 14.1 190 ± 70.7 335 ± 7.1 385 ± 49.5
Total suspended solids (mg/L) 0.0 ± 0.0 3833 ± 235.7 8917 ± 117.9 12,417 ± 1532 17,833 ± 2121

Turbidity (NTU) 0.0 ± 0.0 1300 ± 118 2363 ± 40.3 4031 ± 298.4 6497 ± 1565.3
pH 8.58± 0.00 3.96 ± 0.00 3.8 ±0.00 3.76 ±0.01 3.74 ± 0.01

Electrical conductivity (µs/cm) 72.03 ± 0.10 905.2 ± 0.57 1403.5 ± 0.71 1928.5 ± 2.12 2372 ± 1.41

On the other hand, COD could be considered the main indicator of the presence
of vinasse in water bodies, since its value can increase significantly in water bodies that
receive vinasse discharges, as a result of its high values in the raw tequila vinasses, from
60,000 to 100,000 mg/L [2]. Additionally, linear regression models are widely used in
environmental study cases in order to determine relationships between specific variables
and specific industrial/anthropogenic activities or pollutants [25,26]. Figure 3 shows a
positive correlation between vinasse concentration (%) and COD with a r2 of 0.9955. In
addition, the variance analysis shows a p value < 0.05, which means that the variables
have a significant statistical relationship. The adjusted regression model resulted in the
following equation:

COD = −439.6 + 346.692 (% Vinasse)

Based on this equation, the vinasse content was estimated in each of the sampling
points of the streams, which were also graphed in Figure 3. In this way, the calculated
values show the presence of vinasses in the two streams. For Atizcoa, it was estimated that
there is an average vinasse content of 8.46 ± 6.3% in each of the sampling points, while in
the Jarritos Stream the vinasse content is slightly higher, that is, 11.86 ± 4.9%.

3.2. Parameters Measured on Site

Figure 3 shows the average results of the parameters measured on site. These were
temperature, conductivity, pH, and dissolved oxygen. The temperature (Figure 4a) results
showed, in the Atizcoa Stream, a considerable increase at point A2 (37 ◦C) with respect to
A1, with a significant difference (p < 0.05); this value was reduced as the stream advanced
in its course, but even so, it remained above the value found in A1. In the Jarritos Stream,
at point J3 there was also a considerable increase in the temperature value compared to
J1 and J2 (from 22 to 28 ◦C), also with significant differences (p < 0.05). These increases in
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temperature demonstrate the discharges of vinasse, since vinasse is generated at 90 ◦C [10].
As is known, high temperatures have an impact on the physical and chemical properties
of water, especially density, viscosity, solubility of dissolved oxygen, and the speed of
chemical and biochemical reactions that could occur in the body of water [27].
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Regarding the pH (Figure 4b), in the Atizcoa Stream, at point A1, the values were
in the optimal range for aquatic life (7–7.5) [28]. However, as the stream ran through
the other points near the TFs, these values decreased considerably until reaching acidic
values (4–5) statistically different in comparison to A1 (p < 0.05). Meanwhile, in the Jarritos
Stream, slightly acidic pH values (5–6.5) were found at all points, because from the first
sampling point there were several TFs that, it seems, discharge their vinasses into the
stream. No significant difference (p > 0.05) was found between the different sampling
points. Consequently, point AJ, which is the union of the two streams, presented acidic
pH values (4–5.5), which reflects the presence of vinasse discharges since such values are
close to those measured in samples with 25 to 100% vinasse (Table 1). These pH values
definitely preclude the existence of aquatic fauna in the two streams, since in general, acute
or chronic exposure to acidic values negatively affects their physiological functions; most
aquatic animals, including fish, live in a narrow pH range close to neutrality [28].

With respect to the conductivity results (Figure 4c), low values were found in the
Atizcoa Stream at point A1, but as the stream ran through the area where the TFs are
located (points A2, A3, and A4), these values increased significantly from one point to
another (p < 0.05), reaching a final average value of 1384.77 ± 63.5 µS/cm at A4; this value
is very similar to that found in the dilution of 50% of vinasse with tap water. Regarding
the Jarritos Stream, high conductivity values were found at all points (between 750 and
1400 µS/cm) without significant differences (p < 0.05). As a result, at the AJ junction point,
high values were also found (between 800 and 1400 µS/cm). Such values can only be due
to discharges of tequila vinasse, since increases of such magnitude would not be reached if
the discharges were domestic wastewater [27]. As the results in Table 1 suggest, tequila
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vinasses with high electrical conductivity values have the potential to modify the electrical
conductivity of uncontaminated waters, such as streams.
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Regarding DO concentrations (Figure 4d), in the Atizcoa Stream, the values were
optimal at point A1, but as the stream flowed through the TFs, these values decreased
significantly (p < 0.05) from 6 to 0.5 mg/L. In contrast, in the Jarritos Stream, at all points
the DO concentrations were low, between 1.27 to 0.5 mg/L, without significant difference
between them (p < 0.05) and, as expected, at point AJ, where both streams join, the DO
concentration values were very low (0.5 mg/L). This was to be expected when physically
seeing the state of the streams. The noticeable turbidity of the water prevents the sun’s
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rays from penetrating properly, making it impossible for photosynthetic organisms that
produce oxygen to be present. The decrease in DO is also due to excess organic matter
and high temperatures. The high concentrations of organic matter cause the aerobic
microorganisms responsible for its degradation to demand more DO than usual, which
leads to its reduction [2,13,20]. In this way, streams develop a toxic environment for aerobic
aquatic life, enabling the life of only a small group of anaerobic microorganisms [27].

3.3. Parameters Measured in the Laboratory

The parameters measured in the laboratory are reported in Figure 5 for Atizcoa Stream
and Figure 6 for Jarritos Stream.

Regarding the results for COD and BOD5, which are indicators of the content of or-
ganic matter in the bodies of water, it was found that at point A1 of the Atizcoa Stream, the
average values were low, that is, 9.7 ± 1.5 mg/L and 7.7 ± 1.9 mg/L, respectively. Accord-
ing to the water quality indices of the Water National Commission (CONAGUA) [1], such
values allow the stream to be classified as “acceptable quality” for BOD5 and “good quality”
for COD. However, as the stream flowed through the TFs (points A2, A3, and A4), these
values increased significantly (p < 0.05) until reaching average values of 4778.5 ± 565.25
mg/L and 2792.5 ± 314.35 for COD and f BOD5, respectively, at A4. In contrast, in the
Jarritos Stream, the concentrations of these pollutants were high in the three sampling
points along the sampling campaigns (from 1005 to 6590 mg/L for COD and from 930 to
3346 mg/L for BOD5) without significant difference between the sampling points (p < 0.05).
As a result, when the two streams joined, at point AJ, the concentrations were also high
(between 3162.5 to 5395 mg/L for COD and between 1919.2 to 3775 mg/L for BOD5). Such
values are unusually high, much higher than the values even for municipal wastewater
considered to be of high concentration (400 mg/L for BOD5 and 1000 mg/L for COD) [29].
According to the estimation using the linear regression model between COD and % vinasse,
the two streams had vinasse in different percentages. In general, the polluting potential of
vinasses could be up to 100 times higher than that of domestic sewage due mainly due to
the low pH, high corrosivity, and BOD5 concentrations [14]. Evidently, according to the
CONAGUA quality indices, the two streams are classified as heavily polluted [1].

With respect to the concentration of FOG, in Atizcoa Stream the average concentrations
did not show a significant difference between the sampling points (p > 0.05), although
the average concentrations were 5.0 ± 3.6 and 56.2 ± 61.0 at A1 and A4, respectively. It
is likely that the ANOVA was affected by the small number of samples. In the Jarritos
Stream, the three points presented average high concentrations (28.5 ± 12.6 mg/L to
105.8 ± 91.7 mg/L), without significant differences (p > 0.05). Point AJ also presented a
high concentration of FOG that was in the range of 12.62 to 125.94 mg/L. These values
show again that the streams are receiving wastewater discharges, presumably tequila
vinasse. According to [2], an average concentration of 119 ± 109 mg/L of FOG was found
in the vinasse of 24 tequila factories. It is important to highlight that the presence of FOG
in tequila vinasse is due to its content in the agave plant. In agave bagasse (the solid
residue after extraction of the cooked juice during the production of tequila) the content
of extractives, which includes fats, phenolics, resin acids, waxes, and inorganics, varies
between 19 and 57% [30]. FOG are considered a basic contaminant, according to the Official
Mexican Standard NOM-001-SEMARNAT 2021, which must be removed or stabilized by
conventional processes; in this case, the values found in the two streams were mostly higher
than the maximum limits allowed for discharges, which is 15 mg/L [31].
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cording to the water quality indices of the Water National Commission (CONAGUA) [1], 
such values allow the stream to be classified as “acceptable quality” for BOD5 and “good 

Figure 5. Parameters measured in the laboratory from sampling points of the Atizcoa Stream
(mean ± confidence interval, p < 0.05, n = 3). (a) Chemical oxygen demand; (b) biochemical oxygen
demand; (c) fats, oils, and grease; (d) Kjeldahl nitrogen; (e) nitrate; (f) phosphates; (g) total suspended
solids; (h) turbidity.
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± confidence interval, p < 0.05, n = 3). (a) Chemical oxygen demand; (b) biochemical oxygen demand; 
(c) fats, oils, and grease; (d) Kjeldahl nitrogen; (e) nitrate; (f) phosphates; (g) total suspended solids; 
(h) turbidity. 

With regard to the results of nitrogen compounds, very high concentrations were 
found in some monitored points of the streams. Specifically, for Kjeldahl nitrogen, which 
is the sum of organic nitrogen and ammonia, the concentrations increased significantly 
from A1 to A4 (p < 0.5), reaching an average value of 70.6 mg/L after the stream flowed 
through the TFs. In the Jarritos Stream, at all points as well as at the AJ junction point, 

Figure 6. Parameters measured in the laboratory from sampling points of the Jarritos Stream
(mean ± confidence interval, p < 0.05, n = 3). (a) Chemical oxygen demand; (b) biochemical oxygen
demand; (c) fats, oils, and grease; (d) Kjeldahl nitrogen; (e) nitrate; (f) phosphates; (g) total suspended
solids; (h) turbidity.

With regard to the results of nitrogen compounds, very high concentrations were
found in some monitored points of the streams. Specifically, for Kjeldahl nitrogen, which
is the sum of organic nitrogen and ammonia, the concentrations increased significantly
from A1 to A4 (p < 0.5), reaching an average value of 70.6 mg/L after the stream flowed
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through the TFs. In the Jarritos Stream, at all points as well as at the AJ junction point, high
concentrations were observed (between 28.9 and 131.4 mg/L) in the different sampling
campaigns with no significant difference between the sampling points (p > 0.05). In this
case, some values were similar to those in Table 1 for samples with 25% vinasse. In the
case of nitrate, it can be seen in Figure 5 that at point A1 of the Atizcoa Stream, the average
concentration was low (2.7 mg/L), but it increased significantly (p < 0.05)) as the stream
flowed through the TFs. In contrast, in the Jarritos Stream, nitrate concentrations were high
at all sampling points without difference (p > 0.05). Regarding nitrite, it can be highlighted
that, in the eight points, the concentrations were low (between 0.01 and 0.6 mg/L); this
was expected, since nitrite is an intermediate compound in the nitrogen transformation
reactions [32]. In general, nitrogen is one of the main pollutants that cause eutrophication of
surface waters when untreated or poorly treated wastewater is discharged into them [33].

Regarding phosphate concentrations, again, low concentrations were found in A1 of
the Atizcoa Stream and increasing concentrations along the course of the stream (p < 0.05),
as well as permanently high concentrations along the Jarritos Stream (p > 0.05). High
concentrations of phosphates and nitrate in surface water bodies can cause eutrophication,
resulting in the presence of algae and aquatic weeds in water bodies [34]. That being said,
in the case of these streams, the high turbidity makes it impossible for sunlight to penetrate,
so the presence of algae is not possible. However, when the streams finally flow into the
Santiago River, there they can contribute to the eutrophication that is observed in some
parts of the river, where it is covered with Eichornia crassipes [35].

Turbidity and TSS had the same trend as the aforementioned parameters. In the
Atizcoa Stream, it can be seen in Figure 5 that the values of these parameters increased as
the stream ran through the TFs. It has been reported that TSS reaches up to 24.7 g/L in
tequila vinasses [4], so vinasse discharges significantly impact the concentration of these
two parameters. The turbidity in the Atizcoa Stream ranged from 16 to 785 NTU and
the TSS ranged from 36 to 829 mg/L. The variation between the sampling points was
significant for both parameters (p < 0.05). In the Jarritos Stream, high turbidity and TSS
values were also observed, mainly on February 16, where point J1 stood out with values of
4490 NTU of turbidity and 6185 mg/L of TSS; at point AJ, turbidity and SST also presented
high values, between 227 and 844 NTU for turbidity and between 657.1 and 941.7 mg/L
for TSS. In general, the values of both parameters were exceptionally high, indicating that
the streams transported mainly vinasses. Some specific values were similar to those of
samples with 75% vinasse (Table 1). In this case, there was no significant difference between
the sampling points of the stream (p > 0.05). By comparison, [27] found mean values of
55.66 ± 4.18 NTU and 31.71 ± 1.41 mg/L for turbidity and TSS, respectively, at a domestic
wastewater discharge point in a stream in Mali. Moreover, [36] reported a concentration
49.46 ± 21.59 mg/L of TSS and 76.23 ± 51.27 NTU of turbidity in the Cau River in Vietnam
during the dry season. On the other hand, based on the concentration of TSS, the two
streams are classified as highly polluted bodies of water (TSS concentration > 400 mg/L),
according to the water quality indices of the Water National Commission (CONAGUA) [1].

Regarding the flow rate, it was found that in the Atizcoa Stream, it varied from 23 L/s
at the point prior to its passage through the tequila plants (A1) to 53 L/s at point A2 and
finally to 107 L/s before joining the Jarritos Stream (A4). Meanwhile, in the Jarritos Stream,
the flow rate was lower, varying from 18 L/s to 84 L/s at the last sampling point. This
increase in stream flow probably also reflects the incorporation of tequila vinasses.

Finally, the results of the physicochemical analyses of the water samples from the two
streams show that their contamination is evident. Therefore, it is suggested that tequila
companies in the Valles region implement best practices to mitigate this impact in the short
term. It is recommended that tequila vinasses be treated using conventional wastewater
treatment processes such as pretreatment, primary treatment, secondary treatment (physic-
ochemical and/or biological), and advanced treatment processes. In cases of companies
that cannot afford a conventional wastewater treatment plant, such as micro- and small
factories, low-cost alternative technologies are recommended such as constructed wet-
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lands [4] or advanced oxidation processes [37]. In addition, vinasses could be used and
valorized for other applications such as the generation of biogas [38], the production of
microbiological culture media in bioprocesses and bioremediation [39], or as raw material
for the production of animal foods [40] due to the high content of organic matter, water,
and nutrients such as potassium, calcium, magnesium, sulfur, and nitrogen.

4. Conclusions

By taking as reference the concentrations of contaminants in samples with different
percentages of tequila vinasse as well as the estimation of the vinasse content in each of
the monitored points (through a linear regression model developed between COD and %
vinasse), we confirmed that the two monitored streams are being used as final disposal
sites for tequila vinasse.

The state of total deterioration in which they are found is physically evident, as it is
impossible for aquatic life to exist in such conditions. The increase in the concentration and
values of parameters that reflect contamination from the discharge of vinasse (tempera-
ture, conductivity, turbidity, FOG, TSS, COD, BOD, total phosphate, nitrate, and Kjeldahl
nitrogen), as well as the decrease in the concentration and values of important parameters
for the development of aquatic life such as pH and DO, were found to be overwhelming
once the streams flowed through the tequila factories. Due to the information above, there
is an urgent need for tequila companies to implement treatment systems for the vinasse
generated. It is recommended that alternative treatment systems be evaluated alongside the
conventional and economically accessible ones so that through their implementation the
contamination of these bodies of water can be reduced for the benefit of the locality itself.
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