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Palabras claves: Resumen

Lixiviados, Introduccion: la disposicion final de residuos soélidos
contaminacion agua, municipales constituye una problematica ambiental y
indice calidad agua sanitaria actual. Objetivo: el objetivo de la investigacion fue

analizar la dispersion de la contaminacion en cuerpos de
agua, por los lixiviados provenientes del botadero de basura
denominado Curgua, Canton Guaranda — Ecuador.
Metodologia: las muestras de agua se recolectaron en
diferentes puntos: al ingreso al cuerpo de agua dulce
localizado a 60 m de la fuente que constituye el punto 2;
luego a 500 m, 1.5 km, 2 km y 3 km. El analisis se realizd
por triplicado durante 3 semanas. Se realizaron analisis
fisico - quimicos de acuerdo con la metodologia de la
empresa HACH. Se determindé la dindmica de la
concentracion de los principales compuestos de acuerdo con
los puntos de muestreo. Resultados: se presenta los valores
de los principales estadisticos de los parametros de calidad
analizados, el promedio, desviacion estandar, coeficiente de
variacion. Se encontr6 que a medida que aumenta la
distancia del punto de origen los valores de los parametros
disminuyen parcialmente, pero adn persisten, lo que provoca
la constante presencia de contaminacion en el cuerpo de
agua dulce. Conclusiones: existe una correlacién entre
algunos parametros, esto se deberia por el tipo y
composicion fisico quimica y bioldgica de los residuos que
se generan. Este hecho incrementa el riesgo de mantener e
incluso aumentar la contaminacion en épocas en las que se
puede influir directamente en la generacion de residuos
solidos. Area de estudio general: Ciencias del Ambiente.
Area de estudio especifica: Manejo y disposicion de
residuos. Tipo de estudio: Articulo original

Keywords: Abstract

Leachate, water Introduction:the final disposal of municipal solid waste is a
pollution, water current environmental and sanitary problem. Objective: the
quality index, water objective of the research was to analyze the dispersion of
quality index contamination in bodies of water by leachates from the

Curgua garbage dump, Canton Guaranda - Ecuador.
Methodology: water samples were collected at different
points: at the entrance to the freshwater body located 60 m
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from the source, which is point 2; then at 500 m, 1.5 km, 2
km and 3 km. The analysis was carried out in triplicate for 3
weeks. Physical-chemical analyzes were performed
according to HACH methodology. The dynamics of the
concentration of the main compounds was determined
according to the sampling points. Results: the values of the
main statistics of the quality parameters analyzed the
average, standard deviation and coefficient of variation are
presented. It was found that as the distance from the point of
origin increases, the values of the parameters decrease
partially, but persist, which causes the constant presence of
contamination in the freshwater body. Conclusions: There is
a correlation between some parameters, due to the type and
physical, chemical and biological composition of the waste
generated. This fact increases the risk of maintaining and
even increasing pollution in times when the generation of
solid waste can be directly influenced. General area of study:
Environmental Sciences. Specific area of study: Waste
management and disposal. Type of study: Original article

Introduction

The presence of municipal solid waste generates a high concentration of toxic substances
in liquids derived from the decomposition of waste, which constitutes a constant risk to
human health and the environment (Murcia et al., 2020). The management and disposal
of urban solid waste is a constant problem that municipalities in Ecuador must face. The
National Program for the Comprehensive Management of Solid Waste (PNGIDS) has
been created (Vaca, 2020). Which has specific objectives to reduce and take advantage
of waste at all stages of the process (United Nations Organization [UN], 2019], andthe
implementation of policies for waste reduction, with the aim of eliminating landfills (Gila,
2022), ayes, as well as promoting the use of reusable, repairable and recyclable materials
to reduce the environmental impact (Cando & Arguello, 2021), which coincides with all
fiscal, ecological and biological issues that develop due to the uncontrolled increase in
the population (Rodriguez, 2023). Urban solid waste landfills are identified as the main
threats to underground water resources (Lascano, 2020). Such as solid remains that are
deposited in landfills or open-air dumps that can be affected by groundwater overflow
and infiltration of precipitation or other forms of water entry (Le6n & Andrade, 2021).
Landfill leachates, when infiltrating into surface and groundwater, can introduce a variety
of chemical compounds and dissolved materials that pose a risk to the community
(Espinoza-Quispeet al., 2020). However, since all dumps or landfills are sites where
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garbage is disposed of inappropriately without receiving any properly sanitary method, it
is considered contamination in the formation of leachate (Fernandez-CortesThe leachate
liquid results from the drainage process of a landfill that filters through a solid (Cardenas-
Ferreret al., 2020), coming from the rains, the humidity of the solid waste and
decomposition of by-products (Morales, 2021), by which this liquid is defined as inflation
of water that passes through the underground soil carrying with it the dissolved waste
components of the biochemical reaction that constitutes a danger to the environment
(Podlasek, 2023). The compounds of various materials that act in the composition of
leachates are influenced by extreme environmental aspects (age of the landfill, technology
used in the plant) and aspects of the nature of the waste itself (pH, age, temperature) (Pozo
et al., 2020). The variable composition of this liquid depends mainly on the phases of
solid waste and the age of the landfill (Cuichan, 2022), likewise its solid waste is
represented as rejection because it cannot be handled properly (Raza-Carrillo & Acosta,
2022).The contaminated liquid from this waste that filters from a landfill, known as
leachate, has a composition that can vary considerably depending on the age of the landfill
and the type of waste it contains (Becerra-Morenoet al., 2022), These wastes are defined
by having higher concentrations of COD (Chemical Oxygen Demand), BOD (Biological
Oxygen Demand), ammonium and alkalinity, a high BOD/COD ratio (Luo et al.,
2020).This variability evolves in the quantity and composition of the waste that depends
on the level of compaction of the initial humidity of the garbage, the type of covering
material, rainfall, temperature, evaporation, infiltration and the field capacity of the
landfill are determining factors in the management and disposal of solid waste (Poblete
etal., 2019). The volume of leachates generated by these wastes is based on each of their
components, giving rise to different formulations for their application, however there are
environmental problems of landfills with greater influence on the disposal of places with
urban solid waste (Pellonet al., 2009), as well as the infiltration of leachates into surface
and groundwater with contaminating liquids in landfills must be treated before being
dumped on a surface (Espinosa, 2023). For this reason, it is necessary to establish the
most appropriate treatments to reduce and recycle waste (Huang et al., 2019), with a focus
on effective treatment to mitigate its negative impact on the environment (Cardenas-
Ferreret al., 2019), such as preventing the production of toxic waste and waste formation
with changes in consumption habits and creative reuse of products that may generate
garbage or pollutants (Vidarte & Colmenares, 2020).

Methodology

This research adopted an observational and analytical methodological approach to assess
the impact of leachate generated in the Curgua sector on a nearby freshwater body.
Systematic sampling was implemented at the leachate source and at strategic points along
the water body, allowing the analysis of the dynamics of contamination at different
distances. The physical-chemical analyses carried out with the provided quantitative data
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on the concentration of key contaminants, while the statistical analysis allowed the
interpretation of the evolution of contamination and the establishment of relationships
between the variables studied. The study was carried out in the Curgua sector, Santa Fe
Parish — Guaranda Canton — Ecuador. The leachate produced directly at the source was
analyzed. Water samples were collected at different points: at the entrance to the
freshwater body located 60 meters from the source, which constitutes point 2; then at 500
m, 1.5 km, 2 km and 3 km. The analysis was carried out in triplicate for 3 weeks. The
analyses were carried out according to the methodology of the company HACH. They
were carried out onlyrapid physical-chemical analysis to avoid alteration of the results.
The dynamics of the concentration of the main compounds was determined according to
the sampling points. Statistical analysis of the data was performed.

Figure 1

Sampling points
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The water quality index was calculated according to the methodology developed by
Abbasi & Abbasi (2012). It proposes a relationship between the measured values of the
parameters and the natural levels of the parameter. It is mainly based on a weighted
arithmetic sum aggregation method, which transforms the values by means of functional
curves produced by the Delphi method.

ICA = ?=1 W; * 511(1)

Wherewiis the relative weight of parameter i, n is the number of parameters used (in this
case 11) andSTiis the quality subindex of parameter i. This index includes a wide range
of contaminants, pH, dissolved oxygen and BOD. pH is associated with the toxicity levels
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of different contaminants. However, dissolved oxygen is directly associated with the
dynamics of life in the ecosystem (Tambo, 2015). Nitrates and phosphates are also
considered to assess the presence of nutrients. Finally, it takes into account the
biochemical oxygen demand since this can function as an indicator of contamination by
organic matter (Boyacioglu, 2007). Table 1 shows the relative weights of the NSF quality
index.

Table 1

Relative weights

Quality parameter wi

pH 0.11
Dissolved solids 0.07
Electrical conductivity 0.11
Dissolved oxygen 0.17
BOD 0.11
Total hardness 0.1
Chlorides 0.1
Ammoniacal nitrogen 0.1
Total phosphates 0.1
Color 0.11
Turbidity 0.07

Fountain:Taken from 'Conventional' Indices for Determining Fitness of Waters for Different Uses Abbasi
& Abbasi (2012).

After determining the quality index for the sampling point, it must be compared with the
water quality classification ranges, where the following must be observed:

Table 2

Ratings and criteria

Range Classification
0-25 Very bad
26-50 Bad

51-70 Average
71-90 Good

91-100 Excellent

Water quality data is made known using a rating scale.
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Figure 2

Dynamics of water quality parameters
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The water quality parameters measured at different points and at different distances are

presented.
Table 3
Water quality parameters at different sampling points
Parameter Ammonia
Tpling Statistical Color TuitrSid pH Cond;ctivit s-glii?; Temperature N-Ii—tl)::r:;le Pho;:hat Nit:g:;en Sulfates  Fluorides Ti;)otsl Manganese Chrome
point ’ (NH3-N)
Average 1140.43 808.32 8.38 1299.57 859.61 19.30 41.00 270 15.70 15,10 15.57 7.96 041 0.84
Minimum 1087.35 808.23 7.85 1278.25 855.89 18.70 40.95 2,60 15.65 15.06 15.45 7.90 0.40 0.78
Point 1 Maximum 1178.93 808.36 8.90 1315.27 862.69 19.80 41.08 284 15.76 15,12 15.65 8.00 0.42 0.88
cv 0.04 0.00 0.06 0.01 0.00 0.03 0.00 0.05 0.00 0.00 0.01 0.01 0.02 0.06
Dest 47.50 0.07 053 19,14 344 0.56 0.07 013 0.06 0.03 0.10 0.05 0.01 0.05
Average 948.67 670.12 837 1263.26 684.08 18.40 31.84 257 12.39 13.77 12.03 6.61 0.21 0.75
Minimum 941,00 668.22 8.32 1240.56 675.26 18,20 31.56 251 12,18 13.50 11.98 461 0.20 0.74
Point 2 Maximum 955,00 672.15 8.40 1274.89 689.42 18.60 32,00 2.62 12.76 14.00 12,10 7.63 0.22 0.75
cv 0.01 0.00 0.00 0.02 0.01 0.01 0.01 0.02 0.03 0.02 0.01 0.26 0.05 0.01
Dest 7.09 197 0.04 19.66 7.69 0.20 0.24 0.06 0.32 0.25 0.06 174 0.01 0.01
Average 751.30 47361 7.16 1103.40 563.46 17.37 24.57 118 3.69 10.73 847 5.49 0.15 0.61
Minimum 747.12 473.12 712 1103.11 560.24 17.20 24,12 112 3.62 10.73 8.46 5.48 0.14 0.60
Point 3 Maximum 754.20 474.25 7.22 1103.84 567.03 17.60 24.95 123 3.74 10.74 8.48 551 015 0.62
cv 0.00 0.00 0.01 0.00 0.01 0.01 0.02 0.05 0.02 0.00 0.00 0.00 0.04 0.02
Dest 371 0.58 0.05 039 341 0.21 0.42 0.06 0.06 0.01 0.01 0.02 0.01 0.01
Average 473.90 180.91 717 1068.19 485.37 17.30 15.42 0.73 081 8.23 534 3.48 0.10 0.38
Minimum 468.39 180.14 7.15 1068.15 484.22 17,24 15,22 0.71 0.80 8.22 5.33 3.47 0.10 0.37
Point 4 Maximum 478.22 182.12 718 1068.23 486.23 17.40 15.75 0.75 0.83 8.24 535 349 011 0.38
cv 0.01 0.01 0.00 0.00 0.00 0.01 0.02 0.03 0.02 0.00 0.00 0.00 0.06 0.02
Dest 5.02 1.06 0.02 0.04 1.03 0.09 0.29 0.02 0.02 0.01 0.01 0.01 0.01 0.01
Average 236.68 79.41 710 1039.91 391.05 17,19 737 0.34 0.73 732 202 113 0.05 0.16
Minimum 231.22 78.96 7.09 1038.74 390.58 17.02 715 031 0.72 729 202 112 0.05 015
Point 5 Maximum 245,67 79.74 712 1040.78 391.36 17.50 7.69 0.36 0.74 7.34 203 114 0.05 0.16
Ccv 0.03 0.01 0.00 0.00 0.00 0.02 0.04 0.07 0.01 0.00 0.00 0.01 0.00 0.04
Dest 7.84 0.40 0.02 1.05 0.42 0.27 0.29 0.03 0.01 0.03 0.01 0.01 0.00 0.01
Average 159.24 12.63 7.08 1006.77 273.05 17.02 5.23 0.26 0.30 513 142 0.78 0.03 0.10
Minimum 152.32 12.43 7.08 1002.33 272.36 17.01 5.09 0.22 0.30 512 141 0.78 0.03 0.10
Point 6 Maximum 163.21 12.80 7.09 1009.25 273.95 17.02 5.38 0.28 031 514 142 0.79 0.03 011
Ccv 0.04 0.01 0.00 0.00 0.00 0.00 0.03 013 0.02 0.00 0.00 0.01 0.00 0.06
Dest 6.01 0.19 0.01 3.86 0.82 0.01 0.15 0.03 0.01 0.01 0.01 0.01 0.00 0.01
M L Total Alumi N N Lea . " . Bariu . Molyb  Dissolved
Sampling Statistical Copper ha:ine um Chlorides  Nickel d Zinc Silver Cyanide m Bromine denum oxygen BOD5 COD
point 3
Average 0.64 267.10 0.14 1531.16 0.79 0.01 0.86 0.01 0.36 2,60 0.00 0.00 52.95 869.55 1251.41
Minimum 0.62 265.65 0.13 1528.13 0.78 0.01 0.84 0.01 0.32 258 0.00 0.00 52.84 867.96 1249.64
Point 1 Maximum 0.66 269.30 0.14 1535.14 0.81 0.01 0.88 0.01 0.40 261 0.00 0.00 53.03 872.24 1254.22
cvV 0.03 0.01 0.04 0.00 0.02 0.00 0.02 0.00 011 0.01 0.00 0.00 0.00 0.00 0.00
Dest 0.02 1.94 0.01 3.60 0.02 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.10 234 246
Average 0.48 207.38 0.04 1485.71 0.75 0.00 0.76 0.01 0.25 189 0.00 0.01 46.00 596.41 855.49
Minimum 0.48 206.56 0.04 1462.35 0.74 0.00 0.75 0.01 0.24 189 0.00 0.01 45,00 596.25 854.65
Point 2 Maximum 0.49 208.34 0.05 1498.12 0.76 0.00 0.77 0.01 0.25 189 0.00 0.01 47,00 596.65 857.08
cv 0.01 0.00 0.13 0.01 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.00
Dest 0.01 0.90 0.01 20,24 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 1.00 021 138
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Table 3

Water quality parameters at different sampling points (continued)

Total

:ﬁ—m Statistical Copper hardne /T:lu‘:' Chlorides  Nickel L;a Zinc Silver Cyanide B?:u Bromine t';Aeonltﬁ D;f;gl‘elsd BOD5 COD
point 3 ss
Average 038 13834 004 78707 056 000 060 000 0.08 141 0.00 001 3300 38116 10342
Minimum 036 13756 003 78623 056 000 059 0.00 008 141 0.00 001 3258 38021 10318
S;g:ﬁ["gg Maximum 039 13922 004 78756 057 000 060 0.00 0.09 141 0.00 001 33.44 38182 10387
cv 0.04 001 016 0.00 001 000 001 0.00 007 0.00 0.00 0.00 001 0.00 0.00
Dest 0.02 083 001 073 001 000 001 0.00 001 0.00 0.00 0.00 0.45 0.85 039
Average 023 12120 003 49717 036 000 038 0.00 0.04 088 0.00 001 2111 130.38 63.39
Minimum 023 12098 003 49712 035 000 037 0.00 004 0.88 0.00 001 2110 13021 63.18
Point4  Maximum 024 12141 003 49722 036 000 038 0.00 005 089 0.00 001 2112 13052 63.73
cv 0.02 000 000 0.00 002 000 002 0.00 013 001 0.00 0.00 0.00 0.00 0.00
Dest 001 022 000 005 001 000 001 0.00 001 001 0.00 0.00 001 0.16 030
Average 0.07 921 001 18127 014 000 017 0.00 0.00 036 0.00 001 1026 9221 3464
Minimum 0.07 80.97 001 18040 013 000 017 0.00 0.00 036 0.00 001 1020 92.03 34.50
Points  Maximum 008 9067 001 18201 014 000 018 0.00 0.00 037 0.00 001 1032 92.47 34.82
cv 0.08 000 000 0.00 004 000 003 0.00 0.00 002 0.00 0.00 001 0.00 0.00
Dest 001 040 000 081 001 000 001 0.00 0.00 001 0.00 0.00 0.06 023 0.16
Average 006 6328 001 12679 011 000 012 0.00 0.00 028 0.00 001 722 64.46 2,32
Minimum 006 6315 001 12655 010 000 011 0.00 0.00 026 0.00 001 721 64.42 24,26
Point6  Maximum 006 6347 001 12699 011 000 012 0.00 0.00 029 0.00 001 722 64.50 24.38
cv 0.00 000 000 0.00 005 000 005 000 0.00 0,06 0.00 0.00 0.00 0.00 0.00
Dest 0.00 017 000 022 001 000 001 0.00 0.00 002 0.00 0.00 001 0.04 0.06

Figure 2 shows the results of the analyses of the main parameters taken into account for
the calculation of water quality. Regarding pH, a decreasing trend is observed over time,
indicating that the water becomes slightly more acidic. However, pH values remain within
an acceptable range close to 7 (neutral). There is an increasing trend in dissolved solids
in the water. This suggests an increase in the amount of dissolved particles, which could
indicate a deterioration in water quality. Electrical conductivity shows an increasing
pattern similar to that of dissolved solids. Higher levels of conductivity are related to a
greater presence of dissolved ions in the water. The 5-day Biochemical Oxygen Demand
shows fluctuating values, with occasional peaks. High levels of BOD5 suggest a greater
amount of organic matter that consumes oxygen during its decomposition.

There is a general upward trend in total water hardness, indicating an increase in the
concentration of dissolved minerals, mainly calcium and magnesium. Dissolved oxygen
levels show variability, with values generally above 6 mg/L. It is important to highlight
the need to maintain adequate oxygen levels for the presence of life in water bodies.
Phosphate concentrations appear to remain relatively stable, with occasional peaks.
Excessive phosphate levels can contribute to eutrophication.

Fluctuations in ammonia nitrogen levels are observed, with generally low values.
Ammonia can be toxic to aquatic life at high concentrations. Chloride concentrations
show a slightly increasing trend. High chloride levels may indicate the influence of
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wastewater or salt intrusion. Turbidity shows variable values, with some peaks. High
turbidity reduces water clarity and may affect light penetration and photosynthetic
activity. Colour data show considerable variability. Changes in colour may be related to
the presence of dissolved or suspended substances.

Table 4

Correlation analysis between parameters

Color Turb pH Drive. STD NT Phosph. (N’\T)s_ Sulf. DT Clour. OD BOD5
Color
Turb 0.994
pH 0.861 0.886
Drive 0.953 0.965 0.972
STD 0.980 0.971 0.869  0.958
NT 0.998 0.993 0.873  0.960 0.986
Phosph. 0.961 0.973 0.966  0.995 0.947 0.964
(NH3-N) 0.923 0.947 0.976 0.989 0.930 0.938 0.981
Sulf. 0.987 0.990 0.899 0.975 0.983 0.985 0.974 0.946
DT 0.968 0.967 0.925  0.983 0.990 0.979 0970 0.968 0.977
Chlorine. 0.977 0.982 0.940 0.986 0.954 0.976 0.996 0.962 0.982 0.967
oD 0.998 0.995 0.889  0.967 0.977 0.996 0.976 0.939 0.990 0.972 0.989

BOD5 0.965 0.980 0.911  0.970 0.965 0.978 0.966 0.977 0.966 0.979 0.960 0.969
CoD 0.876 0.898 0.973  0.968 0.906 0.900 0.949 0.988 0.902 0.956 0.922 0.894 0.953

Table 4 indicates the interrelations between various parameters related to water quality.
The results reveal the presence of multiple very strong positive correlations (coefficients
>0.95) between certain indicators, suggesting a close link and possible dependence
between them. First, an exceptionally high correlation is observed between water colour
(0.994) and turbidity, total nitrogen (0.998), dissolved oxygen (0.998) and biochemical
oxygen demand (0.965). This indicates that these parameters are closely related and could
be responding in a similar way to environmental conditions or factors affecting water
quality. Similarly, strong correlations were identified between turbidity and electrical
conductivity (0.965), total dissolved solids (0.971), nutrients such as phosphates (0.973)
and ammonium (0.947), as well as certain ions such as sulphates (0.990) and chlorides
(0.982). These close relationships (>0.95) suggest that these parameters could be
influenced by common processes and factors. On the other hand, chemical oxygen
demand showed more moderate correlations (0.90-0.95) with pH (0.973), ammonium
(0.988) and certain ions, indicating a less direct relationship with these parameters
compared to the previous ones. This could be due to the influence of other factors that
affect chemical oxygen demand in a more complex or independent way.
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Table 5

Water quality parameters and their importance

Parameters Importance Yo I*W
pH 1.00 58.20 58.20
Dissolved solids 0.50 94.10 47,00
Electrical conductivity 2.00 35.70 71.30
Dissolved oxygen 5.00 13.20 65.80
Biochemical oxygen demand 5.00 1.30 6.30
Total hardness 1.00 32.30 32.30
Chlorides 0.50 1.20 0.60
Ammoniacal nitrogen 2.00 17.80 35.60
Total phosphates 2.00 21.70 43.40
Color 1.00 15.40 15.40
Turbidity 0.50 32.80 16.40
Total weight 20.5 392.3
Table 6 Table 7
Sampling points and water quality values Sampling points water quality values
Criterion Range Sampling Pts. Worth Criterion
Not contaminated 85 - 100 P1 19,14  Highly polluted
Acceptable 70 - 84 P2 20.54  Contaminated
Little polluted 50 - 69 P3 27.03  Contaminated
Contaminated 30 - 49 P4 33.77  Contaminated
Highly polluted 0-29 P5 4523  Contaminated
P6 56.11  Little polluted

Tables 5, 6 and 7 indicate the parameters and their importance for calculating the Water
Quality Index. The table indicates the quality criteria and values, and the table gives the
results at each sampling point. In summary, the tables provide a framework for assessing
and classifying water quality based on its level of contamination. The numerical ranges
allow the status of different water bodies or samples to be quantified and compared. The
higher the value, the better the water quality, while lower values indicate greater
contamination and the need for remedial actions. This suggests that there is a gradual
improvement in water quality as one progresses through the sampling points, although
pollution levels remain worrying at most points, especially at the first points where
pollution is more severe, which maintains a constant level of water pollution, which can
directly or indirectly affect the existing biota in the freshwater body, the population of
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fish that live along the river, and the existence of fishing activity increases the risk of
indirectly ingesting a pollutant by humans.

Figure 3

Evolution of water quality in relation to sampling points
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Figure 3 shows the evolution of water quality by sampling point. It starts at point 1, which
is where the leachate is formed. As it moves to different distances, the contamination
decreases. It is important to highlight that at point 6, despite the distance from the point
of origin, the water quality does not reach acceptable values, the contamination persists,
in addition to this, points are identified where there are discharges of other contaminants
called wastewater, this maintains or increases the contamination values. There is no
evidence of controls in the course of the river until reaching the point where it receives
another strong load of contaminants, which corresponds to the El Tejar Parish, located 6
km away and the Chimbo Canton, located 10 km away.

Conclusions

e The composition of the leachate generated in the Curgua landfill varies depending
on the nature of the waste, in which the majority is made up of organic matter and
its degree of decomposition, and the rest is a mixture of other materials such as
plastic, glass, metal, the age of the landfill, the design and operation of the landfill,
and the climatic conditions. Rain influences the amount of leachate produced,
where the pH of the leachate, slightly alkaline, suggests that it is in a constant
advanced stage of decomposition, which causes the transformation of organic
acids into methane and carbon dioxide, a process known as methanogenesis. It is
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worth noting that as the distance increases, a partial decrease in the values of the
parameters is evident, however, they remain, which causes the constant presence
of contamination in the body of fresh water. This aspect increases the risk of
maintaining and potentially increasing contamination in times when it can directly
influence the generation of solid waste.
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