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1 ACRONYMS 

 AMR   Antimicrobial Resistance 

ADR   Antimicrobial Drug Residues  

ARB   Antibiotic-resistant Bacteria  

ARG   Antibiotic Resistance Genes  

CEC                Contaminants of Emerging Concern 

EU  European Union 

EU-JAMRAI-2  EU Joint Action on Antimicrobial Resistance and Healthcare Associated   

  Infections 2  

IPC  Infection Prevention and Control 

NAP  National Action Plan 

WHO  World Health Organization 

WP  Work Package 

WWTP   Wastewater Treatment Plant 

2 EXECUTIVE SUMMARY 

This report focuses on identifying and mapping environmental Infection Prevention and Control 

(IPC) interventions: activities aimed at reducing the spread of antimicrobial resistance (AMR) from 

human, animal and industrial waste into the environment (water, soil and air). Waste from 

humans and animals can release AMR determinants (e.g. antimicrobial resistant micro-organisms 

and drug residues) into the environment, where they persist and spread, potentially increasing 

risks for humans and animals and enrich the environmental resistome. This milestone summarizes 

the results of the first collection of examples of these activities across member states represented 

in this work package task.  

Methods: 

A multilingual survey targeted at professionals in waste and environmental management sectors.  

the survey collected information on intervention objectives, technical details, governance, 

challenges and enabling factors. 

Interventions included are not only those aimed directly at AMR but also those with a beneficial 

‘by-catch’ effect on AMR.  
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Scope: 

Focus on activities beyond current EU wide legislation and already with a form of routinely 

practiced  at a certain scale (ie not just research phase). Beforehand we knew we were not going 

to be exhaustive in our collection. 

Results: 

Responses were collected from 11 countries, covering a wide range of waste streams. 

Most interventions reported were in wastewater treatment, covering different techniques and 

sources of wastewater. Most interventions were relying on voluntary frameworks and one of the 

challenges is resource availability. Enabling factors are e.g. media attention and low-cost-low-

maintenance. 

In-depth analysis of the data and further actions like comparing methods through literature review 

are needed to identify best practices. 

 

Added value: 

The findings will help to identify relevant stakeholders which are now not yet in the scope of many 

AMR activities and improve knowledge on implementation of AMR relevant waste management. 

In the end, this and following work is done to support countries in their update or implementation 

of their AMR national action plan.  

3 INTRODUCTION 

In an effort to collect measures that can be considered as “Infection Prevention and Control” in 

the environmental domain, this report describes interventions that can reduce emissions and/or 

further spread of antimicrobial-resistant micro-organisms, antimicrobial resistance genes (ARGs), 

and antimicrobial drug residues (ADR) from waste from industrial, urban and agri-food activities to 

the environment. The focus is on interventions that are in place at country level and that go 

beyond existing EU legislation. The list of interventions is not exhaustive.  

What is the aim of Infection Prevention and Control (IPC)?  

The aim of IPC is to reduce the spread of infections through hygiene and other control measures to 

minimize exposure to infectious diseases. In EU-JAMRAI-2 activities related to IPC in the 

environment, we focus on interventions reducing the introduction of AMR in the environment, 

focusing on  the following AMR determinants: ARB, ARGs, and AM. Although the included 

interventions or treatments (might) have an effect on other pathogens as well. 

How can environmental strategies contribute to AMR IPC? (ref. 1, 2 and 3) 

The environment is an important component in the emergence and spread of AMR determinants. 

Human and animal waste, e.g. sewage or manure, contain AMR determinants, which can be 

released into the environment through unproper waste disposal and/or the currently available 
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waste treatment methods, which are usually inefficient for the removal of many contaminants of 

emerging concern (CEC), such as AMR determinants. In parallel,  CEC can also select AMR, 

fostering emergence and spread of new AMR determinants from the environment to 

humans/animals/animals. So water, soil, and air act as reservoirs and source of dissemination of 

ARGs  where these AMR determinants can persist and spread,  and  they can also contribute to the 

development of new mechanisms of resistance. These environmental reservoirs ultimately serve 

as pathways, increasing the risk of infection with resistant bacteria in both humans and animals 

through various exposure routes (e.g. recreational water). 

Objectives of WP 7.3.1 

The overall objective of WP 7.3 is to determine the usage of existing interventions at country level 

that contribute to the reduction of emission of AMR determinants to the environment.   

The work of 7.3 will feed into 1 milestone and 1 deliverable.  

1. Milestone: Map of the existing One Health environmental IPC measures.   

2. Deliverable: Highlighted success and barriers and best practices for IPC actions in the three 

sectors (human, animal and environment) with behavioural insights.   

The two subtasks aim to:  

• 7.3.1. To map the existing One Health environmental IPC measures at country level 

through surveys, including usage of advanced wastewater treatment techniques in 

wastewater treatment plants (WWTPs) and hospitals, conditions for re-use of wastewater 

for irrigation and wastewater sludge for fertilization, and application of manure treatment 

techniques.   

• 7.3.2. To determine best practices for environmental actions with respect to reducing 

emissions of AMR for selected intervention / IPC measures, from country-wise 

comparisons. 

These activities serve to: 

• Enhance the knowledge on and implementation of best practices in environmental IPC. 

• Provide a basis for improving and coordinating efforts to tackle AMR at the environmental 

level in the EU. 

• Support countries in updating and strengthening their National Action Plans (NAPs) / 

policies on AMR. 

Definition of IPC in the environment 

IPC is not a defined term in the environmental domain. For the activities on IPC in the 

environmental domain within EU-JAMRAI-2, we define environmental IPC measures as 

activities/interventions that:  
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• (potentially) reduce AMR emissions from industrial (e.g., pharmaceutical but not only) 

activities, urban activities (healthcare and sewage), and agri-food activities (crops, 

livestock, aquaculture)  to the environment, and/or 

• reduce current levels and further spread of AMR in the environment  

4 METHODS 

Survey 

A survey was set out with the aim to map existing environmental IPC interventions at country 

level. Understanding which activities/interventions are already in place in different countries in 

the Europe helps to establish the collection of best practices for the EU (and beyond) for reduction 

of AMR emissions to the environment. 

The survey has been conducted in the “EU survey” platform with the aim to collect examples of 

IPC interventions in the environment potentially tackling AMR. 

Survey structure  

The survey covers the following main sections: 

• Objectives of the intervention 

• Technical characteristics of the intervention 

• Governance (stakeholders, funding, history, publications, linkage with EU legislation, 

among others) 

• Challenges and enabling factors 

Treatment method terminologies used in this survey for sludge and manure were those from the 

Implementation Report of the Sewage Sludge Directive 86/278/EEC and JRC’s A classification 

scheme based on farming practices, respectively. 

 

Survey dissemination 

The dissemination of the survey was agreed to have a “warm approach”, by which 7.3.1 members 

shared it through their country networks, especially with those most acquainted with.  

The survey was also shared in LinkedIn, in the EU-JAMRAI-2 website news section, and with other 

specific stakeholders (EU-JAMRAI-2 Advisory Committee, AMR Multistakeholder Platform, WHO 

https://op.europa.eu/en/publication-detail/-/publication/2fd1f88a-438e-11ed-92ed-01aa75ed71a1/language-en
https://publications.jrc.ec.europa.eu/repository/handle/JRC133862
https://publications.jrc.ec.europa.eu/repository/handle/JRC133862
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AMR Community Exchange, EU Projects, such as Aquatic Pollutants, ONE-Bridge, etc). In certain 

cases, the survey was filled in through interviews in bilateral meetings.  

The target audience includes professionals working in sectors such as wastewater, sludge, manure, 

or solid waste management, within governmental or regulatory organizations, agri-food 

companies, antimicrobial manufacturing facilities, waste management agencies, consulting firms, 

or non-governmental organizations, among others.  

Responses were accepted for submission starting from June to December 2025. 

Survey language 

The language of the survey was automatically translated to all EU country languages thanks to EU 

survey built-in machine learning language translation functionalities. 

Scope of targeted interventions 

The number of interventions deliberately taken to reduce emissions of AMR to the environment 

was expected to be very low. Therefore, our scope included interventions that are set up for 

purposes other than the reduction of AMR emissions, such as protection of the environment from 

effects of chemical substances or nutrients, but that are proven or thought to reduce AMR and/or 

micro-organisms (bacteria, fungi, viruses) as well. For such interventions, their effects on AMR can 

be seen as a ‘by-catch’.  

To reach the aims of subtask 7.3.1, the survey aims to include:  

• Interventions that are routinely practiced (but not across all participating countries). 

• Interventions executed in pilots, but not just in research. 

• Interventions of varying territorial scale (regional to national) across member states. 

• Activities that go beyond current European legislation, with special focus on contaminants 

of emerging concern (CEC) and advanced waste treatment processes that are not yet 

legally required  . 

• Cover all potential activities that are involved in reduction of emissions of AMR to the 

environment, including: 

o Urban wastewater treatment  

o Hospital wastewater treatment  

o Industrial wastewater treatment 

o Treatment of wastewater for water reuse (in irrigation or other specific use) 

o Treatment of wastewater sludge (for fertilization)  

o Treatment of slurry and manure (for fertilization) 
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5 RESULTS: LIST OF EXISTING 

ENVIRONMENTAL IPC INTERVENTIONS  

WITH THE POTENTIAL OF REDUCING AMR 

DETERMINANTS EMISSIONS TO THE 

ENVIRONMENT 

The list of examples of IPC interventions in the environment potentially tackling AMR retrieved 

through the survey is found in section 5.1.1-5.1.9. Further in-depth analysis is part of the second 

half of JAMRAI-2 with a view to select best practices. The information shown is as given by the 

respondents.  

Country survey response 

From all countries participating in WP7.3.1 (Netherlands, France, Belgium, Finland, Poland, 

Greece, Ireland, Latvia, Slovenia, Spain, Sweden, Norway and Ukraine (observer)), all countries 

reported at least one IPC environmental intervention except for 2 countries (Greece, Poland) 

which indicated to have no examples to the best of their knowledge. Most IPC interventions were 

reported in wastewater (both municipal and hospital) (12), followed by sludge (4). Other 

interventions are aimed at the following waste types: manure, household waste, flower bulb 

waste, stormwater and medicine leftovers. The last intervention is a special one and is having 

publicly available data on waste streams.  

These interventions do not represent the total number of interventions reported, since some of 

them cannot be published due to data confidentiality reasons. 

Note1: Although some interventions below from one same country may seem identic or very 

similar, they actually represent unique interventions (differences are found in fields not shown 

below, for example in territorial scale). 

Note2: we have listed all examples that were supplied and did agree to be reported. After more in-

depth analisis it could be that some of the intervetions do not fall within the scope of this WP 

afterall. 
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5.1.1 Wastewater treatment interventions  
Nº Country of 

intervention 
Short description Primary purpose (s) Level of 

treatment 
Source of waste Type of treatment Aimed at 

AMR 
reduction? 
If yes, 
how? 

If no’, what is the primary 
aim? Could the intervention 
still help for AMR reduction? 

1 Belgium Innovation in 
treatment processes 
used to decrease 
(inter alia) AMR 
abundance 

Treating wastewater 
for safe discharge 
into surface waters 
(including 
recreational waters) 

Tertiary 
treatment; 
Quaternary 
treatment 

Urban/municipal 
wastewater 

Physical processes; Chemical 
processes; Biological processes 

Yes, aimed 
at reducing 
AMR 
determinan
ts including 
ARB, ARG 
and/or AM 

 

2 Spain Installation of 
nature-based 
treatment 
techniques (lagoons 
and wetlands) in >50 
WWTP and (partly) 
monitoring of their 
effect on antibiotic 
and AMR removal 

Treating wastewater 
for safe discharge 
into surface waters 
(including 
recreational waters) 

Tertiary Urban/municipal 
wastewater 

Biological processes (lagoons 
and wetlands) 

Yes, inter 
alia aimed 
at AMR or 
residue 
removal 

 

3 Spain Installation of 
wetlands for 
treatment of tertiary 
wastewater 
treatment 

Treating wastewater 
for safe discharge 
into surface waters 
(including 
recreational 
waters);Enhancing 
water reuse for 
agriculture and 
irrigation 

Tertiary 
treatment 

Urban/municipal 
wastewater 

Biological processes (wetlands) No Aimed at reducing 
pathogenic micro-organisms 
and nutrients, but shown 
experimentally to also 
reduce AMR emissions 



 

10 

 

Nº Country of 
intervention 

Short description Primary purpose (s) Level of 
treatment 

Source of waste Type of treatment Aimed at 
AMR 
reduction? 
If yes, 
how? 

If no’, what is the primary 
aim? Could the intervention 
still help for AMR reduction? 

4 

 

Spain The presence of 
AMR in WWTP 

 

Treating wastewater 
for safe discharge 
into surface waters 
(including 
recreational 
waters);Enhancing 
water reuse for 
agriculture and 
irrigation 

Tertiary 
treatment;
Quaternary 
treatment 

Urban/municipal 
wastewater 

Physical processes;Chemical 
processes 

Yes, aimed 
at reducing 
AMR 
determinan
ts including 
ARB, ARG 
and/or AM 
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Ireland Installation of 
"Integrated 
Constructed 
Wetlands (ICW)"  

Treating wastewater 
for safe discharge 
into surface waters 
(including 
recreational waters) 

Tertiary 
treatment; 
Quaternary 
treatment 

Urban/municipal 
wastewater 

Physical processes; Chemical 
processes; Biological processes 
(Integrated Constructed 
Wetlands) 

No Aimed at reducing pollutants 
and pathogenic micro-
organisms and nutrients, but 
shown experimentally to also 
reduce AMR emissions 

6 

 

Slovenia Installation of 
advanced 
Wastewater 
treatment at a 
WWTP 

Treating wastewater 
for safe discharge 
into surface waters 
(including 
recreational waters) 

Tertiary 
treatment 

Urban/municipal 
wastewater;Indus
try (other than 
pharmacy) 
wastewater 

Physical processes; Chemical 
processes; Biological processes 

No Aimed at reducing pollutants 
and pathogenic micro-
organisms. Treatment 
techniques employed are 
expected also to reduce AMR 
emissions 

7 Netherlands Dutch chain 
approach on 
pharmaceutical 
residues, installing 
advanced treatment 
techniques at 
various WWTP 

Treating wastewater 
for safe discharge 
into surface waters 
(including 
recreational waters) 

Quaternary 
treatment 

Urban/municipal 
wastewater;Hospi
tal wastewater 

Physical processes; Chemical 
processes  

No Aimed at reducing pollutants 
(pharmaceuticals). 
Treatment techniques 
employed are (partly) shown 
experimentally to reduce 
AMR emissions  
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5.1.2 Wastewater treatment interventions – part 2 

Nº Country of 
intervention 

Short description Primary purpose (s) Level of 
treatment 

Source of waste Type of treatment Aimed at AMR 
reduction? If yes, 
how? 

If no’, what is the 
primary aim? Could 
the intervention 
still help for AMR 
reduction? 

1 Ireland On site combined waste 
and waste water 
treatment for hospitals 

Treating wastewater for 
safe discharge into 
surface waters (including 
recreational waters); 
Supporting industrial 
water recycling and reuse 

Tertiary 
treatment; 
Quaternary 
treatment 

Hospital 
wastewater 

Physical processes; 
Chemical processes; 
Biological processes 

Yes, it is one of the 
aims. (Aimed at 
reducing AMR 
determinants 
including ARB, ARG 
and/or AM) 

 

2 Sweden Interventions by 
wastewater organisations 
to lower the risk of AMR in 
the environment 

Source control, reduce 
wastewater overflow, 
increased knowledge on 
the issue 

Not so much 
about the 
technical 
treatment 
characteristics 
but other 
local solutions  

Urban/municipal 
wastewater 

Different types of 
interventions to 
raise awareness and 
lower AMR 
emissions. 

Yes, aimed at 
lowering AMR risks. 
Both monitoring 
and some measures 
to reduce bacteria 
and AMR to the 
environment. 
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5.1.3 Wastewater treatment interventions – stormwater management 

Nº Country of 
intervention 

Short 
description 

Primary purpose (s) Level of 
treatment 

Source of waste Type of treatment Aimed at AMR 
reduction? 

 

If no, what is the 
primary aim? 
Could the 
intervention still 
help for AMR 
reduction? 

1  Spain Stormwater 
runoff 
treatment 

Treating wastewater for safe 
discharge into surface waters 
(including recreational 
waters) 

Pretreatment and 
primary treatment 

Stormwater runoff Physical processes No, not aimed at 
this. 
 

Remove solids. 
 
Could probably 
not help for AMR 
reduction. / 
unclear 
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5.1.4 Sludge treatment interventions  

Nº Country of 
intervention 

Short description Primary purpose 
(s) 

Source of waste Type of treatment Does the intervention 
aim to reduce 
pollutants, if yes, 
which ones? 

Aimed at AMR 
reduction?  

If not aimed at AMR 
reduction could it still 
help (in your opinion)? 

1  Belgium Part of a research project about 
characterizing AMR (ARB & ARG) 
of WWTP sludge used as soil 
improvement, before and after 
treatment (liming, solar drying, 
composting). 

Fertilisation for 
agricultural 
purposes 

Urban/municipal 
wastewater 

Dewatering;Mechanical 
drainage;Solar drying;Lime drainage 

Yes, Pathogenic micro-
organisms  

No, not aimed at AMR 
reduction. 
 
Yes, it could help. 
 

2  Spain Part of the implementation of a 
new guideline for a certain region 
in which the sludge generated in 
the treatment plants will have to 
undergo biological thermal 
treatment, achieving 
hygienisation by removing 
bacteria. 

Fertilisation for 
agricultural 
purposes; 
Stabilisation and 
hygienisation to 
reduce 
transportation 
risks 

Urban/municipal 
wastewater 

Dewatering;Solar drying; 
Composting;Mesophilic anaerobic 
sludge stabilisation;Thermophile 
anaerobic sludge stabilisation + post 
treatment: Solid-liquid 
separation;Drying;Treatment with 
ammonia stripping;Membrane 
filtration treatments 

Yes, Pathogenic micro-
organisms 

No, not aimed at AMR 
reduction 
 
Yes, it could help. 

3  Spain Sludge composting Fertilisation for 
agricultural 
purposes 

Urban/municipal 
wastewater; 
Industrial 
wastewater 
 

Composting  Yes, Pathogenic micro-
organisms and 
hydrocarbons 

No, not aimed at AMR 
reduction. 
 
Yes, it could help. 

4 Sweden Wastewater sludge use in 
agriculture and AMR experiences 
in Sweden 

Fertilisation for 
agricultural 
purposes 

Urban/municipal 
wastewater 

Dewatering;Mechanical 
drainage;Polymer 
drainage;Mesophilic anaerobic sludge 
stabilisation 

Pharmaceuticals and 
their residues, 
including 
antimicrobials;Micro-
organisms;Cosmetic 
products and their 
residues;Heavy 
metals;Nano and 

Yes, but in a (sub) 
project of the overall 
intervention 
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microplastics;Industrial 
chemicals;Other 

 

5.1.5 Manure treatment interventions 

Nº Country of 
intervention 

Short description Primary purpose (s) Source of 
waste 

Type of treatment Does the intervention 
aim to reduce 
pollutants, if yes, 
which ones? 

Aimed at AMR reduction?If not 
aimed at AMR reduction could 
it still help (in your opinion)? 

1  Finland Intervention of manure 
management, processing and use 
on fields with different types of 
treatment 

Concentrate nutrients 
for use as fertilizer; 
Energy source; 
Emission reduction 

Pigs, 
Poultry, 
Cattle and 
Other 
livestock 

Storage; 
Post treatment; 
anaerobic digestion, thermal 
drying w/o pelletization,  
other processing technologies 

Yes, Pathogenic micro-
organisms 

No, not amed at AMR 
reduction. 
 
Yes, it could help. 
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5.1.6 Plant waste treatment interventions  

Nº Country of 
intervention 

Short description Primary purpose (s) Source of 
waste 

Type of treatment Does the intervention 
aim to reduce 
pollutants, if yes, which 
ones? 

Aimed at AMR reduction? 

If not aimed at AMR reduction could 
it still help (in your opinion)? 

1  Netherlands Management of plant 
waste to reduce the spread 
and growth of resistant 
fungi.  
 

Aim is to prevent growth and 
spread of fungi resistant to 
azoles 

Flower bulb 
production 

Wetting of waste 
material 

Yes, micro-organisms 
resistant to 
antimicrobials 

 

 

5.1.7 Household waste treatment interventions  

Nº Country of 
intervention 

Short description Primary purpose 
(s) 

Source of waste Type of treatment Does the intervention aim 
to reduce pollutants, if yes, 
which ones? 

 

I Aimed at AMR reduction? 

If not aimed at AMR reduction could it 
still help (in your opinion)? 
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1  Latvia Young and matured solid waste 
municipal landfills receiving 
waste daily for composting and 
decomposting. 

Municipal 
landfill 

households Composting Yes, Pharmaceuticals, 
residues and micro-
organisms and AMR 

Yes, it is one of the aims 
 
Samples taken at this intervention are 
part of AMR or residue 
monitoring/surveillance 

 

5.1.8 Medicine waste treatment interventions  

Nº Country of 
intervention 

Short description Primary purpose 
(s) 

Source of waste Type of treatment Does the 
intervention aim 
to reduce 
pollutants, if yes, 
which ones? 

Aimed at AMR reduction? 

If not aimed at AMR reduction 
could it still help (in your 
opinion)? 

1  Sweden Extended producer responsibility for 
medical drugs. Households are obliged to 
leave their left over medical drugs to 
pharmacies.  

The intervention 
aims to reduce 
the risk that waste 
consisting of 
medical drugs is 
treated in the 
wrong way. 

Prescribed medicine 
for human health 

Obligation to bring drugs 
to pharmacies 

Yes, 
Pharmaceuticals 
and residues 

No, not directly aimed at AM(R) 
reduction. 
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5.1.9 Other ways to reduce emissions  

Nº Country of 
intervention 

Short description Primary purpose (s) Source of waste Type of treatment Does the intervention aim to 
reduce pollutants, if yes, 
which ones?  

Aimed at AMR reduction? 

1  Spain Dashboard on anthropogenic 
emission sources of AMR 
 

Giving publicly 
available insights 
into emission 
sources of AMR.   

Different types of waste are 
covered in the dashboard 
(wastewater and farming). 

The dashboard explores the main sources of 
anthropogenic pollution that contribute to the 
increase of AMR load in the environment: 
WWTPs and animal excreta. Through an 
innovative interactive dashboard, you can 
visualize and explore geospatial data related to 
AMR emission points. 

Yes, it is one of the aims 
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6 DATA ANALYSIS OF ALL INTERVENTIONS 

COMBINED 

For each intervention, additional data has been collected on top of data included in Chapter 6 

describes a first analysis of the data on aggregated level addressing the responsible institutions, 

implementation frameworks, as well as challenges and enabling factors of the implementation of 

above mentioned interventions (chapter 5).  Further analysis is part of future work of this work 

package.  

6.1 Type of institution in charge and implementation framework 

The majority of interventions was taken by governmental authorities.  

 

Figure 1: Type of institution in charge of implementation of the intervention 
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Most interventions are based on voluntary (ie no legal obligation) initiatives. 

 

 

Figure 2: type of implementation framework for the intervention 

6.2 Challenges and barriers 

Logistic challenges (such as delays, lack of central coordination and administrative difficulties) 

were frequently mentioned. Another important challenge consisted of difficulties with stakeholder 

involvement. 
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Figure 3: Challenges and barriers encountered during the implementation of the 

intervention 
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6.3 Enabling factors 

 

Among the enabling factors, many different factors were mentioned including political will, media 

attention and ‘low-cost low-maintenance’ characteristics. 

 

 

 

Figure 4: Enabling factors encountered during the implementation of the intervention 
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7 CONCLUSIONS AND FUTURE STEPS 

Through the survey, a number of interventions could be identified that have the potential to 

reduce emissions of AMR to the environment. Most of those address wastewater, but some 

interventions also addressed other waste streams. It is clear that many different stakeholders, 

domains and disciplines are involved.  An in-depth evaluation of these interventions will be subject 

of future work and is needed, potentially including further literature revies and expert 

consultation in order to identify best practices in environmental IPC. 
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