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Introduction

Civilization coupled with the industrial revolution and population growth accelerates
the degradation and contamination of the environment to a large extent. The contamination
of the environment, including soil, water, and air, arises due to a myriad of human
activities, such as industrialization, modern agricultural practices, the release of unwanted
chemicals, minerals, and effluents released from different industries and municipalities, and
the dumping of waste materials and gas. Consequently, the contaminated environment
has become a threat to the sustainable environment and is of serious concern. To
contain and rehabilitate contaminated environments, microbial technologies have recently
overshadowed the conventionally prevalent physical and chemical technologies (Chandran
et al., 2020). In microbial technologies, microbes are used to clean up the contaminated
environment and boost other allied technologies, such as phytoremediation and the breaking
up of contaminants into small fractions using enzymes. The advantage of microbial
technologies in the rehabilitation of contaminated environments is conferred by their
complete nature, in-situ and ex-situ capability, ability to convert contaminants to their
non-toxic form, shorter duration, cost-effectiveness, and eco-friendliness. Due to the many
benefits of microbial technologies in decontaminating and rehabilitating contaminated
environments, a Research Topic “Trends in Microbial Technologies in the Rehabilitation of
Contaminated Environments” was proposed to explore the trends in this field. The topic
aims to identify the most appropriate microbes for use in these technologies, as well as
their diversity, methods, and molecular insights. This information will be used to target
specific genes and traits that are relevant to the decontamination and rehabilitation of
contaminated environments.

In microbial technologies, microbes are used to rehabilitate contaminated environments.
The type of contaminants are heavy metals, pesticides, polycyclic aromatic hydrocarbon,
oil, organic and inorganic chemical deposits, mine- and oil-explored wasteland, drilling,
industrial effluents, municipal waste, dumping grounds, etc; plastics are the different
major unwanted waste chemicals that contaminate the environment (Aktar et al., 2009;
Machlis and Mcnutta, 2010; Othumpangat and Castranova, 2014; Wexler, 2014; Baruah
et al, 2017; Briffa et al, 2020). The microbial technologies and basic parameters
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used to address the individual contaminants involved the

assessment of microbial diversity, natural attenuation,
biostimulation, bioaugmentation, and remediation. Investigations
have reported the importance of parameters involved in
bioremediation processes such as a microbial diversity assessment
to understand the nature of microbes available in specific
(Baruah et 2017),

attenuation process (Kennedy, 2004), biostimulation (Seklemova

contaminated environments al,, natural
et al., 2001), bioaugmentation (Garbisu et al., 2017), and overall
microbe-assisted remediation approaches (Kumar et al., 2021).
In addition, recent genes and traits of individual microbes were
evaluated to reduce the targeted time of remediation (Bialy,
1997; Tyer et al,, 2013; Puig et al., 2021). In the present Research
Topic, five manuscripts were submitted for consideration,
including a mini review on microbial enzymes for microplastic
solution pesticide Diquat management through yeast (De Jesus
and Alkendi), including insight into the genes (Wang et al.);
arsenic and nitrogen contaminated groundwater treatment using
Hydrogenophega sp. H7 (Fan et al.); and the treatment of oily sludge
with a bacterial consortium (Hentati et al.). The diversified reports
on microbes in the remediation of contaminated environments
showed the importance of microbes in the rehabilitation,
decontamination, or revival of contaminated environments.

Trends in microbial investigations on
the remediation of contaminated
environments

From the above discussion, it is now the view that microbes
play a vital role in recovering contaminated environments to
their original state. Conceptualizing the use of microbes in the
rehabilitation of a contaminated environment encompasses the
diverse type of biochemical mechanisms that lead to a targets
mineralization, transformation to a new product, and alteration of
the state of the contaminants, e.g., metallic state. Conceptually, we
observed that the use of microbial technology in the remediation
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of contaminants mostly involved removal, degradation, oxidation,
and leaching, as well as groundwater. Overall, if we look at the
type of contaminants in soil and water, mostly heavy metals, other
minerals, organic pollutants, wastewater released from industries,
municipal waste, and microbial technologies were mentioned
in each subject. A Web of Science database search using the
term “bioremediation reports” uncovered nearly 6,000 publications
between 1988 and 2022, a significant increase in publications
encompassing diverse fields.

Analyses of the conceptual structure of the bioremediation
of contaminated environment trends for different types of
contaminated environments have mostly evaluated the overall
diversity of microbial communities in specific environments
and their role in decontamination. Based on the diversity
of microbial community evaluation, researchers targeted the
screening of bacteria most suited for degrading, mineralizing,
or oxidizing contaminants, or ameliorating their toxic effects.
The assessment of diverse microbial communities is reported
to evaluate the entire environment, including water, soil, and
industrial effluent. In evaluating microbes for remediation, many
investigations also evaluated the toxicity of contaminants. The
trends in microbial evaluation reported adsorption, biosorption,
decolorization, reduction, biodegradation, and degradation. Based
on the overall investigation, the appropriate bacteria were further
screened for a microbial technology evaluation. In a microbial
technology evaluation, both biotic and abiotic parameters were
assessed for their full-proof technology development. In the latest
trends in bioremediation, researchers try to identify the specific
genes and traits responsible for decontamination. The latest overall
strategy of research trends is the development of microbial full-
proof technology (Figure 1).

It is evident that microbes play a vital role in the rehabilitation
of contaminated environments through appropriate microbial
technology and also have a diversified effect. To develop microbial
technology in the remediation of contaminated environments,
in most cases, the technology will be derivative of a case-
specific program. To overcome the specific hurdles and to achieve
universal acceptance, one must integrate the diverse parameters
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with pathway linking, the fate of the final product, etc. From a
techno-economic viewpoint, including the total remediation of
contaminants, the use of microbial technology has a long-lasting
impact on the rehabilitation of the contaminated environment.
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