NANOCIENCIAS
=
NANOTECNOLOGIA:

Juan Ramén Collet-Lacoste~zad -\

EDITORA
ARTEMIS
2022

(Organizador)



NANOCIENCIAS
E
NANOTECNOLOGIA

&
Juan Ramoén Collet-l_acostey4

Do

EDITORA

ARTEMIS
2022

(Organizador)



2022 by Editora Artemis
Copyright © Editora Artemis
Copyright do Texto © 2022 Os autores
Copyright da Edicdo © 2022 Editora Artemis

®@ O conteudo deste livro esta licenciado sob uma Licenga de Atribuicdo Creative Commons
Atribuicdo-Ndo-Comercial NdoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0). Direitos para
S esta edi¢do cedidos a Editora Artemis pelos autores. Permitido o download da obra e o

compartilhamento, desde que sejam atribuidos créditos aos autores, e sem a possibilidade de altera-la de nenhuma
forma ou utiliza-la para fins comerciais.

A responsabilidade pelo conteldo dos artigos e seus dados, em sua forma, correcdo e confiabilidade é exclusiva
dos autores. A Editora Artemis, em seu compromisso de manter e aperfeicoar a qualidade e confiabilidade dos
trabalhos que publica, conduz a avaliagdo cega pelos pares de todos manuscritos publicados, com base em critérios
de neutralidade e imparcialidade académica.

Editora Chefe Prof2 Dr2 Antonella Carvalho de Oliveira

Editora Executiva  M.2 Viviane Carvalho Mocellin

Diregdo de Arte M.2 Bruna Bejarano
Diagramagdo Elisangela Abreu
Organizador Prof. Dr. Juan Ramon Collet-Lacoste

Imagem da Capa Liuzishan/123RF
Bibliotecaria Janaina Ramos — CRB-8/9166

Conselho Editorial

Prof.2 Dr.2 Ada Esther Portero Ricol, Universidad Tecnoldgica de La Habana “José Antonio Echeverria”, Cuba
Prof. Dr. Adalberto de Paula Paranhos, Universidade Federal de Uberlandia

Prof.2 Dr.2 Amanda Ramalho de Freitas Brito, Universidade Federal da Paraiba

Prof.2 Dr.2 Ana Clara Monteverde, Universidad de Buenos Aires, Argentina

Prof.2 Dr.2 Ana Julia Viamonte, Instituto Superior de Engenharia do Porto (ISEP), Portugal

Prof. Dr. Angel Mujica Sanchez, Universidad Nacional del Altiplano, Peru

Prof.2 Dr.2 Angela Ester Mallmann Centenaro, Universidade do Estado de Mato Grosso

Prof.2 Dr.2 Begofia Blandon Gonzalez, Universidad de Sevilla, Espanha

Prof.2 Dr.2 Carmen Pimentel, Universidade Federal Rural do Rio de Janeiro

Prof.2 Dr.2 Catarina Castro, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Cirila Cervera Delgado, Universidad de Guanajuato, México

Prof.2 Dr.2 Claudia Padovesi Fonseca, Universidade de Brasilia-DF

Prof.2 Dr.2 Cldudia Neves, Universidade Aberta de Portugal

Prof. Dr. Cleberton Correia Santos, Universidade Federal da Grande Dourados

Prof. Dr. David Garcia-Martul, Universidad Rey Juan Carlos de Madrid, Espanha

Prof.2 Dr.2 Deuzimar Costa Serra, Universidade Estadual do Maranhio

Prof.2 Dr.2 Dina Maria Martins Ferreira, Universidade Estadual do Ceara

Prof.2 Dr.2 Eduarda Maria Rocha Teles de Castro Coelho, Universidade de Tras-os-Montes e Alto Douro, Portugal
Prof. Dr. Eduardo Eugénio Spers, Universidade de Sdo Paulo

Prof. Dr. Eloi Martins Senhoras, Universidade Federal de Roraima, Brasil

EDRI:I!.thl}lé Editora Artemis
Curitiba-PR Brasil

www.editoraartemis.com.br

e-mail:publicar@editoraartemis.com.br


https://orcid.org/0000-0002-1475-6277
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/1208086522665870
https://orcid.org/0000-0003-2651-5996
https://orcid.org/0000-0002-9845-5390
https://orcid.org/0000-0002-7013-8780
http://lattes.cnpq.br/0250232822609557
https://orcid.org/0000-0003-1025-5675
http://lattes.cnpq.br/2877747717021833
https://novaresearch.unl.pt/en/persons/catarina-castro
https://orcid.org/0000-0001-8036-838X
https://orcid.org/0000-0001-7915-3496
https://orcid.org/0000-0001-7915-3496
https://www2.uab.pt/departamentos/DEED/detaildocente.php?doc=107
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
https://orcid.org/0000-0002-0160-9374
http://lattes.cnpq.br/9349562924350573
https://orcid.org/0000-0003-2585-497X
https://orcid.org/0000-0002-5985-8875
http://lattes.cnpq.br/7800954800978254
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Elvira Laura Hernandez Carballido, Universidad Auténoma del Estado de Hidalgo, México

Prof.2 Dr.2 Emilas Darlene Carmen Lebus, Universidad Nacional del Nordeste/ Universidad Tecnoldgica Nacional, Argentina
Prof.2 Dr.2 Erla Mariela Morales Morgado, Universidad de Salamanca, Espanha

Prof. Dr. Ernesto Cristina, Universidad de la Republica, Uruguay

Prof. Dr. Ernesto Ramirez-Briones, Universidad de Guadalajara, México

Prof. Dr. Gabriel Diaz Cobos, Universitat de Barcelona, Espanha

Prof.? Dr.? Gabriela Gongalves, Instituto Superior de Engenharia do Porto (ISEP), Portugal

Prof. Dr. Geoffroy Roger Pointer Malpass, Universidade Federal do Tridangulo Mineiro, Brasil

Prof.2 Dr.2 Gladys Esther Leoz, Universidad Nacional de San Luis, Argentina

Prof.2 Dr.2 Gldria Beatriz Alvarez, Universidad de Buenos Aires, Argentina

Prof. Dr. Gongalo Poeta Fernandes, Instituto Politécnido da Guarda, Portugal

Prof. Dr. Gustavo Adolfo Juarez, Universidad Nacional de Catamarca, Argentina

Prof.2 Dr.2 lara Lucia Tescarollo Dias, Universidade Sdo Francisco, Brasil

Prof.2 Dr.2 Isabel del Rosario Chiyon Carrasco, Universidad de Piura, Peru

Prof.2 Dr.2 Isabel Yohena, Universidad de Buenos Aires, Argentina

Prof. Dr. lvan Amaro, Universidade do Estado do Rio de Janeiro, Brasil

Prof. Dr. lvdn Ramon Sanchez Soto, Universidad del Bio-Bio, Chile

Prof.2 Dr.2 Ivania Maria Carneiro Vieira, Universidade Federal do Amazonas, Brasil

Prof. Me. Javier Antonio Albornoz, University of Miami and Miami Dade College, Estados Unidos

Prof. Dr. Jesus Montero Martinez, Universidad de Castilla - La Mancha, Espanha

Prof. Dr. Jodo Manuel Pereira Ramalho Serrano, Universidade de Evora, Portugal

Prof. D
Prof. Dr. José Cortez Godinez, Universidad Auténoma de Baja California, México
Prof. D
Prof. D
Prof. Dr. Juan Diego Parra Valencia, Instituto Tecnoldgico Metropolitano de Medellin, Colémbia

=

. Joaquim Julio Almeida Junior, UniFIMES - Centro Universitario de Mineiros, Brasil

=

. Juan Carlos Cancino Diaz, Instituto Politécnico Nacional, México

=

. Juan Carlos Mosquera Feijoo, Universidad Politécnica de Madrid, Espanha

Prof. Dr. Juan Manuel Sdnchez-Yafiez, Universidad Michoacana de San Nicolds de Hidalgo, México
Prof. Dr. Julio César Ribeiro, Universidade Federal Rural do Rio de Janeiro, Brasil

Prof. Dr.
Prof.2 Dr.2 Livia do Carmo, Universidade Federal de Goias, Brasil

=

=

Leinig Antonio Perazolli, Universidade Estadual Paulista (UNESP), Brasil

Prof.2 Dr.2 Luciane Spanhol Bordignon, Universidade de Passo Fundo, Brasil

Prof. Dr. Luis Fernando Gonzalez Beltran, Universidad Nacional Auténoma de México, México
Prof. Dr. Luis Vicente Amador Mufioz, Universidad Pablo de Olavide, Espanha

Prof.2 Dr.2 Macarena Esteban Ibafiez, Universidad Pablo de Olavide, Espanha

Prof. Dr. Manuel Ramiro Rodriguez, Universidad Santiago de Compostela, Espanha

Prof.2 Dr.2 Marcia de Souza Luz Freitas, Universidade Federal de Itajuba, Brasil

Prof. Dr. Marcos Augusto de Lima Nobre, Universidade Estadual Paulista (UNESP), Brasil
Prof. Dr. Marcos Vinicius Meiado, Universidade Federal de Sergipe, Brasil

Prof.2 Dr.2 Mar Garrido Roman, Universidad de Granada, Espanha

Prof.2 Dr.2 Margarida Marcia Fernandes Lima, Universidade Federal de Ouro Preto, Brasil
Prof.2 Dr.2 Maria Aparecida José de Oliveira, Universidade Federal da Bahia, Brasil

Prof.2 Dr.2 Maria Carmen Pastor, Universitat Jaume I, Espanha

Prof.2 Dr.2 Maria do Céu Caetano, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Maria do Socorro Saraiva Pinheiro, Universidade Federal do Maranhdo, Brasil
Prof.2 Dr.2 Maria Lucia Pato, Instituto Politécnico de Viseu, Portugal

Editora Artemis

Curitiba-PR Brasil
www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



http://132.248.160.2:8991/pdf_f1501/000000049.pdf
https://orcid.org/0000-0002-9456-8742
https://orcid.org/0000-0001-5447-8251
https://orcid.org/0000-0002-1131-7199
https://orcid.org/0000-0002-1428-2542
https://orcid.org/0000-0003-1602-419X
https://orcid.org/0000-0002-3584-5498
http://lattes.cnpq.br/4326102798287137
https://orcid.org/0000-0003-0965-7087
https://orcid.org/0000-0002-1948-4100
https://orcid.org/0000-0003-1278-0369
https://drive.google.com/file/d/1G7lHLsXjBfKRPq3d25SzCBelWRrCHU2m/view
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://udep.edu.pe/perfil/isabel-chiyon/
https://orcid.org/0000-0003-2047-9680
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771023P2
https://orcid.org/0000-0002-1564-3397
http://lattes.cnpq.br/1719336988574799
https://www.imdb.com/name/nm9018102/
https://orcid.org/0000-0002-0309-3367
https://orcid.org/0000-0001-5178-8158
http://lattes.cnpq.br/0756867367167560
https://orcid.org/0000-0002-6112-6112
https://orcid.org/0000-0002-3708-7010
https://orcid.org/0000-0003-3292-2176
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
https://orcid.org/0000-0002-1086-7180
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://lattes.cnpq.br/3822723627284619
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4130908A0&tokenCaptchar=03AHaCkAZATBRA7Jh_MlyMSAKLQluufjZD1uOSUW0ViDRjW3nwPleRXF6vyHxfESBGHcrDeKqw3BuugNe1-YUwIqDzC3ZtDdmRevpEvuoJmAxmsOZFOLnCiVwVED8oKj2iO29sB-DZJwCVYbYezAEClKJI35N4Q3CQjPFhDk_WpuRTh9XqWhtM3jvASOupuw24OwCI1sOD7r1ArrV8EBzuk-s16qFxrfU2OON_s47HGCW2tTpQyTnFqVt1dxi5xiE_PIx0HfGmLWAMxa0QECTXXoiP2O3b_0d4iBKpjAbXvQQB-ZuYOBsoAelhScNmU_w25OBBH_TnsaQ_YsF5Z_byS0WFhVFBefOONNLL38zu8p-DB_jccJZQvhxaQE-MTjMQbRtpA2H5XY8gp2s_Rf1-7ZS9ZUXN3CP8Fw
https://orcid.org/0000-0002-3492-1145
http://orcid.org/0000-0003-2203-3236
https://orcid.org/0000-0002-2246-4784
https://orcid.org/0000-0003-1516-7869
http://lattes.cnpq.br/2282358535990348
http://lattes.cnpq.br/7201928600704530
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4744415U9
https://orcid.org/0000-0002-1454-2471
http://lattes.cnpq.br/1795077420118200
http://lattes.cnpq.br/5730359043017612
https://orcid.org/0000-0001-9909-3646
https://www.cienciavitae.pt/pt/201A-4926-CC70
http://lattes.cnpq.br/1100319102837718
https://orcid.org/0000-0002-2286-4155
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Maritza Gonzalez Moreno, Universidad Tecnoldgica de La Habana, Cuba

Prof.2 Dr.2 Mauriceia Silva de Paula Vieira, Universidade Federal de Lavras, Brasil

Prof.2 Dr.2 Odara Horta Boscolo, Universidade Federal Fluminense, Brasil

Prof. Dr. Osbaldo Turpo-Gebera, Universidad Nacional de San Agustin de Arequipa, Peru

Prof.2 Dr.2 Patricia Vasconcelos Almeida, Universidade Federal de Lavras, Brasil

Prof.2 Dr.2 Paula Arcoverde Cavalcanti, Universidade do Estado da Bahia, Brasil

Prof. Dr. Rodrigo Marques de Almeida Guerra, Universidade Federal do Par3, Brasil

Prof. Dr. Saulo Cerqueira de Aguiar Soares, Universidade Federal do Piaui, Brasil

Prof. Dr. Sergio Bitencourt Aratjo Barros, Universidade Federal do Piaui, Brasil

Prof. Dr. Sérgio Luiz do Amaral Moretti, Universidade Federal de Uberlandia, Brasil

Prof.2 Dr.2 Silvia Inés del Valle Navarro, Universidad Nacional de Catamarca, Argentina

Prof.2 Dr.2 Solange Kazumi Sakata, Instituto de Pesquisas Energéticas e Nucleares. Universidade de Sdo Paulo (USP), Brasil
Prof.2 Dr.2 Teresa Cardoso, Universidade Aberta de Portugal

Prof.2 Dr.2 Teresa Monteiro Seixas, Universidade do Porto, Portugal

Prof. Dr. Valter Machado da Fonseca, Universidade Federal de Vigosa, Brasil

Prof.2 Dr.2 Vanessa Bordin Viera, Universidade Federal de Campina Grande, Brasil

Prof.2 Dr.2 Vera Lucia Vasilévski dos Santos Araujo, Universidade Tecnoldgica Federal do Parana, Brasil
Prof. Dr. Wilson Noé Garcés Aguilar, Corporacion Universitaria Autonoma del Cauca, Coldmbia

Dados Internacionais de Catalogagao na Publicagao (CIP)

N186 Nanociéncias e nanotecnologia: pesquisa e aplicagdes /
Organizador Juan Ramoén Collet-Lacoste. — Curitiba-
PR: Artemis, 2022.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-87396-66-8

DOI 10.37572/EdArt_290822668

1. Nanociéncia. 2. Nanotecnologia. 3. Pesquisa. I.
Collet-Lacoste, Juan Ramén (Organizador). Il. Titulo.
CDD 620.5

Elaborado por Bibliotecaria Janaina Ramos — CRB-8/9166

ARTEMIS Curitiba-PR Brasil

2022 www.editoraartemis.com.br

‘ ED'TOR A Editora Artemis

e-mail:publicar@editoraartemis.com.br


https://orcid.org/0000-0002-3994-037X
http://lattes.cnpq.br/5162301829062052
http://lattes.cnpq.br/6656933554814005
https://orcid.org/0000-0003-2199-561X
http://lattes.cnpq.br/3405645093765294
http://lattes.cnpq.br/7808313507417916
http://lattes.cnpq.br/8010434422032876
http://lattes.cnpq.br/0955565337333241
http://lattes.cnpq.br/4639320486261004
http://lattes.cnpq.br/1686957518540720
https://drive.google.com/file/d/1vlbt552OjbEjMt9cSrV04_nUqTZ86pWp/view
http://lattes.cnpq.br/7715634436402530
https://orcid.org/0000-0002-7918-2358
https://orcid.org/0000-0002-0043-6926
http://lattes.cnpq.br/7825092605305826
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://lattes.cnpq.br/6470095241359182
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001389538
http://www.editoraartemis.com.br/

PROLOGO

Las propiedades particulares de las Nps, muy diferentes en muchos aspectos a
las de sus solidos masivos, han abierto nuevos campos de estudio e investigacion a todo
nivel: tedricos y aplicados. Son mas inestables que los sélidos masivos de los que se
diferencian principalmente por su estructura electrénica que no suele ser continua. Esto
es una ventaja a nivel de su reactividad y suelen presentar superficies especificas altas
que son muy propicias para los procesos de catalisis, un ingrediente muy importante
en los procesos cinéticos. Otra propiedad interesante es que no presentan defectos
estructurales en su volumen como vacancias o dislocaciones, a diferencia de sus
correspondientes soélidos masivos.

Las presentes monografias forman parte del titulo: “Nanociéncias e
Nanotecnologia: Pesquisa e Aplicagdes”. Los articulos estan ordenados de lo
mas general (e.g., produccioén y caracterizacion de las Nps) a los relacionados con
aplicaciones practicas (e.g., foto catdlisis y a su relacion principalmente con aplicaciones
de origen biologico).

Estos muestran la potencialidad de las nanotecnologias en la comprension
de nuevas aplicaciones en campos tan variados como la catalisis, fotocatalisis, bio-
remediacion, contaminantes, ambientes acuaticos, antisépticos, bactericidas, virucidas,
compuestos bio-activos, biosintesis extracelular e intracelular, estudio de suelos,

vegetales y probidticos, etc.

Juan Ramon Collet-Lacoste
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ABSTRACT: Food, pharmaceutical, textile
industries, among others, are the main sources
of environmental contamination due to their
untreated wastewater discharge containing
toxic compounds to the ecosystem. The
increase in the consumption of the products
from these industries has caused a serious
problem of environmental contamination and it
is necessary to take measures to control and
eliminate these contaminants. Degradation
of contaminants is an alternative to solve
this problem, thus, there are conventional
methods that are used for this purpose and
are categorized into physical, chemical and
biological methods. Among the biological
methods is bioremediation which consists of
using microorganisms or their metabolites
for the degradation of contaminants. With the
aim of improving bioremediation techniques,
currently nanobiotechnology has been
proposed as an attractive alternative for
its various advantages compared to other
techniques. Nanobiotechnology consists
of generating nanoparticles of different
structures and compositions that are applied
to remedy contaminated environments, such
as textile dyes in wastewater. The qualities
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that hold the nanoparticles are: large surface area, high surface/volume ratio and high
adsorption capacity; these qualities provide greater efficiency for the degradation of
contaminants in comparison with other methods. This chapter focuses on the different
types of nanoparticles that are used in the bioremediation of contaminants in aquatic
environmental, such as magnetic nanoparticles, carbon nanoparticles, polymers, titanium
or silver nanoparticles. Besides, the use of complex nanoparticles for the immobilization of
enzymes that participate in the degradation of contaminants is contemplated. This chapter
provides to the reader with an update and a different approach to the contamination
problem in aquatic environments.

KEYWORDS: Bioremediation. Contaminants. Aquatic environment. Nanoparticles.

1 CONTAMINATION OF WATER BY XENOBIOTICS

In recent years, textile, pharmaceutical and other industries have contributed
enormously to environmental pollution as a result that these industries do not have
programs to control the wastewater they generate, this causes untreated wastewater to
be released into the environment and cause contamination of water or soil (Karimi-Maleh
et al.,, 2020; Chen et al., 2020). Untreated wastewater discharged into the environment
causes the accumulation of pollutants in different environments and these toxic
pollutants can reach cities causing an unsustainable problem. To solve the problem of
toxic contaminants, it has been proposed to use technologies that degrade or transform
contaminants. These technologies are categorized as physical, chemical or biological,
and within biological technology is bioremediation. Bioremediation consists of using living
organisms or their metabolites that have the capacity to biotransform pollutants into non-
polluting (non-toxic) compounds for the environment and that these non-pollutants do not
alter the stability of an ecosystem (Garg and Roy, 2022). Microorganisms are living beings
with great interest to be used in bioremediation processes, they are ubiquitous and can live
anywhere on the planet, which is attributable to their incredible cellular metabolism, which
allows them to settle and adapt in a variety of circumstances including environmental
pollution. Pollutants can be used by microorganisms as a source of carbon and energy.
The isolation of microorganisms with the ability to use or biotransform contaminants is of
great interest and they are ideal for the remediation of contaminated environments (Singh
and Roy, 2021). Due to this capacity of microorganisms, bioremediation has potential in the
destruction, removal, immobilization, or purification of various chemical wastes present in
the environment (Karimi-Maleh et al., 2020).

Bioremediation has been applied in contaminated places and used to degrade
or biotransform contaminants present in wastewater such as hydrocarbons, oil, heavy

metals, pesticides, pharmaceuticals, dyes and other chemicals (Su et al., 2020). Therefore,
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the development and implementation of advanced methods for wastewater treatment is a
technological priority. One of these scientific advances is the science of nanomaterials or
commonly called nanobiotechnology. The construction of materials at the nanometer level
has allowed advantages compared to larger-scale materials, since nanomaterials have
fundamental changes in their physical and chemical properties and this has generated
important advantages for their use in engineering sciences. Nanomaterials have given
interesting results such as high efficiency, fast recovery, larger surface areas and nano-
adsorbents, and due to these advantages, the use of nanomaterials has been applied
in the remediation of contaminants present in water (Anjum et al., 2019). This chapter
provides a review of the use of different nanomaterials to effectively bioremediate various

xenobiotics in aquatic environments (Figure 1).

Figure 1. Schematic illustration of the use of nanoparticles to bioremediate an aquatic environment.
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2 ADVANTAGES OF NANOMATERIALS IN BIOREMEDIATION

The high consumption of dyes, foods, drugs and other industrial compounds has
generated a greater production of these, which finally become potential contaminants
to the environment, mainly to water. Therefore, there is a growing demand for the use
of new technologies for the removal of aquatic contaminants. Nanobiotechnology is a

new proposal to solve the problem of water pollution, since it consists of generating
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nanoparticles of different chemical composition called nanoparticles, with an ultrafine
size, high reactivity and high capacity for interaction with pollutants to detoxify
chemical inorganic and/or organic compounds (Brar et al., 2010). An example is iron
nanoparticles, which have been widely used in various disciplines as catalysts, sensors,
and environmental cleaners due to their ability to adsorb and degrade different water
contaminants (Navia-Mendoza et al., 2021); however, they are not the only nanoparticles
with these properties, there is currently a wide variety of nanoparticles with their
own characteristics that have been used in bioremediation, the different types of

nanoparticles will be mentioned below.

3 MAGNETIC NANOPARTICLES

Iron oxide nanoparticles (Fe,O,) have magnetic properties and are used as
magnetic sources for the removal of textile dyes (Hojjati-Najafabadi et al., 2022). The
principle of contaminant removal consists of a magnetic separation by the iron oxide
nanoparticle where the contaminant is extracted from the aquatic environment; the use of
iron oxide nanoparticles is low cost, biocompatible, highly stable and easy to synthesize
(Zhang et al,, 2021). A disadvantage of the use of this nanoparticle is its high surface
energy and magnetic attractive force, due to this, magnetic nanoparticles tend to lose
their magnetic property and will agglomerate in aqueous solution, however, a resolving
alternative is to cover the surface of the magnetic nanoparticle with layers of active

compounds to improve its properties.

4 CARBON NANOPARTICLES

These nanoparticles are made of carbon nanofibers and carbon nanotubes that
have carbon molecules firmly held together by covalent bonds. Carbon nanoparticles
have the ability to adsorb molecules due to their hydrophobic properties, by covalent
bonds, or by electrostatic effects (Saifuddin et al., 2013). Carbon nanoparticles have high
capacities for the adsorption of compounds and also have a high affinity for polluting
compounds such as textile dyes. The disadvantage of the use of carbon nanoparticles is
that they are relatively expensive, which limits their use for the adsorption of pollutants

from wastewater (Cai et al., 2017).

5 NICKEL POLYVINIL PYRROLIDONE NANOPARTICLES

Chemical derivatives of nickel polyvinyl pyrrolidone have been used to produce

nanoparticles and these nanoparticles have the ability to remove textile dyes from
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agueous solutions with a removal efficiency of 98.7% in 120 min (Kale and Kane, 2017).
The size and shape of the nanoparticles made with polyvinyl nickel pyrrolidone observed
under transmission electron microscopy show a dispersion in the nanoparticle matrix and

with a size of 20-44 nm.

6 SILVER NANOPARTICLES

Silver nanoparticles have a strong antibacterial effect and have been used for
this purpose in microbiology. They have catalytic capacity towards textile dyes although
their degradation capacity is low, consequently their use is not convenient. In addition,
silver nanoparticles mounted on silicone disks prevent bacterial contamination in the

environment, which is another particularity of these nanoparticles (Marimuthu et al., 2020).

7 TITANIUM NANOTUBES

Titanium or titanium dioxide (TiO,) is of considerable interest since these
compounds have the ability to generate photocatalysis; due to the low price of these
compounds, they are good candidates for the degradation of pollutants. Photocatalysisis a
process that occurs during the degradation of xenobiotics such as textile dyes. In addition,
because the nanoparticles have large surface areas, they achieve high photocatalysis
efficiencies and therefore high percentages of dye degradation. The generation of titanium
nanoparticles with large and specific surface area is by means of the Kasuga'’s technique,
this technique produces titanium nanotubes with a homogeneous structure. Kasuga’s
technique consists of using sodium-titanium hydrides, producing sodium particles that are
localized on top of the nanotube, as well as in the gaps in the nanotube walls. In addition,
an aqueous solution of HCI or other cations removes the sodium particles from the walls
of the nanotube. The presence of residual sodium inside the TiO, nanotube is relevant
since it confers adsorption capacities very equivalent to the activity of carbon, thus being
the property of removal of contaminants by these titanium nanotubes in addition to the

photocatalytic activity (Sandoval et al., 2017).

8 NANOPARTICLES OF MAGNESIUM OXIDE (MgO)

MgO nanoparticles have adsorption properties of xenobiotic compounds, for
example Reactive Black 5 and Reactive Orange 122 dyes are efficiently adsorbed at 500

and 333.34 mg/g, respectively, by MgO nanoparticles (Randiligama et al. 2020).
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9 BIOLOGICALLY SYNTHESIZED NANOPARTICLES

Nanoparticles can be synthesized using biological agents as the main support
and these nanomaterials can also include metal compounds as well as metal oxides.
Nanoparticles generated by biological agents can be used in the degradation of
xenobiotics such as textile dyes. Plants, bacteria and fungi are the potential raw material
for the synthesis of nanomaterials of biological origin, since these living beings produce
bioactive compounds. The bioactive compounds produced by these biological entities
facilitate the formation of nanomaterials because these bioactive compounds play
a key role in nanoparticle stability and reduction. For example, Cassytha filiformis is
used to synthesize silver nanoparticles, Cynara cardunculus for the synthesis of Fe,O,
nanoparticles, or Pseudomonas putida for Bio-nanoPb (Bhakya et al., 2015).

10 NANOPARTICLE COMPLEXES WITH ENZIMES/MICROORGANISMS

Another application of nanoparticles is to use them as supports to immobilize
compounds, enzymes or microorganisms; enzymatic immobilization by nanoparticles
increases the reaction efficiency compared to that compounds, enzymes or microorganism
in free form (not immobilized). In particular, nanoparticles have been used as a support
to immobilize enzymes, especially enzymes that participate in the degradation of
xenobiotics. The immobilization of enzymes by nanoparticles can be achieved by different
methods, such as covalent binding of the enzyme to the nanoparticle, physical adsorption,
encapsulation of the enzyme by the nanoparticle, entrapment of the enzyme, and cross-
linking with the target enzyme. Of all the methods, physical adsorption is the simplest
and most common (Bilal et al., 2018). The choice of the structure and composition of
the nanoparticle is important for successful enzymatic immobilization, since some
nanoparticles with unsuitable structures or compositions can inhibit or denature the
enzyme that is immobilized in the nanoparticle. The nanoparticles of choice to immobilize
enzymes are those nanoparticles made of sodium alginate, agarose, chitin/chitosan,
polyvinyl alcohol, polyacrylamide, macropores of ion exchange resins, hydrophobic gel-
solutions, carbon nanotubes and nanopores of silica gel (Bilal et al., 2019).

In addition, the bifunctional nanoparticles have a double function, support and
an additional function; such as the photocatalysis-type nanoparticles that have an
immobilized enzyme that participates in the degradation of the contaminant. In this way,
the degradation of the contaminant is carried out by the photocatalysis of the nanoparticle
itself and by the enzymatic activity given by the immobilized enzyme. Some photocatalytic

nanoparticles are made with graphitic carbon nitride modified titanium oxide (TiO,/g-
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C,N,), or molybdenum oxide modified with copper sulfide and sulfide (MoO,@MoS,-Cus),
or titanium oxide (TiO,), or silver-modified titanium oxide and zinc oxide (ZnO), among
others. These are widely used as a support to immobilize enzymes and are very abundant
in nature, they are low cost, non-toxic and have a high oxidation power (Acharya et al.,
2018). However, these nanoparticle matrices have limitations since they can denature the
immobilized enzyme, or the enzyme is affected by exposure to the solvent, or the lack of
reuse of the nanoparticle.

As mentioned, enzymatic immobilization by nanoparticles is of great interest
for nanobiotechnology in the treatment of contaminated wastewater, for this reason
immobilizing the enzymes that participate in the degradation of textile dyes has been
one of the main approaches. The removal of inorganic and organic dyes in wastewater
has been achieved by the immobilization of the peroxidase enzyme on carbon-based
nanoparticles; carbon nanoparticles can be carbon nanotubes, carbon nanosheets,
and carbon nanoparticles, or metal-based nanoparticles, polymer-based magnetic
nanoparticles, and zero-valence nanoparticles (Mehmood et al., 2021). Example of metal-
based nanoparticles include iron oxide nanoparticles and their modified forms, such as
maghemite nanoparticles, starch functionalized maghemite nanoparticles, magnetite
nanoparticles, magnetite nanospheres and ethylenediamine functionalized nanochains,
among others, which are used as supports for the immobilization of peroxidase.

Other enzymes that have been immobilized with nanoparticles are lipases
and laccases, these enzymes participate in the degradation of microplastics. The
nanoparticles used as a support for the immobilization of the enzyme are inorganic and
organic. Inorganic nanoparticles have gained recognition for immobilizing lipases or
laccases due to their thermal, mechanical, and chemical stability compared to organic
nanoparticles (Hartmann and Kostrov, 2013). In addition, inorganic nanoparticles have the
advantages of having a well-defined porous geometry and good distribution, large surface
area, and a high surface/volume ratio, which contributes to a higher loading capacity of
the immobilized enzyme (Zhou et al., 2013).

With respect to organic nanoparticles, carbon-based nanoparticles are preferred
for immobilizing lipases and laccases. While inorganic nanoparticles have gained
popularity in recent years. However, carbon-based nanoparticles are of great interest,
particularly carbon nanotubes, whose use is common to immobilize enzymes such as
lipases and laccases, and this is because they have a modifiable surface, a high surface/
volume ratio, as well as, they have chemical, thermal and mechanical stability (Cacicedo

et al.,, 2019). There are two types of carbon nanotubes, single-walled and multi-walled.
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The first consists of a single layer of graphite with a central tube; while the second, the
multiwall, has multiple layers of graphite around the central tube (Feng and Ji, 2011).
Other carbon-based materials that are also used to immobilize enzymes are
those made from chitosan, polymer-crosslinked macropores, and resins (Su et al., 2018).
However, the immobilization of enzymes by carbon-based nanoparticles significantly
enhances contaminant-degrading activities. The efficiency of this activity frequently
relies on meticulous care during the synthesis of the immobilized nanoparticle-enzyme
complex, since a good enzymatic immobilization ensures the success of the activity
under experimental and environmental conditions. In addition, it is desirable that the
immobilization of the enzyme can be reused several times so that its application is

achievable in the bioremediation of contaminated water.

11 CONCLUSION

Nanomaterials offer an alternative for the remediation of polluted water; however,
further studies are required to have better efficiency in the degradation of pollutants
in the environment. In addition, it is required to synthesize modified nanoparticles with
greater effectiveness, high efficiency, friendly to the environment, easy to handle and
low cost. More studies in nanobiotechnology are necessary to apply these technologies
in ecosystems and their commercialization in the remediation of contaminated sites,
however, the different existing nanoparticles generate a range of possibilities to solve

particular problems of water pollution.
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