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The Executive Summary
This summary aims to present a synthesis of the Report “Emerging Pollutants” which shows
the activities of the Emerging Micropollutants Working Group (GdL-MIE: MicroInquinanti
Emergenti) carried out between 2018 February and 2020 April. This summary describes
the contents of the Report, which is written in Italian, with the aim to disseminate the
results obtained internationally and to give the opportunity to reach a greater number of
people interested in the issue. For this reason, the summary aims at describing in detail the
contents in order to facilitate the understanding of the work carried out.
The Report, coordinated by Gianni Tartari and Giovanni Bergna, on behalf of Lombardy
Energy Cleantech Cluster (LE2C), has been developed with the contribution of over 50
experts who participated in the Working Group.
The Report focuses on these main issues: elaboration and interpretation of thousands of
monitoring data of organic pollutants measured in freshwaters and groundwaters bodies
and available wastewater and drinking water treatments technologies for emerging
pollutants and microplastics, coordinated respectively by: Arianna Azzellino, Manuela
Antonelli and Francesca Malpei (Politecnico di Milano-DICA) and Valeria Mezzanotte
(Università degli Studi di Milano Bicocca).
The Authors are reported at the beginning of each chapter to which they have contributed,
under the main section of the Report: Micropollutants and Microplastics in water bodies
in Lombardy.
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The LE2C initiative
Lombardy Energy Cleantech Cluster (LE2C), the Lombardy Technology Cluster for Energy
and the Environment, works at a local level to ease the transfer of expertise between
research and business sectors, for example within the Smart Specialization Strategy (S3)
of the Lombardy Region, and at an international level by participating in research and
development initiatives promoted by the European Union.
The Water Energy Nexus (WEN) is one of the Focus Areas of the LE2C Cluster addressed
to the identification of new technologies and low energy consumption tools for drinking
water, wastewater treatment and reuse, and to the promotion of integrated technologies
to support water planning and management and monitoring.
In this framework and as part of its own initiatives, WEN, in agreement with DG Territory
and Civil Protection of the Lombardy Region, has launched, since the beginning of 2018,
a regional knowledge survey on the state of knowledge on new emerging pollutants,
e.g. chemical compounds for which concentration limits in the environment and in
water and wastewater have not yet been defined and, very often, analytical methods
and reference standards are not available. LE2C set up the Emerging Micropollutants
Working Group (GdL-MIE) which involved experts from universities, research bodies and
Integrated Water Services in Lombardy. The aim of such multidisciplinary collaboration
was to contribute, through the collection and dissemination of detailed information on
emerging pollutants, to the definition of management strategies for the protection of
the environment. In the medium term this might help to implement actions to contain
the presence of Emerging Micropollutants in the aquatic environment, and technological
innovations in water and wastewater treatment. Given the growing emergence of the
increase of plastics in the environment and, more specifically, of microplastics in the
aquatic environments, the GdL-MIE has also turned its attention to this problem, focusing
on the state of knowledge and research capabilities in the Lombardy region.
Addressing prefaces
Viviane Iacone, D.G. Territory and Civil Protection - Lombardy Region
Pursuing water protection implies the development of complex policies. In fact, it is
necessary to work on a heterogeneous set of phenomena that are at the origin of the
threat to the status of water and raise the awareness of a fragmented audience of people
who operate in water and land uses. Therefore, our action must be characterised by great
pervasiveness. Indeed, this is a path full of difficulties that implies a cultural evolution,
which concerns the shift from the concept of right to use to that of its sustainability.
The fact that the protection of water resources has not been, if not occasionally, in a
prominent position in the public policy agenda at all levels, has not helped. The Water
Framework Directive (2000/60/EC) has given an important impetus and direction in
this regard, but much more needs to be done.
Those who work in this field are well aware that, in order to proceed effectively, it is
essential to be able to rely on a thorough and adequate knowledge base, which allows
to understand the degradation, its sources, the diffusion phenomena, the processes of
evolution, the risks to health and the environment, and the development of technologies
to limit impacts and find remedies.
Although we are in a phase in which, even in our region, we are still fighting some of the
most traditional and basic battles to limit the impact on water quality, we are aware of
the existence of emerging problematic fields: for some part they are new, originating for
example from new materials that enter the production cycles, for some other part they
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are just a new consciousness, such as the theme of microplastics.
Today we know for sure that achieving evident results regarding the protection of water
resources requires an acceleration of the growth of the knowledge system, which is at
the basis of policies and policy making. This is the reason why we have immediately
recognized the importance of the work project formulated at the beginning of 2018 by
Lombardy Energy Cleantech Cluster, with the hypothesis of setting up an Emerging and
Priority Micropollutants Working Group that, step by step, would build and strengthen
a network of subjects that, beyond the established disciplinary and organizational
boundaries, would operate as an “open laboratory”, building a practice and a model of
full circularity of information and knowledge, which would be an input to increase the
potential of knowledge, understanding and proactivity.
It was not a predictable challenge, as our country is still mostly characterized by a
culture of separateness and fragmentation, both in science and operations, and to place
oneself on new trajectories implies commitment, perseverance and a strong focus on the
objectives. Nevertheless, the work hereby presented is a demonstration of the success of
this initiative, which is based on the fact that all participants have shared the centrality of
the problems, their complexity and the intention to accelerate the growth of knowledge
in order to set themselves on new paradigms and overcome challenges. An arduous
path will not discourage you if you are adequately equipped. The beginning is always
increasingly difficult, but we believe we are on the right track!
Luca Donelli Lombardy Energy Cleantech Cluster (LE2C) President
At the beginning of 2018, the “Water Energy Nexus” Focus Area of Lombardy Energy
Cleantech Cluster (LE2C) proposed to Lombardy Region the launch of a Working Group
on contaminants of emerging concern as well as microplastics (GdL-MIE). GdL-MIE
started with the objective of understanding the state of the art on presence, diffusion and
hazard of such contaminants in our region as well as of disseminating detailed information
as a stimulus for the implementation of coherent monitoring and containment actions.
Since then, the WG-MIE focused its attention on data, collection methods, sampling
locations, sectors to be measured available on emerging micropollutants and
microplastics in aquatic environments (natural and drinking water) in Lombardy. With
the involvement of a large proportion of the ecosystem, a fruitful collaboration between
research centers and universities and enterprises, mostly dealing with measurement
technologies as well as wastewater treatment, flourished.
The collaboration with Joint Research Center (JRC) based in Ispra (Varese) further
enhanced the project. In fact, it provided access to IPCHEM (Information Platform for
Chemical Monitoring) platform. IPCHEM, envisioned by the European Commission and
developed by JRC, allows for European-wide data sharing in the areas of environmental
monitoring, human bio-monitoring, food and feed, products and indoor air quality.
This report summarizes the activities carried out over a two-year period by 14
organizations and over 50 researchers and technicians. A close-knit, enthusiastic
team characterized by a high degree of interdisciplinarity has collected and analyzed
a wide range of information as well as developed an analytical approach useful in other
circumstances. The completion of this report coincided with the first wave of SARS-CoV-2
pandemic in the spring of 2020. It is therefore important to underline the commitment
of researches and integrated water management enterprises to understand if drinking
waters and wastewater could be a tool for tracing viruses. I am particularly proud of this
effort, carried out in open collaboration and in difficult working conditions, as it represent
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the resilience of our ecosystem as well as a key feature of technological clusters.
LE2C, starting from the results of the Working Group, is disseminating its content and
contributing to the objectives of the Smart Specialization Strategy for Research and
Innovation (S3) of the Lombardy Region. In addition, LE2C is enhancing the innovation
potential of our territory and promoting it in Italy and Europe with the ultimate goal of
getting closer to a sustainable development model for our planet. This path, as clearly
highlighted by ASviS (Italian Alliance for Sustainable Development) recent analysis
on “The impact of Coronavirus crisis on sustainable development in Italy”, is even
more complex. For this reason, we hope that the commitment, dedication and open
cooperation attitude to sharing of the working group participants is a stimulus for further
similar initiatives at national and international level.
Special thanks to the whole team and in particular to Gianni Tartari and Giovanni Bergna,
coordinators of the Water Energy Nexus focus area of LE2C, for having been able to
interpret their role with such enthusiasm as to involve an increasing number of qualified
experts in the sector and reach some of the targets set by LE2C 2017-20 Strategic Plan.
Organization of the Report
The Report, as shown in the diagram below, is structured in a central section, including the
summary of data provided by Data Owners and elaboration and interpretation (Chapter
1), the state of knowledge on treatment technologies (Chapter 2) and on microplastics in
the aquatic environment (Chapter 3).
In the scheme below are also quoted the two Questionnaires used for the surveys on
treatment technologies and on microplastics, which were distributed to technicians and
operators of Integrated Water Services in Lombardy (Annex 1 and Annex 2).
Finally, the Appendix 1 indicates the section where are analysed the publications,
produced by the GdL-MIE experts and their collaborators in the last 20-years, highlighting
the evolution of the target of emerging pollutants studied.

Chapter 1

Questionnaire sent to SII

Data of micropollutants in Lombardy’s
water bodies carried out by ARPA, SII
Companies and Research Institutes
(2009-2019)

Chapter 2
Report

EMERGING
POLLUTANTS

Treatment technologies:
efficiency in containing
emerging micropollutants
and research needs

Chapter 3
Microplastics in water bodies:
available knowledge, need for
research and treatment
technologies
Questionnaire sent to SII
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Description of the contents of the Report
The main part of the Report is dedicated to the description of the micropollutants
and microplastics in Lombardy waters. In this section are described: the results of the
elaboration of the data on organic micropollutants provided by the Data Owners, the
review of the state of the art of waste and drinking water treatment technologies and the
diffusion of microplastics.
Before and after this central part, the report introduces elements to outline the scientific
context in which the activity of the working group is to be placed, paying particular
attention to the type of micro-pollutants considered and the approach given to the
problem of microplastics. In the concluding part of the Report has a series of appendices
dedicated to specific aspects. Among these, it is worth to highlight Appendix 1 which
reports an in-depth analysis of the scientific publications on organic micropollutants
(over 250) produced by the participants in the working group and their collaborators
over a period of approximately 25 years.
The main chapters of the Report and the breakdown of the topics covered are listed
below.
Introduction
The scientific context in which the GdL-MIE Report operates
Organic micropollutants in water bodies
Microplastics: an emerging problem
Micropollutants and microplastics in Lombardy waters
1. Collection, processing and interpretation of data on emerging micropollutants in Lombardy waters
1.2 Data source
1.3 Space Coverage
1.4 Processing Methodology
1.5 Risk assessment
1.6 Results
1.7 The case study of Lake Maggiore (Detailed analysis of the CNR-IRSA/CIPAIS dataset)
1.8 The case study of PFAS in Lombardy (Detailed analysis of the CNR-IRSA dataset)
1.9 The case study of drugs in Lombardy: detailed analysis of the Mario Negri dataset
2. Contamination and removal of emerging micropollutants in wastewater and drinking waters
2.1 Context and purpose
2.2 The cognitive situation in Lombardy: wastewater treatment
2.3 Setting up treatment chains for drinking and waste water
2.4 Biological processes for wastewater treatment
2.5 Advanced MIE removal processes: principles and influencing factors
2.6 Drinking waters: applicable processes and their removal yields
2.7 Wastewater: applicable processes and their removal yields
2.8 MIE in sewage sludge: an introductory overview
2.9 Directions for the completion of the cognitive framework in Lombardy
2.10 The Swiss Strategy
2.11 Planning support tools
2.12 MIE monitoring and technical quality of the Integrated Water Service
3. Microplastics in the aquatic compartment
3.1 Introduction
3.2 Definition, classification and regulatory perspective
3.3 MP sampling methods
3.4 Microplastics analysis methods
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3.5 Sources, presence and behavior in the environment (natural waters and sediments)
3.6 Aspects related to ecotoxicity, human toxicity and food safety
3.7 Behavior in drinking water treatment plants
3.8 Behavior in municipal sewage treatment plants (water and sludge)
Appendices
Appendix 1 - Review of the publications of the GdL-MIE Experts
Appendix 2 - Normative Review
Appendix 3 - Acronyms
Appendix 4 – Essential Glossary
Appendix 5 - List of GdL-MIE participants
References
Annex
Annex 1 - Questionnaire on micropollutants in wastewater treatment plants
Annex 2 - Questionnaire on microplastics in Water Service plants
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The GdL-MIE approach
Chemical pollution represents a planetary problem, known since the 1960s. However,
there is still a lack of information about the effects of the thousands of molecules that
are released into the environment and, above all, about their properties and the amounts
produced, responsible for their potential toxic actions on organisms and humans.
The Regional Environmental Protection Agency, three companies that provide the
Integrated Water Service in the Milan metropolitan area and in Brianza (MM S.p.A.,
Gruppo CAP S.p.A., BrianzAcque s.r.l.), four universities (Politecnico di Milano, Università
degli Studi di Milano Bicocca, Università degli Studi dell’Insubria, Università degli Studi
di Brescia), two research institutions (CNR-Istituto di Ricerca Sulle Acque, Istituto di
Ricerche Farmacologiche Mario Negri) and a company operating in the treatment of
urban and industrial wastewaters (Lariana Depur S.p.A.) have joined the GdL-MIE. Two
General Directorates of the Lombardy Region and the Joint Research Centre of Ispra (JRC)
provided their support. In the course of the work, the GdL-MIE started three Working
Subgroups (SdL) named: SdL-Elaborazione e Interpretazione dei dati (Data Processing
and Interpretation); SdL-Tecnologie (Treatment technologies); SdL-Microplastiche
(Microplastics).
The data collection included also substances that are regularly monitored, as nutrients,
traditional pollutants and physico-chemical parameters, in order to provide a more
thorough characterization of the concerned area and an overall view of exogenous
contamination of the environment.
Objectives
The aim of this report is to produce a synthesis of the knowledge on the diffusion of
both “conventional” and emerging pollutants in groundwaters, rivers, lakes, drinking
water, wastewater, sediments, biological matrices. The critical issues, in terms of lack
of knowledge were highlighted basing on a rigorous methodological approach and a
simple but exhaustive representation of the data provided by the six Data Owners (ARPA
Lombardia, MM, Gruppo CAP, BrianzAcque, CNR-IRSA and IRFMN).
A section was dedicated to the technologies for removing emerging pollutants in water
and wastewater treatment plants (WWTP), supported by the results of a survey carried
out at regional scale. The approach to the problem of microplastics was similar, being
supported by a survey involving companies of the Integrated Water Service (SII) and
providing the state of the art of research and current knowledge.
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Azzellino A, Antonelli M., Cantoni B., Castiglioni S., Di Guardo A., Giglioli S., Guzzella L.,
Malacrida C., Polesello S., Tani S.
The chapter presents the elaborations carried out within the GID sub-working group
dedicated to the management, processing and, where possible, first interpretation of
the collected datasets. The main objectives of this study are on one hand to highlight the
availability of existing information and its regional coverage and on the other hand to provide
detailed analyses on the most complete datasets produced by studies specifically focused on
micropollutants which included abiotic and biotic components.
The information sources considered in the study were ARPA Lombardia’s institutional
databases on surface water (lake and river) and groundwater, and, for groundwater only,
the databases of water service operators: MM (for the city of Milan), Gruppo CAP (for the
metropolitan city of Milan), BrianzAcque (for the provincial territory of Monza and Brianza).
The knowledge framework was completed by the datasets provided by the research
institutes/commissions on specific micropollutants, namely: the database on PFAS of the
Water Research Institute (CNR-IRSA), relating to river, groundwater, lake water and related
analyses on the biotic compartment; the CNR-IRSA/CIPAIS database relating to the measures
carried out on behalf of the International Commission for the Protection of Italian-Swiss
Water (CIPAIS) on contamination levels detected in the sediments and biotic compartments
of Lake Maggiore and Lugano and related tributaries; and, finally, the database of the Mario
Negri Institute for Pharmacological Research on drugs and personal care products detected
in wastewater, surface water and groundwater.
Dataset analyzed and methodological approach
Overall, more than 500 variables were analyzed, including macro-constituents, nutrients,
pollutants, physical and chemical water quality parameters. In total about 3,000,000
measurements have been collected for river water, 2,650,000 measurements for
groundwater and about 640,000 measurements for lake water, most of them referring
to the period 2009-2019. Regarding emerging pollutants, a total of almost one million
measures (9.77 105) were provided, of which 32.9% for rivers and 63.1% for groundwater,
while the remaining 4.0% concerned data for lakes, drinking and wastewater, sediments
and biological compartments. Most of the measures (97.2%) were provided by ARPA
and integrated urban water management operators (MM, CAP and BA). It is stressed
that most of the measurements (92.5%) were below the analytical limit of detection
(“Limit of Detection”, or LOD). Anyway, excluding the data below the LOD, the amount of
data used in this report is high and exceeds the 96500 units, with a prevalence (74.2%)
of the data provided by the Monitoring Bodies (EM): ARPA, MM, CAP and BA compared
to the data provided by the Research Bodies (ER: 25.8%). The relative abundance of the
data available for the different environmental components and the different sources are
shown in the figure below.
Biota
Drinking
waters
Sediments

Wastewaters

IRFMN
Rivers

ARPA
Lombardia

CNR-IRSA
/CIPAS

CNR-IRSA
BrianzAcque
Lakes
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Once the data had been collected, the temporal and spatial coverage, the analytical
detection levels (LOD) and the relative frequency of the values above the analytical
detection limit (> LOD) were evaluated for each of the monitored substances. For many
of the monitored substances, the frequency of the values above the LOD was found to
be 30-40% in the ARPA Lombardia dataset, while this frequency is lower than 20%
in the case of the water service managers’ datasets (MM, CAP and BrianzAcque). The
percentages of values above the LOD are much higher in the case of the databases
from research institutes, thanks to the lower LOD values obtained by sophisticated and
specific analytical instrument for the micropollutant analysis.
Regarding the spatial coverage, as reported in the map below, the datasets are fairly
homogeneously distributed over the entire territory of Lombardy. Moreover, the area
of Milan city is the area with the highest density of measurements, being the one
most affected by the monitoring networks of MM, Gruppo CAP, BrianzAcque, and the
measurement campaigns of the Mario Negri Institute of Pharmacological Research.
CNR-IRSA sampling of groundwater and drinking water is also more concentrated in and
around Milan.
EMPs data processing
After a first description of the available data sources, the effective compounds classified
as emerging micropollutants (EMPs) were identified. Being the definitions of emerging
micropollutant linked to the absence of specific regulatory limits, and being the
legislation in continuous evolution, many substances are supposed to change their status
of “emerging pollutant” over time. For this reason, in the context of this study for the
selection of parameters, reference was made to the list of emerging pollutants drawn up
periodically within the NORMAN network (www.norman-network.net). This list being
discussed within the panel of experts present in the NORMAN network and, therefore,
sufficiently consolidated.
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Therefore, three criteria have been established in order to select a list of substances
of concern for groundwater and surface water: a) inclusion of the compound in the
NORMAN list of emerging micropollutants; b) presence in the reference dataset of at
least 10 measurements with concentrations above the LOD; c) quantification of the
environmental risk calculated as the ratio between the maximum concentration detected
in the measurements and the threshold values: the threshold value or values defined by
Legislative Decree 152/2006, where available, and the ecotoxicological reference value
assessed through the Lowest PNEC, also extracted from the NORMAN database.
The data analysis showed how the exceeding probability of the risk thresholds is very
low. The substances with the highest risk quotient in groundwater were found to be the
organohalogen compounds for which exceedances of the legal limit are very frequent,
while for all other substances the exceedances of the legal limit are less than 1 % of the
available measures. For the Lowest PNEC, on the other hand, exceedances are less than
0.5 % for all the analyzed compounds.
In the case of river water, compliance with the legal limit is guaranteed for almost
all compounds with the exception of glyphosate, which has the highest percentage
of exceedances (around 18 %), while considering the EQS-MA (average annual
environmental quality standard) there is a very frequent exceedance for dicofol (almost
100 % of exceedances) and again for glyphosate. Finally, the Lowest PNEC is frequently
exceeded mainly by three compounds all also belonging to the large family of pesticides:
imidacloprid (30.16%), nicolsulfuron (100%) and dicofol (99.98%). As example of
the spatial restitution of the results of the elaborations, the following map shows the
distribution of excess of the risk for the herbicide terbuthylazine and the flame retardant
tris- (2-chloroisopropyl) phosphate in the river network in Lombardy.
Regarding lake waters, the exceedances of the legal limit are even rarer and the only
substance for which there is a relevant exceedance is a type of microcystine, a toxin
produced by cyanobacteria.
In-depth analysis
In-depth analyses were carried out on the datasets of CNR-IRSA, CNR-IRSA/CIPAIS and
the Mario Negri Institute of Pharmacological Research. In particular, the analyses carried
out by CNR-IRSA on the dataset produced during the campaigns of the International
Commission for the Protection of Italian-Swiss Water (CIPAIS), concerning the
concentrations found on agons and whitefish, have contributed to update the existing
knowledge about Maggiore and Lugano lakes, highlighting the decreasing trends in DDT
and PCB contamination levels and, the ten times lower contamination, of PBDE flame
retardants and Polycyclic Aromatic Hydrocarbons (PAH), possibly of petrogenic or
pyrogenic origin, which are both probably associated with discontinuous inputs arriving
at the lakes through tributaries.
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It is also interesting to note that, contrary to the other pollutants, Lugano Lake has higher
levels of PBDE contamination than Maggiore Lake.
As far as the analyses performed on PFAS by CNR-IRSA are concerned, since they were
carried out on different matrices and the compounds investigated were a dozen, a multivariate
analysis approach was used to better describe the variability present in the dataset and
identify the contamination patterns; separate analyses were conducted for each matrix. It
was thus observed that, although with some overlap in concentration values, drinking water
samples tend to have lower concentrations than groundwater. Cluster analysis allowed to
map the dominant quality profile for groundwater and river water, identifying which areas
had lower or higher contamination levels of the various congeners. The lake environment
was investigated by analyzing both the water and the biotic components of zooplankton and
ichthyofauna. The studied lakes have different PFAS contamination level and this pattern was
also confirmed by biota analyses. Interesting is the peak of PFOA contamination found in Iseo
Lake in the zooplankton and also in the ichthyofauna (agon) component although all other
congeners in this lake were significantly lower than the levels present in other lakes. Finally,
the analysis of the wastewater samples taken at the inlet of the WWTP showed that there
are differences in the contamination profiles due to the different PFAS congeners in the plants
belonging to different size classes.
In the case of the Mario Negri Pharmacological Research Institute dataset, the analysis of the
concentrations of drugs and other products used in personal care in the wastewater entering
the treatment plants of Milano Nosedo, Milano San Rocco and Peschiera Borromeo was
deepened. In this case, multivariate analysis was used to group substances according to their
concentration levels. Many of the 40 substances present in this dataset are in concentrations
just above the detection level (LOD). Some specific contamination profiles were then
identified for few specific substances. For example: two concentration profiles were identified,
mainly consisting of ibuprofen, paracetamol and atenolol, which, although not too different in
concentration, could be distinguished according to their weekly occurrence, being one of the
two profiles more frequent at the end of the working week and during weekends. In general,
these analyses supported the hypothesis that there are recurrent associations between drugs
and other biologically active substances in the wastewater and that the quality profiles due
to these substances may be characterized by a weekly and perhaps even seasonal variability.
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Antonelli M., Benzoni S., Bergna G., Bernardi M., Bertanza G., Cantoni B., Delli Compagni
R., Gugliandolo M.C., Malpei F., Mezzanotte V., Pannuzzo B., Porro E.
Research and innovation in the analytical field have allowed to detect the presence in
water of very low concentrations (in the order of ng L-1) of contaminants associated with
anthropic, industrial and domestic activities.
As illustrated in the following image, among the contaminants the so-called emerging
micropollutants (EMPs) represent a potential source of risk for man and the environment
and it is therefore necessary to implement appropriate actions to limit their spreading
in the environment. This implies a careful analysis of the operation of treatment plants,
both for wastewater and for drinking water, which are essential for the control of
pollution. Indeed, an appropriate operation of the treatment plants with respect to EMPs
prevents their release into the environment, preserving the natural resource and limiting
the contamination of drinking water. Moreover, drinking water treatments play a key role
in limiting the risks to the consumers.

Wastewater treatment processes
In Lombardy, there are a total of 1,790 wastewater treatment plants (WWTPs), which
represent the first step of the quality control in the anthropic cycle of water use. Only 411
of them have a potentiality of more than 2,000 PE (Population Equivalents) and are able
to guarantee a satisfactory removal efficiency regarding the conventional parameters. It’s
important to stress that the treatment processes adopted in a conventional WWTP are
inadequate to deal with more complex contamination problems, such as the presence of
EMPs. For example, only 6 plants in Lombardy are equipped with a tertiary treatment of
ozonation which is used primarily for color removal.
The treatment plants include a water line and a sludge line, and both have a role in
the removal of EMPs. The most widely adopted wastewater treatment process is the
activated sludge one, in which the removal of EMPs depends mainly on biodegradation.
However, biodegradation varies among plants and among the different EMPs. The
main process parameters affecting it, interconnected among them, are the redox
conditions, the hydraulic residence time and the sludge age. For example, for diclofenac,
erythromycin and 17-β-etinylestradiol, a positive effect of the sludge age increase on the
removal efficiency was observed. However, due to the very low concentration of EMPs,
the co-presence of a primary substrate allowing the production of enzymes for their
biotransformation by co-metabolism is necessary.
From the literature, data are often not perfectly consistent with regard to the extent
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of removal, in relation to multiple factors, often uncontrollable or unknown, and to
the different conditions under which the research has been carried out. For example,
for diclofenac some papers show poor removal (<40%), while others show effective
biodegradation (removal >70%). In general, poor removal efficiencies (<40%) have been
observed for atrazine, diazinon, carbamazepine, metoprolol, mefenamic acid, sulpyride,
bezafibrate; while high removal efficiencies (> 70%) were observed for bisphenol A,
caffeine, ibuprofen, 17-β-ethinylestradiol, 17-β-estradiol, estrone, naproxen, nonylphenol,
triclosan, acetaminophen or paracetamol, acetylsalicylic acid, fragrances, trimethoprim,
fluoxetine, ciprofloxacin.
Theoretically, MBR systems (membrane bioreactors) could allow more effective EMPs
removal than activated sludge systems due to the higher sludge age and to the adhesion
of hydrophobic compounds inside the membrane and/or on the substrate deposited
on its external surface, while the specific role the membrane is not relevant due to the
small molecular size of EMPs compared to the porosity of the membranes. However,
no significant differences between conventional and MBR systems have been found to
date. Similar hypotheses apply to biofilm systems; however, no scientific experience is
yet available in that context. Finally, it must be reported that for some compounds (e.g.
carbamazepine, ofloxacin, lamotrigine) increased concentrations have been detected
along the water line, likely due to the release of EMPs from fecal particles to the liquid
phase when the feces are decomposed by microorganisms, or to the re-transformation
of EMP metabolites to the parent compounds by microbial activity.
With regard to sludge, concentrations are highly variable due to the presence or absence
of the primary sedimentation and to the kind of sludge stabilisation process (aerobic or
anaerobic). Absorption has been identified as the main removal mechanism for some
drugs (e.g. carbamazepine and sulphamethizole), hormones (e.g. 17-β-etinylestradiol
and 17-β-estradiol) and some endocrine disruptors (e.g. nonylphenol and bisphenol
A). Generally, absorption on sludge seems to be significant for non-polar and lipophilic
EMPs, increasing with the organic matter and lipid content of the sludge, generally
lower in primary sludge than in secondary sludge. The analysis of the biotic and abiotic
transformation phenomena occurring along the sludge line, of their influence on the
EMPs concentrations in sludge particles and of the release of previously absorbed
substances into the supernatants is particularly complex. The limited number of studies
related to anaerobic digestion detected removals ≥85% for naproxen, sulfamethazole,
extrone, 17β-estradiol, between 65 and 85% for diazepam, galaxolide, tonalide, <40%
for ibuprofen and iopromide and null for carbamazepine. Some studies have observed
negative removal of 17-β-estradiol due to its formation, under anaerobic conditions, from
extrone.
As to activated carbon, in wastewater treatment it is chiefly used as PAC (powdered
Activated Carbon) rather than as GAC (Granular Activated Carbon) Activated carbon
is able to remove even more than 90% of a wide range of compounds: endocrine
disruptors (for example 17-β-etinilestradiol, 17-β-estradiol), herbicides, bactericides
and pharmaceuticals (among which diclofenac, carbamazepine, fluconazol, valsartan,
benzotriazol), and can also reduce bacterial cytotoxicity, genotoxicity and inhibition of
photosynthesis. On the contrary, activated carbon was shown to be uneffective on some
compounds as insecticides, flame retardants and solar filters.
Nanofiltration and reverse osmosis can remove effectively EMPs, reducing at the
same time the salinity, while the effects of ultrafiltration and microfiltration on EMPs
are negligible. The efficiency of reverse osmosis is below 50% just for few substances,
such as, for instance, paracetamol. However, the operation of reverse osmosis involves
high energetic costs and the removed contaminants are actually just transferred in a
concentrated flow whose correct disposal could be critical.
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Ozonation can be considered effective in controlling many categories of micropollutants
(endocrine disruptors, herbicides, bactericides and drugs), reducing also the toxicity of
the effluent on organisms of different trophic levels. However, high concentrations of
nitrite and residual organic matter may reduce the process effectiveness. Considering
ozone doses in the range 0.4 - 0.6 g O3 g DOC-1 highly reactive substances (removal
>80%) are azithromycin, bisphenol A, carbamazepine, ciprofloxacin, clarithromycin,
diclofenac, erythromycin, metoprolol, sulfamethoxazole, 17-β ethinylestradiol and 17-β
estradiol; benzotrop, benzotropol, botrotz and methylenbenzotriazole are characterized
by an intermediate reactivity (50-80% removal); finally, acesulfame, ioprimide,
primidone, atrazine and metformin are poorly reactive (removal <50%). A disadvantage
of ozonation is the possible formation of oxidation by-products, whose possible
ecotoxicity should be assessed by biological assays, especially if the treated effluents
are reused. Since ecotoxicity can be reduced by a subsequent biological treatment
step, some Authors suggest to adopt a post-treatment step with a sand filter or with
biologically activated GAC.
Drinking water treatment processes
The above-described processes (adsorption on activated carbon, ozonation and
separation on nanofiltration and reverse osmosis membranes) are often adopted to
remove conventional pollutants and micropollutants also to from water for drinking
purposes. Data from full scale plants are very rare, while more numerous are the studies
referred to “synthetic” matrices, characterized both by very high EMPs concentrations
compared to typical levels of environmental contamination, and by a content of
interfering compounds (such as natural organic matter or other pollutants) absent or
reduced compared to real matrices. Adsorption on activated carbon is currently identified
as the best available technology. Contrary to wastewater, activated carbon is normally
used in granular form (GAC) for the last treatment step of the drinking water plants, just
before final disinfection. Regarding ozonation and, more generally, chemical oxidation
processes, the ranges of EMPs removal efficiency are extremely wide, depending on the
mode of generation of reactive species and on the operating conditions, rather than on
the variety of EMPs molecules. The median removal efficiency in synthetic matrices is
high (>80% for almost all target EMPs). The highest variability in synthetic matrices
was found for diclofenac, while for estrogens the observed removal was almost always
>90%. The effect of treatment on bisphenol A and PFAS is markedly affected by the
aqueous matrix, with a median removal efficiency around 90% for synthetic matrices,
and around 20% and 10%, respectively, in real matrices. The combination of ozonation
and adsorption on activated carbon can be a useful solution to improve the removal
efficiency of EMPs and to reduce the risks associated with by-product generation.
The considerations made about the use of membrane separation for wastewater
treatment apply also to drinking water treatment: high removals (median efficiency
above 80%) are obtained with reverse osmosis and nanofiltration for almost all the
studied compounds, while ultrafiltration and microfiltration are confirmed as ineffective.
In the case of drinking water, the reduction of salinity deriving from reverse osmosis and
nanofiltration is an additional critical aspect.
Application strategies
The specific literature clearly demonstrates that there is no single treatment that can
effectively and completely remove all EMPs in a single step, except for reverse osmosis,
which has strong practical limits, both for wastewater and for drinking water. The
most appropriate EMPs reduction strategy necessarily involves the adoption of several
processes in series.
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In Switzerland, for example, it was decided to upgrade the existing plants by introducing
ozonation and adsorption on activated carbon. At federal level, priority was given to
plants designed for more than 80,000 PE, to those designed for more than 24,000 AE
discharging into lakes, and to those designed for more than 8,000 AE discharging in
watercourses with effluent/river water dilution <10%, for a total of about 100 plants (out
of 650).
Given the current lack of information on the situation of WWTP in Lombardy, it would be
useful to promote an analytical campaign on WWTP designed for more than 50,000 AE,
starting from 2021 and lasting at least three years, based on samples collected at least
every 4 months, and concerning at least PFAS, carbamazepine, diclofenac. The sampling
plan and the analytical methodologies should be discussed in advance among all the
involved parties in order to standardize procedures and to allow an effective analysis and
interpretation of the results, which should also be discussed collectively. In order to have
a complete picture at a regional level, it would be useful to proceed at the same way also
for drinking water by investigating, for each plant, the quality of the water source and its
level of exploitation and vulnerability, then considering how the methods of withdrawal,
treatment and distribution can affect the presence and removal of EMPs.
In the end, the importance of assessing the risks associated with the presence of EMPs
in the various matrices (treated effluents, water for drinking purposes) as a tool to guide
and prioritize interventions at plant and management level must be considered. In fact,
the monitoring of thousands of EMPs in different environmental compartments is not
feasible from an economic point of view, and monitoring campaigns carried out in a few
specific points of the system produce discontinuous information that may not reflect the
real state of contamination by EMPs and the related risks. Assessment and intervention
approaches based on risk assessment, and the associated integrated modeling of
water and wastewater treatment processes are now proposed by the World Health
Organization and adopted by the European Community (European Commission, 2018),
which has included them both in the proposal for a European regulation on minimum
quality requirements for treated effluents to be used for irrigation or groundwater
recharge, and in the revision draft of the Directive on water for human consumption.
It would therefore be useful, by selecting appropriate case studies, to evaluate the
application of methodologies based on quantitative risk analysis for the identification
of priorities and for the selection of the most adequate measures to upgrade water and
wastewater treatment plants.

25

3.

Microplastics in water bodies

3. Microplastics in water bodies

Malpei F., Antonelli M., Bergna G., Bernasconi M., Binelli A., Depero L.E., Di Guardo A.,
Federici S., Gabrielli M., Galafassi S., Gugliandolo M.C., Magni S., Malacrida C., Mossotti
R., Pedrazzani R., Sala A., Stefanoni M., Terzaghi E., Volta P.
Microplastics (MPs) have been found in every environmental compartment, including
biota. The definition of “microplastics” is still under discussion and it is likely it will evolve
in the future. Currently, MPs are mainly referred as: polymer particles between 1 μm and
5 mm. Nanoplastics, which are not dealt with in this report, have much smaller size,
between 1 and 100 nm. MPs are of anthropogenic origin and are composed of numerous
polymers (e.g. PE, PA, PVC, PS, PET, PAN) and functional additives.
A synthetic representation of the complexities to be addressed in managing the diffusion
of MPs in the environment is illustrated in the following image.
Origin and presence
MPs originate from many products (cosmetics, synthetic fabrics, disposable plastics,
tyres, etc.) of daily use. They are found in the environment due to several causes, the
first being the unproper disposal of plastic wastes, together with and aging and tearing of
plastic-based materials and textiles.
Microplastics are detected in almost all water bodies, at concentration that are however
highly variable worldwide. Some Authors consider the problem to be, to date, present
mainly in some areas of the planet.
However, it is a topic that need to be investigated throughout, to understand the risk
level of MPs for humans and ecosystems and, therefore, if necessary, the prevention and
control methods to be implemented.
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In this framework, the correct scientific and technical dissemination to the various
stakeholders, decision-makers and the population must promote awareness on the
problem, underlying what is known but also the many aspects that need to be yet deeply
researched. This is aim of the chapter, based on the present state of art, that is however
evolving very quickly with continuous updating and expansions. The state of the art is
summarized below and followed by some general conclusions and indications.
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What are the regulatory perspectives?
The European Commission launched in 2018 the “A plastics strategy for a circular
economy”, limiting or prohibiting the deliberate addition of MPs in many products
to reduce their dispersion in the environment. Some countries, including Italy, have
introduced a ban on the marketing, from 1 January 2020, of cosmetic products containing
microbeads. This is an important first step, even if an effective strategy can only be
achieved thanks to a clear scientific vision of the problems deriving from MPs, which will
allow the development of standards and regulations shared by all European countries
and beyond, to which Italy can certainly make an important contribution.
How are they sampled and measured?
Sampling depends fundamentally on the environmental matrix considered. In order for
the measured MPs value to be representative, many samples must be taken in the matrix
under consideration. For the sampling of rivers, lakes and the sea, plankton nets are used,
dropped into the water from permanent structures in the case of rivers, or dragged from
a boat in the case of lakes. For wastewater, more series filtrations are required, due to
the high concentration of particulate matter. In drinking water, sampling procedure must
be very accurate to avoid contamination, given the small presence of microplastics.
After sampling, several pre-treatments, always matrix-dependent, are required to purify
MPs from other materials and make it possible to measure them by applying different
techniques. The next image provides an overall

How many and where are they, why do they originate and how do they spread in
aquatic environments?
Data on the presence of MPs in water are relatively recent, although studies are
increasing. In European rivers and lakes there are from a few units to a few hundred
particles per cubic meter. As for sediments, although the available data are scarce, the
values generally seem to be higher. With reference to Italy, the data are still very few.
MPs can reach surface water bodies by several routes, mainly: runoff to water bodies
of particles present on the soil; transport of inadequately disposed plastics directly
into water bodies; raw wastewater discharge; effluents from wastewater treatments
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plants and overflow of combined sewers during meteoric events. Due to their general
refractoriness to degradation, MPs are extremely persistent in the environment, but they
are generally reduced in size over time due to mechanical actions and ageing.
Are MPs toxic?
The danger of MPs to humans and aquatic organisms is a highly debated topic. There
is experimental evidence showing that MPs, whether ingested or breathed in, can
penetrate the tissues of living organisms. Their actual toxicity has yet to be assessed and
quantified, also given that these studies often use in laboratory tests concentrations of
MPs much higher than those found in the environment are and that the standardization
of the assays used to assess the toxicity of MPs are lacking.
Finally, attention must be paid not only to the intrinsic hazard of MPs, but also to the
possible effects of the additives present (plasticizers, pigments, etc.) and of chemical
substances and pathogens that may eventually adsorb on their surface.
Are they in drinking water and what happens to them in drinking water treatment
plants?
Given the presence of MPs in freshwater sources for potable water supply (groundwater,
rivers, lakes), drinking water treatment plants can be an important barrier for the final
consumer. In fact, it should be underlined that there is a general lower presence of MPs
in distributed drinking water than in bottled water. Concerning the role of drinking water
treatment plants, studies are still limited in number but show good capacities of MPs
removal by some processes, mostly present in surface water treatment plants. However,
further studies are needed to validate the operating conditions under which such
removal takes place and monitoring data on existing plants are not yet sufficient to allow
generalizations.
Are there in municipal sewage and what happens to them in treatment plants?
Based on the studies conducted, the concentrations detected at the inlet of municipal
wastewater treatment plants range from a few units up to and over 1,000 MPs L-1.
The literature shows that the wastewater treatment plants, although not designed for
this purpose, operate a significant removal of microplastics, up to 99% in some cases.
Tertiary filtration and membrane treatments coupled with a biological phase are the
most effective phases, followed by primary sedimentation.
However, it should be noted that: a) removal consists mainly in separation and transfer
to sludge, an aspect that has not yet been studied and to which it will be necessary
to pay full attention in the future; b) there is generally a wide variability and poor
comparability of data obtained by different authors, as a consequence of factors such
as different methods of sampling and analysis, accuracy, general non-standardization
of the accompanying information (size, shape, etc.); c) systematic and generalizable
knowledge is not yet available.
Recommendations
Based on the study carried out by the MPs SdL, the GdL-MIE recommends supporting
and promoting interdisciplinary and shared researches, both on general topics and with
specific reference to for the Lombardy territory (where data are yet very scarce, as for
the whole Italy), aimed at:
• the development of sampling and analysis methods capable of providing comparable
and complete data in terms of at least shape, size, composition, number and weight;
• the planning of measurement campaigns in order to represent and quantify the
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presence and typology of microplastics in water bodies and in different water sectors;
• the assessment of environmental risk, exposure and effects on human health and
ecosystems;
• the broad assessment of removal efficiency of microplastics in existing wastewater
and drinking water treatment plants and of the fate of the removed microplastics,
aimed at preparing guidelines on how to achieve and/or optimize the removal at given
values;
• the promotion of liaison actions and the presence of experts from the Lombardy
Region at technical, scientific and regulatory tables dealing with microplastics, both
at national and international level;
• the dissemination of correct scientific information to the different stakeholder
objects, also to understand the impact of possible mitigation measures and the social
perception of the issue.
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REMARKS

Closing Remarks

The report is the product of the survey work developed by GdL-MIE whose first objective
was to draw a picture of the available knowledge on emerging pollutants and microplastics
in Lombardy. For this reason, the GdL-MIE did not foresee a conclusive synthesis in this
document, both because it seemed more correct to collect in the text the evaluations and
observations of merit, but above all because the topics dealt with are in continuous and
rapid evolution and it seemed unrealistic to reach conclusions that in a short time would
be surpassed by the new knowledge. The document, therefore, photographs the current
situation and provides the reader with a large and complex amount of information that
may represent the starting point for further in-depth analysis of the topics dealt with.
The report, in all cases, is not an exhaustive image of the problem dealt with and the GdLMIE is aware that many aspects have not been considered as relevant as the technical
ones dealt with. An example for all is an in-depth analysis of the roles and tasks that the
Integrated Water Service can play in the growth of safety standards in drinking water
use and the return of water to the environment, through the application of the principles
pursued by the Water Safety Plans and the Sanitation Safety Plans as tools to support
implementation. A broader reflection, however, would have made it necessary to involve
other subjects, starting, for example, from representatives of industry and agriculture, to
identify processes and manufactures with an impact, suggest shared solutions for the
mitigation and containment of emerging pollutants, as well as the adoption of possible
extended responsibility schemes. All this, however, was a different objective from the
one pursued by the GdL-MIE, because the experts involved in such an objective should
have not technical/scientific but technical/managerial skills and a prospective horizon
aimed at the context of strategic management and not addressed, as has been done
in this volume, to aspects related to the advancement of research and the efficiency
of monitoring the quality status of water bodies in relation to emerging pollutants and
microplastics. An objective of this kind could be addressed downstream of the experience
of the GdL-MIE, starting from the image of the Lombardy situation that the results of this
work have made available to stakeholder.
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Appendices
The appendices constitute an important supplementary part of the Report because they
contain technical elements to support the understanding of the document (Normative
Review, Acronyms, Essential Glossary) as well as the list of participants.
The first appendix, on the other hand, is an original contribution presenting the results
of a study on the evolution of the attention paid by researchers to various organic micropollutants. The review is based on 253 articles covering a time span of just under thirty
years (1992-2020) published by the experts who participated in the GdL-MIE and by
their collaborators, for a total of 550 Authors.
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The graph below shows the results of the trend in the number of publications of studies
on organic micropollutants over the last 20 years. The graph shows a five-fold growth
in articles over the period, but also the different trend that distinguishes two types
of pollutant groups: traditional, generally meaning those well-known and subject to
regulatory control, and non-traditional emerging ones. Finally, the graph also shows the
different trend between the number of publications concerning emerging contaminants
(EC) and endocrine-disrupting chemicals.
This result scientifically qualifies the group of experts who participated in the activities of
the WG-MIE but underlines how the research on emerging pollutants is growing rapidly
and can provide valid knowledge bases for the actions that can be implemented by the
control and management agencies.
Institutions participating in the GdL-MIE
In this table is reported the list of the institutions involved in the GdL-MIE with indication
of the Data Owners that have provided the data used in the study of emerging pollutants
in Lombardy.
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Institutions

Web-site

Acronym

ARPA Lombardia
BrianzAcque s.r.l.
Gruppo CAP S.p.A.
Istituto di Ricerca Sulle Acque
Istituto di Ricerche Farmacologiche Mario Negri
MM S.p.A. Servizio Idrico
Joint Research Centre, Ispra (Va, Italy) Directorate F
Lariana Depur S.p.A.
Lombardy Energy Cleantech Cluster (LE2C)
Politecnico di Milano, DICA
Regione Lombardia (2 Direzioni Generali)
Università degli Studi dell’Insubria, DiSAT
Università degli Studi di Brescia, DIMI, DICATA
Università degli Studi di Milano Bicocca

https://www.arpalombardia.it
http://www.brianzacque.it
https://www.gruppocap.it
https://bit.ly/2U9hYUd
https://www.marionegri.it
https://bit.ly/3bfwvmG
https://bit.ly/2Wxhh8v
http://www.lariana.it
http://www.energycluster.it/it
www.dica.polimi.it
https://bit.ly/3dgiyH9
https://bit.ly/2J0Y4En
https://bit.ly/2wo5VZZ https://bit.ly/2Wv6ax6
https://www.disat.unimib.it/it

ARPA
BA
CAP
CNR-IRSA
IMN
MM
JRC
LD
LE2C
POLIMI
RL
UNI Insubria
UNI Brescia
UNI Bicocca

Data
Owner
X
X
X
X
X
X

