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Abstract Resumen

Con los objetivos de conocer el rendimiento y las caracteristicas
agronOmicas y caracterizar la variedad de maiz V-540, durante 2016 al
2024 se llevo a cabo el proceso de obtencion y evaluacion a través de siete
ambientes; V-540 registré 6.86 t ha'! y 41.83 t ha'! para grano y forraje,
18% y 14 % mas en relacion con V-537C, para cada caracteristica,
respectivamente. V-540 puede ser usada para grano en el consumo
humano y forraje para ensilar y alimentar el ganado durante la época seca.
V-540 presenta altura de planta y mazorca intermedia con 232y 132 cm,
respectivamente, Relacion altura de mazorca/altura de planta de 0.56,
ciclo bioldgico intermedio, buena cobertura de la mazorca, buen
aspecto y sanidad de planta y de mazorca, mazorcas con 14 hileras
regulares, de forma cilindrica, sanas con grano de color blanco crema
y textura dentada. Se obtuvo el niimero de registro por el SNICS
siguiente 4849-MAZ-2644-301024/C.

With the objectives of knowing the yield and agronomic traits of
the maize variety V-540, to characterize this variety and, during
2016 to 2024 there was carried out the process for getting this
variety; Across the seven environments, V-540 registered 6.86 t
ha! and 41.83 t ha! for grain and forage, 18% and 14 % more than
V-537C, for each characteristic, respectively. V-540 can be used for
grain in human consumption and forage for silage in animal feeding
during dry season. V-540 present intermediate plant and ear height
with 232 and 132 cm, respectively, Relation ear/plant height of
0.56, intermediate biological cycle, good husk cover, good plant
and ear aspect and sanity, ears with 14 regular rows, cylindric
shape, with white grain and dent texture. There was gotten the
register number by SNICS as follow 4849-MAZ-2644-301024/C.

V-540, New maize (Zea mays L.) variety for the humid
tropic in México

V-540, Nueva Variedad de Maiz (Zea mays L.) para el Trépico
hiimedo de México

‘ Objectives ‘

‘ Methodology ‘

Contribution

a) To know the yield and
agronomic traits in the
new maize variety V-540
for the tropical region in
southeast of México and
b) to characterize this
variety in agree with the
format suggested by
SNICS for getting their
register

During 2016 to 2024 was
carried out the process of
getting of the variety V-540
and the evaluation across
seven environments across the
humid tropic in México, there
were registered the grain and
forage  yield and  the
agronomic traits and there was
made the characterization of
this variety in agree with the
format suggested by SNICS

V-540 registered 6.86 and 41.83 t ha'
for grain and green forage, 18% and 14
% more than V-537C, for each trait
respectively. Instead of yield and
agronomic traits, V-540 can be used for
grain in the human consumption nad
green forage for silage in animal feeding
during dry season. According to the
characterization of this variety in agree
with the format suggested by SNICS
there was gotten their register number
4849-MAZ-2644-301024/C.

Variety, Selection, adaptation

Metodologia

Contribucion

*Conocer el rendimiento y
caracteristicas  agronémicas
de la Nueva Variedad de maiz
V-540 para la region tropical
en el sureste mexicano y
*Caracterizar la variedad de
acuerdo con el formato
sugerido por el SNICS con
fines de registro

Durante 2016 al 2024 se llevo a cabo
el proceso de obtencion de la
variedad V-540 y se evaluo a través
de siete ambientes en el tropico
himedo de México, se registro el
rendimiento de grano y forraje y las
caracteristicas ~ agronomicas  se
realizo la caracterizacion de la
variedad de acuerdo con el formato y
manual sugerido por el SNICS

Variedad, Seleccién, adaptacion

V-540 registr6 6.86 y 41.83 t ha'!
para grano y forraje verde, 18% y 14
% mas en relacion con V-537C, para
cada caracteristica, respectivamente.
Por su rendimiento y caracteristicas
agronémicas en planta y mazorca, V-
540 puede ser usada para grano en el
consumo humano y forraje verde
para ensilar y alimentar el ganado
durante la época seca. Con los datos
de caracterizacion de la variedad de
acuerdo con el SNICS se obtuvo su
namero de registro 4849-MAZ-
2644-301024/C.
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Article
Introduction

In the tropical region in México, during 2022,
there were sown 2.8 million of hectares with
maize, which of them one million are located in
agronomic provinces of good and very good
productivity, and 91 thousand hectares are sown
under irrigated conditions; In this area is feasible
the use of improved seed of hybrids, synthetics
and varieties with high yield potential under
favorable conditions of clime soil and
management by farmers [SIAP, 2022; Espinosa
et al., 2019; Sierra et al., 2019].

Synthetics and open pollinating maize
varieties offer the advantage of greater
adaptability to the conditions of clime, soil and
management by farmers [Sierra er al, 2019].
Besides, they can be used by several cycles of
sown without affecting the grain yield or
modifying the agronomic traits. On the other
hand is easier and cheaper the seed production
[Mérquez et al., 1983; Reyes, 1985; Andrés et
al., 2014; Andrés et al., 2016; Sierra et al., 2019;
Sierra et al., 2016; Andrés et al., 2017].

In maize breeding through evaluating
different environments are identifying better
genotypes in yield, adaptation, and agronomic
traits, however, is very important that farmers
have access to seed with genetic, physiological,
physical and sanitary good quality [Andres et al.,
2017; Espinosa et al, 2012; Flores y Garcia,
2016; Sierra et al., 2016a; Sierra et al., 2016].

The population improvement in maize to
exploit the additive portion in populations and
consist in accumulating favorable genes in traits
to select; besides, it generates as byproducts
open pollinating maize varieties with high yield
and wide adaptation, besides, in this kind of
breeding is important to exist genetic variability
and reduce the environmental effect [Sierra et
al., 2019; Marquez et al., 1983; Reyes, 1985].

When maize populations are improved,
they get wide adaptation and relatively tolerance
to adverse factors, like insects, diseases, drought
[Lonnquist, 1979]. The allelic frequency can be
modified by selection and if a great number of
genes is involved the increasing by generation
are little, and a great number of changes can be
gotten by continuous recurrent selection through
several years [Comstock, 1978; Hallauer and
Miranda,1981].

ISSN: 2444-4936.
RENIECYT: 1702902
ECORFAN® All rights reserved.

The maize breeding program for the
tropic start with the collection of native maize,
the evaluation, selection and practice recurrent
selection for yield and agronomic characteristics,
and there were gotten the maize varieties
Papaloapan 1, V-520C and V-522. In a
population based on Tuxpefio germplasm worked
by CIMMYT, was practiced recurrent selection
for short plant, it was evaluated by INIA
[predecessor institution of actual INIFAP], thus,
the 11° recurrent selection cycle was defined as
V-524 [Sierra et al., 2019].

Full sib recurrent selection is an efficient
way for breeding maize populations, due to the
coefficient of the additive genetic variance for
families is relatively great and exist reports of
gains even 3% by cycle [Hallauer and Miranda,
1981]. During 1982 to 1990 this selection
method was used in Campo Cotaxtla in maize
populations Tropical Dent Synthetic [STD],
Tropical Flint Tuxpefio [TTC] and Tropical Elite
Population [PET], which of them were gotten the
open pollinating maize varieties V-530
commercially used in Veracruz state, V-531 for
coast in the pacific region, V-532 for Yucatan
peninsula and V-534 for the central region in
Chiapas, which ones were adopted by farmers in
the tropical region for the southeast in México
[Sierra et al., 2019]

The adaptability of these genotypes
permits to know the response to different
environments defined by the clime, soil and
agronomic management [Reyes 1990; Reyes,
1985, Andrés et al., 2017; Sierra et al., 2018].

During the last years there have been
working in Cotaxtla Experimental station in mass
selection and Recurrent selection of SlI
progenies, in maize varieties VS-536, However,
is feasible to exploit the dominance and
overdominance genetic variance through the
varietal crosses [Sierra et al., 2016a]. In the
characterization of V-540, there was registered
68 quantitative and qualitative agronomic traits
through the developing crop described on the
format suggested by SNICS [SNICS, 2014]. The
objectives of this research were: a] To know the
yield and agronomic traits in the new maize
variety V-540 for the tropical region in southeast
of México and b] to characterize this variety in
agree with the format suggested by SNICS
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Methodology

Localization. The tropical area in Mexico,
according with Garcia [2004], the climatic group
A, that correspond to humid and subhumid warm
conditions [Aw0, Aw1, Aw2, Am y Af] is located
in the coast region in the Gulf of Mexico and the
pacific ocean.

This region corresponds to the influence
area on which the maize variety V-540 was
generated, evaluated promoted and are located the
producers of improved seed. The refreshment and
selection of the maize varieties VS-536, V-537C
and SINT4B on which were practiced mass
selection, and there were made the
characterization were carried out in Cotaxtla
Experimental Station INIFAP, in Veracruz,
located at the km 34 through the public road from
Veracruz-Cérdoba in the municipality of
Medellin de Bravo, Veracruz, in the 18° 56’ North
Latitude and 96° 11° West longitude and altitude
of 15 masl. The evaluation was carried out in
Cotaxtla Experimental Station and CBTA 84 in
Carlos A. Carrillo municipality in Veracruz, San
Bartolo Tuxtepec, Oax., and Huimanguillo in
Tabasco state. The clime condition is Awl[w],
Aw?2 y Am, for each location, respectively Garcia
[2004].

The soil is in Cotaxtla is Vertisol, with
medium texture trough the profile and slightly
acid pH [6.6] [INEGI, 2020].

Germplasm used. The base germplasm used
was the synthetic maize variety VS-536, this
variety was developed in Cotaxtla experimental
station which belongs to the National Institute of
forestry, agricultural and livestock research
[INIFAP].

This synthetic was formed by genetic
recombination of eight inbred lines derived from
the Tuxpeiio race.

Thus, there were evaluated diallelic
crosses in several locations in Mexican tropic
and there were defined the inbred lines that
participate in the synthetic, there were made the
possible single crosses among the inbred lines, at
harvest time there were made a balanced
mechanic compound with crosses, after was
made a genetic recombination of the compound
and defined as VS-536 in 1992 [Sierra et al.,
2016].
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Description of the experiments. The selection
sown of VS-536, V-537C and Sintetico 4, were
isolated by distance 200 m or planting date 25
days, The experiments were stablished under
blocks at random design with 20 entries and three
replications, which of them 9 are experimental
synthetics varieties; VS-536, V-537C, SINT2,
SINT3, SINT4, SINTS, TS6, LPS C3 y SINT 8C;
8 maize varietal crosses and the hybrids H-520,
H-518 and H-567; they were sown in plots of two
rows 5 m long and 80 cm wide in a density of
62,500 pl ha! [Reyes, 1990].

The weeds were controlled based on
Atrazine in preemergent application and were
controlled pests in leaves during developing
crop. fertilization was made according with the
recomendations by INIFAP for each location;
particulary in Cotaxtla location was utilized the
formula 161-46-00, applying all the phosphorus
and 30% of the nitrogen at planting date, the rest
of nitrogen was applied 35 days from planting
date using urea as nitrogen source.

Characterization. For characterization there
were stablished experiments with 6 rows five
meters long and 80 cm wide, with two
replications, identifying plots and 100 plants with
labels, in this plants there were registered all the
68 variables and data logging for plants during
developing crop and at harvest time 40 ears for
characterization according with the SNICS
format [SNICS 2014].

Selection method in V-540. The synthetic
variety VS 536 is the most used maize variety in
the southeast of México generated by INIFAP;
Because of their favorable plant and ear
characteristics, besides their adaptation to the
tropic conditions there was necessary, to improve
it some characteristics like plant and height, grain
texture ear prolificacy and taramites their register
through SNICS.

In last five years at Cotaxtla
Experimental Station INIFAP, in Veracruz, there
has been working with mass selection method
which one exploit the additive portion of the
genetic variance present in maize populations,
that means accumulate favorable genes or
characteristics in the maize variety. The criteria
used in selecting have been short plant and ear
for reducing risk of lodging, good husk cover,
good plant and ear aspect and sanity.
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Selection is realized in two opportunities:
1] At first during developing crop in
phenological stage of grain filling, marking
plants with complete competence that present
favorable characteristics and 2] at harvest time,
selecting the best ears, which will be the seed for
planting the next sown [Sierra et al., 2019].

Variables and data logging. During the
developing of the experiments there were
registered the agronomic traits days to tassel,
days to silking, height to plant and ear, plant and
ear aspect and sanity, utilizing a scale from 1 to
5, where 1 is the best and 5 the worst, lodging
plants, bad husk cover; at harvest time there were
registered the variables grain yield, dry matter
and rot ears. In reference to characterization,
there were registered 68 quantitative and
qualitative agronomic variables in plant, ear and
grain according with the format suggested by
SNICS [SNICS, 2014]

Statistical methods. The experimental design
was under blocks at random design with 20
entries and three replications. There was made
an individual analysis for each experiment and a
combined analysis for grain yield of the
synthetic varieties in the seven environments of
evaluation and were analyzed statistically and
for separating of means, the Significant
Minimum Difference test was applied at 0.05
and 0.01 of probability [Reyes, 1990]. There
were gotten the environments indexes in maize
varieties for the seven environments of
evaluation in Veracruz and Tabasco: Cotaxtla
2022B, Carrillo 2023A, Huimanguillo 2023A,
Carrillo 2023B, Carrillo 2024A, San Bartolo
Tuxtepec, Oax., 2024A y Huimanguillo 2024A

Results and discussion

Process of getting of the open pollinating
maize variety V-540. In Cotaxtla Experimental
Station there was working in improving of VS-
536 using the selection mass method; this
method exploits the additive portion of the
genetic variance present in maize populations, it
means to accumulate favorable genes through
the selection cycles. With this method, the
criteria of selection have been short height of
plant and ear for reducing risk of lodging, good
husk cover, tolerance to lodging, good plant and
ear aspect and sanity, withe grain and dent
texture for the V-540 [Sierra et al., 2019].
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V-540 present plants with good aspect,
Relation height of ear / height of plant of 0.54,
present ears with 14 regular rows, white color
and dent texture. The selection was made in two
stages 1] In plant, when this is in grain filling
phenological stage, selecting plants with
complete competence and favorable
characteristics and 2] at harvest time selecting the
best ears, with this seed there will sow the next
selection cycles. Additionally, it was applied a
recurrent selection of S1 progenies, the
advantage of this method permits to eliminate
those S1families with non-desirable
characteristics and ‘“clean” the variety. In this
year 2024, we have concluded the fifth mass
selection cycle, and the data of V-540 was sent to
SNICS for getting the register number [SNICS
2014]. For the grain and forage yield and
agronomic characteristics in plant and ear, V-540
new maize variety for the humid tropic got the
register number by SNICS as follow: 4849-
MAZ-2644-301024/C.

Grain yield. In reference to grain yield across the
seven environments of evaluation in both spring
summer and fall Winter seasons under no
irrigated conditions, it was found that V-540
registered 6.80 t ha™! in grain, 16% more than the
commercial check V-537C [Table 1]. The
adaptability of this genotype permits to know the
response to different environments defined by
the clime, soil and agronomic management
[Reyes 1990; Reyes, 1985, Andrés et al., 2017,
Sierra et al., 2018]. This grain yield and adaptation
to these environments suggest that V-540 is an
alternative in producing commercial maize by
farmers in the humid tropic in the southeast in
Mexico; Besides V-540 isa an open pollinating
maize variety and can be used for several seasons
of sown, because farmers can select improved
seed from their own commercial maize V-540
[Sierra et al., 2019; Marquez et al., 1983; Reyes,
1985].

Table 1

Grain yield t ha! of V-540
Environment V-540 V-537C
Cotaxtla 2022B 5.63 5.04
Carrillo 2023 5.38 5.08
Huimanguillo 2023A 4.65 4.94
Carrillo 2023B 7.60 8.20
Carrillo 2024* 9.15 6.06
San Bartolo 2024A 8.75 5.52
Huimanguillo 2024A 6.45 6.34
Mean 6.80 5.88
Relative % 116 100

Source: Own elaboration
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Environmental Indexes. In relation with the
Environmental Indexes in maize varieties for
Veracruz and Tabasco, it was registered for
environments Carlos A. Carrillo in 2023B,
Carlos A. Carrillo in 2024A and San Bartolo
2024A, the best Environmental Indexes with
positive values of 1.56, 1.27 and 0.8 and the best
grain yield for these maize varieties. Thus,
Carlos A. Carrillo in 2023B, 2024A and san
Bartolo, Tuxtepec, Oax., registered grain yield of
7.9, 7.61 and 7.14 t ha!, for each environment,
respectively, and particularly the lowest
environmental indexes correspond  to
Huimanguillo, Tabasco, in 2023A, Carlos A.
Carrillo in 2023A and Cotaxtla 2022B. It was
observed that the maize varieties are adapted to
the Cuenca of Papaloapan in 2023B and 2024A
for the municipalities of Carlos A. Carrillo and
San Bartolo Tuxtepec, Oaxaca the best
environmental Indexes and the best grain yields in
t ha'! [Reyes 1990; Reyes, 1985, Andrés et al., 2017,
Sierra et al., 2018]. [Table 2]

Table 2

Environmental Indexes for maize varieties
Veracruz and Tabasco 2022 to 2024

Table 3

Grain Environ

yield ment
Num Environment t ha! Indexes
4 Carrillo 2023B 7.90 1.56
5 Carrillo 2024A 7.61 1.27
6 San Bartolo 2024A 7.14 0.80
7 Huimanguillo 2024A 6.40 0.05
1 Cotaxtla 2022B 5.34 -1.01
2 Carrillo 2023A 5.23 -1.11
3 Huimanguillo 2023A 4.80 -1.55
Mean 6.34

Source: Own elaboration

Forage yield. V-540 registered a mean of forage
yield across the five environments of evaluation
of 41.83 t ha! of green forage for V-540, 14 %
more than the check V-537C [Table 3].

Besides grain production V-540 is an
alternative for producing forage for silage and
using for animal feeding during the dry season in
southeast of Mexico [Reyes 1990; Reyes, 1985,
Andrés et al., 2017, Sierra et al., 2018].
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Yield of green forage [t ha'] of V-540

Environment V-540 V-537C
Carrillo 2023A 38.31 40.87
Carrillo 2023B 51.83 43.20
Carrillo 2024A 51.63 34.73
San Bartolo 2024A 45.87 40.00
Valle Nacional 2024A 21.5 24.0
Sum 209.14 182.8
Mean 41.83 36.56
Relative % 114 100

Source: Own elaboration

Characterization of V-540 using SNICS format.
Instead of agronomic characteristics, V-540
present intermediate height of plant and ear with
232 and 132 cm for each variable, respectively,
a relation height of ear /height of plant of 0.56, it
means, practically in the middle part,
intermediate biological cycle with 52 to 54 days
to flower, 80 to 90 days to physiological maturity
and 120 days from sown to harvest during the
spring summer season, present good husk cover,
good plant and ear aspect and sanity, ears with 14
regular rows, cylindric shape, white grain and
dent texture. V-540 is similar in biological cycle,
higher in plant and ear height, better in ear aspect
and sanity, good husk cover and ear rot than V-
537C, open pollinating maize variety used as
check [Marquez et al., 1983; Reyes, 1985; Andrés et
al., 2014; Andrés et al.,, 2016; Sierra et al., 2019;
Sierra ef al., 2016; Andrés et al., 2017], [Table 4].

Table 4
Agronomic characteristics in plant and ear for
V-540

Daysto  Plant  ear plant’ ear' plant’ Ear' % %ear Farheight/
flor  height height aspect aspect sanity sanity cob rot  Plant height

V-540 52 232 13225 27 17 15 478 39 0.56
V-537C 52 225 115 23 28 15 25 587 698 051

% Cob= % of ears with bad husk cover; "'Scale of qualifying

from 1 to 5, where 1 is the best and 5 is the worst

Source: Own elaboration

Genealogy

Because its yield and agronomic
characteristics there was sent the characterization
data for registration the open pollinating maize
variety V-540 in the SNICS Particularly, there
was mentioned First leaf: Wide [cm] Broad
[68%], stem: Number of shoots per plant Absent
[100%], leaf: Coloration of blade Green dark
[100%] days to tassel 56-60 [100%] days to silk 51-
55 [56%] and 56-60 [44%],
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Number of primary branches in tassel Very
high [> 12] [58%] Density of spikelet medium [92%]
Relation height ear/ height of plant Medium [77%],
Number of ears per plant dos mazurkas per plant
[56%], Ear length medio [76%)], grain texture dent
[90%], shape of grain top handed [100%] principal
adaptation area. Humid tropic [100%] Principal grow
season, Spring summer season [100%] [SNICS
20147, [Figures 1 and 2, Tables 5, 6 and 7].

Figures 1 and 2

Agronomic characteristics in plant and ear for V-
540

Source: Own elaboration

Table 5
Characterization for leaves and steam in
maize variety V-540

Characteristic level

1. First leaf anthocyanin coloration of sheath medium [41%] intense 40%

2. First leaf: Long [cm] medium [51%] short [20%)]

3. First leal: Wide [cm] broad [68%] Meédium [32%)]
4. First leaf: Relation Long/Wide Médium [54%)] small [42%]

5. First leaf: shape for apex rounded [68%] rounded to spatulate [32%]
6. leaf angle between blade down the principal ear semierect [94%]

7. leaf: angle between blade and stem small < 25 86%

8. leaf: angle between blade above the principal ear Semi-Erect [31-60°] [92%]

9. leaf: characteristic shape light curved [34%)] Curved [46%)]
10. leaf: Ondulation of Blade margin Moderate 92%

11. stem: Anthocyanin coloration of brace roots Absent or very weak [74%]  weak [20%]
12. stem: Nimber of shoots per plant Absent [100%]

13. stem: médium length of lower internodes

14. stem: médium diameter. In the midle part of above
internodes of ear [mm]

15. stem: meédium length of above infernodes

16. stem: Grade of zigzagging.

17. stem: anthocyanin coloration in nodes

very large [> 15.0 em] [80%] large [11.1-15.0 cm] 20%
small [10.1-15.0 mm] 50%  Meédium [15.1-20.0 mm] 36%

large [14.1-180cm] 62%  Médum [10.1 - 14.0 cm] 28%
Absent or very light [100%]
Absent or very weak [100%]

18. leaf: Presence of longitudinal wrinkles Absent [100%]

19. leaf: Coloration of blade. Green dark [100%]

20. leaf: Coloration of the sheath in the three first leaves o

of the stem base. green 100%

21. leaf: anthocyanin coloration in sheath, in médivm ek 100%

partof plaat. weak 100%

22. leaf: Coloration de Ia sheath i the principal ear. green 100%

23. leaf: Coloration of the auricle Green light [60%)] green [40%]

24. leaf: Pubescence over the margin of the sheath Absent or very few [100%]

Source: Own elaboration
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Table 6
Characteristics in tassel and silking for V-540

Characteristics Level

25. Tassel: days to tassel 56-60 [100%]

26. Tassel: Lenght of peduncle [cm] Medmm [12.1-20.0] [50%)] large [20.1 - 28.0] [40%)]

27. Tassel: Lenght large [35.1-43.0 cm] [65%]  Médium [27.1-35.0 em] [20%]
28. Tassel: Lenght of the principal axis large [22.1-28.0 cm] [44%]  Very large [ 28.0 cm] [42%]
29. Tassel: Angle. compact [+-25°] [40% Semi open [+ - 50°] [34%]

30. Tassel: Position of lateral branches rectilinear [80%] lightly curved [14%]
31. Tassel: Nimber of primary branches. Very high [> 12] [58%] high [10-12] [22%]
32. Tassel: Secundary branches present [88%] absent [12%)]

33. Tassel: Density of spikelets medium [92%] lax [8%)]

34. Tassel: anthocyanin coloration in base of

glumes Absent or very weak [46%]  Weak [44%]

35. Tassel: anthocyanin coloration in the glumes  Weak [52%] Absent or very weak [32%]
36. Tassel: anthocyanin coloration in anters Weak [58%] medium 20%)]

37. Tassel: Covering the top leaf absent [94%) few [+- 25%)] [6%)]
38. silking: days to silk 51-55 [56%) 56-60 [44%)

39. silking: anthoeyanin coloration in silk absent [54%)] present [46%)

40. silking: Intensity of anthocyanin coloration  Absent or very [52%] Weak [26%]

41. silking: Developing of phyllodes
42 Tassel Lenght of lateral branches [em]

Absent or very few [98%]  few [2%]
very large [>25.0 cm] [67%] large [20.1-25.0 cm] [23%]

Source: Own elaboration

Table 7
Characteristics in plant and ear for the maize

variety V-540

Characteristics

Level

43. Plant: lenght.
44. Plant: ear height

46. Left: Wide of left

47. Plant: Number of ears per plant
48. Ear: Lenght of peduncle

49 Ear Lenght

50. Ear: Diameter

51. Ear: shape

52. Ear: Arrange of grain rows

53. Ear: Number of rows of grain
54 Ear: Number of grains per row
55. Ear: gramn texture

56. Ear: shape of grain top

57. Ear: Grain color

58. Ear: Grain dorsal color

59. Ear: Grain endosperm color

glumes of cob

in glumes of cob

62. Type of androesterility
63. braquitic character

64. principal adaptation area.
65. secundary adaptation area
66. Principal grow season

67. Secundary grow season
68. Hidric regime

45. Plant: Relation height ear/ height of plant

60. Ear: anthocyanin coloration in the

61. Ear: Intensity of anthocyanin coloration

high [221-300 cm] [52%]
high [121-160 cm] [59%]
Médium [0.46 - 0.65] [77%]
Narrow [5.1 - 8.0 em] [52%]
101-120% [56%]

Médium [14.1 - 20.0 em] [76%)]
medium [15.1-20.0 em] [76%]
small [4.1-5.0 cm] [80%]
cilindric [88%)]

rect [98%]

few [12 - 16] [90%]

medium [31-40] [76%]

dent [90%]

hendide [100%)]

‘white cream [100%]

‘white cream [100%]

‘white [100%]

Absent [white] [100%]

Absent or very weak 100%]
None [100%]

Absent [100%)]

Humid tropic himedo [100%]
subhumid tropic [100%]
Spring summer season [100%]
Fall Winter season [100%)]
Rainy season [100%)]

Very high [> 300 cm] [48%]
Very high [> 160 cm] [29%)
small [0.26 -0.45] [19%]
mediane [8.1 - 11.0 cm] [48%]
81-100% [44%]

large [20.1 - 26.0 cm] [22%)]
large [20.1-25.0 cm] [24%]
medium [5.1-6.0 cm] [20%]
conic-cilindric [12%]

1n spiral [2%)]

very few [< 10] [10%]

much [41-50] [22%]
semident [mtermediate] [7%)]

Source: Own elaboration

Conclusions

There was gotten five mass selection cycles and
there were completed the characterization of V-
540 and there were sent the data logging
according to format suggested by SNICS.
Because of its yield and agronomic
characteristics across the seven environments of
evaluation, V-540 can be used as double purpose
for grain in human consumption and forage for
animal feeding during the dry season.

For grain and forage yield and agronomic
characteristics in plant and ear, V-540 new maize
variety for the humid tropic got the register number
by SNICS as follow: 4849-MAZ-2644-301024/C.
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Abstract

Water is vital for life, but its availability is at risk due to factors such as
population growth and climate change. Rainwater harvesting is an
effective strategy to mitigate water scarcity, reducing demand for
conventional sources and helping in resource management. Studies show
that, with proper treatment, it can be used for irrigation and consumption.
Its implementation requires specific infrastructure, such as collection,
channeling and storage surfaces. The present seeks to propose a system
that is capable of storing water resources with respect to the installed
capacity and will be the basis for a comprehensive system of collection,
storage and treatment of water at the Tecnologico de Estudios Superiores
de Valle de Bravo.

Technical Proposal for a Rainwater Harvesting System (RHWS] for the Tecnologico de Estudios Superiores de
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Resumen
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Introduction

Water is an essential resource for life and socio-
economic development, but its availability has
been compromised by population growth, rapid
urbanisation, climate change and pollution of
water bodies [United Nations, 2021]. According
to the World Health Organization [WHO, 2023],
approximately 2 billion people in the world do
not have access to safe drinking water,
underscoring the urgency of implementing
innovative and sustainable water management
solutions.

Rainwater  harvesting has gained
prominence as an effective strategy to mitigate
water scarcity, especially in regions with
seasonal rainfall patterns. Recent studies, such as
Campisano et al. [2017], highlight that rainwater
harvesting systems can significantly reduce the
demand for water from conventional sources,
such as rivers and aquifers, while contributing to
the sustainable management of water resources.
In addition, their implementation helps prevent
problems associated with surface runoff, such as
flooding and soil erosion [Ferrans et al., 2022].

The treatment of stormwater is a key
component in ensuring its quality and safety for
various uses. Recent research, such as that of
Raimondi et al. [2023], has shown that, with
appropriate  filtration  and  disinfection
technologies, rainwater can be used for activities
such as irrigation, cleaning and even human
consumption, complying with the quality
standards  established by  international
organisations. Likewise, the study by Latif et al.
[2022] shows that with proper cost-effective
treatment it is possible to use easily accessible
devices and elements to create -effective
collection and filtration systems. On the other
hand, in a case study Guirra and Lima [2022]
analysed a catchment system for an educational
community, finding technical and social
feasibility by developing a dimensioning based
on data from the area, providing a positive
outlook for these systems to continue to be
implemented globally. This highlights the
potential of catchment and treatment systems as
a viable alternative for communities and
educational institutions.

The implementation of rainwater
harvesting systems in built spaces requires
specific infrastructure to enable the collection,
conveyance, storage and treatment of rainwater.
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Firstly, it is essential to have adequate
catchment surfaces, such as roofs or rooftops,
which must be designed or adapted to maximise
water harvesting efficiency [Pirouz et al., 2021].
In addition, piping systems, such as downspouts
and pipes, are needed to convey water from
catchment surfaces to storage devices, which can
be tanks or cisterns. The latter must be sized
according to the water demand and rainfall
characteristics of the area [Semaan et al., 2020].

A critical element is the incorporation of
pre-filtration and treatment systems, which
certify the quality of the water collected for use.
Recent studies highlight the importance of
technologies such as particle filters and
disinfection systems to remove contaminants and
ensure that water is suitable for non-potable uses
such as irrigation or cleaning [Cescon & Jiang,
2020]. Subsequently, the integration of these
systems into already built urban environments
requires methodical planning that considers
spatial, structural and regulatory constraints,
which implies technical adaptations for their
successful implementation.

According to UNAM [2022], according
to various experts, in Mexico the maintenance of
hydraulic infrastructure is lagging significantly
behind due to insufficient resources from tariffs
and tax funds, especially in the case of dams and
flood control works. Many of these systems have
exceeded their useful life or have become
obsolete in the face of technological advances,
making it essential to replace or upgrade them
with more modern and efficient equipment. If
measures are not taken in the short term, the
entire existing infrastructure could be at risk, in
addition to generating high costs due to possible
system failures.

In the context of the Tecnoldgico de
Estudios Superiores del Valle de Bravo
[TESVB], the implementation of a rainwater
harvesting system would not only address local
supply challenges, but also promote sustainable
practices and environmental education among
the academic community. This proposal aligns
with the Sustainable Development Goals [SDGs]
of the 2030 Agenda, in particular goal 6: ‘Clean
water and sanitation’ [United Nations, 2021], and
would contribute to the water resilience of the
region.
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This paper develops a feasible technical
proposal for rainwater harvesting and some
treatment in the TESVB, based on scientific
evidence and successful case studies. Through
this analysis, it seeks to demonstrate that the
adoption of these technologies is not only
feasible, but also necessary to ensure water
sustainability in educational and community
settings. We can argue that there is no such
recipe for the design of these systems, as they
depend on the environmental and social context,
as well as the available technologies and
intellectual capacity working in these systems
[Hernandez Moreno, et al., 2024].

Background

In the field of structural engineering, destructive
testing is a fundamental tool in the evaluation of
the mechanical performance and strength of
reinforced concrete under critical loading
conditions. They not only allow the
identification of structural capacity limits, but
also facilitate the wvalidation of theoretical
models and the development of standards.

Rojas-Valencia et al. [2012] reported a
case study in Mexico City, the rainwater
harvesting system was designed based on the
runoff coefficient, which was determined to be
between 0.60 and 0.75, considering heavy
rainfall of 45 mm/h in the southern part of the
city, the school building analysed with a
catchment area of 288.4 m?. Two 3" PVC pipes
were used to convey the filtered water to a first
water interceptor.

The total storage capacity is 4 m3,
combining a 3 m? cistern and a 1 m? tank, with a
2.5 HP pump for distribution, although it was a
simple analysis based on the runoff coefficient
and technical elements proposed by the authors,
because the study was focused on water
treatment, it yielded positive implementation
results with theoretical and not experimental
data.

When studies have to be carried out due
to a lack of specialised machinery, they can be
subject to certain regulations which, although
not strict in some areas, help the studies to be
carried out with elements that can be constructed
without so much difficulty.
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At Katip Calebi University in Izmir,
Turkey, a rainwater harvesting system was
designed to solve the water consumption of the
building where the toilets are located, in this, the
methodology 1is structured, starting with the 1]
study of rainfall of 81 previous years, finding
maximum and minimum rainfall, 2] an analysis
of the catchment area and materials to find out
how much they could store, 3] a comparison of
the data obtained to find out specifically how
much they could store with the installed capacity,
and 4] they determined the demand for water,
according to the data of the study population.
Finally, they give a technical answer that
corresponds to the study data, however, it was not
constructed as it is school infrastructure, but they
make clear the technical feasibility of the project
[HAJJAR, et al., 2020].

A study by Richards et al. [2021] in a
small school in Berambadi, India showed that
although the installation capacity is small, they
have a more structured methodology with
favourable results in a Rooftop Rainwater
Harvesting System [RWHS] in conjunction with
a Decentralised Wastewater Treatment System
[DWTS], i.e. the idea is not only to collect, store
and use, but also to treat the resource. Its
methodology is structured as, 1] Site description
[water study and study population], 2] Demand
estimation, 3] Water catchment area calculation,
4] Water conveyance system design, 5] Storage
system design, 6] Water quality measurement
system and 7] Water treatment and 8] Chlorine
dosage test. As the primary objective is that the
water is used for consumption, the study focused
on the quality of the stored water and how the
calculated treatment was decisive in obtaining a
recovery of up to 58,000 L of stored and used
resource.

In Vicosa-Brazil, Sanchez-Galvis and
collaborators [2024], proposed a scenario of
potential savings that could be made by using
water in some houses of social interest, their
study focused on; 1] study of the locality,
population data and potential consumption by
area, 2] consumption of drinking water in
households, 3] study of rainfall in the area, 4]
calculation of the volume of water captured and
5] calculation of the replacement of drinking
water used for non-potable purposes with
rainwater. The results show that at least 40% of
non-potable water consumption could be covered
for two residential areas with a total of 268
family units, which would have an immediate
impact on the consumption of water resources.
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For example, Preeti and collaborators
[2019] in Australia propose a system that can be
adopted by the whole country, by means of a
comparative analysis of rainfall [30, 50 and 70
years], they modelled a system that can be
adapted in a general way to the characteristics of
each zone; 1] specific storage tanks in
arrangement of the study areas, ii] up to 5 types
of uses for the stored water are considered, iii]
use of specific rainfall data and elements of the
installed capacity for storage such as roofs and
car parks, so as not to alter the infrastructure in a
complex way, and iv] a financial analysis of all
the elements that have to be installed as a kit. On
the other hand, in a small study in an apartment
complex in Cibinong, Bogor, Indonesia presents
a structured methodology; 1] Literature survey,
2] Data collection, 3] Data processing and as an
extra stage there is an Analysis and discussion
together with Report preparation. Theoretically
they obtained a result of reusing 80% of the
rainwater captured by the building [Anantika, et
al., 2019]. These microsystems that can be
designed for any context, however, there is still
misinformation and lack of interest from the
authorities to be able to design and implement
these systems, a clear example is the work of
Bezerra and Santos [2022] where they conducted
a study for a single-family residence in
Pesqueria, Pernambuco, Brazil, where they
applied a conventional methodology, by means
of, 1] a contextual study, 2] analysis of
hydrological data of the area, 3] dimensional
calculations based on the national standard and
4] economic-ecological analysis, concluding in a
theoretical saving of 213. 9775 L/day in the unit.

In a wide-ranging study for the
metropolitan area of Monterrey, an analysis of
the implementation of the Rainwater Harvesting
System [SCALL] in residential areas was
proposed, focusing on the design for the
Hydraulics laboratory of the FIC-UANL that can
be scaled in the study areas, based on rainfall
data, the possible storage by municipalities in the
area was estimated according to the data up to
2010, based on the distribution of the Net Annual
Precipitation [PNA] [Salinas Lopez, et al.,
2016]. These studies highlight the importance of
the implementation of these systems and how
accessibility to information is democratising the
participation of many professionals and is
becoming a multidisciplinary issue that can
impact on new schemes, new methods and
improve the strategies that political and social
actors can implement so that this can be
strengthened.
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Materials and Method

The study will be carried out using a structured
methodology [Figure 2], described as follows;

- Topographic survey of the area,
catchment  capacity analysis and
assessment of catchment capacity in
specific areas of the TESVB [Figure 1]
through a topographic survey with total
station, quantifying the available area
with the optimal characteristics for
catchment. The main branches of the
existing hydraulic installations and
storage points will also be located and
modelled in CAD. [Samboko, et al.,
2022].

Figure 1

Aerial view of current infrastructure and sketch
of the TESVB

Source: Google Earth and own elaboration
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- Compilation of information and location
of present collection and drainage
systems, hydrological study, determining
the amount of average annual rainfall in
the TESVB using data from available
weather stations. In addition, historical
records of average annual rainfall will be
analysed to generate future scenarios
using linear regression. [Colston, et al.,
2018].

- Determination of the areas of interest for
rainwater harvesting and preparation of a
topographical plan of potential areas, by
means of a study of the installed
infrastructure, the area of use will be
known. [Preeti, et al., 2022].

- Elaboration of a water study, a complete
analysis will be carried out under
technical studies and applicable
regulations.

In order to work on the following, it is
planned to develop for this work only a
prototype that will serve as the technical basis
for the proposed executive project.

- Realisation of the executive project, the
design and modelling of infrastructure is
estimated, establishing the technical
requirements for the extension or
modification of the existing
infrastructure, as well as the possible
construction of new storage tanks or
pipelines. A CAD model will be
developed and a direct cost estimate will
be prepared for the implementation of the
rainwater harvesting system [ Yamany, et
al., 2024].

The last methodological phases will be
developed in future works, reporting these
advances in the development of the project.

- Elaboration of the project budget, based
on the requirements of the executive
project, the total project budget will be
estimated.

- Elaboration of cost-benefit analysis and
feasibility of the project, a comparative
analysis of the environmental and
economic impacts derived from the
implementation of the rainwater
harvesting system is carried out, in order
to determine its feasibility and long-term
benefits.

ISSN: 2444-4936.
RENIECYT: 1702902
ECORFAN® All rights reserved.

Topographical
survey of the
area

Realisation of
the executive
infrastructure

Collection of
information and
location of
present
collection and
drainage
systems

Elaboration of a
hydrological
study to
determine the
volume and

Determination
of areas of
interest for
rainwater
harvesting

Elaboration of a
topographical
map of potential
areas for

project quality of water rainwater
per year within harvesting.
the facilities.

Elaboration of cost-
benefit analysis and
feasibility of the
project.
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Figure 2

Proposed methodology for the study and
elaboration of the proposal.
Source: Own elaboration

Results

The area available for rainwater harvesting
within the TESVB facilities, considering suitable
pre-existing areas, was estimated at 7,333 m?,
determined by means of a topographical survey,
in addition to the model [Figure 3] and the
calculation of the catchment areas [Table 1].

Figure 3

Topographical model made in CIVIL 3D 2024

software.
Source: Own elaboration

Garduio-Sanchez, Francisco Raul, Rodriguez-Gonzalez, Jos¢ Miguel, Gémez-
Arizmendi, Gabriela and Cruz-Espinoza, Brandy Yuleisy. [2025]. Technical
Proposal for a Rainwater Harvesting System [RHWS] for the Tecnologico de
Estudios Superiores de Valle de Bravo. Journal of Environmental Sciences and
Natural Resources. 11[26]1-10: e21126110.
https://doi.org/10.35429/JESN.2025.11.26.2.1.10


https://doi.org/10.35429/JESN.2025.11.26.2.1.10
https://doi.org/10.1016/j.envres.2018.02.027
https://doi.org/10.1016/j.envres.2018.02.027
https://doi.org/10.3390/w14213480
https://doi.org/10.1007/s41062-024-01394-9
https://doi.org/10.1007/s41062-024-01394-9

6

Journal of Environmental Sciences and Natural Resources 11[26]1-10: 21126110
Article
Table 1 some place, therefore, with the capacity installed
Rain catchment areas present in the TESVB at the moment, we observe that, within the
Building Catchment area [m] facilities, there are eleven 10 m3 tanks and one
Building A 992 more of 15 m3, that is to say that in total there are
Building B 539 12 storage tanks, with a total capacity of 125 m3.
Building C 413 Consequently, an analysis was carried out of the
Building E 1,022 supply required by the institution, considering
Building F 1,021 students, teaching and administrative staff [ Table
Building V 738 2], using [2] the data in Table 3 is obtained, i.e.
Computer centre 752 the daily supply in m3 according to the SIAPA
English classrooms 321 guidelines.
Information Centre 342
Al bl |11
astronomy building
TOTAL 7,333 Table 2

Source: Own elaboration

The estimated catchment volume for the
year 2024 was determined by a weather station
installed at the TESVB, which provided monthly
rainfall data. Based on CONAGUA's technical
guidelines for rainwater and the data obtained for
catchment area and precipitation for 2024
[Figure 4] with an annual average of 130m?
considering aK, = 0.9 [te The volume of
waterproofed tanks], the calculated catchment
volume was 10,188.6 m? [1], with the months of
June to October being the months of greatest
contribution

v =P*A*KC [1]
¢ 1000

Where:

V¢ .—Catchment volume [m?3]

P .—Average cumulative rainfall for the month
A .—Catchment area [m?]

K. .—Catchment ratio [adimensional]

1000 .— Conversion factor,L a m3

600
500
400 349.76

300
200 170.18 145.29

496.32
382.27

100 % o 0 0 o 19

0
> .0

W <e @‘b& Y’Q& ®:§ \QQ \0\ ?VQ,QO %@Q O& %QA Qzac‘

Figure 4
Cumulative precipitation study [m3], 2024.

Source: Own elaboration
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Total population of the TESVB by September
2024

Building Catchment area [m’]
Students 2,118

Teaching staff 83

Administrative staff 63

TOTAL 2,263

Source: Own elaboration
Vd = Ld * Cd [2]

Where:

V; .—Volume of water per day [m3/dia]
Lq . —Daily allowance [l]

C4 .—Endowment ratio [l/persona/dia]

Table 3

Total water endowment in the TESVB

Ly Ca Va4 E‘:f;l
[1] [l/p/dia] | [l/dia] /dial
Alumni
2,118 50 | 105,900 | 105.9
Teaching
staff
83 70 14340 |4.34
Administrati
ve staff
63 70 | 5,810 |5.81
TOTAL 116.05

Source: Own elaboration

Subsequently, the total monthly and
annual technological staffing [Table 4] was
estimated in order to determine the total needs.
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Table 4
Required allocation per month/year according to
daily allocation [m3/dia] and days of the month

Month Necessary Resources [M7]
January 3,597.6
February 3,481.5
March 3,597.6
April 3,481.5
May 3,597.6
June 3,481.5
July 3,597.6
August 3,597.6
September 3,481.5
October 3,597.6
November 3,481.5
December 3,597.6
Total, annual 45,590.4

Source: Own elaboration

Therefore, according to this analysis we
can know that we could barely cover 23.92% of
the necessary endowment for the Institution in a
year with what can actually be collected,
however, that would mean that we could collect
100% according to the total collection area, but
this does not happen because only 1.22% of the
total, so at the moment there is only 0.29% of the
resource being used, not even 1% of what can be
collected is being used, so the opportunity to do
so is clear so that at least 20% of the annual quota
can be achieved.

Significantly, the technical proposal
would have to focus on the design of new,
capable and efficient storage facilities, in
addition to improving existing ones.

To this end, the present document only
develops a prototype model [Figure 5] with the
storage capacities to take advantage of what was
determined to take advantage of 100% of the
reported catchment areas.

This was done in CAD using Autodesk's
Civil 3D 2024 software, thinking about what
could be established for each building, without
contemplating the entire executive design of the
civil works.
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Figure 5

CAD model of the prototype cistern and possible
location for TESVB buildings, developed in
AUTOCAD 2024

Source: Own elaboration
Conclusions

The project presents an alarming panorama of the
need to use water resources within the institution,
given that not even 1% of the installed capacity
is used, so if we want to enter the race to make
use of resources and work efficiently with the
tools we have, the way to do this is to improve
the areas of opportunity detected, improving the
precariousness that has already been detected and
discussed [Fecht, 2021].

On the other hand, this suggests that
during the development of the infrastructure that
the institution has had, the use of water resources
was not planned and was not prioritised, but
given the high demand that the institution has and
that may continue to grow, it is necessary to think
about enrolling in this subject and to obtain the
benefits of being able to do so [Fuentes-Galvan,
et al., 2018].

In addition, it should be considered that
the resource could be used for toilets, cleaning
and irrigation, without considering the use of
human consumption, which could add another

variable to the estimated project [Javan, et al.,
2024].

The measurement of water quality was
not considered, however it will be important to
take a step forward in knowing the characteristics
of the water resource and thus propose annexes
to this filtration system if necessary, which is
becoming necessary in ecological restoration
strategies [Ruiz Pomasqui, et al., 2025].
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The next step will be to present an
analysis containing data from a greater number
of years and readjust the calculations and present
a proposal for the civil works, with a budget
characterisation adjusted to the required
regulations and needs of the institution, which
could lead to the next step even for the region to
be able to carry out a project of this magnitude
that safeguards the responsible use of water.
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Abstract

The discharge of wastewater with a high concentration of
surfactants into natural water bodies without prior
treatment represents a serious environmental problem. In
this research, the biodegradation of surfactant was studied
in an upflow anaerobic reactor at a hydraulic retention
time [HRT] of 0.25 days; at two surfactant concentration
rates: 200+0.49 mg/L and organic loading of 5.92+0.5 kg
COD/m*d [experiments II, III and V] and 300+0.05 mg/L
with an organic loading of 6.8+0.11 kg COD/m*d
[experiment VI]. The results showed that the reactor was
able to remove 42.24% of the COD, and 86.65% surfactant
biodegradation [LAS] [experiment V]. This contributes to
the solution of a real problem of environmental pollution,
as a sustainable and sustainable alternative.
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Resumen

El vertido de aguas residuales con alta concentracion de
tensioactivos a cuerpos de agua naturales sin recibir tratamiento
previo, representa un serio problema ambiental. En esta
investigacion se estudio la biodegradacion del tensoactivo en un
reactor anaerobio de flujo ascendente, a un tiempo de retencion
hidraulica [TRH] de 0.25 dias; a dos tasas de concentracion del
surfactante:  200+0.49 mg/L y carga organica de
5.92+0.5KgDQO/m*d [experimentos II, Il y V] y 300+0.05
mg/L con una carga organica de 6.8+£0.11 KgDQO/m*d
[experimento VI]. Los resultados mostraron que el reactor fue
capaz de remover un 42.24% de la DQO, y un 86.65% de
biodegradacion del tensoactivo [LAS] [experimento V]. Con lo
cual se contribuye a la solucion de un problema real de
contaminacion ambiental, como una alternativa sostenible y
sustentable.
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Introduction

Surfactants are organic compounds capable of
significantly altering the surface or interfacial
tension of a system; they interfere with gas
exchange in water bodies and alter the hormonal
system of aquatic organisms [Ivankovi¢ &
Hrenovi¢ 2010]. They are the main ingredient or
active substance of a detergent, also known as
surface agents, they constitute a large group of
chemical compounds with a large number of
applications due to their solubility properties,
resistance to water hardness, as well as having
emulsifying, dispersing, wetting properties and
thanks to the ability they have to break the
surface tension of water, detergency occurs.
According to the Norma UNE-EN [SO 862:1996
About Surface Agents. Vocabulary, [UNE-EN
ISO 862:1996], "A detergent is a product
specially formulated for cleaning through a
process that develops detergency phenomena"
understood as the process by which dirt is
separated from the substrate on which it was
retained and placed in a state of solution or
dispersion. Products that have surfactants in their
formulations include: pharmaceuticals,
detergents, pesticides, cosmetics, and personal
hygiene products [Rosen & Kunjappu, 2012].

Surfactants, due to their amphiphilic
nature, consist of two distinct structural parts or
groups: a hydrophilic group [head group] and a
hydrocarbon chain [hydrophobic tail]. The
presence of both groups in the molecule gives it
various properties, such as the ability to reduce
the surface tension of water, the formation of
spreading or absorption monolayers at the
water/air interface, the formation of emulsions
and/or microemulsions, the formation of
micelles, etc. Surfactants are chemicals capable
of reducing surface tension of liquids or
interfaces of liquids, endowed by its
hydrophobic tail and hydrophilic head [Pletnev,
2001]. In the presence of oils, fats, and other
water insoluble organic materials, the “tail” of
the surfactant tends to dissolve in the organic
matter, whereas the carboxyl “head” remains in
aqueous solution, thus the detergent emulsifi es
organic matter in water. Surfactants do occur as
simple monomers, but sometimes exist as more
complex polymers commonly used detergents
appear as a mixture of surfactants, abrasives,
enzymes, preservatives, corrosion inhibitors,
foaming agents, optical brighteners, fabric
softeners, colours, perfumes etc, [Lindman &
Thalberg, 2017].
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The sodium dodecylbenzenesulfonate
[Ci2H2sCsH4SOs™Na*] It is a synthetic organic
compound from the group of linear alkylbenzene
sulfonates [LAS]. Its salts are used industrially to
make detergents. Dosage can vary; in powdered
detergents, it can range from 15% to 30%
depending on the product, cost, and desired
quality; in the final liquid product, it's typically
5% to 15%. Their physical and surface properties
are influenced by the varying molecular weight
and number of carbons in the alkyl chain.
Isomers can also influence these properties.
Alkyl chain variation causes each isomer to have
different degradation and absorption
characteristics [Tabor & Baber, 1996].

Due to the variability in their structure,
the solubility of LAS ranges from 0.2 to 160
mg/L. However, when diluted with water, the
surfactant can form highly viscous liquids or a
gel with a concentration of 30-80% surfactant in
water. Surfactants in the form of sodium salts are
not soluble in organic solvents, except for
alcohols. The critical micelle concentration
[CMC] of sodium dodecyl benzene sulfonate
[P.M.=348.4 gr/mol] is approximately 500 mg/L.
The adsorption coefficient of LAS [K] on
sediments  varies from 22 to 105
mgLAS/mgsediment [Gonzales-Mazo et al.,
1998].

The raw material for the manufacture of
LAS is linear alkylbenzene sulfonates [LABS],
which are produced industrially through
processes that differ in their benzene alkylation
method. Depending on the synthesis process, the
resulting LABS present different percentage
distributions of phenyl positional isomers along
the alkyl chain. Their manufacture is carried out
through the reaction of alkylbenzene with
sulfuric acid or sulfur trioxide to give the sulfonic
acid, which is neutralized to form a sodium salt.
During the alkylation process, each alkyl
homolog consists of a mixture of isomers, where
the phenyl group can be attacked at any carbon
atom except the terminal carbon. LAB is
converted to linear alkylbenzene sulfonates by
LAS sulfonation according to the following
chemical reaction:

Normalparaffin ~ Chlorine Monochloroparaffin

CH3(CH2) x CHs+ Cla —> CH3(CHy) x CH: (]:H(Hz) +CHs+ HC1 (1)
a

Monochloroparaffin Bencene Linear Alkylbenzene

CHs(CHz) x CH2 CH(CHg) + CHs+@ —> CHs(CHz) + CH(CH2)zCHs + HC1 (2)

e
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Commercial LAS mixtures are made up
of sets of homologues in which the length of the
alkyl chain attached to the phenyl group ranges
between C10 and Cl4. The percentage of
homologues in their formulations depends on
their application, and their proportion influences
the physicochemical properties of their use. A
detergent can be composed of one or more
surfactants, which constitute the active
ingredient, and a set of complementary
components  [alkalis, ion  sequestrants,
dispersants, oxidants, bleaches, colorants,
perfumes, presentation auxiliaries, etc.]
[Méndez, 2008].

Based on the charge of the hydrophilic
group of surfactants, they are classifi ed as
anionic  [negatively  charged], cationic
[positively charged], non-ionic [without any
charge] and ampholytic/zwitter ionic [both
charges]. Anionic surfactants have functional
groups that ionize in aqueous solution,
generating negatively charged organic ions
responsible for surface activity. They contain
soluble groups, sodium sulfates and sulfonates.
They are the most commonly used in powder
detergent formulations for laundry and in the
manufacture of liquid products for use in
dishwashers.  Cationic  surfactants  have
functional groups that ionize in aqueous
solution, generating positively charged organic
ions, mainly quaternary ammonium compounds.

They are compatible with non-ionic and
amphoteric surfactants and incompatible with
anionic  surfactants. Their detersive and
biodegradability capacity is low, their economic
cost is higher than that of anionic and nonionic
surfactants, they are used as emulsifying agents
at pH below 7, and they have softening and
disinfectant properties. Nonionic surfactants do
not generate ions in aqueous solution; they
possess functional groups with a high affinity for
water, which makes them soluble in it; some are
condensation products of ethylene oxide with
phenolic or fatty materials.

They are compatible with all types of
surfactants, constitute a group of surfactants with
wide and varied applications, have low foaming
power and are usually liquid or pasty products.
Amphoteric surfactants; They have functional
groups that can be ionized in aqueous solution,
giving the compound an anionic or cationic
character depending on the environmental
conditions.
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They are not widely used as raw materials
for detergents. Some provide excellent foaming
and a low level of skin and eye irritability,
making them very appropriate in shampoo
formulations and are compatible with all types of
surfactants [Schramm et al., 2003].

In 2008, global surfactant production
reached approximately 13 million tons per year,
with annual growth forecast at 2.8% through
2012 and 3.5% to 4% thereafter [Torres, 2012].

In 2012, the global surfactant market
generated $27.04 billion, with Europe being the
largest consumer region [31% of the total],
followed by North America [28%] and China
[17%]. Production was estimated to increase to
$36.518 billion by 2017, with an annual growth
rate of 6.19%.

The Asia-Pacific region moved into
second place, relegating North America to third
[Markets & Markets, 2013]. 60% of surfactants
are used in the manufacture of household
detergents, 30% are used in technical and
industrial applications, 7% in industrial cleaning
and 6% in personal hygiene products [Edser,
2006].

Anionic and nonionic surfactants are the
most in-demand, accounting for 85% of the total,
and nonionic surfactants are expected to grow the
most through 2018 [Ceresana, 2012]. In Europe,
production of non-ionic surfactants was 1.40
million tons and 1.22 million for anionic
surfactants, while for cationic and amphoteric
surfactants it was 0.24 and 0.1 million tons
during the period 2010-2011 [CESIO, 2011].

In this context, linear alkylbenzene
sulfonates [LAS] are the most widely used
anionic surfactant worldwide and have been for
over 30 years.

With an annual production of
approximately 1x10° ton/year in the United
States and a worldwide detergent production of
15x10° ton/year, their consumption in Europe is
estimated at 430,000 tons per year [HERA,
2013].

In the surfactant industry, there are some
compounds that stand out on the global scene.
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These surfactants are: Linear
alkylbenzene sulfonates, known as LABS for its
acronym in English [Linear alkylbenzene
sulphonate], alcohol derivatives: Fatty alcohol
sulfates [PAS - Primary Alcohol Sulphate],
ethoxylated alcohols [AE], ethoxylated fatty
alcohol sulfates [AES, Alcohol
ethoxysulphates], ethoxylated alkylphenols
[APE, alkylphenol ethoxylates], a-olefin and
paraffin sulfonates [AOS/PS, a-olefin & paraffin
sulphonates] and quaternary ammonium-based
structures [QAC] are the most sourced and used
surfactants globally [Kruszelnicka et al., 2019].

From a commercial perspective, the most
widely used surfactants have been linear
alkylbenzene  sulfonates [LAS], alkyl
ethoxysulfates [AES], alkyl sulfates [AS], alkyl
phenol ethoxylates [APE], ethoxylated alcohols
[EA], and quaternary ammonium salts [QAC].

From a scientific  perspective, linear
alkylbenzene  sulfonates [LAS], alkyl
ethoxysulfates = [AES], and  quaternary

ammonium salts [QAC] have been the most
studied surfactants [Ying, 2006]. It is estimated
that in the long term, the surfactant market will
continue to grow as hygiene standards in Europe,
the United States, Japan and developing
countries are adopted, reaching a global
consumption volume of around 18 million
tonnes by 2050. The global market size of
surfactants is currently about 42.1 billion US
dollars, and it is projected to reach $52.4 billion
by 2025 [Zhu et al., 2018].

Per capita consumption varies greatly
from one geographical area to another, for
example in Eastern Europe, the USA and Japan,
consumption varies from 3 to 5 g of LAS per
inhabitant per day, while in Southern Africa and
East Asiaitis 1 g [Berna et al., 1991].

The detergent consumption in India is
less in comparison to other Asian countries. The
per capita detergent consumption in India is
around 2.7 kg/year, whereas in places like
Philippines and Malaysia, it is 3.7 kg and in USA
it is around 10 kg. The high consumption rates
of detergents also develop a high detergent
concentration in our water bodies as depicted.
According to European Union wastewater
quality criteria, reference level of methylene
blue active agents is <0.3 g/m® and according to
the World Health Organization, anionic
detergent limit of drinking water is under 0.2
g/m® [Minareci et al., 2009].
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The widespread use of surfactants can
produce biological effects or influence the
toxicity of the compounds that include them in
their formulations, which can be carried out
through several mechanisms [Csherhati, 2002].

- Reduction of surface tension between the
surface [biological membranes and leaf
surface] and the sprayed droplets.

- Alteration of the permeability of
biological membranes and diffusion
barriers or membrane transport processes.

- Binding to macromolecules [peptides,
proteins, phospholipids, DNA] causing
them to malfunction.

- Interacting with other components of the
formulation.

The degree of surfactant toxicity depends
on several factors, including; salinity [Lewis,
1992], presence of adsorbents [Marin et al.,
1994], the seasonal time of the year [Marcomini
et al.,, 2000], concentration in wastewater
discharges [Gonzalez-Mazo et al., 2002],
hardness of water [Oya et al, 2008],
anthropogenic activities [Lara-Martin et al.,
2008], of the chemical nature of the surfactant,
the length of its alkyl chain [Lewis, 1991] and the
ethylene oxide [EO] molar ratio [Hall et al.,
1989]. It has been reported in the literature that
the most toxic surfactants have an EO proportion
<15, while at EO proportions of 30 to 50, it is less
toxic. Therefore, a surfactant is considered toxic
if the EC 50 /LC 50 is less than 1 mg/L after 96
h of testing on fish and algae and 48 h in Daphnia.
However, environmentally benign surfactants are
found at values above 10 mg/L [Myers et al.,
2005].

The cycle of surfactant toxicity starts
from its very synthesis, disposal and subsequent
exposure to the environment. Surfactant
synthesis critically affects the environment
aggravating the problems related to global
warming, climate change, ozone layer depletion
and greenhouse gas emission which cannot be
totally avoided. Both petrochemical or oleo
chemical based surfactant production result in
atmospheric emission [NOx, CO;, SOy,
hydrocarbons], water borne wastes and solid
wastes capable of causing eutrophication and
acidifi cation of rivers and lakes [Stalmans et al.,
1995].

Terreros-Mecalco, Jestis, Martinez-Zavala, Ricardo and Jara-
Carhuaricra, Jazmin. [2025]. Effect of pH on the biodegradation rate of
sodium dodecylbenzene sulfonate by anaerobic digestion under
acidogenic conditions. Journal of Environmental Sciences and Natural
Resources. 11[26]1-24: e31126124.
https://doi.org/10.35429/JESN.2025.11.26.3.1.24


https://doi.org/10.35429/JESN.2025.11.26.3.1.24
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top
file:///C:/Users/HP/AppData/Local/Temp/d9de2cc5-ca69-4111-a550-52cab4291220_5.Backprint.zip.220/5.Backprint/Financiados/TERREROS,%20Jesu╠üs.docx%23_top

Journal of Environmental Sciences and Natural Resources

5
11[26]1-24: 31126124

Article

The use of different types of surfactants
or mixtures of them confer a certain toxicity
index, with the cationic ones being the most
toxic, followed by the anionic ones and with a
lower toxicity index, the zwitterionic ones and
the nonionic ones [Andersson, 2012]. The
precence of tensoactives can injure several vital
functions in the body of an organism including
inactivation of important enzymes such as
esterase and phosphatase, disruption of normal
cell function by alteration of membrane
permeability [Braaten et al., 1972], interruption
of cellular respiration [Abel & Skidmore, 1975],

The toxic effects of surfactants on cells
are very complex; they penetrate the membrane,
causing it to rupture and resulting in the partial
solubility of its structural components [ Wagener
& Schink, 1988], membrane lysis [Partearroyo et
al., 1990], depolarization of cell membranes or
interaction with vital enzyme proteins [Badmus,
2021].

It has been established that the
hydrophobic and hydrophilic parts of anionic
surfactants can interact with nonpolar and polar
substructures of macromolecules such as
proteins [ Xiao, 2000], Cellulose, starch, peptides
and DNA, as well as inserting into cellular
fragments such as membrane phospholipids,
generating cellular malfunction and increasing
the permeability of biological membranes to
other contaminants present in the aquatic
environment. Consequently, the binding of
anionic surfactants to peptides and proteins can
alter the folding of the polypeptide chain and
alter the surface charge of the molecule, in turn
generating a modification of its biological
activity [Cserhati, 2002].

Anionic surfactants affect enzymatic
activity by binding to enzymes. Cationic
surfactants can easily disrupt bacterial
membranes and generally have antimicrobial
activity. The cell surface of bacteria is generally
negatively charged, and the adsorption of
cationic amphiphilic compounds on this surface
is favored by electrostatic interactions, along
with hydrophobic interactions of the alkyl chain
of surfactants, which allow them to penetrate the
hydrophobic portion of the membrane [Martin,
2014]. In algae, surfactant sensitivity depends on
the species. Surfactants can denature and bind to
cell wall proteins and alter membrane
permeability.
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Thus, by affecting the production step of
the food chain, this can have repercussions on
interactions within the food chain and ecosystem
dynamics, especially since algae contribute
substantially to the primary production of most
aquatic habitats [Pavlic, 2005]. On the other
hand, some surfactants may be present in the
aquatic environment at concentrations that cause
chronic and acute effects in sensitive organisms
such as crustaceans and fish [Roberts, 2007]. In
crustaceans, the toxicity of surfactants is related
to their structure. For example, in general, the
most hydrophobic ethoxylated alcohols and
ethoxylated alkylamines are more toxic than the
less hydrophobic ones [Krogh, 2003]. For fish,
exposure to high concentrations of surfactants
leads to rupture of the gill epithelium, causing
asphyxia and osmoregulation failure, while
exposure to sublethal doses of surfactant causes
gill epithelial hyperplasia, oxidative stress, and
damage to the mucous membranes, which
predisposes the organism to microbial attack
[Susmi, 2010]. In this sense, the toxicity of
surfactants for aquatic cells and animals
increases with the length of the ethoxylated chain
and decreases with branching [Rosen et al.,
2012], although this trend may decrease for chain
lengths of 14 carbon atoms [Sandbacka, 2000].
Kimerle [1977], when studying the toxicity for
LAS homologs, found that acute toxicity
increases with increasing alkyl chain length; the
ecotoxicity of surfactants normally increases
logarithmically with a linear increase in alkyl
chain length [Boeije, 2006]. In general, straight-
chain anionic surfactants tend to present greater
acute toxicity than branched-chain anionic
surfactants, although this effect is offset by
greater biodegradability of the former [Kimerle,
1977].

In the specific case of LAS, toxicity
decreases for isomers with the aromatic ring
further from the end of the alkyl chain, that is, 2-
phenyls are more toxic than the central isomers.
In the case of triethanolamine dodecylbenzene
sulfonate, it can affect by inhalation and could be
absorbed through the skin. Contact can irritate
and burn the skin and eyes. Inhalation of
triethanolamine dodecylbenzene sulfonate can
irritate the nose, throat, and lungs. Prolonged or
repeated exposure can dry the skin with itching,
redness, and rashes, and could affect the liver,
kidneys, and nervous system. LAS toxicity data
[lethal concentrations, ECS50] for aquatic
organisms range from 1 to 10 mg per liter in
short-term tests.
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LAS is approximately equally toxic to
fish and invertebrates, while its toxicity to algae
varies widely [Hashim & Kulandia, 1992].
Bressan et al., [1991] They found that at doses of
30 ppm they induce the inhibition of coastal
organisms. Exposure of coastal vegetation to
surfactants results in an indirect absorption of
sodium chloride and a reduction in water surface
tension caused by the erosion of the epicuticular
wax of plants. In hyacinth, it affects the inherent
tolerance to water salinity, which is reduced by
exposure to the surfactant. Exposed vegetation
could receive up to 0.1 mg of anionic detergents,
1.5 mg of petroleum products and 20 mg of NaCl
per square meter of leaf area daily [Badot et al.,
1993].

Therefore, water concentrations of 2.5
mg/L affect plant growth, and concentrations of
5 to 6 mg/L are toxic to algae and fish in general
[Marin, 1995]. Flavor in water is detected from
0.2 mg/L, and foaming occurs from 0.3 mg/L.
Concentrations in water of 2.5 mg/L affect plant
growth, and 5—6 mg/L are toxic to algae and fish
in general [Martin, 2014]. As with recalcitrant
compounds, toxicity is primarily due to
molecular structure: double bonds, position of
functional groups, chain length, oxidation state,
etc. Emerging and persistent pollutants present a
new global challenge to water quality in
developed and developing countries, with
potentially serious threats to human health, the
environment and ecosystems [OMS/UNICEF,
2015].

The presence of sodium
dodecylbenzenesulfonate is of minor importance
in domestic water treatment plants that have on
average a surfactant concentration of 1 to 20
mg/L in domestic wastewater [Mungray, 2009],
while in wastewater generated during the
cleaning of process equipment in various
industries, as well as those discharged by plants
that manufacture surfactants from this
surfactant, the concentration rises up to 300
mg/L [Han, 2013] and between 17-1024 mg/L in
laundry wastewater [Braga, 2011].

However, accumulation of LAS has been
observed in  sewage  effluents  with
concentrations up to 1,090 pg/L [Holt et al.,
1989], infiltrated groundwater [Field et al.,
1992], marine waters and sediments [Petrovic et
al., 2002] and river sediments [Rico-Rico et al.,
2009].
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The discharge of wastewater with high
concentrations of surfactants into natural water
bodies [rivers, lakes, seas, etc.], without prior
treatment, increases the level of surfactants and
other contaminants, posing a threat to resident
macro- and micropopulations [Cirelli & Ojeda,
2008]. The presence of recalcitrant compounds,
such as surfactants, becomes a detrimental factor.
In many cases, high concentrations of
biorefractory compounds can inhibit
performance and be toxic to the biota responsible
for the elimination of contaminants, with various
consequences and negative effects on aquatic
ecosystems. Under this scenario, seas and
estuaries have become the main receiving bodies
of municipal and industrial wastewater with
detergents, affecting fish because they hinder the
transfer of oxygen in the water. In addition, they
cause eutrophic acceleration in the receiving
bodies, causing serious environmental problems
and affecting aquatic ecosystems and organisms.

Among the most promising technologies
are the so-called Advanced Oxidation Processes
[AOPs]. These are defined as "oxidation
processes that involve the generation of hydroxyl
radicals [*OH] by chemical reaction in aqueous
solution in quantities sufficient to interact with
organic compounds in the environment." This
species is highly oxidizing and nonselective, so it
can promote the degradation of several polluting
compounds in just a few minutes [Huang, 1993].

Even <OH radicals can modify the
chemical structure of recalcitrant organic
compounds, converting them into simpler
compounds with a lower molecular mass, less
toxic to microorganisms and, consequently, more
biodegradable [Beltran, 2012]. After fluorine, the
free radical *OH is the oxidant with the greatest
oxidation potential [Huang, 1993]. Chemical
treatment can oxidize and break down these large
organic molecules, converting them into smaller
intermediate compounds, that is, small chains of
organic acids that are capable of penetrating cells
and being easy to biodegrade [Sanches, 2010]. In
the last 30 years, numerous studies on the use of
ozone in the elimination of surfactants have
provided very encouraging results [Lechuga,
2014].

Most surfactants are attacked by ozone,
decomposing between 78% and 98%
[Gieldowska-Bulska, 2004].
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Other technologies include adsorption
processes, hydrogen peroxide, ultraviolet light
irradiation, iron salts [Ikehata & EI-Din, 2004],
physicochemical methods such as
electrocoagulation, and nanofiltration
[Korzenowski et al., 2012]. In synthetic waters,
the Fenton process achieves a 63% reduction in
surfactants [sodium dodecyl sulfate] in 1 h, using
60 mM H;0; and 10 mM FeSO [Bandala et al.,
2008].

For their part, biological processes using
activated sludge or anaerobic digestion have
proven to be an alternative for the treatment of
municipal and industrial wastewater with high
concentrations of surfactants. During the
biodegradation = of  organic = compounds,
numerous variables intervene, such as the
physical and chemical characteristics of the
environment [dissolved oxygen, temperature,
pH, light, nutrient concentration, etc.], the
physical and chemical characteristics of the
compound [structure, solubility, concentration,
etc.], and/or the microorganisms present [types,
concentration, etc.].

Degradation through microbiological
activity is the first transformation that
surfactants undergo in the environment,
contributing to their elimination and therefore
reducing their impact on biota. Furthermore, it is
a very important process for the treatment of
surfactants in wastewater treatment plants. Most
surfactants can be degraded by microorganisms
in the environment, but not all surfactants are
equally biodegradable; some of them can even
persist under anaerobic conditions [Scott, 2000].

The performance of biological treatment
systems depends largely on a fundamental
understanding of the use of toxic substrates such
as LAS, which is essential for defining operating
conditions for efficient surfactant removal
during wastewater treatment. Several factors are
known to influence the kinetics of
microorganisms, such as temperature, pH, and
the availability of dissolved oxygen. Microbial
growth by binary fission is described by
equations 3 and 4:

dCx
rx=-__-= HCX 3)
M = pymax €))]

ks+Cs
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Where p = specific growth rate, pmax =
maximum specific growth rate [l/h], Cs =
substrate concentration [mg/L], Ks = substrate
saturation constant [i.e., substrate concentration
at half [umax in mg/L]. “p” asymptotically
approaches an upper limit umax as Cs increases,
but substrate inhibition implies that p It should
eventually decrease as substrate concentrations
increase. To model the kinetics of bacterial
growth in the presence of the inhibitory
surfactant “LAS,” the Haldane equation is widely
used, as shown in equation 5.

Cs -

M =pmax ——5 (3

Cs
ks+Cs+ vy

Where k; = inhibition constant [mg/L], ks
= Monod's constant [mg/L].

The rate of substrate consumption [rs] by
microorganisms is generally related to growth.
Thus, the relationship between this fact can be
seen in equation 6:

rx .
TS ==y (6)

Where Yxs It is the coefficient of
performance that relates cell mass to substrate
utilization, rx = growth rate. When considering
growth from soluble compounds, the equation
can be used, which is the simplest and most
robust from a phenomenological point of view.
Equation 7 represents the specific rate of
substrate consumption. [k].

k = kmax *

s
(ks+S) 0

Where

K = specific activity [gDQOgSSV-'d']

Y = specific growth coefficient [gSSVgDQO™]
u = specific growth rate [d™']

S = substrate concentration [gL']

Ks = affinity constant [gL™'].

Equation 8 describes the specific growth
rate constant as a function of k and the no-growth
parameter “b” Moletta et al., [1986] and Guiot et
al., [1989]. They incorporate the concept of a
non-growth parameter to explain the decoupling
between cellular metabolism and growth and
demonstrate that the overall Y changes
depending on the digester efficiency due to the
different proportions of energy available for each
of the populations.
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p=Yk-b (8)

Where; b = no-growth parameter [d]

Equations 9 and 10 represent the growth
rates and substrate consumption directly related
to growth respectively.

r; =p'X = (Y*k-b)*X &)

r: = k*X (10)

Product formation is associated with
growth through the product formation
coefficient [Yp] equation 11.

TX

P =, (11)

Combining equations 9-11, it is found
that both the growth rate and the product
formation are associated with “b” and the
substrate consumption rate, which results in.

1x = Y — bX = Y,Ip (12)

Experience indicates that the best
biodegradation results are obtained with a
polyvalent inoculum of different species, since
mixed populations provide more information for
predicting the behavior of a surfactant in a real
natural environment. Pure species are
appropriate in biodegradation studies that seek to
elucidate the mechanisms or reaction sequences
of biological oxidation. Furthermore, bacterial
concentration is a very important factor, as it
affects the degradation rate, the acclimatization
period, and consequently the total degradation
time. When the ratio of bacteria to surfactant
decreases, the adaptation period increases and
the degradation rate decreases.

It has been reported that various
compounds at initial concentrations between 20
and 100 mg/L exhibit inhibitory effects on their
own degradation process, but are degraded at
lower concentrations.

According to [Jurado et al., 2013], these
studies demonstrate that the biodegradation
process is related to the initial surfactant
concentration and the CMC of the surfactant.
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The concentration of the surfactant can
exert an inhibitory effect, while the amount of
free surfactant present in the medium [a carbon
source for the microorganisms responsible for
this process] depends on the CMC. Therefore,
when applying anaerobic treatment for the
decontamination of various industrial wastewater
discharges, the fundamental objective is to
reduce, under oxygen-free conditions, the
polluting power of recalcitrant compounds
harmful to the environment, such as chemical
byproducts from the petroleum industry,
organochlorine compounds, pesticides,
surfactants, chemical polymers, among others,
and transform them into non-polluting waste.
Under anaerobic conditions, the biodegradation
of organic substances takes place in the absence
of free oxygen [O2] and depends on acceptors
such as the production of sulfate, nitrate or
carbonate to give rise to the formation of
hydrogen sulfide [H>S], molecular nitrogen [N2]
and/or ammonia [NH3] and methane [CH4], as
final product respectively. While under aerobic
conditions, oxygen acts as a final electron
acceptor to form water [H>O] as the final product.

Activated sludge systems are reported to
be much more efficient during treatment of
surfactants present in wastewater compared to
upflow anaerobic sludge blanket reactors, with
greater than 99% removal rate of anionic
surfactants [Mungray & Kumar, 2009].

While only 20% biodegradation of the
surfactant is achieved by anaerobic digestion, the
low biodegradation is probably influenced by a
limited bioavailability due to the formation of
insoluble chemical species, such substances are
characterized by poor water soluble or strong
adsorption in solids, [Berna et al., 2007], in
addition to inhibiting the activity of anaerobic
biomass during its biodegradation [Mungray &
Kumar, 2009].

Among the benefits of anaerobic
digestion are the recovery of energy from waste
and the biodegradation of organic compounds
present in wastewater. It may produce a
significant amount of renewable biogas fuel. In
practice, depending on the proposed use, the
biogas may be scrubbed to remove water vapor
and hydrogen sulfide. For every 1 kg of COD of
a waste converted by anaerobic digestion, 0.35
m?® of CHy at 0°C and 1 atm is produced.
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The recovery of energy in the form of
methane [CH4] with a yield of 0.35 m® of CHa/kg
of metabolized COD is equivalent to the
generation of 3517 kW-h for every 1000 kg of
COD removed. If liquefied, it can be
commercialized [Aguilar & Alvarez, 2007]. This
means that around 12x10° BTU can result from
the conversion of every 1000 kg of COD
contained in biodegradable waste materials
[Wilkie, 2005].

This biotechnology reduces energy
consumption up to 10 times compared to aerobic
processes [0.07 to 1 kWh/kg COD]. It is
considered one of the most sustainable
alternatives for wastewater treatment due to its
low energy consumption, low operation and
maintenance costs, low sludge production,
smaller construction area, low chemical
consumption, greater organic load support and
pathogen destruction. This makes it an excellent,
reliable and cost-effective alternative for
wastewater treatment with surfactants, taking
advantage of the syntrophy of anaerobic
environments [Harris & McCabe, 2015].

For anaerobic systems to function
properly, it is essential to generate favorable
environmental  conditions  for  biomass
development and growth, thereby achieving the
expected removal efficiencies in treatment. In
anaerobic processes, the two main factors
affecting pH are carbonic acid and volatile acids.
The pH range between 6.0 and 7.5 and the buffer
capacity are completely dependent on the
Carbon Dioxide/Alkalinity system, which, in
equilibrium with the dissociation of carbonic
acid, tends to regulate hydrogen ion
concentration as follows:

CO»+ H,O <> H,CO;«> HCOsy+H* (13)

HCOs + OH' <> CO32+ H,0 (14)

Where the alkalinity buffering capacity
due to volatile fatty acids occurs in the pH range
between 3.75 and 5.75. For a certain period of
time, the substances that exert a buffering power
prevent the pH from falling [Torres & Perez,
2008].

When volatile acids increase, they are
neutralized by the alkalinity of bicarbonate, and
alkalinity due to volatile acids is formed because
these are stronger than bicarbonates.
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In this case, the total alkalinity is due to
the alkalinity of bicarbonate and volatile acids.

When the alkalinity due to volatile acids
exceeds the alkalinity due to bicarbonate, the
system becomes unstable and can experience
significant pH drops with any further increase in
volatile acids [Torres & Perez, 2010].

Correcting the pH by adding chemicals to
generate a pH buffering capacity is essential.
This buffering capacity is also called buffer
capacity, which refers to the reactor's ability to
resist changes in pH, for example, the
accumulation of volatile fatty acids. These
chemicals can be divided into two groups
[Chernicharo, 1997]:

- Those that offer bicarbonate alkalinity
directly [NaHCO3, NH4HCOs]

- Those that react with carbon dioxide to
form bicarbonate alkalinity [NaOH, CaO,
Ca[OH]2, NH;3].

It is reported that the biodegradation of
LAS begins at the terminus of the alkyl chain
with an omega-oxidation and is followed by
successive cleavage of C2 fragments [B-
oxidation]. These intermediates are further
biodegraded by oxidative removal of the
aromatic ring and cleavage of the sulfonate group
[Swisher, 1967].

Cavalli et al., [1993] report that in
sewage treatment plants some 80% of the
surfactants are mineralized, and fully 99% of the
material entering the plant is eliminated before
release of the sewage effluent to surface waters.

These data are supported by Hales, who
reports that aerobic microbial degradation of di-
alkylsulphosuccinate eliminated >99% of the
original material dosed into sewage effluent.

Hence, large volumes of surfactants are
degraded and removed in the sewage treatment
process, and monitoring studies focusing on
POTW effluent releases have shown aqueous
concentrations in rivers to be <0.01 to 0.13 mg/L
for anionic surfactants, 0.004 to 0.8 mg/L for
nonionic surfactants, and O.08 mg/L for cationic
surfactants [La Point, 1993].
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To achieve the biodegradation capacity
of recalcitrant compounds, the biostimulation of
biomass in biological reactors by adding
nutrients is reported in the literature [C, N y P];
addition of compounds [ZnSOs4, NaMo0>04,
CuS0O4, H3BO;, MgS04, CaClz]; sources of
phosphorus [KH2POs y KoHPO4], [NH4]2SO4,
FeCls, NaCl; addition of micronutrients [N, P, S,
Ca, Mg, Fe, Co, y Ni] [Takashima & Speece,
1989], acclimatization strategies to low organic
load rates [Terreros et al., 2022] or the use of co-
substrates, can assist in the degradation of
compounds of this nature, for example: yeast
extract, glucosa, which is fermented by acid-
forming bacteria, to produce a mixture of acetic,
propionic and butyric acid [Mosey, 1983]
according to the reactions:

CsHils +2H,0 — 2CH;COOH (acetic)+2C0; +4H,  (15)
10 — CH;CH.CH.COOH (butyric) +2C0, +2H;  (16)
CsHpa0g+2H, — 2CH,CH,COOH (propionic) +2H:0  (17)

Where acetate, due to its physiological
and anti-toxicity properties, allows the rapid
production of anaerobic granules and, at the
same time, assists in the biodegradation of
difficult-to-biodegrade compounds [Wosman et
al., 2016].

Based on previous studies, the present
investigation focused on evaluating the effect of
pH on the biodegradation of a surfactant "LAS"
using lactose as a co-substrate in order to achieve
acidic conditions in the anaerobic reactor, and
cause the breakdown of the surfactant molecule
for easy assimilation by the reactor biomass,
formation of organic acids, biogas production
and, based on this, find the optimal operating
conditions for the biological reactor that allow
the maximum biodegradation rate of the LAS
present in the synthetic wastewater, under the
conditions studied.

1. Methodology
1.1 Synthetic water sample with LAS.

The synthetic wastewater used in the feed of the
UASB upflow anaerobic sludge bed reactor
consisted of RAAM mineral medium [Shelton &
Tiedje, 1984] and lactose at a concentration of 1
g/L as the sole carbon sources to achieve
acidogenic conditions [experiment I].
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The medium was fed to the reactor by a
Cole—Palmer peristaltic pump of 1-100 rpm with
a MasterFlex controller. During experiments 11,
IIT and V, the synthetic wastewater sample was
prepared with 1 g/L of lactose and “LAS”
surfactant at a concentration of 200 mg/L,
increasing to a concentration of 300 mg/L during
experiment VI.

1.2. Sample characterization

For the characterization of synthetic water and
process control, the main parameters were
evaluated: Chemical Oxygen Demand [COD]
and Linear Alkylbenzenesulfonate [LAS],
according to the standard Methods [APHA,
2012], pH using a potentiometer [ Corning pH/ion
Analyzer 455]. Volatile fatty acids [VFA], by gas
chromatography, using a temperature gradient. A
Hewlett Packard 5890 series II chromatograph
was used, equipped with a flame ionization
detector and a megaboro AT 1000 column, the
operating conditions of the equipment were as
follows: Column temperature = 120°C, Injector
temperature = 130°C, Detector temperature =
150°C, Superox FA capillary column of 10
meters, AT 1000 phase. Altech N° 955110, N, =
3 mL/min, H> = 30 mL/min and Air 300 ml/min,
Injection volume, 0.2 puL, Start time, 1 minute,
Temperature range, 10°C/min and End time, 3
min.

1.3 Biogas production measurement

Biogas quantification was performed using the
volumetric displacement method, using a 3%
NaOH solution [Vaquerano-pineda, 2016]. Its
composition [CH4/CO;] was determined by gas
chromatography using a Gow-Mac
chromatograph [Instruments Co. Series 550]
with a Carbosphere 80/100 column. Operating
conditions were as follows: column temperature,
140°C; detector temperature, 190°C; injector
temperature, 170°C; filament current, 120 mA;
helium pressure, 50 psi, and a flow rate of 30
mL/min.

1.4 Inoculum

The biomass used as the reactor inoculum was
collected from a UASB reactor that treats
wastewater from the Autonomous Metropolitan
University Iztapalapa Unit, Mexico City. It
showed a concentration of 63.9 g/ TSS, 37.5
g/L VSS, and a specific methanogenic activity
[SMA] of 0.15 L CH4/gVSS*d.
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1.5. Operating conditions of the UASB type
acidogenic reactor

A UASB type anaerobic reactor was used with a
design volume of 0.5 L and a useful volume of
0.360 L, operated at a hydraulic retention time
[HRT] of 0.25 days at 30+0.5°C, fed with
RAMM mineral medium [Shelton & Tiedje,
1984] and lactose as the only carbon source to
promote the development of acidogenesis
conditions according to the dynamics of
anaerobic digestion [Costello et al.,, 1991]
During the study, the organic loading rate and
LAS concentration fed to the reactor were
varied: 4.48 £+ 0.01 kgCOD/m*d [experiment 1],
5.92£0.02 kgCOD/m*d once the LAS was
included at a concentration of 200 mg/L
[experiments II, III and V] and 6.80 + 0.01
kgCOD/m*>d by increasing the LAS
concentration to 300 mg/L [experiment VI]
always maintaining the same lactose
concentration from the beginning of the
experiment. The reactor effluent was collected in
a container to evaluate the aforementioned
parameters in order to determine the COD
removal and LAS mineralization efficiency as
shown in the following figure.

Figure 1

Representation of the UASB reactor: [1]
Granulated sludge zone, [2] Liquid zone, [3]
Gas-solid-liquid ~ separation  zone, [4]
Sedimentation zone, [A] influent, [B] effluent
and [C] gas outlet

1.6 Description of the experiments

The study consisted of 7 experimental stages.
During the first 62 days of operation [experiment
1], the reactor was fed with lactose as the sole
carbon source and RAAM mineral medium
[Shelton & Tiedje, 1984], to achieve the
conditions described above [section 2.1].
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From day 63 to day 120 of operation
[experiment II], in addition to 1 g/L of lactose,
200 mg/L of surfactant [LAS] was included in the
reactor feed medium. However, due to reactor
acidification problems due to the presence of
lactose to avoid biomass inhibition and total
reactor failure due to the presence of LAS, it was
decided to ad hoc suspend the reactor feed
medium from day 175 to 244 of operation
[experiment IV]. Noting that despite the
surfactant having been suspended from the feed
medium, a certain concentration of it is observed
in the reactor effluent.

However, based on the results found both
in COD removal and LAS biodegradation, from
day 245 to 290 of operation [experiment V] the
surfactant is again fed to the reactor at a
concentration of 200 mg/L. Increasing from day
291 to day 343 of operation [experiment VI] to
300 mg/L in order to evaluate its performance in
the elimination of the surfactant from the
synthetic wastewater under the tested operating
conditions, suspending it definitively from day
344 so as not to inhibit the activity of the bacteria
in the anaerobic consortium or total failure of the
reactor.

1.7 Reactor monitoring

To evaluate the efficiency and performance of
the reactor on LAS biodegradation based on the
developed pH, 100 mL spot samples of the
effluent were taken every 2 days to analyze the
main parameters [COD, LAS, pH and biogas],
and based on the difference in parameters
between the influent and effluent, the COD
removal rate, LAS biodegradation and biogas
production were estimated, as described in
sections 2.2 and 2.3.

2. Results and discussion

2.1 Characterization of untreated industrial
wastewater

Before addressing the analysis of the results, the
averages of the main evaluated parameters of
synthetic ~water that simulated industrial
wastewater with a high concentration of LAS are
presented in Table 3.
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Table 1
General characteristics of the synthetic
wastewater fed to the studied system

Fxperiment

Parameter T T — v v T Vi Vil
Time of | I

062 63120 | 121174 | 175244 | 245200 | 291343 | 344374

operation (days)

pH 7.05:0.1 | 704001 | 6.9480.2 | 7.02:0.09 | 7.08£0.12 | 6.94:0.13 | 7.0820.1

COD (mg/L) | 1118.6514.1 | 1499£18.9 | 1479420.4 | 11232151 | 1503422.7 | 1709424.5 | 1074213.9
BOD (mgL) | 655.648.1 | 8784104 | 866.8410.1 | G58.248.8 | 880.9412.1 | 100141435 | 629.448.1
LAS (mg) 0 20040.08 | 200+1.3 0 20040.00 | 300+0.05 0

Lactose (mg/L) 1000+1.1 1001:0.9 1000:0.8 1001:0.3 1000:0.6 1001:0.8 1000+0.9

2.2 Reactor start-up and operation

During the reactor start-up and stabilization
period, RAMM mineral medium [Shelton &
Tiedje, 1984] was used, with lactose as a carbon
source to achieve acidogenesis conditions in the
reactor [experiment 1]. From experiment II
onwards, surfactant was added. For process
control [parameter difference analysis] between
the synthetic wastewater fed and the treated
wastewater, their performance in terms of COD
removal rates and LAS biodegradation was
evaluated.

2.3 Characterization of the water treated by
the acidogenic reactor

Table 2 shows the physicochemical
characteristics of the water treated by the
acidogenic reactor under the experimental
conditions tested.

Table 2
General characteristics of the water treated by
the acidogenic reactor

Experiment
I o m v v VI v
PH 442011 | 482008 | 442011 | 45:0.12 | 462013 | 44201 4.4:0.12
COD (mg/L) 789+10.8 | 726.8:9.7 | 1035:14.2 | 739x10.4 | 868113 | 1083149 | 717.4:8.9
BOD (mg/L) 462.4+6.2 425+5.4 | 606.6=7.3 | 433.1=5.8 | 508.7+6.4 | 634.7£79 | 420.45.2
Lactose (mgL) | 420:0.8 220:1.1 | 46016 | 390:1.8 | 290£1.7 500:1.9 40043.2
LAS (mg/L) NA 38.8:0.7 88+0.8 | 12.4820.9 | 26.7:1.1 13509 | 28.05=1.1

Parameter

N A+ Nn anlira

2.4 Production of volatile fatty acids [AGV]

To evaluate the effect of lactose as a cosubstrate
in the biodegradation of surfactant [LAS], the
volatile fatty acids produced in each experiment
[acetate, propionate and butyrate] were
analyzed, measuring at the same time the pH of
the reactor, because the mixture of organic acids
that are produced, is a function of the
concentration of hydrogen ions in the medium.
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When it is low [5-50 ppm] there is
preference in the formation of acetic acid while
when it increases, the proportion of this acid
decreases and the proportion of propionic and
butyric acid increases, its variation affects the
enzymatic activity of microorganisms [Clark &
Speece, 1971].

Figure 2 shows the profile of VFA
produced by the acidogenic reactor given the
conversion and fermentation of lactose to
contribute to the biodegradation of the surfactant
present in its feed given the acidity conditions
developed due to the nature of the VFA
produced. During the first 62 days of operation
[experiment I], due to the hydrolysis and
fermentation of lactose as the only carbon source,
acetate production occurred in the order of 8
mmol/L, representing 60% of the VFAs
produced [propionate and butyrate] at pH
4.4+0.11.

It is observed that when the biomass of
the acidogenic reactor was exposed to a
concentration of 200mg/L of LAS from day 63 to
day 174 of operation, there was a gradual
accumulation of surfactant in the reactor biomass
[experiment II, figure 5], with a downward trend
from day 121 to day 174 of operation
[experiment II1].

Despite this, there was a 50% greater
production of VFAs compared to those produced
during the first experiment. This led to the
assumption that because lactose is an easily
hydrolyzable substrate, it led to a rapid
acidification of the medium by the
overproduction of volatile fatty acids, reaching a
pH value of 4.4+0.09, which favored the
hydrolysis of LAS, and at the same time its
biodegradation.

However, from day 166 to day 174 of
operation, acetate  production  decreased
significantly, with an increase in propionate and
butyrate, which, being metabolized slowly and
due to their low solubility turned out to be toxic
and inhibitory to the process, causing an
accumulation of acetate in the medium. It has
been reported that at LAS concentrations of 0.69
g/L in a 1000 mL fixed bed reactor, acetate
production was 0.18 g/L, which caused inhibition
of the anaerobic digestion process. [Wagener &
Schink, 1988].
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By suspending LAS and feeding lactose
as the sole carbon source from day 174 to day
244 of operation [experiment IV], the trend in
acetate production improved substantially at pH
4.5 +£0.12 and it is observed that by including
LAS again in the feed of the acidogenic reactor
from day 245 to day 290 of operation
[experiment V], acetate production was very
variable, with a production between 6 and 3.5
mmol/L at 4.6+0.13 pH units. On the other hand,
by increasing the LAS concentration to 300
mg/L [experiment VI], acetate production was
reduced by 2.5 mmol/L at pH 4.4+0.1, with an
improvement of 4 mmol/L, by definitively
suspending the LAS from the feed medium of
the acidogenic reactor, starting on day 344 of
operation [experiment VII].

Experiment

VFA (mmol/L)

40 80 120 160 200 240 280 320 360 400
Time (Days)

Figure 2
Production of volatile fatty acids in the
acidogenic reactor [M acetate, O propionate, O
butyrate]

2.5 pH profile of the system studied

During fermentation, reduced nicotinamide
dinucleotides [NADH, H'] produced during the
oxidation of a fermentable substrate are
regenerated [re-oxidized] by the reduction of an
intermediate compound of microbial metabolism
[pyruvate or acetaldehyde] resulting in the
formation of propionate, butyrate, lactate
succinate and ethanol].

Ho, produced during the
dehydrogenation of pyruvate [with a potential
REDOX = - 680 mVolts at pH 7], influences the
ratio of reduced to oxidized pyridine nucleotides
[NADH,H"/NAD"] and this, in turn, in the
proportion of acetic acid and the other products
of acidogenesis [Mosey, 1983].
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On the other hand, when fermentative
bacteria are in the presence of a
hydrogenotrophic bacterium [many of the former
have the ability to transfer their electrons to the
hydrogen-utilizing bacteria], the NADH, H' It is
re-oxidized via the formation of hydrogen
without the need to reduce pyruvate, which,
instead of being converted into the classic
products of fermentation, forms an acetyl-CoA
that is converted into acetate with the production
of an ATP, resulting in:

1) An energy gain for fermentative bacteria.

1) A deviation of the metabolic pathways
towards the optimization of acetate
production, the main methanogenic
substrate, with a decrease in the
production of VFA and ethanol, thus
avoiding acetogenesis.

Hence, the accumulation of hydrogen in
the digester beyond the consumption capacities
of methanogenic bacteria will prevent the re-
oxidation of NADH, H+, and the reduced
dinucleotides will have to be regenerated by
internal reduction. The primary effect of
hydrogen accumulation is to increase the
concentration of VFAs, primarily propionate,
valeric acid, and other long-chain VFAs. The
appearance of hydrogen in the gas produced in
the reactor may be indicative of a process failure.
Hydrogen regulates anaerobic digestion by
inhibiting key reactions and diverting metabolic
pathways. Its accumulation can be due to various
causes: reactor overload, leading to
overproduction of acids and hydrogen, or
inhibition of one of the reactions by a compound
that favors hydrogen accumulation. The effect of
hydrogen is notable through its actions in relation
to:

1) With the phenomenon of hydrogen
transfer between species and

2) With the inhibition of the acetoclastic
reaction by hydrogen.

This occurs at the level of acidogenesis
and acetogenesis. As hydrogen accumulates in
the reactor, not only are the metabolic pathways
of the reactor biomass modified, but it also
causes an accumulation of VFAs. Therefore, an
increase in H> concentrations leads to the
generation of fermentation products other than
acetate [propionic, butyric, lactic, formic, and
ethanol acids, etc.] and inhibits the degradation
of these compounds, with their consequent

accumulation and decrease in pH.
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The increasing accumulation of H> and
VFAs causes greater acidification of the reactor,
which favors LAS hydrolysis and, consequently,
its biodegradation. pH also affects the chemical
balance of the medium, shifting it toward the
formation of certain compounds. At low pH,
ammonia tends to form, while at high pH, acetic
acid tends to form, altering the final composition
of the biogas.

Likewise, @ VFA  production also
decreases with a predominance of propionic acid
and C4 and C5 acids [Bouzas et al., 2007].
Yinguang et al. [2007] report that at pH values
[pH=4.0, 5.0] acidogenesis is favored, while at
alkaline pH [pH 9-11] hydrolysis is favored.
Therefore, the substrate concentration at the
reactor outlet is a function of at least five state
variables of the initial concentration. [S,], of the
hydraulic residence time [HRT = V/F], of
temperature [T], nutrient concentration [N] and
substrate consumption rates [rs]: that is; S=
f[So,V/F, T, N, rs].

It has been reported that pH variations
affect the enzymatic activity of microorganisms
due to changes in the state of ionizable groups,
which causes alteration of the non-ionizable
components of the system, as well as
denaturation of the protein structure of the
enzymes [Clark & Speece, 1971].

Since most microorganisms operate best
at neutral pH, pH has also been reported to affect
the solubility and balance of organic and
inorganic components present in the medium
and, consequently, the anaerobic biodegradation
of environmentally undesirable compounds. It is
associated with the occurrence of acidification
phenomena, becoming a potential inhibitor of
the anaerobic digestion process [Torres & Pérez,
2008].

Figure 3 shows the pH profile in the
acidogenic reactor for each experiment. During
the study, the pH of the reactor influent was
adjusted to 7 with 1IN NaOH, resulting in an
average pH in the influent of 7.03+0.12 and an
average pH in the effluent of 4.51+0.11. It was
observed that from day 44 to day 104 of
operation, the pH of the effluent was on average
4.5, remaining constant until day 165 of
operation due to the volatile fatty acids produced
from the hydrolysis and fermentation of lactose
present in its feed.
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However, from day 178 to day 184 of
operation as a result of the production of VFA,
the pH drops abruptly from 7 to 3.5, this is
explained by the increase in the proportion of
propionic and butyric acids, which of acetic acid,
as mentioned above, the mixture of organic acids
produced is a function of the concentration of
hydrogen in the medium and therefore, a great
influence of the metabolic intermediate
compounds as inhibitors or stimulants in
anaerobic digestion [Mosey, 1983; Harper &
Pohland, 1986]. And a stable pH is observed
from day 190 to day 310 of operation, with a
tendency to decrease abruptly on days 314 and
340 of operation from 7 to 3.5 pH units, which
favored the hydrolysis of the surfactant molecule
and at the same time its biodegradation and
mineralization into biogas.

8
6
4 :'1"'*'"'.
2

0 +—— L t H - t = {
40 80 120 160 200 240 280 320 360 400

Figure 3
Evolution of pH in the acidogenic reactor [A
Influent,a Effluent].

2.6 COD removal efficiency and LAS
biodegradation in the acidogenic reactor

Figure 4 shows the reactor behavior under
acidogenesis conditions [experiments [[-VII] on
surfactant biodegradation at different LAS
concentration rates and organic loading. During
the first 60 days of operation [experiment I], a
solution made with lactose as co-substrate at a
concentration of 1000+1.1 mg/L and an organic
loading rate of 4.48+0.11 kgCOD/m>d was used
as a feed medium, in order to achieve
acidogenesis conditions in the reactor and at the
same time, assist in the biodegradation of the
surfactant. The use of co-substrates, enriched
carbon sources, sodium acetate, yeast extract,
addition of MgSQOs, CaCly, phosphorus sources
and/or addition of micronutrients among others,
is mentioned in the literature to acclimatize the
biomass of anaerobic reactors in the
biodegradation of recalcitrant compounds
present in industrial wastewater [Takashima &
Speece, 1989; Wosman et al., 2016, Terreros et
al., 2022].
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From day 64 to day 174 [experiments II-III] the
LAS surfactant was included again at an average
concentration of 200+0.69 mg/L which
represented an average value of the chemical
oxygen demand [COD], biological oxygen
demand [BODs] and organic load of
1489+19.65mg/L,  872.4+10.25mg/L.  and
5.92+0.7 kgCOD/m*d respectively. Observing a
gradual loss in COD removal efficiency going
from 51.51% [experiment II] to 30% over the
next 45 days at the beginning of experiment III
until reaching zero on day 174 of operation, in
addition a decrease in surfactant biodegradation
efficiency is observed from 80.6% [experiment
II] to 56% [experiment III]. Based on this
behavior and to avoid inhibition of the reactor
biomass, from day 174 to day 244 [experiment
IV] it is decided to suspend the LAS from the
feed medium, which allowed to improve its
performance, achieving a COD removal
efficiency of 34.19% and 60% biodegradation of
the surfactant present in the reactor biomass,
appreciating an average concentration of 12.48 +
0.9 mg / L in the reactor effluent. This led to the
assumption that the surfactant was probably
absorbed into the biomass.

The literature mentions that, given its
chemical nature, it can be highly absorbed by the
granules and can sometimes represent up to 60%
of the total amount [Gonzales-Mazo et al.,
1998]. It is also reported that the primary
biodegradation of the different LAS homologues
[normally between C10 and C13, but also
between C6 and C16] increases as the alkyl
chain length increases. [Swisher, 1986]. From
day 244 to day 290 of operation [experiment V],
surfactant was again included in the feed
medium at the same surfactant concentration,
COD, BOD:s and organic loading rate similar to
experiments II-III, and a slight improvement in
COD degradation was observed by 42.24% and
86.65% of LAS respectively. This suggested
that, once the biomass was acclimated to the
presence of LAS in the presence of lactose as a
co-substrate, the reactor performance improved.

Based on these results, it was decided to
increase the LAS concentration at will to a
concentration of 300+0.05 mg/L from day 291 to
day 343 of operation [experiment VI], which
represented a concentration of 1709+24.5 mg/L
of COD, 1001+14.35 mg/L of BODs and an
organic loading rate of 6.8£0.11 kgCOD/m?*d.
With the change in feeding conditions, a slight
reduction in the COD removal efficiency and
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LAS biodegradation was observed by 36.6% and
55% respectively, as well as a LAS concentration
in the reactor effluent of 67.42+0.9 mg/L. It is
mentioned in the literature that increasing the
surfactant concentration shows a significant
increase in the adaptation period and a decrease
in the degradation rate. This fact can be attributed
to a bacteria-surfactant interaction effect or to a
decrease in the solubility of dissolved oxygen in
the medium. There are many examples in the
literature that show how various compounds at
initial concentrations between 20-100 mg/L
present inhibitory effects on their own
degradation process, degrading at lower
concentrations [Swisher, 1986]. Therefore, it was
decided to definitively suspend the LAS from the
reactor feed medium starting on day 344 of
operation [experiment VII], and as time passed,
the presence of LAS was observed at an average
of 28.05+1.1 mg/L in the reactor effluent, with a
COD removal of 33.2%, which confirmed the
accumulation of LAS in the reactor biomass.

However, in oil spills, the use of
techniques such as electro-phytoremediation is
more efficient in removing hydrocarbons than
phytoremediation, which would be significantly
improved by adding surfactants to enhance their
degradation. [Lopez et al., 2025].

LAk angL)

s EEEB S

Figure 4. Efficiency of COD removal and surfactant biodegradation in the acidogeni
Reactor (M COD andA LAS in influent, 0 COD and OLAS in effluent).

Figure 4
Efficiency of COD removal and surfactant
biodegradation in the acidogenic Reactor

2.7 Biogas production

In previous studies to degrade three anionic
surfactants: ~ linear  alkylbenzenesulfonate,
sodium dodecylsulfonate and sodium dodecyl
sulfate by anaerobic digestion, the inhibitory
effect of the surfactant on the methanogenesis
process was reported at concentrations above 100
mg/L in the sludge of an anoxic reactor, and
inhibition at concentrations above 50 mg/L in the
sludge of an anoxic lagoon.
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Other studies have reported that during
the anaerobic biodegradation of surfactants
manufactured with LAS, the most affected
bacteria are the acetoclastic methanogenic
bacteria during methane production, associated
with the high accumulation of acetate, given the
inhibitory effect of LAS [Wagener & Schink,
1988]. However, the use of bacterial consortia
improves the biodegradation of this type of
compounds than a single strain, since they are
not capable of mineralizing it. It is evident that
the key step to carry it out is in the breaking of
the benzene ring, and that its complete
mineralization 1mproves when syntrophy
coexists, for example: that which occurs between
coastal bacteria and strict aerobic bacteria
[Sigoillot & Nguyen, 1992].

In this context, anaerobic digestion is a
self-sustaining and sustainable technology given
the production of biogas, a gas slightly lighter
than air [density of 0.94 kg/m?], with an ignition
temperature of around 700°C, composed of
methane [CHs4] [50% to 70%] and carbon
dioxide [COz] [30% to 50%], hydrogen sulfide
[H2S] [0.1% to 1%] and nitrogen [N2] [0.5% to
3%]. Its quality is directly related to the amount
of methane it contains, since the higher the
percentage of this gas, the greater its calorific
value. With a methane content of 60% and a
calorific potential of less than 5250 kcal/m?, it
can be used to meet basic needs in small
communities [cooking, lighting, etc.] or as fuel
in vehicles due to its low CO, emissions. [Acosta
et al., 2005; Angelidaki et al., 2009].

The QCH4/Bv ratio [Bv = applied
volumetric organic loading] is an indicator of the
degree of conversion of organic matter into
methane [theoretical value = 0.34 Lg!' COD™].
In this sense, the production of CH4 and CO:
allows estimating the accumulation of VFAs
from the HCO3;/H2CO3/CO2 equilibrium.
Measuring the ratio of alkalinity due to VFAs to
total alkalinity 1is another indicator for
monitoring the stability of the anaerobic process.

The bioconversion of the organic
feedstock in industrial wastewaters to methane is
accomplished by a consortium of bacteria
comprised of chemoheterotrophic,
nonmethanogenic bacteria and methanogenic
bacteria.
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Complex organics are first hydrolyzed by
the chemoheterotrophic nonmethanogens to free
sugars, alcohols, volatile acids, hydrogen, and
carbon dioxide. Subsequently, the alcohols and
volatile acids longer than two carbons are
oxidized to acetate and hydrogen by obligate
[limited to a certain condition of life],
protonreducing organisms [acetogens], which
must exist in symbiotic relation with hydrogen-
utilizing methanogens. In the last step, acetate
and hydrogen are converted to methane by the
methanogenic bacteria An obligate, syntrophic
[nutrient exchange between two organisms]
relationship exists between the acetogens, which
convert the higher volatile acids to acetate and
hydrogen, and the  hydrogen-utilizing
methanogens.

The hydrogen partial pressure must be
maintained at an extremely low level to enable
favorable thermodynamic conditions for the
conversion of volatile acids and alcohols to
acetate. Under standard conditions of 1 atm of
hydrogen, the free energy change is positive for
this conversion and thus precludes it. For
example, the free energy change for conversion
of propionate to acetate and hydrogen does not
become negative until the hydrogen partial
pressure decreases below 10 atm It is therefore
obligatory  that the  hydrogen-utilizing
methanogens maintain these extremely low
hydrogen partial pressures in the system;
otherwise, the higher volatile acids, such as
propionic and butyric, will accumulate in the
system [Speece, 1983]. Therefore, the metabolic
production of methane is of great interest due to
its high calorific value when oxidized:

CH4+20; —> CO: +2H20 AH =-89%0kJ (18)

Biogas with a methane content of 60%
and a calorific potential of less than 5250 kcal/m?
can be used to satisfy basic needs in small
communities [kitchens, lighting, etc.] or as fuel
in vehicles due to its low emissions of CO;
[Acosta et al., 2005; Angelidaki et al., 2009].

Figure 5 shows the biogas production and
it can be seen that only a fraction was CHa, given
the acidogenesis conditions that developed in the
reactor during the experiment.
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Figure 5. Production of CH, in the acidogenic reactor (ll Biogas, Oexperimental CH,).
Figure 5
Production of CH

2.8. Accumulation of LAS in the biomass of
the acidogenic reactor and in the biomass of
the methanogenic reactor

Figure 6 shows the accumulation of surfactant in
reactor sludge. The literature reports that LAS
persist in anaerobic environments such as
aquatic sediments and digester sludge [Wolf &
Feijtel, 1998], In addition, they do not degrade
under anaerobic conditions [Federle & Schwab,
1992]. Under anaerobic conditions [Maurer,
1965] showed that there is no degradation of
LAS, but there 1is an inhibition of
methanogenesis from a concentration of 214
mg/L.

In another study, Federle & Schwab
[1992] confirmed these results by comparing the
mineralization of radiolabeled LAS in anaerobic
sediments from a lagoon that receives
wastewater from laundries and sediments from
unpolluted lagoons as a control. The LAS was
not mineralized in anaerobic sediments even
though the microorganisms had been exposed to
the surfactant for more than 25 years. However,
based on the results obtained in this study and
the studies cited above, it is evident that under
the operating conditions tested in the reactor, the
accumulation of surfactant in the biomass is
confirmed [Wolf & Feijtel, 1998].

Since LAS was removed from the
acidogenic reactor feed, a residue was observed
in the acidogenic reactor effluent during the
phases, taking an average of 16 days for
acidogenic bacterial activity to recover.

This suggests testing a new reactor
biomass acclimatization strategy to achieve the
maximum biodegradation rate of the surfactant
present in the wastewater.
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With these results the following is
evident: 1] the resistance capacity of acidogenic
bacteria to the presence of LAS and 2] the
absorption of LAS in the biomass of the
acidogenic  reactor, which caused its
bioaccumulation as reported in the literature,
which can be caused by both biotic and abiotic
factors and 3] The strategy of acclimatization of
the biomass is very important to achieve the
success of biodegradation of the recalcitrant
compound under anaerobic conditions, which is
suggested to start with low concentrations, and
gradually increase it until achieving the
acclimatization of the biomass of the biological
reactor to the presence of this type of compounds
given its chemical nature. Figure 6 shows the
dynamics of the LAS accumulated in the reactor
and it can be seen that while the LAS
accumulated in the biomass of the acidogenic
reactor desorbs and biodegrades at the same time
with an average rate of 39.4 mg/day [experiment
IIT]. While, when it was suspended during
experiment IV, a desorption-biodegradation
phenomenon occurs in an order of 14.3 mg/d.
With a greater accumulation tendency in an order
of 55.97 mg/d [experiment V].

On the other hand, by increasing the LAS
concentration to 300+£0.05 mg/L during
experiment VI, a similar accumulation trend of
LAS in the biomass is observed at 29.41 mg/d in
the reactor, and when the LAS is definitively
suspended from the feed, a significant difference
in the LAS desorption-biodegradation rates is
observed in an order of 28.05 mg/d. This suggests
that the acclimatization strategy used is a key
factor in achieving the biodegradation of
recalcitrant and difficult to biodegrade
compounds.

Experiment

i1 I v v

5000
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3000 /

2000 — st

1000

0
120 174
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LAS (mg/L)
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Figure 6

Acumulation profile of the anionic surfactant
sodium alkylbenzene sulfonate [LAS] in the
acidogenic reactor sludge
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Conclusions

Based on the results obtained, it is evident that
the presence of lactose as a co-substrate
significantly influences the biodegradation of
LAS under the tested operating conditions, once
the biomass was acclimated to the presence of
the surfactant in 86.65 and 55% biodegradation
at LAS concentrations of 200 and 300 mg/L
[experiments V and VI]. This suggests that, to
achieve maximum performance of the anaerobic
reactor on COD removal and surfactant
biodegradation [LAS], it is very important to
take into account variables such as; the inoculum
concentration [biomass concentration] which is
a key factor in the biodegradation rate of
compounds of this nature.

The acclimatization time of the biomass
to the presence of this type of recalcitrant
compounds, the hydraulic retention time,
temperature, pH and surfactant concentration,
since together, they play an important role in
achieving the complete biodegradation of the
wastewater, avoiding the inhibition of the
anaerobic biomass of this type of biological
reactors.

This contribution to scientific knowledge
opens a range of opportunities to carry out new
studies testing other operating conditions, as
well as testing other acclimatization conditions
of the anaerobic biomass of the anaerobic
reactor, which allow its scaling to industrial level
with capacity for treatment of industrial
wastewater with higher concentration rates of
detergents, which is an excellent economic
alternative both in its operation and
maintenance, taking advantage of the advantages
it presents: high degree of waste stabilization,
low production of residual biological sludge, low
nutrient requirements, zero oxygen requirement,
production of treated water for reuse and
generation of biogas, which due to its
composition [CHs and COz] can be used as a
source of heat or electricity.

The hydrolysis rate depends on the
reactor configuration, the process used, and the
characteristics of the wastewater. The
degradation rate depends on the particle size of
the LAS for hydrolysis, the pH in the system, and
consequently, the success of anaerobic treatment
of  wastewater with  high  surfactant
concentrations.
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Abstract

In this study, four diets for worms of the species Eisenia foetida were
analyzed to increase their protein content for potential human
consumption in the form of worm meal. The diet provided to the worms
directly influences their nutritional value. The worms were fed for 90
days with four different diets composed of combinations of bovine
manure, vegetable residues, and animal residues. The results showed that
worms fed with bovine manure, plant residues, and animal residues
produced meal with the highest protein content [49.75%] compared to
meal from worms fed only bovine manure [45.50%]. This diet also
showed the highest population [104.6%] and total biomass [86 g] growth.
The findings demonstrated that diversified diets improve protein yield
and species multiplication, positioning Eisenia foetida as a sustainable
source for human and animal nutrition.
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Resumen

En este estudio se analizaron 4 dietas para lombrices de la especie Eisenia
foetida con el fin de incrementar su contenido proteico ante un eventual
consumo humano en forma de harina de lombriz. La dieta suministrada a las
lombrices influye directamente en su valor nutricional. Las lombrices se
alimentaron durante 90 dias con 4 dietas distintas compuestas por
combinaciones de estiércol bovino, desechos vegetales y animales. Los
resultados mostraron que las lombrices alimentadas con estiércol bovino,
desechos vegetales y animales producen harina con el mayor contenido
proteico [49.75%] en comparacion con la harina de lombrices alimentadas
solo con estiércol bovino [45.50%)]. Esa dieta también mostro la mayor
multiplicacion poblacional [104.6%] y de biomasa total [86 g]. Los resultados
mostraron que dietas diversificadas mejoran el rendimiento proteico y la
multiplicacion de la especie, posicionando a Eisenia foetida como una fuente
sostenible para alimentacion humana y animal.
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Introduction

Faced with growing food demand and shrinking
productive spaces due to population growth, the
production of nutritious, sufficient and
sustainable food is increasingly linked to insect
and worm consumption. According to the Food
and Agriculture Organization of the United
Nations [FAO, 2009], it would be necessary to
increase cultivated areas by 70 to 80 million
hectares to meet projected global food demand
by 2050. However, arable land per capita has
shown the opposite trend, decreasing
significantly over the past six decades from 0.51
to 0.16 ha per inhabitant [ Grupo Banco Mundial,
2021].

This situation proposes entomophagy as
a viable alternative for human nutrition. Among
edible organisms, the California red worm
[Eisenia foetida] stands out, offering not only
benefits from its high nutritional value but also
contributing to global sustainability. In its
dehydrated form, earthworm meal can contain
up to 62.51% protein [Alcivar, et al., 2016],
surpassing by far traditional sources like chicken
[17.85%], sheep meat [18.90%] and goat meat
[23.97%] [Leon, et al., 2017]. Furthermore,
recent studies have shown that earthworm meal
derived from Eisenia andrei contains between
50% and 63% crude protein and can be
effectively used as a substitute for conventional
animal protein sources in aquaculture diets
[Valencia, et al., 2025]. These figures position
the red worm as an excellent protein alternative
for human consumption.

Currently in Mexico, there are no
standardized diets specifically designed to
improve or increase protein yield in worms or
biomass multiplication. However, some studies
have documented dietary formulations for red
wiggler worm [Eisenia foetida Savigny]
production [Valdez, et al., 2024], as well as
research analyzing earthworm meal from worms
fed with diets formulated from endemic
materials in other countries [Garcia, et al., 2009].
At the same time, greenhouse gases [GHGs]
emissions represent a growing environmental
problem, driven by multiple factors. It is
estimated that in 2018 Mexico emitted around
669.63 million tons of CO; and has been
increasing at an average annual rate of 1.6%
between the years 1990-2018 [Galindo, et al.,
2022], a concerning projection that exacerbates
global warming and threatens biodiversity.

ISSN: 2444-4936.
RENIECYT: 1702902
ECORFAN® All rights reserved.

One of the main sources of GHGs
emissions is food production and residues,
which includes agricultural and livestock
activities, as well as the generation of associated
organic solid residue. These residues account for
approximately 45% of total GHGs emissions
[Hoornweg and Bhada, 2012]. According to the
FAO, nearly one-third of food intended for
human consumption is wasted globally [FAO,
2012]. Much of this residue ends up in dumps,
landfills, or even public spaces, causing not only
GHGs emissions but also environmental
problems such as foul odors, the proliferation of
pests, and groundwater contamination.

According to Barco Cobalea and Medina
Rey [2022], emissions from food residues alone
amount to 4.4 Gt of CO: equivalent, highlighting
the wurgent need to implement sustainable
alternatives for managing this residue. In this
context, the use of organic residues as a food
source for decomposer organisms, such as
earthworms, emerges as a viable option.

Vermiculture has proven to be effective
in significantly reducing CO: and N>O emissions
under controlled moisture and aeration
conditions [Naushin, et al., 2022].

Considering this context, this study
evaluates biomass multiplication and protein
content in earthworm meal from worms fed four
different diets composed of: bovine manure with
plant residues, with animal residues, and a
combination of bovine manure, plant and animal
residues.

Methodology
Substrate Formulation for Feeding

Four 50 kg earthworm feed mixtures [dry basis]
were prepared with the following formulations:
Core 1: 100% bovine manure [M], Core 2: 70%
bovine manure and 30% vegetal residues
[M+V], Core 3: 70% bovine manure and 30%
animal residues [M+A] and Core 4: 40% bovine
manure, 30% vegetable residues and 30%
animal residues [M+V+A]. The bovine manure
was pre-composted for 15 days before mixing
with other components. These mixtures
constituted the diets applied to each earthworm
production core.
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Production Core Treatment

The study used 2,000 Eisenia foetida worms in
juvenile and adult stages [approximately 3
months old], which were placed in four brick
beds measuring 5 x 0.80 x 0.50 m with roofing
[Figure 1]. Each core consisted of 500 annelids,
fed biweekly according to the established diet in
Table 1 and watered weekly with 60 L of potable
water for 3 months. Environmental conditions
recorded during the experiment included an
average temperature of 18°C and pH between
7.0 and 7.5.

Production of Earthworm Meal

Juvenile and adult specimens of Eisenia foetida
were extracted from the compost and washed
with potable water to remove adhered residues.
Subsequently, digestive purging was performed
by placing the annelids in clean water for 14 h to
empty their digestive tract.

After purging, four additional washing
cycles with potable water were conducted to
eliminate residual residues. Sacrifice was
performed by immersing the earthworms in 1 L
of saline solution [10% NaCl] for 5 min.
Subsequently, a final rinse was performed to
remove salt residues. The sacrificed earthworms
were distributed on plastic nets and were
introduced into an artisanal solar dryer for 48 h
at a maximum temperature of 34°C. The solar
dryer was engineered to maximize solar
radiation concentration [Figure 2]. The dried
material was ground for 25 s in an electric
pulverizing mill [Model MFJ-LS], yielding the
final earthworm meal.

Bromatological analysis

The bromatological analysis was carried out
using the Kjeldahl method to calculate the
protein and nitrogen content in the earthworm
meal samples. A micro-Kjeldahl equipment was
used in three stages: digestion of 20 g of samples
with sulfuric acid, distillation of the digested
solution with steam, and titration of the distilled
product obtained. The protein content was
evaluated using the standard protein factor for
meat [6.25], which is multiplied by the
percentage of organic nitrogen present,
considering that this nitrogen is found mainly in
amino acids and nucleic acids, which makes it
possible to calculate the protein content in
percentage.
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Figure 1

Production cores: Core 1 [a], Core 2 [b], Core 3
[c], and Core 4 [d]
Source: Designed by the author.

Table 1

Feeding regimens administered to the
vermiculture production units

Production | Diet Composition

Core

Core 1 D1 Bovine Manure [M]

Core 2 D2 Bovine Manure + Vegetal
Residues [M+V]

Core 3 D3 Bovine Manure + Animal
Residues [M+A]

Core 4 D4 Bovine Manure + Vegetal +

Animal Residues [M+V+A]

Source: Designed by the author
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Protein and Nitrogen Content

Table 2 presents the nitrogen and protein content
of meal samples obtained from each formulated
diet. The highest nitrogen and protein content
was observed in D4 [composed of bovine
manure, vegetal residues, and animal residues],
showing increases of 0.68% in nitrogen and
4.25% in protein compared to D1 [formulated
solely with manure]. This was followed by D2
[manure and vegetal residues] with 0.21%
higher nitrogen and 1.31% higher protein
content. Finally, D3 [manure and animal
residues] showed the lowest increases [0.11%
nitrogen and 0.69% protein] relative to D1.

Figure 2

Solar dryer [a] internal and [b] external
Source: Designed by the author

Particle size

The meal samples were sieved using a W.S.
Tyler ASTM E11 Standard Test Sieve with three
specific mesh sizes: 2.00, 1.00 and 0.50 mm.
Subsequently, the material retained on each
sieve was individually weighed.

Results

A key qualitative aspect in the human
consumption of earthworm meal is its flavor,
which should be palatable. In this study, the
evaluated earthworm meals exhibited a mild
fish-like taste—a characteristic that could be
leveraged in culinary applications such as
seasonings or foods where this flavor profile is
desirable. Additionally, their fine, sandy texture
and homogeneous light brown color [Figure 3]
contribute to a visually appealing appearance,
enhancing initial consumer acceptance.
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Figure 3

Earthworm meal. [a] D1, [b] D2, [c] D3, and [d]
D4
Source: Designed by the author
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These results indicate that vegetal
residues have a greater impact on protein content
enhancement than animal residues. However,
the combination of both types of residues
contributes to a more balanced diet with superior
nutritional outcomes. Notably, all meal samples
exceeded the protein content of widely
consumed meat sources in Mexico - pork
[30.85%] and chicken [17.85%] [Leon, et al.,
2017], which have an average annual per capita
consumption of 65 kg [SENASICA, 2020].

Table 2
Protein and nitrogen content in meals samples

Diet | Composition | % Nitrogen | % Protein
Dl M 7.28 45.50
D2 M+V 7.49 46.81
D3 M+A 7.39 46.19
D4 M+V+A 7.96 49.75

Source: Designed by the author

Influence of diet on population, biomass and
meal production

Table 3 shows the percentage of multiplication
of the earthworm population, average mass per
earthworm and total mass of meal obtained with
the different diets. The multiplication percentage
was obtained by dividing the number of
earthworms obtained by the number of
earthworms sown. It was identified that D4
presented the highest percentage of population
multiplication, followed by D2 and D3, while
D1 showed the lowest value [42.60 %].
However, the highest average mass per
earthworm was obtained with D3 [1.45 g],
despite not having the highest population
multiplication. This difference can be explained
by a phenomenon of intraspecific competition,
since the higher the population density within
the same space, the more individuals must
compete for food.

Thus, in D4, the population increase
could have derived in a more intense
competition among the earthworms, limiting the
individual development and reducing the
average mass to 1.30 g. As for the total
earthworm meal obtained, it was also higher in
D4 [86 g], which can be attributed to the greater
number of individuals harvested, although they
were of lower average weight, showing that
quantity can compensate for individual quality in
terms of total biomass destined for earthworm
meal production.
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Table 3
Variables obtained according to the diet provided
% Average Meal
Diet | Multiplication earthworm sample [g]
mass [g]
D1 42.60 1.38 40.00
D2 87.60 1.40 77.00
D3 86.00 1.45 81.00
D4 104.6 1.30 86.00

Source: Designed by the author
Particle Size

The particle size of red Californian earthworm
[Eisenia foetida] meal showed a heterogeneous
distribution, with a predominance of particles
smaller than 0.5 mm [46.70-66.87%], followed
by fractions between 0.5-2 mm [see Table 4].

Diet D4 exhibited a significant increase
in 2 mm particles [19.76%], suggesting a
possible effect of the feed substrate on
granulometry. The high proportion of fine
particles [<0.5 mm)] is relevant, as this physical
attribute may influence digestibility,
homogenization, and the technological
applicability of the meal in food formulations.

These results highlight the importance of
controlling particle size during processing, as it
could affect functional properties and its
incorporation into balanced diets.

Table 4

Particle size distribution [%] of Californian red
earthworm meal by sieve analysis across
experimental diets

Diet Size [mm]

>2 1 0.5 <0.5
D1 4.45 11.46 13.37 | 66.87
D2 4.20 16.84 20.39 | 58.02
D3 4.41 13.10 18.44 | 66.36
D4 19.76 16.04 20.23 | 46.70

Source: Designed by the author

Conclusions

The protein content and biomass yield of
California red worms fed four different diets
were evaluated. The diet composed of
combinations of bovine manure, plant residues,
and animal residues resulted in the highest
protein content in the earthworm meal, which
could be attributed to the diverse and balanced
composition of the supplied residue materials.
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Furthermore, this diet generated the
highest population biomass, indicating a positive
response in terms of reproduction and survival.
The diet consisting solely of animal residues
proved most effective for obtaining earthworms
with the highest average individual mass.
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Abbreviations
°C Degree Celsius
CO2 Carbon dioxide
Dl Diet 1
D2 Diet 2
D3 Diet 3
D4 Diet 4
g Gram
GHGs Greenhouse gases
Gt Gigatonness
h Hour
L Liter
m Meter
M Bovine manure
mm Millimeter
M+A Bovine manure and animal
residues
M+V Bovine manure and vegetal
residues
M+V+A Bovine  manure, vegetable
residues and animal residues
min minute
NaCl Sodium chloride
N20 Nitrous oxide
pH Hydrogen potential
S second
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Abstract

Mining activity has had serious and irreparable consequences for the
environment, making its remediation of paramount importance. This
involves adopting conservation measures and reclassifying the
vegetation cover of the affected area to achieve its most effective
protection. This scientific project addresses and focuses on the
national problem, aiming to evaluate the environmental and health
damage caused by both wastewater discharges from mining activity
in Mexico and damage generated by Mining Environmental
Liabilities [MELs], using Peru as a reference. The results showed
water contamination in San Martin de Bolafios [San Luis Potosi,
Mexico] and, with the actions carried out in the delimited study area
in Peru, the recovery of ecosystems and sites damaged by the
Excélsior Mining Environmental Liability [Peru].

018 — 2022)

Environmental impact

Environmental impact, PAM, Flora, Fauna, Human
health

Area: Advocacy and attention to national problems

Resumen

La actividad minera ha tenido consecuencias graves e irreparables para
el medio ambiente, por lo que su remediacién es de suma importancia.
Esto implica la adopcion de medidas de conservacion y la reclasificacion
de la cobertura vegetal del area afectada para lograr su protecciéon mas
efectiva. Este proyecto cientifico aborda y se centra en la problematica
nacional, con el objetivo de evaluar los dafios ambientales y a la salud
causados tanto por las descargas de aguas residuales de la actividad
minera en México como por los dafios generados por los Pasivos
Ambientales Mineros [PAM], tomando como referencia a Peri. Los
resultados mostraron la contaminacion del agua en San Martin de
Bolaiios [San Luis Potosi, México] y, con las acciones realizadas en el
area de estudio delimitada en Peru, la recuperacion de los ecosistemas y
sitios dafiados por el Pasivo Ambiental Minero Excélsior [Peru].

Impacto ambiental

Impacto ambiental, PAM, Flora, Fauna, Salud
humana.
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Introduction

In Mexico, mining is one of the most traditional
economic activities [Cozzolino et al., 2018].
However, this extractive activity has a
significant impact on the environment, causing
air pollution. When it comes to open-pit mining,
the impact is even greater due to earthmoving
and the emission of toxic gases [Esquenazi et al.,
2018]. These factors cause changes in
landscapes, habitat modification, contamination
of surface and groundwater, degradation of land
resources, erosion and sedimentation processes,
release of metalloids, and the formation of acid
mine drainage [AMD)]. This represents a serious
environmental problem that deserves immediate
attention given the damage to natural resources
and the quality of life of the communities where
this type of activity takes place [Gabarron et al.,
2018]. For its part, artisanal mining activity
involves the extraction of the mineral by
amalgamation with a chemical additive, mainly
mercury [Hg], or by mixing it with Cyanide
[CN] in facilities called “Rastras”. The residual
product generated during grinding, or "sludge,"
is deposited in the vicinity of the site, exposed to
runoff that carries it to natural water sources or
other ecological receptors [Picado et al., 2010].

This mining waste poses risks to
environmental and human health because it
increases the concentrations of potentially toxic
trace elements such as lead [Pb], barium [Ba],
and zinc [Zn]. This, along with exposure to and
accumulation of mercury [Hg] used in the
process, increases the potential for leaching
contamination of surface and groundwater,
which are sources of drinking water for
communities and affect the bioavailability of
mercury to plants [Schinner, 2005].

Metals, nonmetals, and metalloids in
high concentrations are dangerous because they
tend to bioaccumulate in various crops. This
means an increase in the concentration of the
chemical in an organism over a certain period of
time, compared to its natural concentration in the
environment [Angelova et al., 2004]. Some
elements present in low concentrations or in
trace amounts are copper [Cu], selenium [Se]
and zinc [Zn] which are essential to maintain a
correct metabolism in living beings, but which at
high concentrations can produce toxic effects
[Kabata-Pendias, 2000]. Soil contamination by
heavy metals is currently one of the most serious
environmental problems caused primarily by
human activity.
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However, some species [plants] have
developed physiological and biochemical
mechanisms to minimize the effects of these
metals through various strategies to control their
bioaccumulation in their roots and translocate
them to different vegetative organs. These
strategies include exclusion, indication, and
accumulation, allowing them to grow in
contaminated soils [Mendieta et al., 2014]. As
often occurs during the treatment of wastewater
with high concentrations of recalcitrant
compounds or compounds that are difficult to
biodegrade, mineralize, or remove using
microorganisms, once acclimated to the
presence  of  such  compounds, the
aforementioned mechanisms are achieved
[Terreros et al., 2022; Terreros et al., 2024].

Mining and the aftermath of mining
activity once a resource has been exhausted tend
to become a potential risk to the environment
and health, causing negative impacts on
surrounding areas as a consequence of Mining
Environmental Liabilities [MEL] [Blanca, 2013;
Esquenazi et al., 2018]. However, despite the
serious environmental impacts caused in
Mexico, thousands of clandestine tailings ponds
have been established throughout the country,
causing  severe environmental  damage
[SEMARNAT, 2018]. In this regard, the
National Institute of Ecology reported 161
contaminated and abandoned mining sites
[MEL] in 18 states of the Republic [ASGMI,
2020; SGM, 2023]. This problem exists in both
Mexico and Peru. In Peru, as the world's second-
largest producer of silver, third-largest of tin,
fourth-largest of zinc and lead, and fifth-largest
of copper, with production geared towards
export, it is considered a mining country. Its
economic activity accounts for almost 50% of
foreign exchange earnings, contributing
significantly to GDP and promoting the
development of the metallurgical industry.

The impacts of mining pose a risk to
ecosystems and human health due to solid waste,
tailings, contaminated soils, affected water
bodies, and landscape alterations [ECLAC,
2019]. Among the most frequent environmental
impacts are: 1] Physical alteration of landscapes
and waste piles, 2] Land subsidence and
spontaneous combustion of coal waste, 3]
Contamination of surface and groundwater,
increased sedimentation, and the presence of
hydrocarbons [NOM-003 SEMARNAT-1997],
and 4] Abandoned buildings and plants, loss of
vegetation, open pits, and voids.
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As a result, these areas become
inhospitable ecosystems where many species do
not return [Worral et al., 2009a]. The toxic
effects of heavy metals, acid mine drainage, and
soil and water pollution are some of the most
relevant problems, as well as the impact on
habitat destruction, soil pollution, toxic effects,
habitat loss, disruption of food chains,
destruction of ecosystems, water pollution,
heavy metals, and air pollution.

The most frequent symptoms in human
health caused by exposure to heavy metals
include: generalized weakness [asthenia],
extreme decrease in muscle activity [adynamia],
lack or loss of memory [amnesia], partial or total
loss of vision [anopsia], decreased or loss of
smell [anosmia], cardiac arrhythmia, cramps,
headaches, dyspnea [shortness of breath], pains
of varying intensity and frequency in different
organs or parts of the body, edema [fluid
accumulation in tissues], epistaxis [nosebleeds],
muscle spasms, crackles [rumbling sounds in the
lungs], sneezing, expectoration, fevers, bruising,
hearing loss [hypoacusis], decreased blood
pressure [hypotension], hypo- or
hyperpigmentation of the skin, jaundice
[yellowing of the skin], mucositis [inflammation
of mucous membranes], nausea, decreased or
loss of urine, heart palpitations, cardiac arrest.
Itching, rhinorrhea [discharge of material from
the nose], wheezing or bronchial noises,
vomiting, tremors, cough, xerostomia [dry
mouth], xerophthalmia [dry eyes], among others
[Pifieiro et al.,, 2021]. As international
precedents, the presence of metals in cultivated
plots was evidenced, including lead [Pb],
cadmium [Cd], and chromium [Cr].

Hence, the importance of conducting an
environmental and health risk assessment. The
values found were very high for lead, exceeding
the Environmental Quality Standard [EQS] for
agricultural soil by more than 70 times; for
cadmium, more than 3.5 times the EQS; and for
chromium, exceeding the respective EQS by 32
times.

This resulted in a significant level of risk
in all three scenarios: health, environmental
quality, and socioeconomic impact [Alberto,
1997]. Furthermore, the infiltration of solid,
liquid, and gaseous waste into ecosystems
degrades environmental quality. This affects the
availability of clean water, soil fertility, and
associated biodiversity.
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Environmental damage often affects
flora, fauna, soil, water, and land over long
periods [Alvarez, 2006], and its long-term
consequences are not easily quantifiable due to
interactions with ecosystems and human society
[European Environment Agency 2001]. This
damage can occur in at least three dimensions:
biophysical, sociocultural, and economic
[Bruguera et al., 2022].

Many of the heavy metals affecting
Cerro de Pasco are known to cause cancer and
other diseases. Lead poisoning, for example, can
cause behavioral and learning problems,
especially in children, and has the potential to
cause anemia, nerve, brain, and kidney damage,
and infertility. When inhaled in high doses,
cadmium can damage the lungs and can be fatal;
manganese can trigger neurological diseases
similar to Parkinson's. Former mining
operations, once closed, can be a source of toxic
elements, such as arsenic, contaminating the
main plants consumed by cattle and sheep.
Studies have assessed the exposure suffered by
these animals [Paredes-Vilca et al., 2024].

The improper disposal of mining waste is
one of the main factors of environmental
degradation associated with extractive activities.
This waste, characterized by high concentrations
of heavy metals, metalloids, and toxic
compounds, poses significant risks to both
ecosystems and human health. Among the most
relevant effects are soil acidification and loss of
fertility, contamination of surface and
groundwater, and  bioaccumulation  of
contaminants in plant and animal species [FAO,
2019]. Abandoned mining generates a wide
range of environmental and socioeconomic
impacts [Worral et al., 2009a]. Among the
consequences are: 1] the loss of arable and
grazing land, 2] negative impacts on animal
health and, consequently, economic losses for
agricultural producers, and 3] increased
vulnerability of nearby human populations, who
face respiratory, waterborne, and skin diseases
associated with prolonged exposure to
contaminants. It is important to note that these
damages are unidirectional: mining limits the
development of agriculture and livestock
farming, while these activities do not affect
mining profitability [Paredes-Vilca et al., 2024].

One example of mine restoration case
studies is the one conducted by the Ministry of
the Environment and Natural Resources in 2006
for the restoration of surface mines in Mexico.
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This study defined methodologies for
prioritizing  remediation and  identified
approximately 2,368 abandoned mines [Jiménez
et al., 2006]. Furthermore, the presence of
contaminants in drinking water is due to
pollutants present in wastewater, including
bacteria, viruses, heavy metals, pesticides,
pharmaceuticals, chemicals, plastics, glass,
construction debris, etc., seriously affecting the
environment and human health. Soil
contamination, in turn, can have serious
environmental consequences due to the transfer
of contaminants to other environmental
components and the potential harmful effects on
the ecosystem and human health [Zehner, 2001].

Wastewater generated during mining
activity in the northern region of the state of
Jalisco represents a serious environmental
problem that deserves immediate attention given
its pollution levels. This can be addressed
through the wuse of wastewater treatment
technologies that minimize its impact on water
bodies and, consequently, the potential harm to
human health.

5t

Figure 1
Wastewater generated by mining activity.

Source: Ecological zoning program for the northern
region of the state of Jalisco.

Regarding Peruvian territory, the
Ministry of Energy and Mines [MINAM, 2014]
identified a series of abandoned and disused
mines and hydrocarbon basins for remediation
[Carrion, 2018]. These abandoned sites remain
sources of contamination, causing a decrease in
soil capacity and generating health problems for
populations in the directly impacted areas
[Zerraga & Frias, 2003]. Peru, through a
research project, the "Closure Plan [Oblasser,
2016] for the EXCELSIOR tailings deposits,"
aimed to identify the biodiversity of flora and
fauna to evaluate the effectiveness of
remediation measures, delimiting the affected
area.
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Figure 2
Area delimitation

Environmental pollution is a global
challenge involving multiple actors. Therefore,
the 2030 Agenda and its Sustainable
Development Goals [SDGs] propose concrete
actions to transform how we produce and
consume. Within this framework, the Economic
Commission for Latin America and the
Caribbean [ECLAC, 2019] has focused
particularly on the mining industry, proposing
measures to reduce the impact of abandoned
mining sites [AMS]. The goal is clear: to protect
ecosystems, ensure compliance with each
country's legal regulations, and, at the same time,
promote economic development that is
sustainable and ecologically responsible.
Despite the existence of regulations, effective
implementation faces numerous challenges.
These include a lack of funding for remediation,
insufficient oversight by authorities, a lack of
information on the actual state of AMS, and the
technical complexity of restoring severely
degraded ecosystems. These limitations mean
that many abandoned mining sites continue to
have negative impacts on biodiversity, water
resources, and the health of nearby communities.
The regulatory framework for Mining
Environmental Liabilities [PAM] in Mexico
includes: 1] Political Constitution of the United
Mexican States [Article 4: Right to a healthy
environment and the protection of natural
resources], 2] Mining Law [2023, in force in its
latest amendment] that regulates the activities of
exploration, exploitation and closure of mines,
including the  obligation to  remedy
environmental damage, 3] General Law of
Ecological Balance and Environmental
Protection [LGEEPA, 1988], and subsequent
amendments, which establishes provisions on
the management of hazardous waste, ecological
restoration and environmental responsibility, 4]
Regulations of the Mining Law on
Environmental  Impact  which  establish
procedures and obligations for prevention,
mitigation and remediation of environmental
impacts of mining.
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As well as applicable Mexican Official
Standards [NOM] [NOM-147-
SEMARNAT/SSA1-2004: Environmental
management of hazardous waste. NOM-161-
SEMARNAT-2011: Specifications for the
management of mining tailings and waste.
NOM-120-SEMARNAT-2011: Hazardous solid
waste [Mining Environmental Liabilities
Management Program [PAM] that follows the
guidelines issued by the Ministry of Economy
and SEMARNAT to identify, register and
remediate abandoned mining sites.

The General Law of National Assets
establishes that abandoned mine sites are state
property and must be managed for
environmental remediation. Within the relevant
international  regulatory  framework  for
abandoned mining sites, the following are noted:
1] The Basel Convention on the Control of
Transboundary Movements of Hazardous
Wastes and their Disposal [1989], which
regulates the safe management of hazardous
waste, including mining waste, and promotes its
responsible handling to protect human health
and the environment. 2] Minamata Convention
on Mercury, [2013] which establishes measures
to reduce the use of mercury in artisanal and
small-scale mining and to control soil and water
pollution. 3] The Guidelines of the Organisation
for Economic Co-operation and Development
[OECD, 1980], which provide standards on
hazardous waste management, environmental
responsibility of mining companies, and
remediation of contaminated sites. 4] The UN
Guiding Principles on Business and Human
Rights [ONU, 2011], which establish the
obligation of companies to prevent and mitigate
environmental and social impacts, including the
management of mining liabilities, in accordance
with the human rights of affected communities.
5] Stockholm Convention on Persistent Organic
Pollutants [2004], which regulates hazardous
chemicals that may be present in mining
processes, promoting the prevention of their
release into the environment. 6] The Green
Finance Initiative and International Corporate
Responsibility ~ Standards, which promote
sustainable mining practices, environmental risk
assessment, and remediation of liabilities in
internationally financed projects. 7] The
International Council on Mining and Metals
[ICMM, 2002], with global best practices for the
management of mining waste, mine closure, and
restoration of affected ecosystems.
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Of the South American countries, Peru is
the only one with a law that regulates both mine
closure and mining environmental liabilities.
However, this country faces one of the main
challenges in this area: rehabilitating,
monitoring, regulating, and penalizing mining
activities [Gonzalez, 2008]. In 2009, 850
abandoned mines were identified, located in the
23 regions of Peru, and the responsible party is
unknown in 600 of these mines [Worrall et al.,
2009b]. Proper management is fundamental to
protecting the soil [MADS, 2016], biodiversity,
water resources, and the health of nearby
communities, as well as to ensuring more
responsible and sustainable mining
[SEMARNAT, 2018].

Internationally, several studies have
highlighted innovative solutions to address the
polluting effects of mining [Rodriguez, 2011]
and transform mining environmental liabilities
[MELs], as indicated by the Biodiversity
Foundation [2018], into mining environmental
or social assets [MESAs]. Beltran-Pineda &
Gomez-Rodriguez [2016] analyzed biochemical
alternatives to metal contamination and
highlighted phytoremediation, a technique that
utilizes "hyperaccumulator" plants capable of
absorbing large quantities of heavy metals and
restoring damaged soils.

The authors also highlight the potential
of mycoremediation, a treatment based on the
symbiosis of microorganisms that helps repair
the rhizosphere and restore soil health. Other
authors demonstrated that applying earthworm
feces to the foliage of H. vulgare significantly
improved the physiological properties and
phytoextraction capacity of lead, achieving the
greatest leaf length of 12.87 cm. Furthermore, it
maintained an average of 10 leaves until harvest,
reflecting adequate vegetative development of
the plant, lead accumulation, and no impact on
its root development [Caycho et al., 2025]. As
well as the valorization of tailings in order to
reduce the environmental impact associated with
mining [Méndez Blanco, 2025]. These strategies
not only represent scientific advances but also
opportunities for mining to evolve toward
cleaner practices, aligned with the vision of a
sustainable future by 2030.

Bioremediation [Gadd, 2010; Garzon et
al., 2017] has become established as an effective
strategy for mitigating the impacts of Mining
Environmental Liabilities [MELs] and restoring
the functionality of degraded ecosystems.
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This approach uses microorganisms,
plants, and fungi capable of absorbing,
transforming, or degrading contaminants present
in soils, water, and mine tailings. Among the
most commonly used techniques are: 1]
Phytoremediation: the use of plants to extract
heavy metals from the soil or immobilize them,
reducing their mobility and toxicity; 2]
Biostimulation: modification of site conditions
[nutrients, oxygen, pH] to promote the activity
of contaminant-degrading microorganisms; and
3] Bioaccumulation and biosorption: the use of
microorganisms that accumulate heavy metals in
their cells, allowing for their subsequent
collection and safe handling. Given that Mining
Environmental Liabilities [MELs] require
strategies that mitigate environmental impacts
and restore ecosystem functionality, this
approach is particularly relevant. Based on
mining activity in San Martin Bolafios in San
Luis Potosi, this work focused on investigating
the harmful effects of mining waste and
wastewater discharges generated during mining
activity in both Mexico and Peru on biodiversity,
ecosystems, human health, and environmental
pollution. This involved an analysis within a
conceptual framework, seeking biotechnological
alternatives to restore, rehabilitate, and recover
areas damaged by mining activity in both
Mexico and Peru.

2. Materials and methods

For this research, theoretical methods were
employed, such as historical-logical analysis
with a systemic approach of analysis and
synthesis. Empirical methods included a
documentary analysis, which presents updated
conceptual and legal frameworks, with an
emphasis on the Latin America and Caribbean
region. A systematic literature review was
conducted, examining articles from digital
platforms and scientific journals to identify
ecologically  relevant  bioindicators  for
correlating the recovery of areas damaged by
mining-related environmental liabilities. A
review of existing Mexican regulations
regarding the management of environmental
liabilities was also carried out, based primarily
on the General Law of Ecological Balance and
Environmental Protection [LGEEPA], whose
main objective is to guarantee the right to a
healthy environment for all, establishing the
foundations for the preservation, conservation,
restoration, and sustainable use of natural
resources [ Vargas, 2015].
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ZASQAnd for the evaluation of the main
parameters of the wastewater discharged by the
San Martin de Bolafios mine in the northern
region of the state of Jalisco, it was carried out
in accordance with the NOM and NMX
standards as shown in the following table.

Table 1

Water quality parameters

Biochemical Oxygen Demand (BOD:) NMX-AA-028-SFCI-2001

Chemical Oxygen Demand (COD) NMX-AA-030-SFCI-2001

Total Solids (TS8) NMX-AA-034-SFCI-2001

Total Nitrogen (TN) Kjeldahl INTERNAL METHOD IDO-2026
Phosphorus (P) NMX-AA-029-SFCI-2001
NOM-145-S5A1-1995 NORMATIVE APPENDIX “B™

Fecal coliforms (FC)

Mercury (Hg) NOM-117-88A1-1994

Arsenic (As) NOM-117-55A1-1994

Lead (Pb) NOM-117-58A1-1994
NOM-117-SSA1-1994

INTERNAL METHOD IDO-1066

3. Analysis and discussion of results

Before addressing the analysis and discussion of
results, a brief explanation is given of the
activities carried out in the study, which
consisted of field trips to collect information
necessary to design maps, taking samples
according to the sample design previously
prepared based on the ECA, [2014] of soils. An
analysis was carried out of the PAM generated
by primary and secondary sectors of the
economy, such as mining, metallurgy, forestry
and agriculture and within the tertiary sector,
social, health and community services.

Figure 3

Distribution of biological monitoring points in
the Area of Influence of the Remediation of
the Excélsior Mining Environmental Liability.

3.1 Regulations

A review was conducted of state laws, Mexican
Official Standards [NOM], and regulations
governing pollution remediation and prevention.
The existing legislation in Peru on
environmental liabilities was reviewed.

Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores, Eric and
Terreros-Mecalco Jests. [2025]. Impact of wastewater discharges from mining
activity and mining environmental liabilities [PAM] on the environment and human
health. Journal of Environmental Sciences and Natural Resources. 11[26]1-15:
e51126115.
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This legislation comprises various laws
and regulations, including Law, [2007] No.
29134, which regulates environmental liabilities
in the hydrocarbons subsector; Legislative
Decree, [2024] No. 1670, which amends Law,
[2017] No. 28271, the law that regulates
environmental liabilities from mining activity;
and the identification of environmental liabilities
from mining activity, the responsibility for and
financing of the remediation of affected areas,
aimed at their reduction and/or elimination, in
order to mitigate their negative impacts on
public health, the surrounding ecosystem, and
property. A review was also conducted of
existing regulations such as Supreme Decree No.
009-2023-MINAM, which establishes the
mechanisms for addressing these environmental
liabilities, determining the guidelines for State
action in their identification and those
responsible, as well as for their subsequent
management through the execution of
remediation, reuse, or recovery actions, as
appropriate. as appropriate [CEPAL, 2019].

3.2 Water quality analysis

Samples were taken from seven strategically
located points, properly geolocated using a
Garmin GPSmap 76CSx device, from a natural
body of water that receives wastewater
discharges from the mine located in San Martin
de Bolafios. The main parameters analyzed were
COD, BODs, TSS, Nitrogen, Phosphorus, Fecal
Coliforms, Mercury, Arsenic, Cyanide, Lead,
Iron, and Manganese, in order to establish the
degree of contamination.

Table 2

Geoposition of sampling points

Sample No. Tdentification Coordinates

1 Tailings “Mine Washing”
Sn Martin Bolafios 21.6803

103.80996(
Colotlan River 21.98466N, 33981¢

Colotlan “CIDI™ 22.11501N, 27280

Santa Maria de los Angeles River 22.17119N, 8(

Download from the "St. Mary of the Angels" y | 22.17119N, 103.22868(
Punta Valparaiso 22.78469N, 103.55272(

A ESETY PN P 1

eeeeeee

Figure 4
Map of surface water sampling points
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Water quality assessment based on the
first three indicators—five-day Biochemical
Oxygen Demand [BODs], Chemical Oxygen
Demand [COD], and Total Suspended Solids
[TSS] indicates the amount of organic matter
present. BODs determines the amount of
biodegradable organic matter, while COD
measures the total amount of organic matter.
Increased concentrations of these parameters
lead to a decrease in dissolved oxygen levels in
water bodies, consequently impacting aquatic
ecosystems. Increased COD indicates the
presence of substances from non-municipal
discharges. TSS originates from wastewater and
soil erosion. Increased TSS levels reduce a water
body's capacity to support a diversity of aquatic
life. Other indicators include pH, fecal
coliforms, and heavy metals.

Table 3
Evaluated parameters

Sample Parametros
No. s BOD: COD TS§ N P FC Hg As CN Pb Fe M

1 Tailings “Mine Washing™ X X X X [X X X X X| X

2 Sn Martin Bolafios X X X X X X X X

3 Colotlan River X X X X | X X X X

4 Colotlan “CIDI" X X X X | X X X[ X X
Santa Maria de Tos Angeles < % | x |x x| x < x| x| x
River

G Comuunity download . - -
“8t. Mary of the Angels” X X | X |X|X X x| X
Punta \'ﬂlEﬂlﬂﬁD X X X X | X X X X X

The results found were the following:

Table 4
Quality results of the analyzed samples

Mine Washing Waste (mg/L)
BODs COD TS§8 N P Hg As Ph Fe Mn
74 163 28 13 [ 1.1[=0002| 0002 0.1 | 284 | =0.1

=5 7 36 | 62| 07[=0002]=0002] - | 334 | =0l
Colotlan River 13 288 14 62| 28| <0002 | <0.002 - - -

Colotlan “CIDI" 7 30 42 | 62 25[=0002 <0002 =01 | 30 | =0l
Santa Mm‘u;de Tos Angeles s 1 1 | 62

Lo - =0002 | =01 | 207 | =01

iver
Community download

2 2 38 23 3 - <0002 | - 370 | <
“S$t. Mary of the Angels™ 121 260 38 | 23 | 63 <0.002 0370 | 0.1

Punta Valparaiso =5 11 1 6.2 14 <01 | 0854 | =01

According to the results [Table 5], low
levels of biodegradable organic matter [COD]
and BODs were observed, as well as low levels
of suspended solids, typical of natural
conditions. This favors the conservation of
aquatic ~ communities and  unrestricted
agricultural irrigation. Strictly speaking, the
water is of good quality. However, as expected,
the wastewater generated by the community of
Santa Maria de los Angeles showed high levels
of biodegradable organic matter. Meanwhile, the
wastewater from San Martin Bolafos presented
the highest concentration of iron [Fe] compared
to the other sampled tributaries. Regarding the
presence of fecal matter, Sta Ma de los Angeles
[CF = 23.0] and Punta Valparaiso [>23.0]
MPN/100mL, the levels are acceptable
according to NOM-003-SEMARNAT for
agricultural use.
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Water quality and the biological status of
a micro-basin like the Santa Barbara River are
fundamental to identifying the main factors
affecting the quality of this water resource and,
based on this, implementing sanitation strategies
to prevent its environmental and health impacts.
Using the Shannon Index, a decrease in
biodiversity was observed at points of high
pollution, confirming the loss of sensitive
species in the affected areas. Furthermore,
significant concentrations of heavy metals such
as mercury and chromium were detected,
exceeding the limits established by national
regulations [Coronel Sanchez & Poma Paredes,
2025].

This evidence underscores the urgent
need to implement comprehensive strategies for
monitoring and sustainable management of
water resources in the region, as well as their
treatment using clean and environmentally
friendly biotechnologies without the need for co-
substrates or biomass biostimulation through the
addition of nutrients such as C, N, and P.
Addition of compounds such as MgSOs and
CaCl,, as are phosphorus sources [KH2PO4 and
KoHPO4]; [NH4]2SO4; FeClz; NaCl and/or
addition of micronutrients such as: ZnSOs,
NaMo,04; CuSO4 and H3BOs; yeast extract; and
glucose [Terreros et al., 2022].

For the study that includes the PAMs
[Mining and Metallurgical Areas], based on
digital and cartographic information from the
Mexican Geological Survey, as well as sites
found during field surveys, 1,061 sites were
visited; four of them were grouped together [due
to their proximity to others], and 751 were
identified as PAMSs; the remaining 306 presented
different characteristics. Of the total list, 236
correspond to metallic minerals and 515 to non-
metallic minerals. Mine restoration plays a very
important role [[CMM, 2018].

The results identified 582 protected areas
[PAMs] with high risk related to human health;
147 for infrastructure; and 487 for natural
resources. This assessment was based on: 1]
Flora indicators, including: Vegetation cover:
percentage of the area recovered with
established vegetation relative to the total
affected area. Species richness: number of plant
species present, especially native species.
Species diversity: indices such as Shannon or
Simpson are used to evaluate the heterogeneity
of the plant community [Leon et al., 2006].
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Natural regeneration: presence of
seedlings and young species, indicating
ecological succession processes. Biomass and
primary productivity: evaluation of the amount
of plant matter and its growth capacity. 2]
Species indicators, such as the presence and
abundance of keystone species or bioindicators:
birds, small mammals, and pollinating insects.
Fauna diversity and richness: number of species
and community composition, using diversity
indices. Community structure: proportion of
generalist versus specialist species, and presence
of predators and prey. Reproduction frequency:
signs of reproduction and establishment of
viable populations. 3] General biodiversity
indicators, which include: Diversity and
evenness indices: to assess the recovery of the
balance between species. Ecological
connectivity: the capacity of the restored area to
interact with neighboring ecosystems through
flora and fauna corridors.

Ecological function: recovery of
processes such as pollination, seed dispersal,
nutrient cycling, and biological pest control.
Ecosystem health indicators: presence of species
sensitive to pollution, soil stability, and water
quality [Biodiversity Foundation, 2018]. For the
restoration of Cerro de San Pedro in San Luis
Potosi, revegetation techniques were
implemented using native species to restore
areas affected by gold and silver mining. The
results showed an increase in vegetation cover
and local biodiversity, including the return of
fauna species such as birds and small mammals,
birds that are indicators of ecological quality,
and the reactivation of nutrient -cycles.
According to Vazquez, [2004] the flora of this
region comprises 2,081 species of vascular
plants, distributed among 730 genera and 151
families. FEighty-nine of these species are
considered rare. The same authors point out that
the Huichol region "is one of the most biodiverse
and ethnically diverse in the Sierra Madre
Occidental and one of the least explored in the
Mexican Republic" in which the flora of the
Wixarica region is richer than that of Los Altos
de Jalisco, "a little poorer" than the flora of the
center of the state, and "much poorer" than that
of the Sierra Madre del Sur or that of the coast
of Jalisco [Vazquez, 2004].

An ethnobotanical recovery reveals that
approximately one-third of the known vascular
plants in the Sierra Huichola and Carabaya
[Gonzalez et al., 2008] have some use for the
indigenous inhabitants.
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Twenty-nine percent of these have
medicinal value, 14% are used for food, 10% are
used in religious ceremonies, and the remainder
are used for firewood, fodder, construction,
tools, and so on [Nieves et al.,, 2004].
Furthermore, the Huichol people have
contributed to increasing the biological and
genetic diversity of their region through the
introduction and domestication of species. On
this point, Bauml [2004] notes the presence of
exotic plants in the Sierra Huichola, adopted to
diversify the local diet, such as mango, peach,
banana, cucumber, and sweet potato. Moreover,
Guzman & Anaya [2007] indicate that there are
at least five native varieties of maize that the
Wixarika have preserved and reproduced since
time immemorial. It's important to remember
that the distribution of flora within the region is
closely linked to all geographical factors,
although topography, climate, and soil are the
most prominent. These factors not only
influence each other, but the vegetation itself
also acts upon them, either facilitating or
hindering their natural processes of change. The
various plant communities will depend largely
on these processes, where humidity, altitude, and
soil characteristics will play a significant role.

The main plant families present in the
study area are Acanthaceae, Asteraceae,
Cactaceae, Gramineae, Loranthaceae,
Macromycetes, Orchidaceae, Pinophyta,
Sapidaceae, Vasculares, and Fungi, distributed
throughout the territory; Cyperaceae in the
southern part; Fagaceae in the central and
southern part; and Lamiales in the central and
eastern part. Regarding the distribution of fauna
species, according to data from the Ministry of
Environment and Natural Resources, 14
polygons registered in the Wildlife Management
Unit System [UMA] have been identified in the
central and northeastern parts of the study area.
These extensive polygons represent basic
management practices accepted for habitat
conservation and production, as well as for the
development of wild populations. These
Wildlife Management Units [UMAs] cover
areas ranging from 40 to 15,000 hectares,
totaling 28,443.05 ha. In addition to the wide
distribution of avifauna, the presence of beetles
in the central and southern parts of the study
area, mammals in the northwest sector, and a
combination of all these species towards the
south, within the municipality of Martin
Bolafos, are noteworthy.
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With areas of interest for avifauna
conservation, the National Commission for the
Knowledge and Use of Biodiversity
[CONABIO, 1992] has identified arcas of
national importance for bird conservation,
designated as Important Bird Areas, two of
which are located within the Northern Region of
Jalisco: Monte Escobedo in the north of the
region and El Carricito in the central part. AICA
233: Monte Escobedo. Area [ha]: 183,113.0
Latitude: 22.2817 Longitude: 103.573.

This 1s an important area for bird
conservation, as there is no state program for its
protection. This region has species included in
the Mexican Official Standard 059; in the Red
Book of Birds of the Americas; in BirdLife's
Important Bird Areas [IBAs]; and with species
endemic to Mexico. Neotropical migratory birds
and those included in the Partners in Flight
program are also found in this area. Oak and
conifer forests dominate the higher elevations,
while tropical deciduous forests extend across
the western slopes, and scrubland and grasslands
grow on the eastern slopes. The oak forests have
an upper canopy exceeding 5 meters in height.
Rainwater runoff flows in the same direction as
the orientation of the plateaus and canyons, from
north to south. The region has 305 species, as
shown in the following table:

Table 5

Endemic species recorded in the Monte
Escobedo AICA

m
SPECIES Name =0 NMBC.

1013 Lapidocclaptes. | Erary Tikitz-ateipad sC Uncstagosi | LC Mippr Endemic.

1213 Campylectymahins | Maoracs semama | Spontad Masm sC Toemazoei | LC Mizsz Endemic

Cathans Mamican Thoesk Bussat sC Lpestegeri | LC Miper, Endemic
1404 eccidsmialic NightingslsThr = concEm
wk
Ridgwayia Spotiad. Aztac Thosh PR Subjactte | NE ot Endemic
protection
- Malsvatis Blue Midstie El= SC | Lnsstezeri | LT Miver Tndemic Fo
use [pekingbis 20 concm
s | Almmmpiisati | AlmamnB | Rubwoppst| SC | Lmeseson | LC Wi, Endemic
- cap Brusk-Finds =i congem
1701 Qeineses Zawenan | SuipsdSpese|  SC | Dnemssod | LC Mipes, Endemic
sumereinels “Strip oy concam
1743 Mslezens Hener Foufa papz Busmocrowmad | SC | Unestagedi | LC Mgz Exismiz
D Name Esp. Ing NOM | NOMDEF | UICKN | UICNDEF | Endemism | NMBC
SPECIES
1798 Spizalla warthen: Spamow of Wonben's A Thestenad | EN | Endangesd Endemic
Sonbam Spamp®
Towems abaille Bolsao Bladbackad | SC | nmezori | LC Wi Endamic Fo

w9 dorsicem Oele = concm

Vegetation: Oak Forest 2%, Pine-Oak
Forest 5%, Oak-Pine Forest 15%, Tropical
Deciduous Forest 20%, Grassland 38%. AICA,
[2002] 46: El Carricito. Area [ha]: 100,000.0
Latitude: 21.8432 Longitude: -103.884. Within
this area are four fragments of primary [mature
Pine-Oak] table forest located close to one
another along the highest ridge of the mountain
range.
Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores, Eric and
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Durango pines [Pinus durangesis] with a
diameter at breast height [DBH] of 1.5 m are
found in the mature forest patches. These table
forests, along with the surrounding open dry
Pine-Oak forests, make this the largest
remaining roadless highland forest in the Sierra
Madre Occidental. The core zone comprises
20,000 ha and contains 241 species native to the
region.

Table 6

Endemic species recorded in the AICA El
Carricito.
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In the case of Peru, the results showed an
exponential increase in the diversity of flora and
fauna species starting in 2020. According to the
S-curve of the implementing entity's
assessments, remediation progress reached
85.51% in 2020, and the complete waterproofing
of the Excélsior Waste Dump was achieved.
These accomplishments marked a biological
turning point in the study area, reflected in a
notable increase in species richness and
abundance in subsequent years. Furthermore, a
temporal correlation was observed between the
appearance of new flora species and the
subsequent appearance of fauna species.

% de incremento de especies

2018 2019 2020 2021 2022

0.0 Afio de estudio

—©—2% de incremento de especies - Flora —@—"%; de incremento de especies - Fauna

Figure 5
Comparison of flora and fauna species
between the years 2018 and 2022.
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Regarding floristic diversity, the number
of species found in the study area represented
approximately 0.33% of the 20,533 species of
vascular and avascular flora present in Peru
[MINAM, 2019], 0.21% of the 463 endemic
species of the Pasco Region [Leodn et al., 2006],
0.006% of the 157,100 species evaluated in the
IUCN Red List [IUCN, 2023], and 0.26% of the
777 threatened species of wild flora in Peru [D.S.
N° 043-2006-AG]. Regarding  fauna:
ornithofauna, mastofauna, and herpetofauna
[amphibians and reptiles], the number of
ornithofauna species found in the study area was
approximately equivalent to 1.15% of the 1,834
bird species present in Peru [CONCYTEC,
2016] and 0.10% of the 18,852 bird species
evaluated in the IUCN Red List [ITUCN, 2023].
The mammal species found represented 1.22%
of the 573 mammal species [Pacheco et al.,
2021], 0.19% of the threatened species of
wildlife in Peru [DS N° 004-2014-MINAGRI],
0.012% of the 40,846 mammal species evaluated
in the IUCN Red List [ITUCN, 2023] and 1.22%
of the 82 endemic mammal species of Peru
[Pacheco et al., 2021].

The amphibian and reptile species found
represented 0.19% of the 538 amphibian species
recorded for the Peruvian territory [Aguilar et
al., 2010], 0.002% of the 64,411 amphibian
species evaluated in the [IUCN Red List [IUCN,
2023], 0.21% of the 469 reptile species reported
in the Peruvian territory [CBIF, 2021], 0.003%
of the 32,991 reptile species evaluated in the
IUCN Red List [ITUCN, 2023] and one endemic
reptile species present in central Peru.
Waterfowl have been sighted in the ponds
located on the upper platforms of the waste rock
dump.

These ponds are designed to contribute to
hydrological stability and are part of the water
storage and distribution strategy for irrigation
during the dry season. Among the species
sighted are Andean gulls and various other bird
species that fly over and settle in the remediation
area. This is due to the presence of vegetation
that provides them with food, shelter, and
nesting sites. In addition, herpetofauna species
were recorded in the study area, a taxonomic
group sensitive to environmental changes and
considered an environmental bioindicator. It was
observed that the greater the richness of
amphibians and reptiles, the greater the richness
of other taxonomic groups.
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According to Vargas [2015], these
animals tend to inhabit herbaceous formations
dominated by the genera Stipa, Festuca, Jarava,
and Calamagrostis, known locally as ichu. This
pattern is confirmed in the case of the Excélsior
PAM remediation, where in 2022, 21 individuals
of the genus Stipa, 35 of Festuca, 14 of Jarava,
and 288 of Calamagrostis were recorded, as well
as 14 reptiles and amphibians. Furthermore, the
mammal population has also experienced a
significant increase in abundance and diversity
in the study area. This increase is attributed to
the increased vegetation cover in the area, which
was previously composed mainly of mineral
material. This transformation has provided a
suitable habitat for mammals to feed on seeds,
flowers, roots, and insects. Furthermore, the
grasslands also serve as refuge and breeding
grounds, providing them with facilities for
building burrows. The results showed a
significant increase in the diversity of species,
genera, families, orders, and classes, even
though biological monitoring of floristic and
faunal diversity in the study area was only
conducted once a year. It is worth noting that
experts recommend conducting this monitoring
twice a year, during the dry and wet seasons,
given that species populations can vary
seasonally.

Conclusions

This research identified 8,854 mining-related
environmental liabilities [MRELSs] across Peru
in 2018. Since then, actions have led to a
decrease in these liabilities, resulting from the
implementation of remediation projects.
Ecological restoration is a vital strategy for
restoring life and balance to ecosystems that
have been damaged, degraded, or even
destroyed. According to the International
Society for Ecological Restoration, it seeks to re-
establish the conditions necessary for an
ecosystem to sustain itself, demonstrating
resilience to environmental pressures and
connecting harmoniously with surrounding
systems. Recovering affected lands through
alternative uses opens the possibility of creating
new scenarios that benefit both biodiversity and
communities.

The transition to a restored landscape can
be slow due to profound transformations and the
loss of vegetation cover. However, every action
aimed at restoration represents an investment in
environmental resilience, community well-
being, and building more sustainable futures.
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Therefore, it is crucial to have up-to-date
information [inventory], both physical and
database-based, highly trained human resources
to address this issue, and funding to remediate,
mitigate, or compensate for the environmental,
ecosystem, and human health damage caused by
this activity.

Furthermore, the use of clean
technologies for treating wastewater from
mining activities allows for the reuse of this vital
resource, thus mitigating the water crisis as
much as possible.

Declarations
Conflict of Interest

The authors declare that they have no financial
conflicts of interest, nor conflicts in personal
relationships that could influence the publication
of the work presented in this article.

Authors' contributions

All the authors contributed with their experience
in the review, analysis and discussion of the
results obtained in the study to prepared the
manuscript; they provided feedback with their
observations and corrections in previous
versions for its improvement. They read and
approved the final manuscript.

Availability of data and materials

I put at your disposal the data obtained in this
investigation.

Funding

There was no external source of funding for this
work.

Acknowledgements

The authors gratefully acknowledge the support
of the Technological University of the Valley of
Toluca [UTVT] and the National University
Daniel Alcides Carridon of Pasco, Peru, for the
consolidated collaborative network for the
development of projects with significant impact
in the region and globally, for the exchange of
knowledge and experiences, for strengthening
research and development in specific areas that
generate opportunities for students and young
researchers.

Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores, Eric and
Terreros-Mecalco Jests. [2025]. Impact of wastewater discharges from mining
activity and mining environmental liabilities [PAM] on the environment and human
health. Journal of Environmental Sciences and Natural Resources. 11[26]1-15:
e51126115.

https://doi.org/10.35429/JESN.2025.11.26.5.1.15


https://doi.org/10.35429/JESN.2025.11.26.5.1.15
file:///C:/Users/HP/AppData/Local/Temp/32653428-3b83-4349-9c61-dbe6eab9cf77_Abstract.zip.f77/Abstract/JESUS%20TERREROS%20MECALCO.docx%23_top

Journal of Environmental Sciences and Natural Resources

12
11[26]1-15:e51126115

Article

For the opportunity to achieve greater
visibility and international recognition for the
group of researchers from both institutions in
solving real problems of environmental
pollution and health damage, in order to have a
social impact and benefit, the promoting
universal access to scientific and humanistic
knowledge, and in guaranteeing its application,
dissemination and outreach.

References
Basics

Alberto, L. [1997]. Introduccion a la toxicologia
ambiental. ECO. Metepec.

Alvarez, C. [2006]. Problemética de los Pasivos
Ambientales Mineros. Informe de la Comision
de Energia y minas del Gobierno Regional la
Libertad, La Paz. Peru. 27.

Angelova V., Ivanova, R., Delibaltova, V. and
Ivanov, K. 2004. Bio-accumulation and
distribution of heavy metals in fibre crops [flax,
cotton and hemp]. Industrial Crops and Products,
19: 197-205.

ASGMLI. [2020]. Manual para el Inventario de
Minas Abandonadas o Paralizadas. Grupo de
Expertos en Pasivos Ambientales Mineros.

Beltran, M. & Gomez, A.M. [2016].
Biorremediacion de metales pesados cadmio
[Cd], cromo [Cr] y mercurio [Hg], mecanismos
bioquimicos e ingenieria genética: una revision.
Universidad Militar Nueva Granada. 12 [2], 172-
197.

Blanca, R. [2013]. Impacto de la mineria en el
Pert1 y alternativas de desarrollo. Universidad de
Cordoba. Espafia, 28.

Bruguera, N.C., Diaz, J.A., Alvarez, J.R,
Hernandez, R. & Gallardo, D. [2022]. Impacto
de Los Pasivos Ambientales en La Red
Hidrografica de La Region Minera de Santa
Lucia. Ing. Hidraulica y Ambiental, Vol XLIII,
No 1.

Carrion P., Saeteros, M., Alvarado, N., & Olivo,
S. [2018]. Propuesta metodologica de
recuperacion de espacios mineros para el
desarrollo de comunidades. Centro de
Investigacion y Proyectos Aplicados a las
Ciencias de la Tierra [CIPAT]. Ecuador.

ISSN: 2444-4936.
RENIECYT: 1702902
ECORFAN® All rights reserved.

Caycho Chumpitazi, B. N., & Lopez Soto, N. T.
[2025]. Capacidad fitoextractiva de Hordeum
vulgare “cebada” en suelos contaminados con
plomo y su efecto al aplicar estiércol de lombriz
y EDTA.

Convenio de Estocolmo sobre Contaminantes
Orgénicos Persistentes [2004]. [COP]

Convenio de Minamata sobre Mercurio [2013].
Texto y Anexos

Cozzolino, D. et al. [2018] ‘There is gold in them
hills: Predicting potential acid mine drainage
events through the use of chemometrics’,
Science of the Total Environment, 619-620, pp.
1464-1472.

ECLAC, 2019. Economic survey of Latin
America and the Caribbean: The new global
financial context: effects and transmission
mechanisms in the region.

Esquenazi, E. L. et al. [2018] ‘Evaluation of soil
intervention values in mine tailings in northern
Chile’, PeerJ, 2018[11], pp. 1-30.

European Environment Agency 2001. Programa
de Accion Comunitario en Materia de Medio
Ambiente, lucha contra el cambio climatico;
proteccion de la naturaleza, la biodiversidad;
gestion sostenible de residuos y recursos
naturales; medio ambiente y la salud.

FAO-Organizacion de las Naciones Unidas para
la Alimentacion y la Agricultura. [2019].
Informe sobre la situacion de los pueblos
indigenas y la agricultura en México.

Gabarron, M. etal. [2018] ‘Change in metals and
arsenic  distribution in soil and their
bioavailability beside old tailing ponds’, Journal
of Environmental Management, 212, pp. 292—
300.

Gadd, G. M. [2010]. Metals, minerals and
microbes: Geomicrobiology and
bioremediation. Microbiology, 156[3], 609—
643.

Garzon, J. M., Rodriguez-Miranda, J. P., &
Herndndez-Gémez, C. [2017]. Aporte de la
biorremediacion para solucionar problemas de
contaminacion y su relacion con el desarrollo
sostenible.

Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores, Eric and
Terreros-Mecalco Jests. [2025]. Impact of wastewater discharges from mining
activity and mining environmental liabilities [PAM] on the environment and human
health. Journal of Environmental Sciences and Natural Resources. 11[26]1-15:
e51126115.

https://doi.org/10.35429/JESN.2025.11.26.5.1.15


https://doi.org/10.35429/JESN.2025.11.26.5.1.15
http://www.bvsde.ops-oms.org/bvstox/fulltext/toxico/toxico-01a4.pdf
http://www.bvsde.ops-oms.org/bvstox/fulltext/toxico/toxico-01a4.pdf
https://revistas.usb.edu.co/index.php/ingUSBmed
https://revistas.usb.edu.co/index.php/ingUSBmed
https://sci-hub.ru/10.1016/j.indcrop.2003.10.001
https://sci-hub.ru/10.1016/j.indcrop.2003.10.001
https://sci-hub.ru/10.1016/j.indcrop.2003.10.001
https://asgmi.org/wp-content/uploads/2020/06/Manual-Inventario-PAM-y-Anexos.pdf
https://asgmi.org/wp-content/uploads/2020/06/Manual-Inventario-PAM-y-Anexos.pdf
https://www.researchgate.net/publication/340616607_Biorremediacion_de_metales_pesados_cadmio_Cd_cromo_Cr_y_mercurio_Hg_mecanismos_bioquimicos_e_ingenieria_genetica_una_revision
https://www.researchgate.net/publication/340616607_Biorremediacion_de_metales_pesados_cadmio_Cd_cromo_Cr_y_mercurio_Hg_mecanismos_bioquimicos_e_ingenieria_genetica_una_revision
https://www.researchgate.net/publication/340616607_Biorremediacion_de_metales_pesados_cadmio_Cd_cromo_Cr_y_mercurio_Hg_mecanismos_bioquimicos_e_ingenieria_genetica_una_revision
https://www.academia.edu/36832794/Impacto_de_la_miner%C3%ADa_en_el_Per%C3%BA_y_alternativas_al_desarrollo_Impacto_de_la_mi_ner%C3%ADa_en_el_Per%C3%BA_y_alternativas_al_desarrollo
https://www.academia.edu/36832794/Impacto_de_la_miner%C3%ADa_en_el_Per%C3%BA_y_alternativas_al_desarrollo_Impacto_de_la_mi_ner%C3%ADa_en_el_Per%C3%BA_y_alternativas_al_desarrollo
https://es.scribd.com/document/927130821/Impacto-de-Los-Pasivos-Ambientales-en-La-Red-Hidrografica-de-La-Region-Minera-de-Santa-Lucia
https://es.scribd.com/document/927130821/Impacto-de-Los-Pasivos-Ambientales-en-La-Red-Hidrografica-de-La-Region-Minera-de-Santa-Lucia
https://es.scribd.com/document/927130821/Impacto-de-Los-Pasivos-Ambientales-en-La-Red-Hidrografica-de-La-Region-Minera-de-Santa-Lucia
https://es.scribd.com/document/927130821/Impacto-de-Los-Pasivos-Ambientales-en-La-Red-Hidrografica-de-La-Region-Minera-de-Santa-Lucia
https://www.researchgate.net/publication/323931191
https://www.researchgate.net/publication/323931191
https://www.researchgate.net/publication/323931191
https://www.researchgate.net/publication/323931191
https://www.researchgate.net/publication/323931191
https://repositorio.usil.edu.pe/server/api/core/bitstreams/ada3a4a8-b45b-4b23-a865-d40053922bd6/content
https://repositorio.usil.edu.pe/server/api/core/bitstreams/ada3a4a8-b45b-4b23-a865-d40053922bd6/content
https://repositorio.usil.edu.pe/server/api/core/bitstreams/ada3a4a8-b45b-4b23-a865-d40053922bd6/content
https://repositorio.usil.edu.pe/server/api/core/bitstreams/ada3a4a8-b45b-4b23-a865-d40053922bd6/content
https://digitallibrary.un.org/record/585171?ln=es&v=pdf
https://minamataconvention.org/es/documents/convenio-de-minamata-sobre-el-mercurio-texto-y-anexos
https://www.sciencedirect.com/science/article/abs/pii/S0048969717331212
https://www.sciencedirect.com/science/article/abs/pii/S0048969717331212
https://www.sciencedirect.com/science/article/abs/pii/S0048969717331212
https://unesdoc.unesco.org/ark:/48223/pf0000370894
https://unesdoc.unesco.org/ark:/48223/pf0000370894
https://unesdoc.unesco.org/ark:/48223/pf0000370894
https://unesdoc.unesco.org/ark:/48223/pf0000370894
https://www.proquest.com/docview/2128441164/fulltextPDF?pq-origsite=primo&sourcetype=Scholarly%20Journals
https://www.proquest.com/docview/2128441164/fulltextPDF?pq-origsite=primo&sourcetype=Scholarly%20Journals
https://www.proquest.com/docview/2128441164/fulltextPDF?pq-origsite=primo&sourcetype=Scholarly%20Journals
https://www.eea.europa.eu/en/analysis/publications/signals-2001-sum
https://www.eea.europa.eu/en/analysis/publications/signals-2001-sum
https://www.eea.europa.eu/en/analysis/publications/signals-2001-sum
https://www.eea.europa.eu/en/analysis/publications/signals-2001-sum
https://www.eea.europa.eu/en/analysis/publications/signals-2001-sum
https://www.eea.europa.eu/en/analysis/publications/signals-2001-sum
https://www.fao.org/mexico/fao-en-mexico/mexico-en-una-mirada/es/
https://www.fao.org/mexico/fao-en-mexico/mexico-en-una-mirada/es/
https://www.sciencedirect.com/science/article/abs/pii/S0301479718301117
https://www.sciencedirect.com/science/article/abs/pii/S0301479718301117
https://www.sciencedirect.com/science/article/abs/pii/S0301479718301117
https://doi.org/10.1099/mic.0.037143-0
https://doi.org/10.1099/mic.0.037143-0
https://doi.org/10.1099/mic.0.037143-0
https://www.scielo.org.co/scielo.php?l=&pid=S0124-71072017000200309
https://www.scielo.org.co/scielo.php?l=&pid=S0124-71072017000200309
https://www.scielo.org.co/scielo.php?l=&pid=S0124-71072017000200309
https://www.scielo.org.co/scielo.php?l=&pid=S0124-71072017000200309

Journal of Environmental Sciences and Natural Resources

13
11[26]1-15:e51126115

Article

Gonzalez, A [2008]. Disefio de Metodologia
para la Identificacion de Pasivos Ambientales
Mineros en Colombia. Tesis de Maestria,
Universidad Nacional de Colombia.

International Council on Mining and Metals
[ICMM, 2002]. International Council on Mining
and Metals.

Jiménez, C., Huante, P. y Rincoén, E., 2006.
Restauracion de Minas Superficiales en México.

Secretaria de Medio Ambiente y Recursos
Naturales. México, Octubre de 2006.

Kabata-Pendias, A. 2000. Trace elements in
soils and plants. Third Edition. CRC Press, Inc.
Boca Raton. USA. pp. 365, 413.

LGEEPA [Ley General del Equilibrio Ecologico
y la Proteccion al Ambiente]. 1988.

MADS. [2016]. Politica nacional para la gestion
sostenible del suelo.

Méndez Blanco, L. F. [2025]. Propuesta de una
alternativa para la valorizacion de relaves
mineros auriferos: caso de estudio Yali—
Antioquia.

Mendieta, C. & Taisiglie, K.[ 2014].
Acumulacién y traslocaciéon de metales,
metaloides y no metales en plantas nativas de la
zona minera de Chontales: Implicaciones para el
potencial de fito-remediacion.  Austrian
Partnership Programme in Higher Education and
Research for Development.

MINAM. Guia para el muestreo de suelos. Lima,
2014.

NMX-AA-028-SCFI-2001. Analisis de agua-
determinacion de la demanda bioquimica de
oxigeno en aguas naturales, residuales vy
residuales tratadas.

NMX-AA-029-SCFI-2001. Andlisis de aguas-
determinacion de fosforo total en aguas
naturales, residuales y residuales tratadas.

NMX-AA-030-SCFI-2001. Analisis de agua-
determinacion de la demanda quimica de
oxigeno en aguas naturales, residuales y
residuales tratadas.

NMX-AA-034-SCFI-2001. Analisis de agua-

determinacion de solidos y sales disueltas en

aguas naturales, residuales y residuales tratadas.
ISSN: 2444-4936.

RENIECYT: 1702902
ECORFAN® All rights reserved.

Norma  Oficial Mexicana  [NOM-003-
SEMARNAT-1997]. Limites maximos
permisibles de contaminantes para las aguas
residuales tratadas que se reusen en servicios al
publico.

Norma Oficial Mexicana [NOM-117-SSA1-
1994]. Andlisis de Metales en Alimentos y
Agua.

Norma  Oficial Mexicana  [NOM-120-
SEMARNAT-2011].  Especificaciones  de
proteccion ambiental para las actividades de
exploracion minera directa, en zonas agricolas,
ganaderas o eriales y en zonas con climas secos
y templados en donde se desarrolle vegetacion
de matorral xero6filo, bosque tropical
caducifolio, bosques de coniferas o encinos.

Norma Oficial Mexicana [NOM-145-SSA1-
1995]. Productos carnicos troceados y curados.
productos carnicos curados y madurados.
disposiciones y especificaciones sanitarias.

Norma  Oficial Mexicana  [NOM-147-
SEMARNAT/SSA1-2004]. Criterios para la
caracterizacion y determinacion de
concentraciones de remediacion de suelos
contaminados por arsénico, bario, berilio,
cadmio, cromo hexavalente, mercurio, niquel,
plata, plomo, selenio, talio, vanadio y sus
compuestos inorganicos; asi como los criterios
de remediacion.

Norma  Oficial  Mexicana  [NOM-161-
SEMARNAT-2011]. Que establece los criterios
para clasificar a los Residuos de Manejo
Especial y determinar cudles estan sujetos a Plan
de Manejo; el listado de los mismos, el
procedimiento para la inclusion o exclusion a
dicho listado; asi como los elementos y
procedimientos para la formulacion de los planes
de manejo.

Oblasser, A. [2016]. Estudio sobre lineamientos,
incentivos y regulacion para el manejo de los
pasivos ambientales mineros, incluyendo cierre
de faenas mineras. CEPAL — Serie Medio
Ambiente y Desarrollo, no. 163.

Organisation for Economic Co-operation and
OCDE [1980]. Directrices de la ocde que
regulan la proteccion de la privacidad y el flujo
transfronterizo de datos personales.

Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores, Eric and
Terreros-Mecalco Jests. [2025]. Impact of wastewater discharges from mining
activity and mining environmental liabilities [PAM] on the environment and human
health. Journal of Environmental Sciences and Natural Resources. 11[26]1-15:
e51126115.

https://doi.org/10.35429/JESN.2025.11.26.5.1.15


https://doi.org/10.35429/JESN.2025.11.26.5.1.15
https://repositorio.unal.edu.co/handle/unal/70283
https://repositorio.unal.edu.co/handle/unal/70283
https://repositorio.unal.edu.co/handle/unal/70283
https://standardsmap.org/en/factsheet/41/overview
https://standardsmap.org/en/factsheet/41/overview
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/Libros2011/CG006488.pdf
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/Libros2011/CG006488.pdf
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/Libros2011/CG006488.pdf
https://doi.org/10.1201/9781420039900
https://doi.org/10.1201/9781420039900
https://www.diputados.gob.mx/LeyesBiblio/pdf/LGEEPA.pdf
https://www.diputados.gob.mx/LeyesBiblio/pdf/LGEEPA.pdf
https://es.readkong.com/page/gestion-sostenible-del-suelo-pol-tica-para-la-3648314
https://es.readkong.com/page/gestion-sostenible-del-suelo-pol-tica-para-la-3648314
https://repository.uamerica.edu.co/items/b92dfca5-a9d8-4362-8c36-c262a9d8c8b2/full
https://repository.uamerica.edu.co/items/b92dfca5-a9d8-4362-8c36-c262a9d8c8b2/full
https://repository.uamerica.edu.co/items/b92dfca5-a9d8-4362-8c36-c262a9d8c8b2/full
https://biorem.univie.ac.at/fileadmin/user_upload/p_biorem/education/research/methods/Accumulation-and-Translocation-metals-in-native-plants_Extended-abstract.pdf
https://biorem.univie.ac.at/fileadmin/user_upload/p_biorem/education/research/methods/Accumulation-and-Translocation-metals-in-native-plants_Extended-abstract.pdf
https://biorem.univie.ac.at/fileadmin/user_upload/p_biorem/education/research/methods/Accumulation-and-Translocation-metals-in-native-plants_Extended-abstract.pdf
https://biorem.univie.ac.at/fileadmin/user_upload/p_biorem/education/research/methods/Accumulation-and-Translocation-metals-in-native-plants_Extended-abstract.pdf
https://www.minam.gob.pe/calidadambiental/wp-content/uploads/sites/22/2013/10/GUIA-PARA-EL-MUESTREO-DE-SUELOS-final.pdf
https://www.gob.mx/cms/uploads/attachment/file/166771/NMX-AA-028-SCFI-2001.pdf
https://www.gob.mx/cms/uploads/attachment/file/166771/NMX-AA-028-SCFI-2001.pdf
https://www.gob.mx/cms/uploads/attachment/file/166771/NMX-AA-028-SCFI-2001.pdf
https://www.gob.mx/cms/uploads/attachment/file/166771/NMX-AA-028-SCFI-2001.pdf
https://agua.org.mx/biblioteca/nmx-aa-029-scfi-2001-analisis-de-aguas-determinacion-de-fosforo-total-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-029-scfi-2001-analisis-de-aguas-determinacion-de-fosforo-total-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-029-scfi-2001-analisis-de-aguas-determinacion-de-fosforo-total-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-030-scfi-2001-analisis-de-agua-determinacion-de-la-demanda-quimica-de-oxigeno-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-030-scfi-2001-analisis-de-agua-determinacion-de-la-demanda-quimica-de-oxigeno-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-030-scfi-2001-analisis-de-agua-determinacion-de-la-demanda-quimica-de-oxigeno-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-030-scfi-2001-analisis-de-agua-determinacion-de-la-demanda-quimica-de-oxigeno-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-034-scfi-2001-analisis-de-agua-determinacion-de-solidos-y-sales-disueltas-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-034-scfi-2001-analisis-de-agua-determinacion-de-solidos-y-sales-disueltas-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
https://agua.org.mx/biblioteca/nmx-aa-034-scfi-2001-analisis-de-agua-determinacion-de-solidos-y-sales-disueltas-en-aguas-naturales-residuales-y-residuales-tratadas-metodo-de-prueba/
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
https://studylib.es/doc/175168/norma-oficial-mexicana-nom-117-ssa1#google_vignette
https://studylib.es/doc/175168/norma-oficial-mexicana-nom-117-ssa1#google_vignette
https://dof.gob.mx/normasOficiales/4672/semarnat/semarnat.htm
https://dof.gob.mx/normasOficiales/4672/semarnat/semarnat.htm
https://dof.gob.mx/normasOficiales/4672/semarnat/semarnat.htm
https://dof.gob.mx/normasOficiales/4672/semarnat/semarnat.htm
https://dof.gob.mx/normasOficiales/4672/semarnat/semarnat.htm
https://dof.gob.mx/normasOficiales/4672/semarnat/semarnat.htm
https://dof.gob.mx/normasOficiales/4672/semarnat/semarnat.htm
https://salud.gob.mx/unidades/cdi/nom/145ssa15.html
https://salud.gob.mx/unidades/cdi/nom/145ssa15.html
https://salud.gob.mx/unidades/cdi/nom/145ssa15.html
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://www.gob.mx/profepa/documentos/norma-oficial-mexicana-nom-147-semarnat-ssa1-2004
https://sidof.segob.gob.mx/notas/docFuente/5286505
https://sidof.segob.gob.mx/notas/docFuente/5286505
https://sidof.segob.gob.mx/notas/docFuente/5286505
https://sidof.segob.gob.mx/notas/docFuente/5286505
https://www.cepal.org/es/publicaciones/obras/16
https://www.cepal.org/es/publicaciones/obras/16
https://www.cepal.org/es/publicaciones/obras/16
https://www.cepal.org/es/publicaciones/obras/16
https://www.oas.org/es/sla/ddi/docs/Directrices_OCDE_privacidad.pdf
https://www.oas.org/es/sla/ddi/docs/Directrices_OCDE_privacidad.pdf
https://www.oas.org/es/sla/ddi/docs/Directrices_OCDE_privacidad.pdf

Journal of Environmental Sciences and Natural Resources

14
11[26]1-15:e51126115

Article

Organizacion de las Naciones Unidas [ONU]
[2011]. Principios Rectores sobre empresas y
derechos humanos.

Paredes-Vilca, J., et al. [2024]. Impactos
ambientales y socioecondmicos de la actividad
minera en América Latina.

Picado, F., Mendoza, A., Cuadra, S., Barmen,
G., & Bengtsson, G. [2010]. Ecological,
Groundwater, and Human Health Risk
Assesment in a Mining Region of Nicaragua.
Risk Analysis, 916-934.

Pinieiro, X. F., Ave, M. T., Mallah, N., Caamafio-
Isorna, F., Jiménez, A. N., Vieira, D. N., ...
Mufioz-Barus, J. . [2021]. Heavy metal
contamination in Peru: Implications on
children’s health. Scientific Reports, 11[1].

Rodriguez, R. [2011]. Transformacion de
pasivos ambientales mineros [PAM] en activos
mineros, ambientales o sociales [AMAS].
Instituto Geologico y Minero de Espafia. XV
Congreso Peruano de Geologia.

Schinner, F., & Klauser, T. [2005]. Feasibility
Studies for Microbial Remediation of metal
Contaminated Soil. En R. Margesin, & F.
Shinner, Manual for Soil Analysis-Monitoring
and Assessing Soil Bioremediation [pags. 155-
159]. Heidelberg: Springer-Verlag Berlin.

Secretaria de Medio Ambiente y Recursos
Naturales [SEMARNAT]. [2018]. Inventario de
pasivos ambientales mineros.

SGM, Servicio Geologico Mexicano [2023],
Anuario Estadistico de la Mineria Mexicana,
2023. Edicion 2024, 21.

Terreros, J., Guzman, O., Garcia, L., 2022.
Simultaneous aerobic-anaerobic biodegradation
of an industrial effluent of polymeric resins with
high phenol concentration at different organic

loading rates in a non-conventional UASB type
reactor. Chem. Eng. J. 430, 133180.

Terreros, Jesus; Hilario, Jacobo. & Perez, Sergio
[2024]. Simultaneous Biodegradation of Linear
Alkylbenzensulfonate in Anaerobic Reactors, in
Two Stages. Water Air Soil Pollut, 235:506.

Vargas, J.M. [2015]. Desarrollo de la legislacion
ambiental en Meéxico. Instituto Nacional de
Ecologia.

ISSN: 2444-4936.

RENIECYT: 1702902
ECORFAN® All rights reserved.

Worrall A, Neil, D., Brereton D. & Mulligan, D.,
[2009a]. Towards a sustainability criteria and

indicators framework for legacy mine. Journal of
Cleaner Production 17, 1426-1434.

Worrall, F., May, B., & Haskoning, P. [2009b].
Environmental and socio-economic impacts of
abandoned mines. Journal of Mining and
Environment, 15[2], 45-62.

Zehner, Rosa, 2001, Identificacion, Evaluacion,
Control, Mitigacion y Biorremediacion de
Riesgos Medioambientales: Programas de
Remediacion para Actividades
Hidrocarburiferas, 11 Congreso de Seguridad
Industrial, Salud Ocupacional y Medio
Ambiente de la Industria Petrolera, Quito, 22-26
de octubre de 2001.

Zerraga D. y Frias O. [2003]. Toxicologia
Ambiental en Mineria: Herramientas Para la
Evaluacion de Impacto. ESAN- Cuadernos de
Difusion [8]: 15. Lima, Peru.

References
Differences

Terreros, J., Guzman, O., Garcia, L., 2022.
Simultaneous aerobic-anaerobic biodegradation
of an industrial effluent of polymeric resins with
high phenol concentration at different organic

loading rates in a non-conventional UASB type
reactor. Chem. Eng. J. 430, 133180.

Terreros, Jesus; Hilario, Jacobo. & Perez, Sergio
[2024]. Simultaneous Biodegradation of Linear
Alkylbenzensulfonate in Anaerobic Reactors, in
Two Stages. Water Air Soil Pollut, 235:506.

References
Discussions

Aguilar, C., Ramirez, C., Rivera, D., Siu-Ting,
K., Suarez, J., & Torres, C. [2010]. Anfibios
andinos del Pera fuera de Areas Naturales
Protegidas:amenazas y estado de conservacion.
Rev. peru. biol. 17[1]: 005- 028.

AICAS [2002].

Bauml, James [2004], "Overview of Huichol
Ethnobotany", en A. Véazquez-Garcia et al.,
Flora del norte de Jalisco y etnobotdnica
huichola, Guadalajara, CUCBA-CUCSH,
Universidad de Guadalajara.

Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores, Eric and
Terreros-Mecalco Jests. [2025]. Impact of wastewater discharges from mining
activity and mining environmental liabilities [PAM] on the environment and human
health. Journal of Environmental Sciences and Natural Resources. 11[26]1-15:
e51126115.

https://doi.org/10.35429/JESN.2025.11.26.5.1.15


https://doi.org/10.35429/JESN.2025.11.26.5.1.15
https://www.business-humanrights.org/es/big-issues/governing-business-human-rights/un-guiding-principles/
https://www.business-humanrights.org/es/big-issues/governing-business-human-rights/un-guiding-principles/
https://huajsapata.unap.edu.pe/index.php/ria/article/view/594/341
https://huajsapata.unap.edu.pe/index.php/ria/article/view/594/341
https://huajsapata.unap.edu.pe/index.php/ria/article/view/594/341
https://pubmed.ncbi.nlm.nih.gov/20409041/
https://pubmed.ncbi.nlm.nih.gov/20409041/
https://pubmed.ncbi.nlm.nih.gov/20409041/
https://www.nature.com/articles/s41598-021-02163-9
https://www.nature.com/articles/s41598-021-02163-9
https://www.nature.com/articles/s41598-021-02163-9
https://app.ingemmet.gob.pe/biblioteca/pdf/CPG15-044.pdf
https://app.ingemmet.gob.pe/biblioteca/pdf/CPG15-044.pdf
https://app.ingemmet.gob.pe/biblioteca/pdf/CPG15-044.pdf
https://www.semanticscholar.org/paper/Feasibility-Studies-for-Microbial-Remediation-of-Schinner-Klauser/9687fefb734558baec8c5cbb169f4e9cb993aad1
https://www.semanticscholar.org/paper/Feasibility-Studies-for-Microbial-Remediation-of-Schinner-Klauser/9687fefb734558baec8c5cbb169f4e9cb993aad1
https://www.semanticscholar.org/paper/Feasibility-Studies-for-Microbial-Remediation-of-Schinner-Klauser/9687fefb734558baec8c5cbb169f4e9cb993aad1
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/libros2018/CD006877.pdf
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/libros2018/CD006877.pdf
https://www.sgm.gob.mx/productos/pdf/Anuario_2023_Edicion_2024.pdf
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1007/s11270-024-07296-x
https://doi.org/10.1007/s11270-024-07296-x
https://doi.org/10.1007/s11270-024-07296-x
https://web.archive.org/web/20160307142858/http:/www2.inecc.gob.mx/publicaciones/libros/395/vargas.html
https://web.archive.org/web/20160307142858/http:/www2.inecc.gob.mx/publicaciones/libros/395/vargas.html
https://www.sciencedirect.com/science/article/abs/pii/S0959652609001504
https://www.sciencedirect.com/science/article/abs/pii/S0959652609001504
https://www.researchgate.net/publication/337152495_Abandoned_mines__environmental_social_and_economic_challenges
https://www.researchgate.net/publication/337152495_Abandoned_mines__environmental_social_and_economic_challenges
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://evaluaciondeimpactoambiental.com/evaluacion-de-riesgos-ambientales/
https://repositorio.esan.edu.pe/items/6d9bbb07-70fb-4e54-b432-5fb40b889487
https://repositorio.esan.edu.pe/items/6d9bbb07-70fb-4e54-b432-5fb40b889487
https://repositorio.esan.edu.pe/items/6d9bbb07-70fb-4e54-b432-5fb40b889487
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1007/s11270-024-07296-x
https://doi.org/10.1007/s11270-024-07296-x
https://doi.org/10.1007/s11270-024-07296-x
http://www.scielo.org.pe/pdf/rpb/v17n1/a02v17n1.pdf
http://www.scielo.org.pe/pdf/rpb/v17n1/a02v17n1.pdf
http://www.scielo.org.pe/pdf/rpb/v17n1/a02v17n1.pdf
http://conabioweb.conabio.gob.mx/aicas/doctos/criterios-aicas.html
https://www.scielo.org.mx/scielo.php?script=sci_nlinks&ref=3275021&pid=S1665-0565201100020000600004&lng=es
https://www.scielo.org.mx/scielo.php?script=sci_nlinks&ref=3275021&pid=S1665-0565201100020000600004&lng=es
https://www.scielo.org.mx/scielo.php?script=sci_nlinks&ref=3275021&pid=S1665-0565201100020000600004&lng=es
https://www.scielo.org.mx/scielo.php?script=sci_nlinks&ref=3275021&pid=S1665-0565201100020000600004&lng=es
https://www.scielo.org.mx/scielo.php?script=sci_nlinks&ref=3275021&pid=S1665-0565201100020000600004&lng=es

Journal of Environmental Sciences and Natural Resources

15
11[26]1-15:e51126115

Article
CBIF. [2021]. Reptiles del Pert.

CEPAL. [2019]. Remediacion y activacion de
pasivos ambientales mineros [PAM] en el Peru.
ISSN 1680-8886/ Serie 168.

Comision Nacional para el Conocimiento y Uso
de la Biodiversidad [CONABIO] 1992.

CONCYTEC 2016.

Coronel Sanchez, K. M., & Poma Paredes, S. P.
[2025]. Evaluacion de la calidad del agua y el
estado biologico de la microcuenca del Rio
Santa Béarbara.

Decreto Supremo N° 004-2014-MINAGRI
[2014]. Lista de clasificacién y categorizacion
de las especies amenazadas de fauna silvestre
legalmente protegidas.

Decreto Supremo N° 009-2023-MINAM [2023].

Decreto Legislativo N° 1670 que modifica la
Ley N° 28271, Ley que regula los pasivos
ambientales de la actividad minera.

ECA [2014]. Estandares de Calidad Ambiental

Fundacion Biodiversidad. [2018]. Guia practica
de  restauracion  ecologica.  Fundacion
Biodiversidad.

Gonzéalez, A [2008]. Disefio de Metodologia
para la Identificacion de Pasivos Ambientales
Mineros en Colombia. Tesis de Maestria,
Universidad Nacional de Colombia.

Guzman-Mejia, Rafael & Maria del Carmen
Anaya-Corona [2007], Cultura de Maiz-Peyote-
Venado: Sustentabilidad del pueblo Wixarika,
Guadalajara, = CUCSH,  Universidad de
Guadalajara.

International Council on Mining and Metals
[ICMM]. [2018]. Buenas practicas de
restauracion ecologica en mineria de hierro y
cobre.

IUCN. [2023]. Lista Roja de Especies
Amenazadas de la UICN. Version 3.1. Obtenido
de

Ley N°28271 [2017]. Ley que regula los pasivos
ambientales de la actividad minera.

ISSN: 2444-4936.
RENIECYT: 1702902
ECORFAN® All rights reserved.

Law N° 29134 [2007]. Ley que regula los
Pasivos Ambientales del Subsector
Hidrocarburos.

Leén, B., Pitman, N., & Roque, G. [2006].
Introduccién a las plantas endémicas del Pert.
Revista peruana de biologia, ISSN 1727-9933,
Vol. 13, N°. 2: 9-22.

MINAM. [2019]. Sexto informe nacional sobre
diversidad ecologica - La Diversidad en Cifras .
Biblioteca Nacional del Peru.

Nieves, Gregorio, Antonio Vdazquez-Garcia,
Miguel Chazaro y Marcelino Vazquez [2004],
"Uso tradicional de la flora de la region
huichola", en A. Vazquez-Garcia et al., Flora del
norte de Jalisco y etnoboténica huichola,
Guadalajara, CUCBA-CUCSH, Universidad de
Guadalajara.

Norma  Oficial Mexicana  [NOM-003-
SEMARNAT-1997]. Limites maximos
permisibles de contaminantes para las aguas
residuales tratadas que se reusen en servicios al
publico.

Pacheco, V., Diaz, S., Graham, L., Flores, M.,
Calizaya, G., Ruelas, D., & Sanchez, P. [2021].
Lista actualizada de la diversidad de los
mamiferos del Peru y una propuesta para su
actualizacion. Revista peruana de biologia 28[4].

Terreros, J., Guzman, O., Garcia, L., 2022.
Simultaneous aerobic-anaerobic biodegradation
of an industrial effluent of polymeric resins with
high phenol concentration at different organic

loading rates in a non-conventional UASB type
reactor. Chem. Eng. J. 430, 133180.

Vargas, J.M. [2015]. Desarrollo de la legislacion
ambiental en México. Instituto Nacional de
Ecologia.

Vazquez, A. [2004]. La responsabilidad por
dafios al ambiente. 73, 45-62.

Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores, Eric and
Terreros-Mecalco Jests. [2025]. Impact of wastewater discharges from mining
activity and mining environmental liabilities [PAM] on the environment and human
health. Journal of Environmental Sciences and Natural Resources. 11[26]1-15:
e51126115.

https://doi.org/10.35429/JESN.2025.11.26.5.1.15


https://doi.org/10.35429/JESN.2025.11.26.5.1.15
https://www.gbif.org/es/dataset/04675231-2f76-48f8-bfed-78d71c1ec94c
https://repositorio.cepal.org/bitstream/handle/11362/45068/1/S1901182_es.pdf
https://repositorio.cepal.org/bitstream/handle/11362/45068/1/S1901182_es.pdf
https://www.biodiversidad.gob.mx/
https://www.biodiversidad.gob.mx/
https://repositorio.concytec.gob.pe/entities/publication/c0c99d30-d702-4d6e-985d-c27c2a43f707
https://dspace.ucuenca.edu.ec/items/05ff2da6-6da8-45b2-88bc-cb9e12d1cf30/full
https://dspace.ucuenca.edu.ec/items/05ff2da6-6da8-45b2-88bc-cb9e12d1cf30/full
https://dspace.ucuenca.edu.ec/items/05ff2da6-6da8-45b2-88bc-cb9e12d1cf30/full
https://www.ecolex.org/es/details/legislation/decreto-supremo-no-004-2014-minagri-lista-de-clasificacion-y-categorizacion-de-las-especies-amenazadas-de-fauna-silvestre-legalmente-protegidas-lex-faoc132692/
https://www.ecolex.org/es/details/legislation/decreto-supremo-no-004-2014-minagri-lista-de-clasificacion-y-categorizacion-de-las-especies-amenazadas-de-fauna-silvestre-legalmente-protegidas-lex-faoc132692/
https://www.ecolex.org/es/details/legislation/decreto-supremo-no-004-2014-minagri-lista-de-clasificacion-y-categorizacion-de-las-especies-amenazadas-de-fauna-silvestre-legalmente-protegidas-lex-faoc132692/
https://www.gob.pe/institucion/minam/normas-legales/4515862-009-2023-minam
https://actualidad.educacionenred.pe/2024/09/dleg-1670-decreto-legislativo-que-modifica-ley-28271-ley-que-regula-pasivos-307654.html
https://actualidad.educacionenred.pe/2024/09/dleg-1670-decreto-legislativo-que-modifica-ley-28271-ley-que-regula-pasivos-307654.html
https://www.minam.gob.pe/disposiciones/decreto-supremo-n-002-2014-minam/
https://ieeb.fundacion-biodiversidad.es/sites/default/files/guia_practica_re_0.pdf
https://ieeb.fundacion-biodiversidad.es/sites/default/files/guia_practica_re_0.pdf
https://repositorio.unal.edu.co/handle/unal/70283
https://repositorio.unal.edu.co/handle/unal/70283
https://repositorio.unal.edu.co/handle/unal/70283
https://books.google.com.mx/books/about/Cultura_de_ma%C3%ADz_peyote_venado.html?id=t9URAQAAIAAJ&redir_esc=y
https://books.google.com.mx/books/about/Cultura_de_ma%C3%ADz_peyote_venado.html?id=t9URAQAAIAAJ&redir_esc=y
https://www.icmm.com/website/publications/pdfs/closure/190107_good_practice_guide_web.pdf
https://www.icmm.com/website/publications/pdfs/closure/190107_good_practice_guide_web.pdf
https://www.icmm.com/website/publications/pdfs/closure/190107_good_practice_guide_web.pdf
https://www.iucnredlist.org/species/42532611/208222082#habitat-ecology
https://www.iucnredlist.org/species/42532611/208222082#habitat-ecology
https://www.gob.pe/institucion/minam/normas-legales/3588-28271
https://www.gob.pe/institucion/minam/normas-legales/3588-28271
https://www.deperu.com/legislacion/ley-29134-pdf.html
https://www.deperu.com/legislacion/ley-29134-pdf.html
https://www.deperu.com/legislacion/ley-29134-pdf.html
http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1727-99332006000200004
https://thelib.net/3109177-la-biodiversidad-en-cifras-sexto-informe-nacional-sobre-diversidad-biologica.html
https://thelib.net/3109177-la-biodiversidad-en-cifras-sexto-informe-nacional-sobre-diversidad-biologica.html
https://www.researchgate.net/publication/235946651_Flora_del_Norte_de_Jalisco_y_Etnobotanica_Huichola_-_Serie_Front_de_Biodiv_Vol_1
https://www.researchgate.net/publication/235946651_Flora_del_Norte_de_Jalisco_y_Etnobotanica_Huichola_-_Serie_Front_de_Biodiv_Vol_1
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
http://legismex.mty.itesm.mx/normas/ecol/semarnat003.pdf
http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1727-99332021000400002
http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1727-99332021000400002
http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1727-99332021000400002
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://doi.org/10.1016/j.cej.2021.133180.
https://web.archive.org/web/20160307142858/http:/www2.inecc.gob.mx/publicaciones/libros/395/vargas.html
https://web.archive.org/web/20160307142858/http:/www2.inecc.gob.mx/publicaciones/libros/395/vargas.html
https://dialnet.unirioja.es/servlet/articulo?codigo=2881030
https://dialnet.unirioja.es/servlet/articulo?codigo=2881030

Instructions for Scientific, Technological and Innovation Publications

[[Title in TNRoman and Bold No. 14 in English and Spanish]

Surname, Name 1% Author*?, Surname, Name 1% Co-author®, Surname, Name 2" Co-author® and

Surname, Name 3" Co-author? [No.12 TNRoman]

a ROR Affiliation institution, © Researcher ID, ORC ID, SNI-SECIHTTI ID or CVU PNPC

—

b ROR Affiliation institution, ** Researcher ID, "/ ORC ID, SNI-SECIHTI ID or CVU PNPC
¢ ROR Affiliation institution, * Researcher ID, ““ ORC ID, SNI-SECIHTI ID or CVU PNPC
d ROR A ffiliation institution, * Researcher ID, ' ORC ID, SNI-SECIHTI ID or CVU PNPC

No.10 TNRoman]
No.10 TNRoman]
No.10 TNRoman]
No.10 TNRoman]

—_— o —.

All ROR-Clarivate-ORCID and SECIHTI profiles must be hyperlinked to your website.

Prot- ROR University of South Australia * > 7038-2013¢

0000-0001-6442-4409 « & 416112

SECIHTI classification:

DOI: https://doi.org/

https://marvid.org/research_areas.php  [No.10 TNRoman] Article History:
Area: Received: [Use Only ECORFAN]
F1.31d.1 . Accepted: [Use Only ECORFAN] ")
Dlsmphpe : Contact e-mail address: Check for
Subdiscipline: * =1 [example@example.org] upgstes
Abstract [In English] Abstract [In Spanish]
Must contain up to 150 words Must contain up to 150 words
Graphical abstract [In English] Graphical abstract [In Spanish]
Your title goes here Your title goes here
Objectives Methodology . Contribution Objectives Methodology . Contribution

Authors must provide an original image that clearly represents
the article described in the article. Graphical abstracts should be
submitted as a separate file. Please note that, as well as each
article must be unique. File type: the file types are MS Office
files.No additional text, outline or synopsis should be included.
Any text or captions must be part of the image file. Do not use
unnecessary white space or a "graphic abstract" header within the
image file.

Keywords [In English]
Indicate 3 keywords in TNRoman and Bold No. 10

Authors must provide an original image that clearly represents
the article described in the article. Graphical abstracts should be
submitted as a separate file. Please note that, as well as each
article must be unique. File type: the file types are MS Office
files.No additional text, outline or synopsis should be included.
Any text or captions must be part of the image file. Do not use
unnecessary white space or a "graphic abstract" header within the
image file.

Keywords [In Spanish]
Indicate 3 keywords in TNRoman and Bold No. 10

Citation: Surname, Name 1% Author, Surname, Name 1% Co-author, Surname, Name 2™ Co-author and Surname, Name 3"
Co-author. Article Title. Journal of Environmental Sciences and Natural Resources. Year. V-N: Pages [TN Roman No.10].

ISSN 2444-4936/ © 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its
Holding Bolivia on behalf of Journal X. This is an open access article under the CC BY-NC-
ND license [http://creativecommons.org/licenses/by-nc-nd/4.0/]

ECORFAN
Mexico

to the scientific, technological and innovation Peer Review Process by training Human
Resources for the continuity in the Critical Analysis of International Research.

() [ ]
] ® ......i. Regitro Macional ds Insituciones y
7 Peer Review under the responsibility of the Scientific Committee MARVID - in contribution o0 Empresas Gientcas  Teanigics
o - .

1702902 SECIHTI


https://ror.org/registry/
https://clarivate.com/products/scientific-and-academic-research/research-discovery-and-workflow-solutions/researcher-profiles/
https://orcid.org/register
https://miic.conacyt.mx/generador-view-angular/index.html?application=CVU#/seleccionaTipoCuenta
https://ror.org/01p93h210
https://www.webofscience.com/wos/author/record/1125517
https://orcid.org/0000-0001-6442-4409
https://marvid.org/research_areas.php
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/

Instructions for Scientific, Technological and Innovation Publications

Introduction
Text in TNRoman No.12, single space.

General explanation of the subject and explain
why it is important.

What is your added value with respect to other
techniques?

Clearly focus each of its features.

Clearly explain the problem to be solved and the
central hypothesis.

Explanation of sections Article.

Development of headings and subheadings of
the article with subsequent numbers

[Title No.12 in TNRoman, single spaced and
bold]

Products in development No.12 TNRoman,
single spaced.

Including figures and tables-Editable

In the article content any table and figure should
be editable formats that can change size, type
and number of letter, for the purposes of edition,
these must be high quality, not pixelated and
should be noticeable even reducing image scale.

[Indicating the title at the bottom with No.10 and
Times New Roman Bold]

Figure 1

Title [Should not be images-everything must be
editable]

Source [in italic]

ISSN 2410-3985
ECORFAN® All rights reserved

 311).¢
Table 1

Title [Should not be images-everything must be
editable]

Source [in italic]

The maximum number of Boxes is 10 items

For the use of equations, noted as follows:
Yij = a+ Xp—q BnXnij +uj + €y [1]

Must be editable and number aligned on the right
side.

Methodology

Develop give the meaning of the variables in
linear writing and important is the comparison of
the used criteria.

Results

The results shall be by section of the article.

Conclusions

Clearly explain the results and possibilities of
improvement.

Annexes

Tables and adequate sources.
The international standard is 7 pages

minimum and 14 pages maximum.
Declarations

Conflict of interest

The authors declare no interest conflict. They
have no known competing financial interests or
personal relationships that could have appeared
to influence the article reported in this article.

Author contribution

Specify the contribution of each researcher in
each of the points developed in this research.

Prot-
Benoit-Pauleter, Gerard: Contributed to the
project idea, research method and technique.

Surname [IN UPPERCASE], Name st Author, Surname [IN
UPPERCASE], Name 1st Coauthor, Surname [IN UPPERCASE], Name
2nd Coauthor and Surname [IN UPPERCASE], Name 3rd Coauthor.
Paper Title Journal of Contemporary Sociology. Year [Times New
Roman No. 8]



Instructions for Scientific, Technological and Innovation Publications

Availability of data and materials

Indicate the availability of the data obtained in
this research.

Funding
Indicate if the research received some financing.
Acknowledgements

Indicate if they were financed by any institution,
University or company.

Abbreviations
List abbreviations in alphabetical order.

Prot-
ANN Artificial Neural Network

References

Use APA system. Should not be numbered, nor
with bullets, however if necessary numbering
will be because reference or mention is made
somewhere in the Article.

Use the Roman alphabet, all references you have
used should be in Roman alphabet, even if you
have cited an article, book in any of the official
languages of the United Nations [English,
French, German, Chinese, Russian, Portuguese,
Italian, Spanish, Arabic], you should write the
reference in Roman alphabet and not in any of
the official languages.

Citations are classified the following categories:

Antecedents. The citation is due to previously
published research and orients the citing
document within a particular scholarly area.

Basics. The citation is intended to report data
sets, methods, concepts and ideas on which the
authors of the citing document base their work.

Supports. The citing article reports similar
results. It may also refer to similarities in
methodology or, in some cases, to the
reproduction of results.

Differences. The citing document reports by
means of a citation that it has obtained different
results to those obtained in the cited document.
This may also refer to differences in
methodology or differences in sample sizes that
affect the results.

ISSN 2410-3985
ECORFAN® All rights reserved

Discussions. The citing article cites another
study because it is providing a more detailed
discussion of the subject matter.

The URL of the resource is activated in the DOI
or in the title of the resource.

Prot-

Mandelbrot, B. B. [2020]. Negative dimensions
and Holders, multifractals and their Holder
spectra, and the role of lateral preasymptotics in
science. Journal of Fourier Analysis and
Applications Special. 409-432.

Intellectual Property Requirements for
editing:

Authentic Signature in Color of Originality
Format Author and Coauthors.

Authentic  Signature in Color of the
Acceptance Format of Author and Coauthors.

Authentic Signature in blue color of the
Conflict of Interest Format of Author and Co-
authors.

Surname [IN UPPERCASE], Name st Author, Surname [IN
UPPERCASE], Name 1st Coauthor, Surname [IN UPPERCASE], Name
2nd Coauthor and Surname [IN UPPERCASE], Name 3rd Coauthor.
Paper Title Journal of Contemporary Sociology. Year [Times New
Roman No. 8]


https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
https://www.ecorfan.org/servicios/Formato%20de%20Conflicto%20de%20intereses,%20Cesi%C3%B3n%20de%20derechos%20y%20distribuci%C3%B3n_I.pdf

Reservation to Editorial Policy

Journal of Enviromental Sciences and Natural Resources reserves the right to make editorial changes
required to adapt the Articles to the Editorial Policy of the Journal. Once the Article is accepted in its
final version, the Journal will send the author the proofs for review. ECORFAN® will only accept the
correction of errata and errors or omissions arising from the editing process of the Journal, reserving in
full the copyrights and content dissemination. No deletions, substitutions or additions that alter the
formation of the Article will be accepted.

Code of Ethics - Good Practices and Declaration of Solution to Editorial Conflicts

Declaration of Originality and unpublished character of the Article, of Authors, on the obtaining
of data and interpretation of results, Acknowledgments, Conflict of interests, Assignment of rights
and Distribution

The ECORFAN-Mexico, S.C Management claims to Authors of Articles that its content must be
original, unpublished and of Scientific, Technological and Innovation content to be submitted for
evaluation.

The Authors signing the Article must be the same that have contributed to its conception, realization and
development, as well as obtaining the data, interpreting the results, drafting and reviewing it. The
Corresponding Author of the proposed Article will request the form that follows.

Article title:

— The sending of an Article to Journal of Enviromental Sciences and Natural Resources emanates
the commitment of the author not to submit it simultaneously to the consideration of other series
publications for it must complement the Format of Originality for its Article, unless it is rejected
by the Arbitration Committee, it may be withdrawn.

— None of the data presented in this article has been plagiarized or invented. The original data are
clearly distinguished from those already published. And it is known of the test in PLAGSCAN
if a level of plagiarism is detected Positive will not proceed to arbitrate.

- References are cited on which the information contained in the Article is based, as well as
theories and data from other previously published Articles.

— The authors sign the Format of Authorization for their Article to be disseminated by means that
ECORFAN-Mexico, S.C. In its Holding Spain considers pertinent for disclosure and diffusion
of its Article its Rights of Work.

— Consent has been obtained from those who have contributed unpublished data obtained through
verbal or written communication, and such communication and Authorship are adequately
identified.

— The Author and Co-Authors who sign this work have participated in its planning, design and
execution, as well as in the interpretation of the results. They also critically reviewed the paper,
approved its final version and agreed with its publication.

— No signature responsible for the work has been omitted and the criteria of Scientific
Authorization are satisfied.

— The results of this Article have been interpreted objectively. Any results contrary to the point of
view of those who sign are exposed and discussed in the Article.



Copyright and Access

The publication of this Article supposes the transfer of the copyright to ECORFAN-Mexico, SC in its
Holding Spain for its Journal of Enviromental Sciences and Natural Resources, which reserves the right
to distribute on the Web the published version of the Article and the making available of the Article in
This format supposes for its Authors the fulfilment of what is established in the Law of Science and
Technology of the United Mexican States, regarding the obligation to allow access to the results of
Scientific Research.

Article Title:

Name and Surnames of the Contact Author and the Coauthors Signature
1

2.
3
n

Principles of Ethics and Declaration of Solution to Editorial Conflicts
Editor Responsibilities

The Publisher undertakes to guarantee the confidentiality of the evaluation process, it may not disclose
to the Arbitrators the identity of the Authors, nor may it reveal the identity of the Arbitrators at any time.

The Editor assumes the responsibility to properly inform the Author of the stage of the editorial process
in which the text is sent, as well as the resolutions of Double-Blind Review.

The Editor should evaluate manuscripts and their intellectual content without distinction of race, gender,
sexual orientation, religious beliefs, ethnicity, nationality, or the political philosophy of the Authors.

The Editor and his editing team of ECORFAN® Holdings will not disclose any information about
Articles submitted to anyone other than the corresponding Author.

The Editor should make fair and impartial decisions and ensure a fair Double-Blind Review.
Responsibilities of the Editorial Board

The description of the peer review processes is made known by the Editorial Board in order that the
Authors know what the evaluation criteria are and will always be willing to justify any controversy in
the evaluation process. In case of Plagiarism Detection to the Article the Committee notifies the Authors
for Violation to the Right of Scientific, Technological and Innovation Authorization.

Responsibilities of the Arbitration Committee

The Arbitrators undertake to notify about any unethical conduct by the Authors and to indicate all the
information that may be reason to reject the publication of the Articles. In addition, they must undertake

to keep confidential information related to the Articles they evaluate.

Any manuscript received for your arbitration must be treated as confidential, should not be displayed or
discussed with other experts, except with the permission of the Editor.

The Arbitrators must be conducted objectively, any personal criticism of the Author is inappropriate.

The Arbitrators must express their points of view with clarity and with valid arguments that contribute
to the Scientific, Technological and Innovation of the Author.

The Arbitrators should not evaluate manuscripts in which they have conflicts of interest and have been
notified to the Editor before submitting the Article for Double-Blind Review.



Responsibilities of the Authors

Authors must guarantee that their articles are the product of their original work and that the data has been
obtained ethically.

Authors must ensure that they have not been previously published or that they are not considered in
another serial publication.

Authors must strictly follow the rules for the publication of Defined Articles by the Editorial Board.

The authors have requested that the text in all its forms be an unethical editorial behavior and is
unacceptable, consequently, any manuscript that incurs in plagiarism is eliminated and not considered
for publication.

Authors should cite publications that have been influential in the nature of the Article submitted to
arbitration.

Information services
Indexation - Bases and Repositories

LATINDEX [Scientific Journals of Latin America, Spain and Portugal]

EBSCO [Research Database - EBSCO Industries]

RESEARCH GATE [Germany]

GOOGLE SCHOLAR [Citation indices-Google]

REDIB [Ibero-American Network of Innovation and Scientific Knowledge- CSIC]
MENDELEY [Bibliographic References Manager]

ROAD [Directory of Open Access scholarly Resources]

Publishing Services

Citation and Index Identification H
Management of Originality Format and Authorization
Testing Article with PLAGSCAN
Article Evaluation

Certificate of Double-Blind Review
Article Edition

Web layout

Indexing and Repository
ArticleTranslation

Article Publication

Certificate of Article

Service Billing

Editorial Policy and Management

38 Matacerquillas, CP-28411. Moralzarzal -Madrid-Espafia. Phones: +52 1 55 6159 2296, +52 1 55 1260
0355, +52 1 55 6034 9181; Email: contact@ecorfan.org www.ecorfan.org



ECORFAN®

Chief Editor
Villasante, Sebastian. PhD

Executive Director
Ramos-Escamilla, Maria. PhD

Editorial Director
Peralta-Castro, Enrique. MsC

Web Designer
Escamilla-Bouchan, Imelda. PhD

Web Diagrammer
Luna-Soto, Vladimir. PhD

Editorial Assistant
Rosales-Borbor, Eleana. BsC

Philologist
Ramos-Arancibia, Alejandra. BsC

Advertising & Sponsorship
[ECORFAN® Spain], sponsorships@ecorfan.org
Site Licences

03-2010-032610094200-01-For  printed material ,03-2010-031613323600-01-For  Electronic
material,03-2010-032610105200-01-For Photographic material,03-2010-032610115700-14-For the
facts Compilation,04-2010-031613323600-01-For its Web page,19502-For the Iberoamerican and
Caribbean Indexation,20-281 HB9-For its indexation in Latin-American in Social Sciences and
Humanities,671-For its indexing in Electronic Scientific Journals Spanish and Latin-America,7045008-
For its divulgation and edition in the Ministry of Education and Culture-Spain,25409-For its repository
in the Biblioteca Universitaria-Madrid,16258-For its indexing in the Dialnet,20589-For its indexing in
the edited Journals in the countries of Iberian-America and the Caribbean, 15048-For the international
registration of Congress and Colloquiums. financingprograms@ecorfan.org

Management Offices

38 Matacerquillas, CP-28411. Moralzarzal —Madrid-Espafia.



Journal of Environmental Sciences and Natural Resources

V-540, New maize [Zea mays L.] variety for the humid tropic in México
Sierra-Macias, Mauro, Rios-Isidro, Clara, Goémez-Montiel, Noel
Orlando and Barron-Freyre, Sabel

Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias

Technical Proposal for a Rainwater Harvesting System [RHWS] for the
Tecnologico de Estudios Superiores de Valle de Bravo
Garduiio-Sanchez, Francisco Raul, Rodriguez-Gonzalez, José Miguel,
Gomez-Arizmendi, Gabriela and Cruz-Espinoza, Brandy Yuleisy
Tecnologico Nacional de México/TES Valle de Bravo

Effect of pH on the biodegradation rate of sodium dodecylbenzene sulfonate
by anaerobic digestion under acidogenic conditions

Terreros-Mecalco, Jesus, Martinez-Zavala, Ricardo and Jara-
Carhuaricra, Jazmin

Universidad Tecnologica del Valle de Toluca

Universidad Autonoma del Estado de México

Daniel Alcides Carrion National University

Evaluation of the nutritional impact on the protein profile of the California
red worm [Eisenia foetida]

Heredia, Ma. Guadalupe, Alvarado-Rolon, Oscar, Monttfar, José De
Jesus and Gomez, Lidia Ma

Universidad Politécnica de Otzolotepec

“Impact of wastewater discharges from mining activity and mining
environmental liabilities [PAM] on the environment and human health”
Carhuaricra, Jazmin, Garcia-Gonzalez, Rafael, Montes De Oca-Flores,
Eric and Terreros-Mecalco Jesus

Daniel Alcides Carrion National University

Polytechnic University of the Valley of Toluca

Almoloya de Juarez, State of Mexico

Technological University of Toluca Valley



https://doi.org/10.35429/JESN.2025.11.26.4.1.7

	V-540, New maize [Zea mays L.] variety for the humid tropic in México
	Technical Proposal for a Rainwater Harvesting System [RHWS] for the Tecnologico de EstudiosSuperiores de Valle de Bravo
	Effect of pH on the biodegradation rate of sodium dodecylbenzene sulfonate by anaerobic digestion under acidogenic conditions
	Evaluation of the nutritional impact on the protein profile of the California red worm [Eisenia foetida]
	Impact of wastewater discharges from mining activity and mining environmental liabilities [PAM]on the environment and human health

