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Abstract—The peanut is an oilseed native to
South America that arrived in Mexico during pre-
Hispanic times. It was discovered by the Spanish
in a market in the great city of Tenochtitlan, who
then took it to Europe and Africa, allowing its
cultivation and consumption to spread throughout
the world. Thanks to its magnesium, folic acid,
fiber, copper, vitamin E, and arginine content,
peanut consumption benefits the central nervous
system, helps prevent heart disease, aids in
weight loss, and improves skin health. For all
these reasons, its consumption is recommended
for pregnant women. Among its uses, it is
primarily used in the preparation of foods such as
cookies, breads, candies, cereals, and salads. In
industry, it is used to manufacture butter, oils,
flours, inks, moisturizers, and lip balms, and the
peanut shells are a waste product that is reused
as fuel for boilers, although their use is somewhat
difficult because they produce a lot of smoke and
ash. They are partially used as feed for livestock,
especially pigs. Although the peanut shells have
no protein value and are indigestible, they help to
balance the nutrients in the other types of feed
with which they are mixed. Too, serve as a
substrate for poultry and as a growing medium for
fungi. They are also associated with uses similar
to those of wood shavings.

On the other hand, hundreds of thousands of
tons of peanut shells are disposed of annually
globally, with estimates suggesting nearly half a
million tons from households and factories alone,
although the exact figures vary by region and
year, with countries like the United States
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generating large quantities that require handling,
often transformed into compost, animal feed or
biofuel.

Therefore, the development of novel processes
for converting these by-products into value-added
products could provide a viable way to manage
this waste problem and try to use them in
activities that benefit the world, for example, their
use as hiosorbents for the removal of hazardous
and/or toxic contaminants from different
contaminated sites. Therefore, the objective of
this work was to determine the removal capacity
of Cr (VI) by the peanut shells biomass, finding a
complete metal removal (100 mg/L) was achieved
after 5 hours of incubation at pH 1.0, 28°C, 5 g of
biomass, and 100 rpm. Furthermore, metal
removal increased with higher incubation
temperatures; at 60°C, 100% of the metal was
removed after 75 minutes. The metal
concentration did not significantly influence its
removal at either 28°C or 60°C, although the
highest removal percentages were observed at
200 mg/L. Increasing the  bioadsorbent
concentration also increased metal removal; with
10 g of biomass, 100% removal was observed
after 2 hours of incubation. Finally, with 10 g of
biomass, 89% and 93% of the metal present in
naturally contaminated soil (200 mg/g) and water
(200 mg/L) are eliminated.

Keywords—Peanut, Wastewater,
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l. INTRODUCTION

Arachis hypogaea, commonly known as peanut,
groundnut, or groundnut (from the Nahuatl word
tlalcacahuatl), is a plant in the Fabaceae (or
Leguminosae) family, commonly known as the legume
family. Like most other legumes, peanuts harbor
nitrogen-fixing bacteria in their root nodules, which
improve soil fertility, making them valuable in crop
rotations. Peanuts are contained in underground
pods. [1]. They are widely cultivated in the tropics and
subtropics by both small and large commercial
producers; they are grown both as a grain legume and
as an oil crop. Their geocarpy is atypical among
legumes, which led the botanist Carl Linnaeus to
name the species hypogaea, meaning ‘'underground'.
Despite not meeting the botanical definition of a nut as
“a fruit whose ovary wall hardens at maturity”, peanuts
are generally categorized as nuts for culinary
purposes [2]. Some people are allergic to peanuts and
can have a potentially fatal reaction; this is distinct
from allergies to other tree nuts. Peanuts are
cultivated for their edible seeds, which are similar in
flavor and nutritional profile to nuts such as walnuts
and almonds, and, as a nut-like culinary nut, they are
often served in similar ways in the cuisines of many
countries [1].

This fruit is used to make foods such as peanut
butter or cream, and its oil is extracted, which is
widely used in the cuisine of India and Southeast Asia
[1]. It can be consumed as a snack (usually toasted
and salted or with added chili powder to give it a spicy
flavor) or as part of cakes and sweets (usually as a
decoration on donuts or as a topping for ice cream)
[2]. Too, It contains amides, sugars, choline, arachin,
oil (oleic, palmitic, stearic, arachidic, myristic and
lignoceric acids, as components), proteins, and
betaine [3], and is nutritious, blood-thinning, and
cholesterol-lowering. The flour is used in products for
diabetics (cookies, nougat), and the fruit is also used.
It is harvested in September. Some people should
avoid it, because this fruit is allergenic and also
contains fiber. If proper handling practices are not
followed, too, may contain high levels of aflatoxin, a
mycotoxin produced by some fungi that can be
dangerous to health [3]. There is also a possibility that
(since is a legume eaten raw), and their lectins could
cause atherosclerosis. However, it is also suggested
that it may improve the lipid profile. Since there is no
clear evidence in either direction, it is recommended
not to overindulge in peanuts [3].

Furthermore, despite being high in calories,
multiple studies conclude that both peanuts and nuts
are beneficial for losing body fat and achieving or
maintaining a healthy body composition, thus
preventing obesity. A diet that includes peanuts has
also been associated with a lower risk of
cardiovascular disease, which in turn is associated
with a lower risk of age-related cognitive decline. The
protective effect against cognitive decline and
Alzheimer's disease may also be related to
resveratrol, of which peanuts are a significant source,
thanks to its antioxidant effect [1].

On the other hand, during their processing,
considerable quantities of shells, potentially polluting
byproducts, are generated. However, after reuse, the
shells are employed as animal feed and fertilizer.
Significant quantities of peanut dust, shells, hulls, and
stems, are also classified as agricultural waste. Since
the vast majority of studies focus on oil and kernel
production, peanut byproducts such as shells receive
little attention [4]. Moreover, peanut skins are
beneficial as they are rich in antioxidants, catechin,
epicatechin, resveratrol, and anthocyanidins [5]. They
may reduce the rate of free-radical-induced oxidation
processes [5]. Antioxidants are able to neutralize and
build stable compounds by donating additional
hydrogen electrons to free radicals [5]. Previous
research demonstrated that long-term consumption of
peanut skin extract rich in plant polyphenols protects
against cancer, cardiovascular disease, diabetes,
osteoporosis, and neurological disorders [6]. Peanut
skin also contains cellulose (40.5%), lignin (26.4%),
and hemicellulose (14.7%) [7].

Too, the humanity has existed on earth for
200,000 years, and thanks to advances in medicine
and technology, the quality of life has improved,
leading to greater longevity. For example, in Mexico,
between 1930 and 1990, life expectancy increased by
37 years, and it continues to rise gradually over time.
However, the rapid growth of the world's population
has required a surge in resource use, and in the rush
to respond immediately, the impact on the
environment has been neglected, resulting in
considerable, even irreversible, negative effects, such
as the depletion of non-renewable resources and the
generation of harmful gases [8]. The environment
includes the soil, rivers, lakes, seas, oceans, forests,
jungles, mountains, and everything around humans
and other living beings; as people's lives become
simpler, everything created, invented, or discovered
by humans must now also be included, as it forms
part of the environment, making its control and
regulation vital, and recognizing the point of
equilibrium where the least or no degree of pollution is
caused is of utmost importance [8]. Mexico, like other
developing and developed countries, faces
environmental problems that directly affect the
nation's sustainability. These problems extend beyond
the environmental sphere, impacting social and
economic aspects as well. The main points to
consider are the ways in which human activity causes
damage. Forecasts showing the negative
consequences of continuing to ignore these issues
and failing to change the habits and behaviors that
ultimately affect the planet have already been
developed and have served as a basis for planning
solutions [8], especially to remediate and/or eliminate
environmental pollutants, such as heavy metals [9].

On the other hand, pollution is a simple
consequence of the existence and development of
living beings. It has existed since prehistoric times.
Early human communities produced pollution, for
example, through campfires, while the great
civilizations of antiquity generated pollution through
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metals, but this did not pose a significant risk to the
planet itself due to its localized nature. It remained
relatively stable for a long time, but began to become
a problem with the First Industrial Revolution in the
mid-18" century, primarily in England, and has been
steadily increasing ever since [9,10], and the
pollulants are "those substances found in the natural
environment that cause harmful effects on the
environment itself and on the health of the living
beings that inhabit it," therefore, their quantity is vast
and they can be found practically everywhere, even
where there is no human activity [10]. The heavy
metals, belong to a set of chemical elements, which
are found naturally in the earth's crust, possess
stability, however, after human manipulation they
become a source of degradation for any ecosystem,
by affecting its regular course of action, among them
are Arsenic, Cadmium, Chromium, Mercury and Lead
[11].

The chromium (VI), in its polluting form, it is known
as Chromium-6 or Cr-VI. It is odorless and tasteless
and can be found naturally in rocks, soil, and plants. It
can originate from industrial sources, finding its way
into drinking water systems due to erosion and leaks.
This element has the abilty to form chemical
compounds and has been used in numerous
applications, including tanning, the production of
catalysts, pigments, anti-corrosives, alloys, batteries,
fungicides, and metal coatings, among many others
[9]. Among the conditions it can cause in humans are
liver damage, reproductive problems, respiratory tract
problems, cough, wheezing, septal perforations and
ulcerations, bronchitis, pulmonary dysfunction,
pneumonia, in addition to being carcinogenic, mainly
causing lung cancer [12]. Therefore, different
investigations have been carried out for the
implementation of different efficient, economical and
beneficial methods for the elimination of this and other
heavy metals from contaminated waters.

In Mexico, agribusiness is one of the most
important activities due to its growth in recent years,
and it is the one that generates the most by-products
that are not used [13], among which are: coffee
bagasse, agave, maguey, sugar cane, straws from
different crops, organic residues of fruits and
vegetables [14]. In this regard, the use of different
plant products with the ability to accumulate and/or
bioadsorb heavy metals has been reported, which
include peanut shell biomass (Arachys hypogaea) for
example: the removal of copper and fluorides [15],
cadmium [16], and aqueous chemical waste[17], the
removal of volatile organic compounds, and heavy
metals [18], elimination of emerging pollutants [19],
the removal of copper and nickel ions [20], and the
biosorption of divalent metals [21], because of the
above, the objective of this work was to determine the
removal capacity of Chromium (VI) by peanut shell
biomass (A. hypogaea).

Il.  EXPERIMENTAL

A. Biosorbent used

The A. hypogaea shell biomass, was obtained from
the marketplace Republic, in the month of december
of 2024, of the capital city of San Luis Potosi, S.L.P.,
México. To obtain the biomass, the shell was washed
with EDTA 10% (p/v) for 24 hours, and after with
trideionized water during 7 days at constant stirring,
with water changes every 12 hours. Subsequently, it
was boiling 1 hour to removal traces of the color and
dust, and were dry at 80°C for 72 hours in an oven,
ground in blender and stored in amber vials until use.

B. Biosorption studies and determination of
hexavalent chromium.

For these studies, was used 5 g of dried biomass
mixed with 100 mL of trideionized water containing 100
mg/L of the metal, in an Erlenmeyer flask at the
desired temperature and pH. The flasks were agitated
on a shaking bath Yamato BT-25 model. Samples of 5
mL were taken at different times, and centrifuged at
3000 rpm for 5 min. The supernatant liquid was
separated and analyzed for chromium ions.
Hexavalent chromium was quantifying by a
spectrophotometric method with Diphenylcarbazide
[22]. The information shown in the results section are
the mean from three experiments carried out by
triplicate.

lll.  RESULTS AND DISCUSSION
A. Effect of incubation time and pH

In this work, it was found that 5 g of the analyzed
biomass removes 100 mg/L of the metal after 5 hours
of incubation, pH 1.0, 28°C and 100 rpm, while at pH
levels of 2.0, 3.0 and 4.0, the removal is less, although
still very efficient (see Fig. 1).
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Figure 1. Effect of incubation time and pH on Chromium (V1) removal
by peanut shell biomass. 100 mg/L Cr (VI), 100 rpm, 28°C. 5.0 g of
biomass.

These results are different to what was reported
150 minutes with different natural biomasses [23], 120
minutes for Moringa stenopetala seed powder [24], 24
hours for the biomass of palm leaf-derived biochar
[25], 30 minutes for in natura and magnetic
nanomodified hydroponic lettuce roots [26]. Changes
in the cell permeability of unknown origin, could partly
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explain the differences founded in the incubation time,
providing greater or lesser exposure of the functional
groups of the cell wall of the biomass analyzed [10].
Adsorption efficiency of chromium (VI) was observing
a maximum at pH 1.0 and 7 hours with the biomass
analyzed. The results showed with respect to the
increase in pH resulted in decrease in the removal of
the metal. It was reported an optimum pH 1.5 for
adsorbents from agricultural waste material [26], a pH
of 1.0 for in natura and magnetic nanomodified
hydroponic lettuce roots [27]. Although other authors,
report an optimum pH 3.0 for adsorbents from
agricultural waste material [27], pH of 2.0 for dry raw
biomasses of Dioscorea rotundata, Elaeis guineensis,
Manihot esculenta, Theobroma cacao and Zea mays
[23], a pH value of 2.0 and 4.0, for the removal
of chromium  (VI)  from wastewater using M.
stenopetala seed powder and banana peel powder
[24], too, a pH value of 2.0 using palm leaf-derived
biochar, tea stalk biochar, and waste of Musa
acuminata residue [28, 29]. This was due to the
dominant species (CrO,* and Cr,0,) of Chromate
ions in solution, which were expected to interact more
strongly with the ligands carrying positive charges [30].

B. Effect of temperature

Furthermore, if the incubation temperature is
increased, the removal of the metal also increases,
since at 60°C, 100% of the metal is removed in 75
minutes (Figure 2).
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Figure 2. Effect of incubation temperature on Chromium (V1) removal
by peanut shell biomass. 100 mg/L Cr (VI1), 100 rpm, . 5.0 g of biomass.

Our results are coincident for the biomass of palm
leaf-derived biochar, with the same temperature of
incubation [28], by a reusable chitosan-modified multi-
walled carbon nanotube composite [31], by dried twigs
of Melaleuca diosmifolia [32], for the removal of the
same heavy metal. But, they are different for removal
of chromium (VI) from wastewater using M. stenopeta
seed powder and banana peel powder, if increase this
parameter, decrease the removal capacity of this
biomasses [23], and for different natural biomasses,
which exhibit higher adsorption efficiency at
intermediate and low temperature values [25]. The
increase in temperature increases the rate of removal
of Cr (VI) and decrease the contact time required for

complete removal of the metal, to increase the redox
reaction rate [33].

C. Effect of initial metal concentration

Furthermore, at 28°C, the concentration of the
metal does not significantly influence its removal,
although at 200 mg/L, the best removal percentages
are observed, while to 60°C, the total removal of the
heavy metal was to 200 mg/L in 120 minutes, and at
the other concentrations analysed, the removal was
between 300 and 360 minutes (Figures 3 and 4).
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Figure 3.- Effect of initial metal concentration on Chromium (V1) removal
by 5 g of peanut shell biomass biomass. pH 1.0, 28°C. 100 rpm.
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Figure 4.- Effect of initial metal concentration on Chromium (V1) removal
by 5 g of peanut shell biomass. pH 1.0, 60°C. 100 rpm.

These results are coincident for the removal of this
metal by Cucumis sativus biomasses [31], but are
different for the chromium removal using M.
stenopetala seed powder and banana peel powder, in
which if increase the heavy metal concentration
decrease the efficiency of removal and palm leaf-
derived biochar [24, 28]. The increase in initial
concentration of Chromium (VI), results in a
decreased in the percentage of removal of the metal.
This was due to the increase in the number of ions
competing for the available functional groups on the
surface of biomass [30, 31].

D Effect of biosorbent dose

In the figure 5, we depict the influence of biomass
concentration on the removal capacity of Cr (VI). If we
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increase the amount of biomass, the removal of the
heavy metal in solution increases significantly,
because with 10 g of the natural biomass, 100% of the
metal is removed after 3 hours of incubation, while with
5and 1 g of the biomass, the removal is total after 4,
and 8 hours, respectively, although it has been
reported what with more biosorption sites of the same,
because the amount of added biosorbent determines
the number of binding sites available for metal
biosorption [34].
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Figure 5. Effect of biomass concentration of peanut shell
biomass, on the removal of 100 mg/L Cr (VI), 28°C, pH 1.0, 100 rpm.
e—e1lg 59 -—°10g¢g

These results are similar for the removal
of chromium  (VI)  from wastewater using M.
stenopetala seed powder and banana peel powder, if
increase the biomass concentration of 5 to 20 g/L [23],
for palm leaf-derived biochar [30], and B. Cucumis
sativus biomasses [36]. Too, was reported a efficient
removal of the metal if the biomass concentration was
increased using modified Russian knapweed flower
powder to initial concentrations of the heavy metal of
2,10, and 15 mg/L with pH 2.0 [37].

E. Removal of Cr (VI) in industrial wastes with
peanut shell biomass.

We adapted a water-phase bioremediation assay to
explore possible usefulness of this biomass for
eliminating chromium (VI) from industrial wastes. The
biomass (10 g), was incubate with 10 g of non-
sterilized contaminated earth with 200 mg/g,
suspended in trideionized water to a final volume of
200 mL, and 200 mL of wastewater containing 200
mg/L of the same heavy metal (adjusted). It was
observing that in 7 days of incubation, the chromium
(V) concentration of earth and water samples
decrease between 85% and 90% completely in both
samples (Figure 6), and the decrease level occurred
without change significant in total chromium content
during the experiments (date not shown). In the
experiment carried out without biomass, the Chromium
(V1) concentration of the earth samples decreased by
about of 13% (date not shown); this might be caused
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Figure 6. Removal of Cr (V1) in industrial wastes incubated with 10 g
of peanut shell biomass. 28°C, 100 rpm, 10 g of contaminated earth
with 200 mg/g and 200 mL of contaminated water with 200 mg/L.

e—e* Earth Wastewater

These results coincide with the literature reports for
another natural biomass, such as for different natural
biomasses [24, 25, and 35], for Ginkgo biloba leaves
can effectively remove soil Chromium (VI) and reduce
Chromium (VI) to Chromium (lll) via quercetin in soil
(38), the removal of Chromium (VI) from wastewater
using M. stenopetala seed powder and banana peel
powder [24], for the biomass of palm leaf-derived
biochar [28], the removal of chromium was found 95%
from dilute tannery wastewater and 72% of chromium
was eliminate directly from raw tannery effluents by
using different quantities of Nicotiana tabacum
biomass (38), for the phytoremediation of chromium-
polluted waters in cold region [40], for waste of M.
acuminata residue [29], and is more efficient that
Avena sativa L. biomass, in which a lower uptake of
chromium from soil in the Cr(VI)-contaminated, was
observed [40].

IV CONCLUSIONS

The biomass analyzed, showed complete capacity of
biosorption of 1000 mg/L of Cr (VI) in solution at
different time of incubation, at 28°C adn 60°C, 100
rpm with 5 g of natural biomass, besides this natural
biomass, efficiently removal the metal in situ (7 days
of incubation, with 10 g of biomass), in both, earth and
water contaminated, respectively. These results
suggest their potential applicability for the remediation
of this metal from polluted soils in the fields.

F. REFERENCES

[1] S.A. Shalini, & R.S. Akshata, & S. Chauhan.
Peanuts as functional food: a review. Journal of Food
Science Technology. Vol. 53, No. 1. pp. 31-41. 2016.
DOI 10.1007/s13197-015-2007-9

[2] M.M.S. Romano Cadena, G.A. Hernandez
Vivanco, M.R. Garcia Alarcén, K.C. Moreno Cortés.

by indigenous microflora and (or) reducing Andlisis de la cadena productiva del cultivo de
components present in the soil [10]. cacahuate (Arachis hypogaea I__.) producido en
Huaquechula, Puebla. Revista EDUCATE
CONCIENCIA. Vol. 23, No.24. pp. 65-80. 2019. Doi:
https://doi.org/10.58299/edu.v23i24.47
WWW.jmest.org

JMESTN42354627

17996


http://www.jmest.org/
https://doi.org/10.58299/edu.v23i24.47

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 13 Issue 1, January - 2026

[3] R. Bonke, and J. Yu. Health aspects of peanuts
as an outcome of its chemical composition. Food
Science and Human Wellness. Vol. 9, pp. 21-30.
2020. https://doi.org/10.1016/j.fshw.2019.12.005

[4] N.R. Putra, D.N. Rizkiyah, L. Qomariyah,
A.H.A. Aziz, I. Veza, M.A.C. Yunus. Experimental and
modeling for catechin and epicatechin recovery from
peanut skin using subcritical ethanol. Journal of Food
Process Engineering. Vol. 46, No. 3. e14275. 2023.
doi: 10.1111/jfpe.14275.

[5] N.R. Putra, D.N. Rizkiyah, A.H. Abdul Aziz, S.
Machmudah, J. Jumakir, W. Waluyo, M.A. Che
Yunus. Procyanidin and proanthocyanidin extraction
from Arachis hypogaea skins by using supercritical
carbon dioxide: Optimization and modeling. Journal of
Food Process Preservation. 2021;45:e15689. doi:
10.1111 /jfpp.15689.

[6] N.R. Putra, D.N. Rizkiyah, A.H.A. Aziz, Z.
Idham, L. Qomariyah, M.A.C. Yunus. Extraction rate
of Valuable Compounds from Peanut Skin Waste by
Ethanol-Assisted  Supercritical Carbon  Dioxide:
Modelling and Optimization. Malays. Journal
Fundamental of Applied Sciences. Vol.18, pp. 157—
170. 2022. doi: 10.11113/mjfas.v18n2.2237.

[7] P. Bharthare, P. Shrivastava, P. Singh, and A.
Ttiwari. Peanut shell as renewable energy source and
their utility in production of ethanol. International
Journal of Advances Research. Vol. 2 pp. 2:1-12.
2014.

[8] L.J. Ramirez Espinosa, A. Méndez Quiroz y
A.L. Morales Flores. Carpeta Informativa:
Contaminacion del Medio Ambiente. Centro de
Estudios Sociales y de Opinién Publica. H. Congreso
del Estado de Oaxaca. LXV Legistlatura. pp. 5-99.
2023. https://www.
Congresooaxaca.gob.mx/centrosestudios/CESOP.ht
mi

[9] S. Acharyya, A. Das, and T.P. Thaker,
Remediation processes of hexavalent chromium from
groundwater: a short review. AQUA—Water
Infrastructure, Ecosystems and Society. Vol. 72, No.
5. pp. 648-662. 2023.

[10] S. Xie. Water contamination due to hexavalent
chromium and its health impacts: exploring green
technology for Cr (VI) remediation. Green Chemistry
Letters and Reviews. Vol. 17, No.1. pp. 1-19. 235661.
2024.

[11] S. Ida and T. Eva. Removal of Heavy Metals
during Primary Treatment of Municipal Wastewater
and Possibilities of Enhanced Removal: A Review.
Water. 13,1121. 2021. https://doi.org/10.3390/ w1308
1121

[12] L.F. Morales-Paredes, P.A. Garcia-Chevesich,
G. Romero-Mariscal, A. Arenazas-Rodriguez, J.

Ticona-Quea, T.R. Tejada-Purizaca, G. Vanzin, J.O.
Sharp. Chromium Remediation from Tannery
Wastewater in Arequipa, Peru: Local Experiences and
Prospects for Sustainable Solutions. Sustainability.
17, 1183. pp. 1-28. 2025. https://doi.org/10.3390/
sul70 31183.

[13] V.. Valdez, B.J. Acevedo, and S.C.
Hernandez. “Distribution and potential of bioenergy
resources from agricultural activities in Mexico”.
Renewable and Sustainable Energy Reviews. Vol. 14.
pp. 2147-2153. 2010.

[14] J. M. Sénchez-Silva, R.R. Gonzélez-Estrada,
F.J. Blancas-Benitez y A. Fonseca-Cantabrana.
“Utilizacion de subproductos agroindustriales para la
bioadsorcion de metales pesados”. TIP Rev. Esp. en
Ciencias Quim-Biol. Vol. 23. pp. 1-18. 2020.

~ [15] H.P. Toledo-Jaldin, A, Blanco-Flores y D.M.
Avila Mérquez. Cascara de cacahuate como material
adsorbente para la remocion de cobre y fluoruros.
Revista Internacional de Contaminacién Ambiental.
Vol. 39, pp. 449-460. 2023. https://doi.org/10.20937/
RICA.54633

[16] D.O. Arizpe-Diaz, S.A. Gama-Lara, G. Roa-
Morales, A.R. Vilchis-Nestor, A. Parada-Flores, P.
Balderas-Hernandez, P. Evaluation of Cadmium
Removal in an Aqueous Solution by Biosorption in a
Batch System with Banana, Peanut, and Orange
Husks. Environments. Vol. 12, No. 97. 2025. https:
//doi. org/10.3390/environments12040097

[17] G. Pérez Osorio, E. Huerta Reza, J.E.M.
Gutiérrez Arias y J.C. Mendoza Hernandez. Sistema
secuencial de adsorcion, filtracién y evaporacion para
la eliminacién de contaminantes en residuos quimicos
acuosos. Revista SNIQBA. Vol. 3, No. 1-2. pp. 1-7.
20254. http://snigba.com.mx/revsnigba-2024-01-0201/

[18] S. T. Dipak, V.U. Yogesh, and S. Sudarshan.
Value-added-peanut shell as potential source for
biofilters: an eco-friendly way to clean water and
manage nutrients. Biotechnology for Sustainable
Materials. Vol. 2, No. 12. pp. 1-18. 2025.
https://doi.org/10.1186/s44316-025-00034-1.

[19] N.M. Jiménez Zapata. Evaluaciéon de la
eliminacién de ibuprofeno en biofiltros de cascara de
mani alimentados con aguas residuales sintéticas.
Trabajo Previo a la obtencién del Titulo de Ingeniera
Ambiental y Manejo de Riesgos Naturales. Carrera
de Ingenieria Ambiental y Manejo de Riesgos
Naturales. Facultad de Ciencias de la Ingenieria e
Industria. UNivdersidad UTE. Quito, Ecuador. 2020.
https://repositorio.ute.edu.ec

[20] P. Tapia, O. Pavez, N. Garrido y B.
Sepullveda. Remocion de iones cobre y niquel con
cascara de Mani. Holos, Afio 34, Vol. 03. pp. 57-69.
DOI:10. 156 28/holos.2018.7064

[21] C. Mazzola. Biosorption of divalent metals on
peanut shells. Incorporation of contaminated biomass
in ceramics. AJEA - Actas de Jornadas y Eventos
Académicos de UTN VI Jornadas de Intercambio y
Difusién de los Resultados de Investigaciones de los

WWW.jmest.org

JMESTN42354627

17997


http://www.jmest.org/
https://doi.org/10.1016/j.fshw.2019.12.005
https://doi.org/10.3390/
https://doi.org/10.3390/
https://doi.org/10.20937/RICA.54633
https://doi.org/10.20937/RICA.54633
https://doi.org/
https://doi.org/
https://doi.org/10.
https://repositorio.ute.edu.ec/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 13 Issue 1, January - 2026

Doctorandos en Ingenieria. pp. 1-5. 2022. DOI: https:
//doi.org/10.33414/ajea.1108.2022

[22] A.E. Greenberg, L.S. Clesceri, and A.D.
Eaton, “Standard Methods for the Examination of
Water and Wastewater”, American Public Health
Association, Washington, DC, USA, 18th edition,
1992.

[23] A. Villabona-Ortiz, C. Tejada-Tovar, and A.D.
Gonzalez-Delgado. “Statistical Modelling of
Biosorptive Removal of Hexavalent Chromium Using
Dry Raw Biomasses of Dioscorea rotundata, Elaeis
guineensis, Manihot esculenta, Theobroma cacao and
Zea mays”. Sustainability. Vol. 15, No. 9156 .2023.

[24] T. S. Badessa, E. Wakuma, and A.M. Yimer.
“Bio-sorption for efective removal of chromium(VI1)
from wastewater using Moringa stenopetala seed
powder (MSSP) and banana peel powder (BPP)".
BMC Chemistry. Vol. 14, No. 71. pp. 1-12. 2020.

[25] S. Daffalla. “Adsorption of Chromium (VI) from
Aqueous Solution Using Palm Leaf-Derived Biochar:
Kinetic and Isothermal Studies. Separations. Vol. 10,
No. 260. pp. 1-14. 2023.

[26] B. Caliman Soares, T.E. Abilio, J.C. José, G.
Labuto, and E.N. Vasconcelos Martins Carrilho.
‘Removal of Cr(VI) from water by in natura and
magnetic nanomodified hydroponic lettuce roots”.
Environmental Science and Pollution Research.
Vol. 30, pp. 8822— 8834. 2023.

[27] Z.M. Shakor, H.H. Mahdi, F. Al-Sheikh, G.M.
Alwan, and T. Al-Jadir. Ni, Cu, and Zn metal ions
removal from synthetic wastewater using a watermelon
rind (Catullus landaus). Material Today Proceeding.
Vo. 42, No. 5. pp. 2502-2509. 2021.

[28] Y. Mao, Y. Tao, X. Zhang, Z. Chu, X. Zhang,
and H. Huang. “Removal of Aqueous Cr(VI) by Tea
Stalk Biochar Supported Nanoscale Zero-Valent Iron:
Performance and Mechanism”. Water, Air, & Soil
Pollution. Vol. 234, No. 149. pp. 1-24. 2023.

[29] A. Hariharan, V. Harini, Sai Sandhya, and S.
Rangabhashiyam. “Waste Musa acuminata residue as
a potential biosorbent for the removal of hexavalent
chromium from synthetic wastewater”. Biomass
Conversion and Biorefinery. Vol. 13. p. 1297-1310.
2023

[30] I.F. Sarabia-Meléndez, M.S. Berber-Mendoza,
O. Reyes-Cardenas, M. Sarabia-Meléndez, and A.
Acosta-Rangel, “Low cost biosorbents: An alternative
treatment for contaminated water”, Rev. Bio Ciencias
Vol. 5, No. 1, pp. 1-15. 2018.

[31] Y. Huanga, X. Leeb, F.C. Macazo, M.
Grattieric, R. Cai, and S. D. Minteerc. “Fast and
efficient removal of chromium (VI) anionic species by
a reusable chitosan-modified multi-walled carbon
nanotube composite”. Chem. Eng. J. Vol. 339. pp.
259-267. 2018

[32] D. Pradhana, L.B. Suklaa, M. Sawyerb, and P.
K.S.M. Rahman. “Recent bioreduction of hexavalent
chromium in wastewater treatment: A review”. J. Ind.
and Eng. Chem. Vol. 55. pp. 1-20. 2017.

[33] G.S. Agarwal, H. Kumar, and S. Chaudari.
“Biosorption of aqueous chromium (VI) by Tamarindus
indica seeds”. Bioresour. Technol. Vol. 97, pp. 949-
956, 2006.

[34] A. El Kassimi, A. Naboulsi, H. Yazid, Y.
Achour, A. Regti, M. El Himri, S.Lazar, R. Laamatri,
and M. El Haddad. Adsorption of chromium (VI) on
low-cost adsorbents derived from agricultural waste
material: a comparative study and experimental
design, International Journal of Hazardous Materials.
Vol. 145, No. 3. pp. 465-470. 2023.

[35] I. Acosta Rodriguez, D. Alvarado Zamarripa,
D.J. Sanchez Pérez, J.F., Cardenas Gonzalez, A.S.
Rodriguez-Pérez, V.M. Martinez Juérez, J. Tovar
Oviedo, and E. Enriquez Dominguez. “The use of
Cucumis sativus shell biomass in the removal of
Chromium (VI) in aqueous solution. JMEST. Vol. 7,
No. 10. pp. 12907-12912. 2020.

[36] C. Cervantes, J. Campos, S. Devars, F.
Gutiérrez, H. Loza, J.C. Torres, and R. Moreno,
“Interactions of chromium with microorganisms and
plants”, FEMS Microbiol. Rev. Vol. 25, pp. 335-347,
2001.

[37] S.I. Garcia, L. Candia, M.l. Frascaroli y J.C.
Gonzalez. “Sorcion de cromo utilizando aquenio de
Platanus x hispanica”. Av. Cien. Ing. Vol. 9, No. 2. pp.
21-31. 2018

[38] H. Xu, Y. Fan, X. Xia, Z. Liu, and S. Yang.
“Effect of Ginkgo biloba leaves on the removal
efficiency of Cr(Vl) in soil and its underlying
mechanism”. Environmental Research. Vol. 216, No.
1. pp. 1-6. 2023.

[39] C.C. Huerta-Velazquez, K.B. Cruz-Garcia,
and |. Acosta-Rodriguez. Usefulness of the Biomass
of Tobacco (Nicotiana tabacum) for The Elimination of
Chromium (VI) from Polluted Waters. Universal
Journal of Green Chemistry. Vol. 2, No. 1. pp. 1-10.
2024.

[40] N. Jannat, H. Nahar, N. Sultana Khan, M.
Ahamed Tanmoy, A. Mottalib, A. Goni, M. Khan, and
M. Shah Miran. Potential Removal of Chromium from
Tannery Wastewater by Water Hyacinth Roots. Water
Conservation Science and Engineering. Vol. 8, No.
21. pp. 1-22. 2023.

[41] M.J. Gonzélez Padilla, C.M. Martinez
Rodriguez, D. Contreras Briones, J.F. Navarro
Castillo, and I. Acosta Rodriguez. 2024. Removal of
chromium (VI) in solution by the Mentha piperita
biomass. Journal of  Multidisciplinary  and
Environmental Science and Technology. Vol. 11, No.
11. pp. 16522-16527. 2024

Www.jmest.org

JMESTN42354627

17998


http://www.jmest.org/

