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Editorial on the Research Topic

Microbial Ecotoxicology Advances to Improve Environmental and Human Health Under
Global Change

Microbial Ecotoxicology is an interdisciplinary science at the intersection of microbial ecology,
toxicology, ecotoxicology, and analytical chemistry (Ghiglione et al., 2016; Shahsavari et al,
2017; Pesce et al., 2020). This Research Topic was proposed aiming to present the full range of
research currently in place in an emerging topic like microbial ecotoxicology. The research focus
of microbial ecotoxicology spans from the assessment of the impact of various contaminants on
microbial communities to the development of new bio-processes and includes studies on the
microbial biodegradation of contaminants and rehabilitation of contaminated environments. In
this Research Topic “Microbial Ecotoxicology Advances to Improve Environmental and Human
Health Under Global Change;” we have collected 21 original articles presenting research on a
range of contaminants (heavy metals, nanomaterials, biogenic and synthetic contaminants such
as pesticides, herbicides, medicines, plastics and other agrochemicals). Presented research assesses
their impacts on microbial diversity and activity, and their biodegradation. Contributions included
the usage of microbial technologies to remove contaminants from contaminated environments and
evaluation of essential microbial functions in contaminated and rehabilitated environments.

1. Microbial communities support several ecosystem functions and thus play a key role not
only in biogeochemical cycles but also in a wide range of ecosystem services (Falkowski
et al,, 2008). Exposure of microbial communities to a range of contaminants can modify their
abundance, composition and activity (Tang et al., 2019; Fei et al., 2020; Noyer et al., 2020) with
consequences on the ecosystem functions they deliver as well as on higher levels of biological
organization. In this Research Topic, changes in microbial community structure and functions
under contamination stress were demonstrated in soils (Thiour-Mauprivez et al.), groundwater
(Michel et al.), freshwater (Lyautey et al.; Kergoat et al.; Evariste et al.) and seawater (Cheng et
al.). In Lake Geneva, the local anthropogenic contamination (organic matter, trace metals, PAH
and PCB) induced lower bacterial and archaeal diversity but higher levels of many microbial
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activities  (respiration, denitrification, —methanogenesis,
phosphatase and beta-glucosidase) and high abundance of
antibiotic resistance genes (Lyautey et al.). Further, microbial
activity (nitrification, Papadopoulou et al; or denitrification,
Michel et al.) was affected while functional population
abundance was not impacted by synthetic pesticides. In
other cases, the effect of antibiotics and graphene-based
nanomaterials on the bacterial and diatom community
composition, viability, physiology and interactions in biofilms
were observed (Kergoat et al; Evariste et al.). Unexpectedly,
teratogenic effects of sulfonamide antibiotics on diatoms
within periphyton were reported for the first time (Kergoat
et al.). However, other studies reported no marked impact of
other synthetic pesticide groups like f3-triketone herbicides
toward bacterial communities (Thiour-Mauprivez et al.) or
limited effects of plastic size and shape on the abundance,
diversity and activity of bacterial communities on the plastic
surfaces (Cheng et al.).

Only few studies have addressed how cumulative stressors
can alter ecosystem services. In this Research Topic,
combined stressors studies have shown that ecosystems
already stressed by the presence of contaminants may become
more sensitive to additional environmental stresses and
functional consequences amplified (Loustau et al; Fikri et
al.). The effect of droughts following a previous exposure to
copper in biofilms, highlighted the importance of considering
not only direct but also indirect effects of global changes
(Loustau et al.). Moreover, low resistance but high resilience
of an ecosystem after exposure to multiple stressors on already
degraded soils was shown (Fikri et al.).

2. Due to their often-demonstrated capacities to transform
and degrade a large range of substances including organic
pollutants, microbial communities play a key role in
the environmental fate of pollutants by regulating their
persistence and mitigating related ecotoxicological impacts
in the environment (Holliger et al, 1997; Haritash and
Kaushik, 2009; Singh and Singh, 2016; Mohanan et al., 2020).
Biodegradation of pesticides, medicines, plastics, antibiotics
and foaming agents were studied in different environments
to evaluate bioremediation and auto-depuration of impacted
sites (Odobel et al; Jacquin et al.; Hellal et al.; Crampon et al.,
Rolando et al;; Billet et al.). In situ, the microbial degradation
of benzodiazepines was evaluated in soils (Crampon et al.)
and the degradation of bio-based and fossil-based plastics
in seawater was explored, where potential degraders were
additionally identified (Odobel et al.). Transformation of
the pesticide chlordecone and of two of its transformation
products by microbial enrichment culture was assessed
to identify degradation pathways, degradation key players
and transformation products formed by microbial activities
(Hellal et al.). The use of bacterial isolates or consortia
capable of efficiently degrading organic contaminants such
as antibiotics (Billet et al.) or foaming agents (Rolando
et al) in environmental matrices was explored. Finally,
recommendations to improve future remediation strategies of
polluted environments were proposed.

3. The cutting-edge research produced by microbial

ecotoxicologists meets the demands of policy makers and the
society in large. Specifically, it contributes to the tremendous
challenges caused by intensive anthropogenic activities that
threaten both environmental and human health worldwide.
To bridge research to end-users, ecological engineering
technologies are developed based on microbial technologies
to support a more sustainable world. They aim to improve the
management of contaminated environments and to bring up
new treatment processes (Peng et al.,, 2018; Quintella et al,,
2019; Bhatt et al., 2021). Here, new methods were developed to
qualify and improve waste treatment and the quality of natural
resources (Espinosa et al,; Anaya-Garzon et al; Aigle et al.,;
Haque et al.). First, a better management of water quality (such
as cyanobacterial metabolites affecting the taste of drinking
water) through the monitoring of microbial development was
proposed (Espinosa et al.). Bacterial activities can help to treat
and recover wastes, such as agricultural and urban organic
wastes via anaerobic digestion (Aigle et al.), e-waste treatment
through metal bioleaching (Anaya-Garzon et al.) or metal
biosorption by bacterial biofilms (Haque et al.).
Furthermore, after remediation or rehabilitation of
contaminated sites, the recovery of the functioning of
the rehabilitated ecosystem has to be assessed (Fikri et al;
Mghazli et al.). For example, the covering of acidic tailing with
alkaline phosphate mine wastes was tested as a rehabilitation
scenario of abandoned mines, and the status of microbial
community diversity and functions were evaluated (Mghazli
et al.). Nowadays, degraded urban soils can be ecologically
rehabilitated by adding various materials to soils in order to
restore the microbial functions involved in the C, P and N
cycles (Fikri et al.).

Finally, emerging contaminants are constantly being introduced
into the environment because of the implementation of new
technologies in various industrial sectors and of the lack
of prevention of possible contaminations issued from these
new technologies. The fate and the impact of these emerging
contaminants are often not well described and there is a need for
monitoring. In particular, some environmental compartments
are less monitored than others. For instance, the atmosphere
is rarely considered in monitoring studies. In response to
this, Samaké et al. demonstrated the importance of monitoring
biogenic organic aerosol.

In summary, microbial ecotoxicology addresses several
research challenges such as (i) providing an in-depth analysis
of the changes imposed in the structure and functions of
microbial communities under contamination, (ii) disentangling
the complexity of environmental systems characterized of
various interactors (toxicants, targets, multiple stressors), (iii)
assessing the potential of contaminant biodegradation and
utilization of the catabolic capacities of microbial communities
for bioremediation of contaminated sites. Fundamental
discoveries feed current applied developments including risk
assessment using microbes in a changing world, development
and validation of new methods to qualify environmental
quality, guidelines for environmental policies and ecological
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engineering technologies based on microbial technologies. This
Research Topic brings together original results concerning these
challenging questions as well as articles addressing the latest
advances in microbial ecotoxicology.

We are delighted to present this Research Topic in Frontiers
in Microbiology. We hope that this e-book will be interesting
and useful to the readers of Frontiers in Microbiology while
highlighting the value of focusing on microbial ecotoxicology to
broaden our knowledge on contaminants effect, biodegradation
and treatment.
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