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Chair (Professor) Project in Biomonitoring of Aquatic Environments 
 
 

Research Chair at the University of Reims Champagne Ardenne – National Institute for 
Industrial Environment and Risk Assessment 

 
Short summary for the general public: 
Aquatic environments represent the final outlet of a large number of contaminants resulting 
from human activities. In parallel, they provide for substantial societal services by supplying 
energy, water, food, cultural services…. That is why we must needs preserve or restore 
them, and therefore have reliable tools at our disposal to assess and monitor their quality. 
The project aims to set up sensitive, early detection tools based on representative species of 
our hydrosystems for warning stakeholders about decreases in water body quality, and thus 
avoid the ensuing economic risks for the activities in link with these water bodies, and long, 
costly remediation processes. The project aims to acquire knowledge that will contribute to 
innovation and to the transfer of new tools to assess chemical dangers and characterize the 
quality of aquatic environments in order to diagnose aquatic environments, assess the 
ecotoxicological risks they face, and monitor them. The project will also aim to promote the 
use of these tools within a regulatory framework to provide guidelines to water body 
managers, users, and public authorities to improve the management of risks for human 
beings and the environment in using the different water bodies. 
 
 
Summary of the Research Chair project: 
The environment is of great concern for French people. The imperative need to protect it so 
that each one of us might live in a healthy ecosystem can be perceived through increasing 
regulatory requirements, as in the Water Framework Directive (2000/60/CE) and the Marine 
Strategy Framework Directive (2008/56/CE). Aquatic environment quality is currently 
assessed through the monitoring of the chemical and ecological state of water bodies, 
including various biological measurements based on invertebrate, fish, and algal 
communities. Monitoring of the autochthonous populations and communities of aquatic 
organisms has so far been the main approach to assess ecosystems. These measurements 
prove useful to assess the “good ecological state” of water bodies. But when water bodies 
have been in a degraded state for long, remediation is extremely hard. The project aims to 
use early biological responses to better understand the impact of anthropogenic stresses on 
animal organisms, and thereby i) identify new tools to assess the dangers related to chemical 
substances by using bioassays and biomarkers, and ii) characterize the quality of aquatic 
environments (biomonitoring). These tools will allow for diagnosis, ecotoxicological risk 
assessment, and aquatic environment monitoring. The project will focus on the reproductive 
function and its regulation. The reproductive function appears as particularly relevant to 
identify predictive toxic effect responses to maintain individuals or even populations via their 
offspring. Based on in vitro/ex vivo, in vivo, and in situ experimentations, the works will target 
three axes: i) improve knowledge about the physiology/ecophysiology of reproduction in the 
model species studied in the unit, and their modulation under the pressure of environmental 
changes, ii) identify and characterize the potential of certain responses as biomarkers, and 
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iii) define the conditions for analyzing these biomarkers with a view to using them as 
diagnostic and monitoring tools. On the one hand, all these works will aim to promote the use 
of these tools within a regulatory framework to provide guidelines to water body managers, 
users, and public authorities and thus improve the management of risks for human beings 
and the environment as to the use of the different water bodies and the ecosystem services 
they supply, in collaboration with the Agence de l’eau Seine Normandie, Direction vallées de 
Marne. On the other hand, based on tight links between the INERIS Institute and the 
University of Reims, the project will make it possible to reinforce student training at all levels 
in ecotoxicology and aquatic environment monitoring. 
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Research Chair Project in Biomonitoring of Aquatic Environments 
 
Context: 
The environment is of great concern for French people. The imperative need to protect it so 
that each one of us might live in a healthy ecosystem can be perceived through increasing 
regulatory requirements, e.g. the Water Framework Directive (2000/60/CE) and the Marine 
Strategy Framework Directive (2008/56/CE). Aquatic environment quality is currently 
assessed through the monitoring of the chemical and ecological state of water bodies, 
including various biological measurements based on invertebrate, fish, and algal 
communities. Monitoring of autochthonous populations and communities of aquatic 
organisms has been the main approach to assess ecosystems so far. These measurements 
prove useful to assess the “good ecological state” of water bodies. But when water bodies 
have been in a degraded state for long, remediation is extremely hard. Our objective is to 
identify the water bodies that do not qualify as being in a “good state”, and register them 
within a control network. This approach implies identifying the physical and/or chemical 
causes of degradation, and makes the use of ecotoxicological tools unavoidable. Since the 
early 1980s, research in ecotoxicology has focused on understanding the effects of 
environmental stresses and developing biological indicators such as biomarkers, which can 
be used to improve environmental diagnostics (Lagadic et al., 1997). However, so far these 
tools have only very seldom been used within the framework of operational biological 
monitoring of the environment and to help manage it. This is more particularly due to the fact 
that interpreting results is rather tricky because many environmental parameters are likely to 
modulate biomarker responses and measurement standardization is hard to achieve 
(Amiard-Triquet et al., 2013). Therefore it appears necessary to not only improve our 
understanding of the biological processes implied in the response of organisms to different 
stress factors, but also detail the biological and environmental determinants of the variation 
of the different biomarkers. Thus, biomarker measurement conditions still remain to be 
defined and characterized so that their responses may reflect exposure of organisms to 
these molecules, but also a potential risk for the maintenance of individuals, and maybe of 
whole populations (De Coen et al., 2000; Xuereb et al., 2009; Lacaze et al., 2011; Sanchez 

et al., 2011; Charron et al., 2015).     
 
We have to meet needs in terms of monitoring of aquatic environments, especially 
contamination of water bodies by emerging pollutants and the effects of contamination on 
organisms. Therefore it appeared highly relevant to create an operational link between i) the 
skills of the INERIS in terms of applied research and expertise in the field of biomonitoring, 
and ii) the skills of the URCA and ULH in terms of ecotoxicology, based on different biological 
models characteristic of continental, estuarine, and marine aquatic environments. The project 
relies on basic and applied research. It aims to solve the scientific and technical issues that 
impede the use of these biomarkers for diagnosing the quality of aquatic environments and 
surveilling them. These questions are at the core of the Mixed Research Unit Stress 
Environnementaux et BIOsurveillance des milieux aquatiques (UMR-I 02 SEBIO), that was 
approved by the Ministry in early 2014 and certified by the INERIS (Institut National de 
l'Environnement Industriel et des Risques), a public institution with industrial and commercial 
purposes. The INERIS’s mission is to contribute to preventing the risks that economic 
activities may present to health, people’s and individual property safety, and the environment. 
It leads research programs that aim to better understand the phenomena likely to lead to 
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situations putting health and the environment at risk or harming them, and to develop its 
expertise in terms of prevention. Its scientific and technical skills are available for public 
authorities, private companies, and local authorities to help them take the most appropriate 
decisions for improving environmental safety. The Research Chair project thoroughly fits in 
with the complementarity of the two bodies’ (URCA’s and INERIS’s) missions, and will 
contribute to reinforcing the expertise of the SEBIO unit in the field of environmental risks.  
 
Objectives and development: 
The main objective of this Chair shared between the URCA and the INERIS is to understand 
the impact of anthropogenic stresses on animal organisms, and to identify potential 
biomarker responses. The acquired knowledge will contribute to innovate and transfer new 
tools for assessing risks related to chemical substances (bioassays and biomarkers) and 
characterize aquatic environment quality (biomonitoring), for ecotoxicological risk diagnostic 
and assessment, and aquatic environment biomonitoring. The project will also aim to 
promote the use of these tools within a regulatory framework to provide guidelines to water 
body managers, users, and public authorities and thus improve the management of risks for 
human beings and the environment as to the use of the different water bodies and the 
ecosystem services they supply. 
 
Development: 
Among the main physiological functions studied in the unit, the present project will focus on 
reproduction and its regulation. Reproduction appears as particularly relevant to identify 
predictive responses to toxic effects for the maintenance of individuals or even of whole 
populations via their offspring (Adams et al., 1989; Amiard et al., 2013; Gubbins et al., 2013; 

Santos et al., 2013). The research presently developed in the unit (at the Reims site and the 
INERIS) addresses the description of markers in link with gamete quality (DNA integrity, 
acrosome markers…) and gametogenesis quality (development of a gonad index based on a 
cytometry approach) in the continental bivalve mollusk Dreissena polymorpha. In parallel, the 
study of the modes of action of endocrine disruptors, especially disruptors of reproduction in 
model and/or autochthonous fish, has made it possible to develop and validate in vitro and in 
vivo bioassays, and biomarkers (vitellogenin, intersex, etc.). Investigations will address the 
continental aquatic models studied in the unit. These models have a high potential for use in 
diagnostics or surveillance at a large national or European scale. Moreover, our 
investigations will fit into an environmental background: they will take into account the issue 
of chronic exposure to low doses, and the presence of multiple (chemical, biological, and 
physical) stresses, and they will integrate questions of current interest in ecotoxicology of 
transgenerational effects. Taking into account the issue, the unit’s expertise, and the means 
already available on the different sites of the unit, the Chair’s works will focus on the 
following axes, based on in vitro/ex vivo, in vivo, and in situ approaches: 
 - the first axis will be focused on improving knowledge of the 
physiology/ecophysiology of reproduction in model species, and their modulation under the 
pressure of environmental changes. This axis will aim to develop research to identify the 
reprotoxic modes of action of contaminants on reproduction and its regulation in model 
organisms representative of national and European continental aquatic ecosystems. The 
development of global approaches (proteomics, transcriptomics,…) will be favored. The 
project will also take into account the identification of critical windows of exposure in link with 
susceptible stages in the development and/or life cycle of organisms. 
 - based on the modes of action mentioned above, the second axis will aim to 
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characterize the potential of certain responses as biomarkers. This axis will very particularly 
aim to define the predictive character of molecular responses in relation with the effects of 
contaminants on offspring. Thus, using an integrative approach taking into account the 
different modes of action of pollutants as well as the different organizational levels, the 
project will aim to precise the links between the different responses of interest measured at 
the molecular, individual (life traits, reproductive performances), and even population (sex 
ratio, trans-generation aspects) levels. 
 - the third axis will aim to define the right conditions for analyzing these biomarkers 
and standardizing them. This axis is indispensable to ensure the transformation of responses 
of interest into true diagnostic and monitoring tools. These actions will have to take into 
special account the expectations of aquatic environment managers and users at the regional 
(conurbation,…), national (ONEMA, Water Agency,…), and international (Eawag in 
Switzerland) levels. As for the standardization part, actions will have to fit within a national 
AQUAREF framework. This third axis will therefore aim to reinforce interactions between the 
cognitive part of the research actions and the transfer mission of the INERIS. The 
contribution of these new responses, associated to the responses already developed in the 
SEBIO unit (immunity, metabolism), in a context of water body quality diagnostic and/or 
monitoring, will be evaluated within the framework of a collaboration with the Agence de l’eau 
Seine Normandie, Direction vallées de Marne. This collaboration will make it possible to i) 
obtain precise data about the capacity of biomarkers to discriminate sites as compared to the 
currently used community measurements, and ii) test the potential of biomarkers to identify 
potential causes of biological quality degradation of water bodies in a diagnostic context. 
Different sites whose degradation does not appear to be related to physico-chemical 
conditions will be selected and assessed using biomarkers to try and reach a more precise 
diagnostic. 
The present Research Chair project is built with substantial support from the INERIS. The 
economic outcomes of such a project are hard to calculate on the short and medium terms. 
However, improving knowledge about the impact of the different anthropogenic pressures on 
aquatic environment quality, and thereby on the maintenance of their biodiversity and the 
related ecosystem services, represents an essential step. The development of predictive 
sensitive tools will indeed make it possible to identify risk situations before disruptions cause 
too serious degradations to biological communities, and this will avoid setting up long-lasting, 
very costly remediation processes, or economic activities related to water body quality 
(entertainment, water production,…) shutting down. On the medium term, this may lead to 
the development of biological responses usable as diagnostic tools. 
 
To reach these objectives, the project will rely on the unit’s technical and scientific facilities 
(automated biochemistry platform, cytometry platform, mesocosms, transplanting 
techniques,…) and will fit within existing national structures (REPRO Research Group, 
ANTIOPES network,…), or structures currently being set up (project of a Research Group in 
ecotoxicology by the IRSTEA of Lyon). 
 
 
Involvement in the unit: 
The Professor appointed to the Chair position will have to take an active part to the 
structuring of the “reproduction and endocrinology” theme of the SEBIO unit, especially 
between the Reims site and the INERIS. His/Her main goal will be to succeed in transferring 
potential biomarker biological responses towards tools for water body managers and users. 
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Moreover, the Professor will contribute to the promotion of aquatic ecotoxicology through 
collaborative projects, and apply for funding from scientific and technical institutions at the 
national and international levels, i.e. the French State, local authorities, and industrials. All 
these actions will contribute to enhancing the unit’s scientific influence. 
The Professor will also be involved in teaching, and will have to make his/her research works 
fit into the teaching modules in aquatic environment biomonitoring, more particularly at the 
level of the GENFASE (Génie de l’Environnement Naturel, Faune Sauvage et 
Environnement, Natural Environment, Wild Fauna, and Environmental Engineering) specialty 
of the GENI (Génie des Environnements Naturels et Industriels, Natural and Industrial 
Environment Engineering) Master’s Degree of the University of Reims. The Professor will 
also take part to the development of distance education units about the issues of 
reprotoxicity and water body monitoring within the Franco-Canadian ECOBIM network.  
 
Within the framework of the project, the Chair Professor will benefit from human and financial 
support from the INERIS, under the form of a PhD student (36 months) and a post-doctoral 
researcher (2 years). Regarding the third axis of the project, financial support will be required 
from the Agence de l’eau Seine Normandie, Direction vallées de Marne, under the form of a 
post-doctoral researcher in the third year of the project. The project will also be supported by 
Reims Métropole, that will provide 25k€/year for running costs. 
 
Information to postulate: https://www.galaxie.enseignementsup-
recherche.gouv.fr/ensup/cand_postes_GALAXIE.htm 
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