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Figur e 1. T he microbial ecotoxicology tetrahedron for risk assessment of 
chemical pollution. Risks associated with chemical contamination can 
be assessed basing on the complex interplay of exposure of 
micr oor ganisms and microbial communities to chemicals, contaminant 
bioavailability and toxicity, contaminant fate including the role of 
micr obial tr ansformation, and envir onmental conditions. 
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Ima gine you ar e a micr obe and you are exposed to chemical con- 
tamination. Will you be at risk? How will you react, and by which 

means? Just die? Expr ess some form of ada ptation using specific 
r esistance mec hanisms? Reduce toxicity of c hemicals by degr ad- 
ing them, or by negative tactic mov ement? Toler ate their pr es- 
ence thanks to emergent properties of your surrounding micro- 
bial comm unity? Expr ess some other form of r esilience and wait 
for better times, to return to a functional state after a more or 
less long period, depending on the intensity and toxicity of the 
contamination? 

Alongside these questions that microbial ecotoxicologists are 
eager to answer, the question “Why do we need to pr eserv e and 

monitor the integrity of environmental microbes and the com- 
munities they form?” has been at the core of the emerging multi- 
disciplinary field of micr obial ecotoxicology. Ov er the last decade,
microbial ecotoxicologists have organized through the interna- 
tional EcotoxicoMic network ( https://ecotoxicomic.or g ), whic h 

now counts 282 members from 46 countries. With three interna- 
tional conferences in 2017 (Ly on, F rance), 2020 (online due to the 
COVID pandemic), and 2022 (Montpellier, F rance), the netw ork has 
addressed the interactions , effects , and risks of chemical exposure 
on microbial and environmental systems and generated new re- 
searc h perspectiv es. A forthcoming fourth international Ecotoxi- 
coMic conference will take place in Gothenburg (Sweden) on 12–14 
November 2024 ( https:// ecotoxicomic.org/ ecotoxicomic-2024 ). 

Micr oor ganisms hav e now become a ppr eciated as k e ystone 
contributors in numerous ecosystemic processes (Cavicchioli et 
al. 2019 ), including but not limited to (i) cycling of carbon, ni- 
trogen, phosphorus, iron, and sulfur; (ii) biological control of 
pathogens; (iii) attenuation of chemical pollution; (iv) production 

and consumption of greenhouse gases; (v) contribution to soil 
structure; and (vi) biomass nutrients for higher trophic levels.
Micr obial comm unities also constitute the ric hest genetic pool,
which can be harnessed by biotechnology. All this very much 

speaks in favor of the fundamental role that microbial ecotoxi- 
cology can play in ecosystem pr eserv ation and functioning today.

Indeed, the high diversity, genetic plasticity, adaptability, and 

r esponses of micr obes to c hemical pollution pr ovides a unique 
opportunity to discover and quantify chemical effects and associ- 
ated risks to microbial communities and their crucial ecosystem 

functions, and to explore the responses of the microbial world,
their impact on contaminant eco-dynamics, and associated risks 
to ecosystems and human health (Fig. 1 ). Thanks to the experi- 
mental a ppr oac hes and tec hnologies av ailable today, curr ent r e- 
searc h r anges fr om labor atory studies of the detailed mec hanisms 
of microbial gene expression linked to exposure to contaminants 
and their toxic effects in model or ganisms, to integr ativ e studies 
of the complex responses of envir onmental micr obial comm uni- 
ties at field scales. 

Given the high complexity of the investigated interactions, in- 
cr easingl y in-depth and integr ativ e explor ation of microbial re- 
e
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r e pr oduction in any medium, provided the original work is properly cited. For com
ponses is now clearly warranted and will contribute to the fur-
her de v elopment of the field of microbial ecotoxicology. The
resent thematic issue of FEMS Microbiology Ecology brings together 
 selection of three review articles and 12 original research pa-
ers r epr esentativ e of the r esearc h questions and experimental
 ppr oac hes that micr obial ecologists de v elop in the broad field
f microbial ecotoxicology today, as presented in part at the Eco-
oxicoMic 2022 Conference . T he r e vie w articles pr ovide a gener al
v ervie w of the field of the microbial ecotoxicology and its per-
pectiv es for de v elopment today (Hellal et al. 2023 ), as well as
wo mor e thematicall y focused contributions on the specific top-
cs of microbial ecology-driven sustainable agriculture (Vermeire 
t al. 2024 ) and micr obial tr eatment of waste water fr om an in-
ustrial process (Reis et al. 2023 ). Several of the experimental pa-
ers deal with micr obial tr ansformation of contaminants, both
r ganic (Bertr ans-Tubau et al. 2023 , Laffet et al. 2023 , Paris et al.
023 , Vogel et al. 2024 ) and inorganic (Diaz-Vanegas et al. 2023 ,
lodowska et al. 2023 , Lar oc he et al. 2023 ). One publication makes
se of laboratory microcosms to investigate community-level re- 
ilience (eco-r estor ation) following c hemical tr eatment to elimi-
ate species-specific algal blooms (Cai et al. 2022 ). Another se-
ies of papers illustrates the diverse ways by which the response
f micr obial str ains and comm unities to c hemicals can be used
or bioindication (Narciso et al. 2023 ), as well as for toxicological
isk assessment for individual species (Helander et al. 2023 ) and
igher-le v el biomes , e .g. micr obial–plant inter actions (Gkimprixi
t al. 2023 , Gréau et al. 2023 ). 
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Ov er all, this collection of articles provides a timely snapshot
f current research in this dynamic and expanding field, and an
xciting foretaste of the upcoming fourth EcotoxicoMic Network
nternational Conference in Gothenburg in November 2024. 

uthor contributions 

téphane Vuilleumier (Conce ptualization, Writing – original draft,
riting – r e vie w & editing), Lise Barthelmebs (Conceptualization,
riting – original draft, Writing – review & editing), Natàlia Corcoll

Conceptualization, Writing – original draft, Writing – r e vie w &
diting), Marina Hery (Conceptualization, Writing – original draft,
riting – r e vie w & editing), Dimitrios G. Kar pouzas (Conceptual-

zation, Writing – original draft, Writing – review & editing) and
ukas Y. Wick (Conceptualization, Writing – original draft, Writ-
ng – r e vie w & editing) 

onflict of interest : None declared. 

eferences 

ertrans-Tubau L , Menard Y, Batisson I et al. Dissipation of pesticides
by stream biofilms is influenced by hydrological histories. FEMS
Microbiol Ecol 2023; 99 :fiad083. https:// doi.org/ 10.1093/ femsec/fia
d083 .

ai GJ , Yu XQ, Cai RL et al. Eliminating the ecological hazards of
Heterosigma akashiwo bloom by a micr obial algicide: r emov al of
nitrite contamination, r edir ection of carbon flow and r estor a-
tion of metabolic generalists. FEMS Microbiol Ecol 2022; 99 :fiac154.
https:// doi.org/ 10.1093/ femsec/fiac154 .

avicchioli R , Ripple WJ, Timmis KN et al. Scientists’ warning to hu-
manity: micr oor ganisms and climate change. Nature Rev Microbiol
2019; 17 :569–86. https:// doi.org/ 10.1038/ s41579- 019- 0222- 5 .

iaz-Vanegas C , Héry M, Desoeuvre A et al. To w ar ds an understand-
ing of the factors controlling bacterial diversity and activity in
semi-passive Fe- and As-oxidizing bior eactors tr eating arsenic-
rich acid mine drainage. FEMS Microbiol Ecol 2023; 99 :fiad089. http
s:// doi.org/ 10.1093/ femsec/fiad089 .

kimprixi E , Lagos S, Nikolaou CN et al. Veterinary drug albendazole
inhibits root colonization and symbiotic function of the arbuscu-
lar mycorrhizal fungus Rhizophagus irregularis . FEMS Microbiol Ecol
2023; 99 :fiad048. https:// doi.org/ 10.1093/ femsec/fiad048 .

lodowska M , Ma YX, Smith G et al. Nitrate leaching and its impli-
cation for Fe and As mobility in a Southeast Asian aquifer. FEMS
Microbiol Ecol 2023; 99 :fiad025. https:// doi.org/ 10.1093/ femsec/fia
d025 .

réau L , Blaudez D, Le Cordier H et al. Taxonomic and functional re-
sponses of soil and root bacterial communities associated with
poplar exposed to a contamination gradient of phenanthrene.
FEMS Microbiol Ecol 2023; 99 :fiad052. https:// doi.org/ 10.1093/ fems
ec/fiad052 .

elander M , Jee v annav ar A, Kaakinen K et al. Glyphosate and a
glyphosate-based herbicide affect bumblebee gut microbiota.
FEMS Microbiol Ecol 2023; 99 :fiad065. https:// doi.org/ 10.1093/ fems
ec/fiad065 .

ellal J , Barthelmebs L, Bérard A et al. Unlocking secrets of microbial
ecotoxicology: r ecent ac hie v ements and futur e c hallenges. FEMS
Microbiol Ecol 2023; 99 :fiad102. https:// doi.org/ 10.1093/ femsec/fia
d102 .

affet L , Joly M, Carles L et al. Comparison of microbial colonization
between natural and plastic substrata in a polluted watershed.

ecei v ed 3 July 2024; accepted 4 July 2024 

The Author(s) 2024. Published by Oxford Uni v ersity Pr ess on behalf of FEMS. This is an O

ttribution-NonCommercial License ( https://creativecommons.org/licenses/by-nc/4.0/ ), w

edium, provided the original work is properly cited. For commercial re-use, please conta
FEMS Microbiol Ecol 2023; 99 :fiad062. https:// doi.org/ 10.1093/ fems
ec/fiad062 .

ar oc he E , Joulian C, Duee C et al. Bio-precipitation of arsenic and
antimony in a sulfate-reducing bioreactor treating real acid mine
dr aina ge water. FEMS Microbiol Ecol 2023; 99 :fiad075. https://doi.or
g/ 10.1093/ femsec/fiad075 .

arciso A , Caracciolo AB, Grenni P et al. Application of the
Aliivibrio fischeri bacterium bioassay for assessing single and
mixture effects of antibiotics and copper. FEMS Microbiol Ecol
2023; 99 :fiad125. https:// doi.org/ 10.1093/ femsec/fiad125 .

 aris L , De v ers-Lamr ani M, Jol y M et al. Effect of subther a peutic
and ther a peutic sulfamethazine concentr ations on tr anscribed
genes and translated proteins involved in Microbacterium sp. C448
r esistance and degr adation. FEMS Microbiol Ecol 2023; 99 :fiad064.
https:// doi.org/ 10.1093/ femsec/fiad064 .

eis PCJ , Correa-Garcia S, Tremblay J et al. Microbial degradation of
naphthenic acids using constructed wetland treatment systems:
metabolic and genomic insights for impr ov ed bior emediation of
process-affected water. FEMS Microbiol Ecol 2023; 99 :fiad153. https:
// doi.org/ 10.1093/ femsec/fiad153 .

ermeir e ML , Thiour-Maupriv ez C, De Clerc k C. Agr oecological tr an-
sition: to w ar ds a better understanding of the impact of ecology-
based farming practices on soil microbial ecotoxicology. FEMS Mi-
crobiol Ecol 2024; 100 :fiae031. https:// doi.org/ 10.1093/ femsec/fiae0
31 .

ogel AL , Thompson KJ, Straub D et al. Genetic redundancy in the
na phthalene-degr adation pathway of Cycloclasticus pugetii strain
PS-1 enables response to varying substrate concentrations. FEMS
Microbiol Ecol 2024; 100 :fiae060. https:// doi.org/ 10.1093/ femsec/fia
e060 .

Stéphane Vuilleumier 
Génétique Moléculaire , Génomique , Microbiologie , CNRS UMR

7156, Université de Strasbourg, 4 rue Blaise Pascal, 67081
Str asbour g cedex, Fr ance.

Lise Barthelmebs 
Labor atoir e de Biodiversité et Biotechnologies Microbiennes,

USR 3579 Sorbonne Universités Paris 6, Université de Perpignan
Via Domitia, Bat. S, 52 avenue Paul Alduy, 66860 Perpignan

cedex, France

CNRS Observ atoir e Océanologique, 66650 Ban yuls-sur -Mer ,
France

Natàlia Corcoll 
Department of Biological and Environmental Sciences,
University of Gothenburg, Medicinaregatan 7B, 405 30

Gothenburg, Sweden

Marina Hery 

Hydr oSciences Montpellier, Univ ersité de Montpellier, CNRS,
IRD, Faculté des Sciences Pharmaceutiques et Biologiques, 15,

avenue Charles Flahaut, 34093 Montpellier cedex 05, France

Dimitrios G. Karpouzas 
Department of Biochemistry and Biotechnology, Laboratory of

Plant and Environmental Biotechnology, University of Thessaly,
Viopolis Campus, Larissa 41500, Greece

Lukas Y. Wick 

Department of Applied Microbial Ecology, Helmholtz Centre for
Envir onmental Researc h UFZ, Permoserstr. 15, 04318 Leipzig,

Germany
pen Access article distributed under the terms of the Cr eati v e Commons 
hich permits non-commercial re-use, distribution, and r e pr oduction in any 

ct journals.permissions@oup.com 

https://doi.org/10.1093/femsec/fiad083
https://doi.org/10.1093/femsec/fiac154
https://doi.org/10.1038/s41579-019-0222-5
https://doi.org/10.1093/femsec/fiad089
https://doi.org/10.1093/femsec/fiad048
https://doi.org/10.1093/femsec/fiad025
https://doi.org/10.1093/femsec/fiad052
https://doi.org/10.1093/femsec/fiad065
https://doi.org/10.1093/femsec/fiad102
https://doi.org/10.1093/femsec/fiad062
https://doi.org/10.1093/femsec/fiad075
https://doi.org/10.1093/femsec/fiad125
https://doi.org/10.1093/femsec/fiad064
https://doi.org/10.1093/femsec/fiad153
https://doi.org/10.1093/femsec/fiae031
https://doi.org/10.1093/femsec/fiae060
https://orcid.org/0000-0003-2232-7023
https://orcid.org/0000-0002-1961-0701
https://orcid.org/0000-0002-1660-9422
https://orcid.org/0000-0002-2319-734X
https://orcid.org/0000-0002-1573-7983
https://orcid.org/0000-0001-7296-865X
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

	Author contributions
	References

