BIOCIDE: Antibacterial biocides in the water cycle —

an integrated approach to assess and manage risks for
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Antibacterial biocides — chemicals that have an intended or unintended
antibacterial effect but are not antibiotics (i.e. used as medicines)

The two main genetic mechanisms behind co-selection
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Some major knowledge gaps

For most antibacterial biocides, environmental exposure
data is lacking/scarce

For most antibacterial biocides, we do not know to what
extent they can co-select for antibiotic resistance or
induce horizontal gene transfer

For most antibacterial biocides, we do not know what
concentrations are needed select for antibiotic resistance or
for inducing horizontal gene transfer

Risks for co-selection of antibiotic resistance is not
considered during authorization of new products or as part of
environmental regulations



Our aim is to determine how and to what extent antibacterial biocides contribute to the development and
spread of antibiotic (AB) resistant bacteria in different freshwater/marine ecosystems, and to inform and
enable measures that ultimately protect human health and provide safe water resources for all.
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Exposure
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Effects
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Mechanisms
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Synthesis

More specifically, we have the following objectives/tasks:

1.1 Prioritize antibacterial biocides to be investigated based on existing databases on sales, uses and detection in aquatic
environments

1.2. Develop state-of-the art chemical analysis protocols for a range of antibacterial biocides, applicable to different
sample types

1.3. Generate screening data for the presence and levels of antibacterial biocides from a set of different aquatic
ecosystems in Europe and Africa

2.1. Generate a dose-response matrix for a large number of biocides and bacterial species in order to Predict No Effect
Concentrations (PNECs) for growth that will also be protective against AB resistance co-selection

2.2. Directly assessing co-selection by competition experiments in complex aquatic communities using a subset of
biocides

2.3. Investigate the potency of selected biocides to induce horizontal transfer of AB resistance genes via conjugation and
transformation

3.1. Investigate the incidence and mechanisms of AB resistance driven by metal-based antifouling agents used in
international maritime traffic and marine aquaculture

3.2. Provide a first description of the predominant co- and cross-resistance mechanisms in bacterial isolates from aquatic
ecosystems in Europe and Africa

3.3. Identify the genetic context and basis for resistance to several biocides using a functional metagenomics approach
combined with exploration of public genomic data

4.1. Incorporate extensive data on selective concentrations and co-selection opportunities into the BacMet database to
make it useful for practical risk assessment and management

4.2. Perform a preliminary assessment of risks for biocides to promote AB resistance in aquatic environments based on
generated exposure and effect data

4.3. Produce an evaluation scheme in collaboration with relevant authorities on how resistance risks formally could be
incorporated in existing regulatory frameworks
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Who do we think this research primarily
would be relevant for?

Regulators of chemicals — e.g. market authorization
Regulators of chemical pollution — e.g. water quality standards
Health agencies with antibiotic resistance on their agenda
Companies/sectors that produce or use antibacterial agents

« Marine shipping sector — antifouling

« Aquaculture sector - antifouling

Water sector — e.g. sewage treatment
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