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Abstract

The Baltic Sea is a shallow, semi-enclosed basin highly sensitive to land-based pollution. EU Urban Wastewater
Treatment Directives (UWWTDs) underpin HELCOM Baltic Sea Action Plan objectives by reducing point-source
loads. Directive 91/271/EEC drove WWTP upgrades and major declines in organic matter and nutrients, supporting
eutrophication mitigation and bathing-water quality. The recast UWWTD (Directive (EU) 2024/3019) has strength-
ened municipal wastewater nutrient management and introduces requirements for the implementation of quaternary
treatment addressing hazardous substances. In the study, the key cost drivers, affordability constraints, as well as the
need for prioritisation and transparent communication are discussed, with a focus on Poland.
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p.e. — population equivalent

REFIT - Regulatory Fitness and Performance
e UWWTD - Urban Wastewater Treatment Directive
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1. Introduction

1.1 The Baltic Sea as a semi-enclosed marine basin
subject to multiple land-based pressures

The Baltic Sea is a shallow, brackish and semi-enclosed
marine basin that drains a catchment area of about 1.6-1.7
million km? (HELCOM, 2021). Due to its distinctive hydro-
graphic and geomorphological characteristics, restricted
water exchange, strong stratification in parts of the basin,
and relatively long residence times, the Baltic Sea is fre-
quently described as a “model” or “indicator” system for
other coastal and shelf seas. In such systems, the cumula-
tive effects of multiple anthropogenic pressures and miti-
gation measures can manifest comparatively rapidly.

The drainage basin of the Baltic Sea encompasses some
of the most industrialised regions of northern and central
Europe. It is inhabited by over 82 million people across 14
countries, of whom approximately 46% reside in Poland
(HELCOM 2021). The total long-term mean flow rate of
all rivers discharging into the Baltic Sea is about 15,200
m3 s~1, of which approximately 1,655 m3 s™! (= 10.9%)
drains into the Baltic Sea via the Vistula (1,081 m3 s™1) and
the Oder (574 m3 s™1) rivers (Skowroriska et al., 2009).

The input of pollutants into the marine environment
largely depends on human activities within the catchment
area. In particular, agriculture, as well as municipal and
industrial wastewater management, is key for pollutants of
concern, including nutrients, hazardous substances,
microplastics, and microorganisms (HELCOM, 2021). It
should be highlighted that meteorological and hydrograph-
ical conditions (precipitation/evaporation, runoff dynam-
ics, and episodic high flow events) can substantially influ-
ence the mobilisation and transport of contaminants from
both diffuse and point sources mentioned above.

Land use patterns across the catchment reflect a north-
south gradient: northern areas are dominated by forests
and peatlands, whereas the southern and south western
parts are characterised by intensive cultivation. In Poland,
agricultural land accounts for roughly 60-61% of the na-
tional geodetic area, while forests and woody or bushy
land represent about 30-31%; the remaining area com-
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prises built-up/urbanised land, waters, and other cate-
gories (Statistics Poland, 2024). The Baltic Sea is also
among the world’s busiest regions for maritime transport,
while at the same time supporting intensive coastal tourism
and offshore recreational activities (European Commis-
sion, 2025b).

The political and legal response to eutrophication in
the Baltic Sea has evolved over time. Increasing nutrient
loads and recurrent algal blooms in the 1960s-1970s cre-
ated the background for negotiating the 1974 Convention
on the Protection of the Marine Environment of the Baltic
Sea Area (Helsinki Convention, 1974, 1992; Elmgren et al.,
2015). This Convention was the first regional agreement
to address pollution from land-based sources, dumping,
shipping and airborne inputs. It also established the Baltic
Marine Environment Protection Commission (HELCOM)
as the governing body responsible for its implementation.
A subsequent political commitment in 1988 to reduce nu-
trient and hazardous substance inputs by 50% by 1995
(HELCOM, 1988, 1998) paved the way for more compre-
hensive frameworks, most notably the HELCOM Baltic Sea
Action Plan (BSAP), adopted in 2007. The BSAP trans-
lated broad regional objectives into country-allocated nu-
trient reduction targets (CARTSs), complemented by lists of
sector-specific measures, timetables and indicators (HEL-
COM, 2007; HELCOM, 2007b). The initial BSAP aimed to
reduce eutrophication and other pressures on the Baltic
Sea ecosystem and to achieve good environmental status
of marine water by 2021. The nutrientreduction scheme
based on basin-wise Maximum Allowable Inputs was also
introduced, estimated at approximately 21,000 Mg of P
and 600,000 Mg of N per year for the Baltic Sea as a whole
(HELCOM, 2007; HELCOM, 2007b).

In 2013, HELCOM revised the Nutrient Reduction
Scheme by recalculating the Maximum Allowable Inputs
and the Country-Allocated Reduction Targets based on up-
dated eutrophication targets (HELCOM, 2013). For Poland,
the revised targets required annual reductions of 43,610
Mg of N and 7,480 Mg of P in total inputs (from land and
air) relative to the 1997-2003 reference period (HELCOM,
2013). Scientific assessments suggest these reductions
correspond to approximately 30% of Poland’s total nitro-
gen inputs and 66% of total phosphorus inputs to the Baltic
Sea (Pastuszak et al., 2018). The BSAP update adopted in
2021 reconfirmed eutrophication as a core priority along-
side biodiversity, hazardous substances, microplastics and
marine litter, as well as the sea-based activities.

The 2021 BSAP update also reformulated the regional
nutrient-reduction framework by replacing the earlier
Country-Allocated Reduction Targets (CARTs) with Nu-
trient Input Ceilings (NICs) (HELCOM, 2021; HELCOM,
2023a). NICs define maximum inputs of nutrients via wa-
ter and air that are compatible with achieving good status
with respect to eutrophication in Baltic Sea sub-basins
(HELCOM, 2021). For Poland, the transboundary-river
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NICs assigned to the Vistula and Oder river systems are
70,062 and 43,923 t y‘1 for total nitrogen (TN), and 2,240
and 1,365 t y~! for total phosphorus (TP), respectively
(HELCOM, 2023a). Thus, the combined Polish NICs for
these two river systems amount to 113,985 t y~! for TN
and 3,605 t y~! for TP (calculated from HELCOM, 2023b).
In 2023, the total loads of TN and TP transported to the
Baltic Sea via the Vistula and Oder rivers were 137,519 t
and 4,229 t, respectively (Zalewska et al., 2025). These
loads corresponded to approximately 121% of the com-
bined TN ceiling and 117% of the combined TP ceiling;
expressed inversely as the ceiling-to-load ratio, this repre-
sents about 83% and 85% target achievement, respectively.
The remaining exceedances were therefore about 23,534 t
TN and 624 t TP. These figures underline the continuing
importance of nutrient-control measures in Poland and
justify the Polish case study in the context of Baltic Sea
protection.

The relevance of the recast UWWTD is therefore two-
fold: it supports BSAP eutrophication targets through
stricter wastewater-collection and tertiary-treatment obli-
gations, while its quaternary-treatment provisions address
the BSAP hazardous-substances objective by targeting se-
lected wastewater-derived organic micropollutants (HEL-
COM, 2021; UWWTD, 2024).

In practice, meeting nitrogen and phosphorus reduc-
tion requirements relies heavily on improvements in mu-
nicipal and industrial wastewater treatment, complemen-
ted by measures reducing diffuse agricultural losses and
atmospheric nitrogen emissions, reflecting the multi sec-
toral approach embedded in the eutrophication segment
of the BSAP and subsequent HELCOM recommendations.

1.2 Frameworks supporting the protection of the Baltic
Sea: the role of EU urban wastewater directives
(UWWTDs)

Since the introduction of the activated sludge concept in

the early twentieth century (Ardern and Lockett, 1915),

municipal wastewater treatment has evolved from a pri-

marily sanitary intervention into one of the most conse-
quential technological pillars of freshwater and coastal-
water protection (Figure 1). Over subsequent decades, the
technology of activated sludge was repeatedly modified
and intensified to address eutrophication drivers in ad-
vanced biological nutrient removal configurations. In the

Baltic Sea context, these upgrades have been essential for

reducing point-source nitrogen and phosphorus loads and

supporting regional commitments under HELCOM and the

Baltic Sea Action Plan.

A central component of the EU regulatory framework
enabling substantial reductions in nitrogen and phospho-
rus inputs from point sources has been Council Directive
91/271/EEC of 21 May 1991 concerning urban waste wa-
ter treatment (UWWTD, 1991) (Figure 1). The directive
seeks to protect water resources from pollution and eu-
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Urban WasteWater Treatment Directive (UWWTD)

v

UWWTD from 1991 i, UWWTD from 2024
Directive 91/271/EEC | recast after 33 years ’) Directive 2024/3019
[
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energy — production of renewable energy from sewage sludge

water — reuse of wastewater and water recovery
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through quaternary treatment.
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Figure 1. Wastewater treatment processes and the EU Urban Wastewater Treatment Directives (UWWTDs) as instru-

ments for protecting the Baltic Sea
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Figure 2. Trend in the number of monitored bathing-water sites by quality class in selected Baltic Sea countries (European

Commission, 2025).
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trophication by requiring (i) the collection of urban wastew-
ater through sewerage systems and (ii) appropriate treat-
ment prior to discharge, with particular attention to limit-
ing nutrient emissions. Reducing nitrogen and phosphorus

at wastewater treatment plant discharges can yield rela-
tively rapid benefits in receiving waters. In contrast, the

control of diffuse nutrient sources, especially from agricul-
ture, is typically more complex and challenging to imple-
ment and is slower to translate into measurable ecological

improvements. HELCOM reporting indicates that inputs

from direct point sources discharging directly into the sea

have decreased since 1995 (by approximately 58% for TN

and 84% for TP) and, in 2022, constituted a minor share,
about 4.5% (TN) and 5.8% (TP) of total waterborne inputs

to the Baltic Sea (HELCOM, 2024). The implementation of
Council Directive 91/271/EEC (UWWTD, 1991) has also

indirectly contributed to improvements in the microbio-
logical quality of bathing waters across Europe, including

in the Baltic Sea (Figure 2).

Evidence syntheses supporting the REFIT evaluation
(the EU’s Regulatory Fitness and Performance review) indi-
cate that implementation of the UWWTD has achieved sub-
stantial reductions in emissions of organic matter, nutri-
ents and faecal indicator bacteria to surface waters, and has
contributed to improved compliance of inland and coastal
bathing waters with ‘excellent’ and ‘good’ microbiological
standards (Pistocchi et al.,, 2019).
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Nonetheless, an evaluation of the 1991 UWWTD (Coun-
cil Directive 91/271/EEC), carried out in 2019, concluded
that despite the directive’s overall effectiveness in reduc-
ing loads of conventional pollutants, several persistent and
emerging challenges were not fully addressed (European
Commission, 2019). The assessment grouped these short-
comings into three overarching problem areas: (i) residual
pollution from urban sources, including contaminants of
emerging concern and other non-nutrient pollutants insuf-
ficiently targeted by the treatment standards; (ii) insuffi-
cient alignment with evolving societal ambitions and EU
policy objectives, notably the European Green Deal and
the Zero Pollution approach; and (iii) uneven governance
and information management across Member States, re-
flected in persistent compliance gaps and outdated or non-
comparable reporting and public-information practices
(Table 1).

In late 2024, after 33 years, Council Directive
91/271/EEC on urban wastewater treatment (UWWTD,
1991) was recast and replaced by Directive (EU) 2024/
3019 (UWWTD, 2024) (Figure 1)). The recast strength-
ens the protection of the environment and human health
while explicitly linking urban wastewater management to
broader societal objectives, including climate mitigation
and adaptation, the transition to a circular economy, ac-
cess to sanitation for all, and enhanced transparency and
public information. In line with a One Health perspective,

Table 1. Principal problem areas identified during the evaluation of the 1991 Urban Wastewater Treatment Directive
(UWWTD, 1991), informing the recast (European Commission, 2019).

Principal problem area

Key elements highlighted by the evaluation

Residual pollution from urban sources
and contaminants of emerging concern

« Stormwater overflows and polluted discharges of urban runoff,
which are becoming more prominent and are mobilized

by more frequent and intense precipitation events under climate change;

¢ Small agglomerations and non-connected dwellings

not comprehensively covered by the original scope,

which may still pose pressure on receiving waters.

« Increasing concern regarding emerging contaminants

and other non-nutrient pollutants insufficiently

targeted by conventional WWTPs (e.g., pharmaceutical

residues and microplastics).

Insufficient alignment
with evolving societal ambitions
and policy objectives

* Need to modernise urban wastewater management so that it contributes more explicitly to:
(D) climate mitigation and adaptation (including improved sectoral energy performance,
measurable progress towards energy neutrality and reduced greenhouse-gas emissions);

(1) circular-economy objectives (including improved sludge management

and environmentally safe resource recovery, e.g., nutrients),

¢ Protection of human health and ecosystems.

Uneven governance and information
management across Member States

« Persistent compliance gaps and delays linked to governance arrangements,
administrative capacity and investment prioritisation

¢ OQutdated and divergent reporting and public-information

practices that do not fully exploit digitalisation reduce

comparability and can limit transparency for the public and regulators.
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it also introduces requirements for regular surveillance
of selected public health parameters in urban wastewa-
ter. Finally, the recast addresses the growing policy con-
cern regarding micropollutants by introducing quaternary
treatment and associated monitoring obligations.

This article provides a narrative policy analysis of the
recast UWWTD (Directive (EU) 2024/3019) and discusses
its implications for Baltic Sea protection, with particular
attention to implementation drivers and constraints in
Poland, including cost drivers, affordability and public ac-
ceptance.

2. Methods

The paper follows a narrative review and policy-analysis
approach focused on EU urban wastewater regulation and
its relevance for the Baltic Sea. The analysis emphasises
the transition from conventional treatment and nutrient
control towards advanced treatment for selected organic
micropollutants, and examines implementation implica-
tions using Poland as a case study.

2.1 Policy, legal document and literature analysis

EU legal acts (Council Directive 91/271/EEC and Direc-
tive (EU) 2024/3019) and key supporting policy docu-
ments (e.g., REFIT evaluation materials, Council voting doc-
uments and statements) were reviewed to extract require-
ments relevant to wastewater collection, secondary/ter-
tiary treatment, quaternary treatment, energy-neutrality
objectives, circular-economy provisions and monitoring/
transparent reporting obligations. To avoid terminological
ambiguity, the term “micropollutant” is used here in the
legal sense also introduced by Directive (EU) 2024/3019,
as substances within the meaning of Regulation (EC) No
1907/2006 (European Parliament and Council, 2006), in-
cluding their breakdown products, that are usually present
in the aquatic environment, urban wastewater or sludge
and may be hazardous even at low concentrations accord-
ing to Regulation (EC) No 1272/2008 (European Parlia-
ment and Council, 2008). Microplastic, as an important
wastewater-related pressure, is addressed separately un-
der the recast UWWTD as a particulate contaminants con-
taminant, and the Commission is required to adopt imple-
menting acts establishing methodologies for microplastics
monitoring in urban wastewater by July 2027 (UWWTD,
2024).

Peer-reviewed literature and regional assessments
were screened to support a targeted narrative evidence
synthesis on Baltic Sea pressures and wastewater-derived
organic micropollutants. Sources were selected for their
relevance to the UWWTD scope, the Baltic Sea catchment
and the interpretation of quaternary-treatment require-
ments. The purpose of this screening was to identify key
substance groups, occurrence evidence and treatment im-
plications, rather than to conduct a systematic review or
compile an exhaustive concentration database. National
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implementation progress and remaining gaps were sum-
marised using official Polish programme reporting (NP-
WWTP/KPOSK), national statistics on sewerage access,
and audit findings on governance and information man-
agement. These sources were used to contextualise how
new UWWTD obligations may interact with existing infras-
tructure deficits and planning constraints.

2.2 Cost and affordability framing

Indicative cost ranges for quaternary treatment and financ-
ing shares under extended producer responsibility (EPR)
were drawn from published EU-level cost models and im-
pact assessments. Affordability and social-acceptance con-
siderations were informed by comparative analyses of wa-
ter affordability and OECD evidence on the distributional
and social consequences of water and sanitation tariffs.
Findings from the above strands were integrated through
qualitative content analysis to identify recurring imple-
mentation themes (cost drivers, risk-based prioritisation,
monitoring and transparency, and public acceptance) and
to formulate implications for implementation planning in
Poland and the wider Baltic Sea region.

3. Result and discussion

3.1 Key operational requirements of the recast
UWWTD relevant to the Baltic Sea

The recast UWWTD expands regulatory coverage by low-
ering the agglomeration threshold from > 2,000 popula-
tion equivalents (p.e.) to > 1,000 p.e. and by strengthen-
ing environmental performance requirements. Compared
with the 1991 framework, it also strengthens and systema-
tises tertiary (nutrient) treatment by (i) requiring tertiary
treatment at urban wastewater treatment plants (WWTPs)
=>150,000 p.e. under a phased compliance schedule (30%
by 2033; 70% by 2036; 100% by 2039) and (ii) extending
tertiary-treatment obligations to WWTPs > 10,000 p.e. in
areas affected by, or at risk of, eutrophication, with full cov-
erage by 2045 (with intermediate milestones) (Table 2).
In addition, the directive sets explicit effluent limit values
for total nitrogen (TN) and total phosphorus (TP), with
stricter standards for larger plants (e.g., TN 8 mg/L and TP
0.5 mg/L for WWTPs > 150,000 p.e; TN 10 mg/L and TP
0.7 mg/L for WWTPs between 10,000 and 149,999 p.e.).

The most novel operational requirement in the recast
UWWTD is the formal introduction of ‘quaternary treat-
ment, aimed at removing a broad spectrum of micropollu-
tants. For WWTPs > 150,000 p.e., quaternary treatment is
mandatory under a progressive rollout: 20% of discharges
by 2033, 60% by 2039, and 100% by 2045. In addition, for
agglomerations between 10,000 and 150,000 p.e., quater-
nary treatment is required where discharges of micropollu-
tants represent a risk to the environment or human health.
By 31 December 2030, Member States must establish a list
of such areas, taking into account criteria related, inter
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Table 2. Key requirements of the Urban Waste Water Treatment Directive (1991) and the 2024 recast relevant to the

Baltic Sea.

Regulatory element

UWWTD 91/271/EEC baseline

Recast UWWTD 2024/3019

Relevance for the Baltic Sea
(nutrients/micropollutants)

Wastewater collection

Sensitive areas

Tertiary treatment

Quaternary treatment

Extended Producer
Responsibility (EPR)

Energy neutrality/
GHG emissions

Requirements applied
to agglomerations of
2,000 p.e.

Member States identified
’sensitive areas’ and
applied more stringent
treatment where relevant.

More stringent
(nutrient) treatment
required for discharges
into sensitive areas,
depending on size
thresholds

No formal quaternary-
treatment requirements
in the 1991 framework

Not applicable

No explicit
energy-neutrality

target; energy
performance not

a core compliance element

Extends the regulatory scope

down to agglomerations of 1,000 p.e.,
with a phased timetable for collection
and secondary treatment obligations
(including 1,000-2,000 p.e.
discharges from 2035)

Requires an updated national
listing approach, linked to
EU water and marine frameworks

Systematises nutrient removal:
mandatory and tighter removal
requirements for the largest plants
(2150,000 p.e.) and for 210,000
p.e. where eutrophication risk is
identified

Introduces quaternary treatment
targeting organic micropollutants;
mandatory for UWWTPs = 150,000 p.e.
and according to risk-based assessment
for WWTP from 10,000 to 150,000 p.e.

Applies EPR for pharmaceuticals
and cosmetics sector, requiring

to cover min. 80% share of eligible
costs for quaternary treatment
and associated monitoring

Introduces an energy-neutrality
objective (by 2045 for WWTPs
210,000 p.e.) and periodic energy
audits; links wastewater management
to decarbonisation and the

Green Deal

Improves coverage in smaller
settlements in the Baltic catchment;
potential to reduce uncontrolled
discharges and supports consistent
compliance, including in fast-
growing coastal towns

Supports harmonised identification
of eutrophication-relevant receiving
waters in a shared sea basin.

Targets controllable point-
source N and P loads;
supports meeting HELCOM/
BSAP reduction targets

in point-source segments

Limiting chemical pressures

in bathing waters, estuaries

and coastal zones where dilution
is low or ecological/social

value is high; addressing
micropollutants not captured

by conventional treatment.

Improves implementation feasibility
for advanced treatment and reduces
cost pressure on utilities and consu-
mers

Relevant for climate mitigation

and long-term operational resilience
of WWTPs in the Baltic Sea catchment
(including coastal tourism areas).

alia, to drinking-water abstraction catchments, bathing
waters, aquaculture areas, rivers and streams with a dilu-
tion ratio below 10, coastal and transitional waters, lakes,
and certain protected or regulated areas (e.g., Natura 2000
sites). According to Annex I, Part B, Table 3 of recast Di-
rective (EU) 2024/3019 the performance of quaternary
treatment is assessed against a minimum average removal
of 80%, calculated in relation to the influent load for se-

lected organic indicator substances (UWWTD, 2024). The
calculation must be based on at least six substances, with
the number of Category 1 substances (very easily treated)
being twice the number of Category 2 substances (eas-
ily disposed of). Category 1 includes amisulpride, car-
bamazepine, citalopram, clarithromycin, diclofenac, hy-
drochlorothiazide, metoprolol and venlafaxine, whereas
Category 2 includes benzotriazole, candesartan, irbesartan
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and a mixture of 4 methylbenzotriazole and 5 methylbenzo-
triazole. These categories should therefore be understood
as an operational indicator set for compliance assessment
rather than as a hazard-based ranking or an exhaustive list
of Baltic Sea micropollutants (UWWTD, 2024) (Figure 3).

Recent evidence underscores the importance of point-
source emissions of micropollutants in the Baltic Sea re-
gion. Kisielius et al. (2024) analysed 35 pharmaceuti-
cals and iodinated X-ray contrast media in effluents from
82 urban WWTPs across eight countries in the Baltic Sea
catchment, including 10 plants in Poland. The results con-
firmed the widespread occurrence of the investigated com-
pounds in treated wastewater. In the Polish subset, sev-
eral persistent and policy-relevant compounds occurred
at ug L™1 levels, with the highest national median concen-
trations reported for clarithromycin (0.17 ug L™1) and car-
bamazepine (1.91 ug L™1), thereby underlining the need
for advanced micropollutant removal and the protection
of sensitive receiving waters (Kisielius et al., 2024).

In addition to tightening effluent-quality requirements,
Directive (EU) 2024/3019 introduces an energy neutral-
ity objective for the urban wastewater sector (UWWTD,
2024). Under the recast, Member States must ensure, at
national level, that renewable energy generated on-site or
off-site by, or on behalf of, owners or operators of urban
WWTPs treating >10,000 p.e. is equivalent to 100% of the
total annual energy used by those plants by 31 December
2045. This target should be supported by four yearly en-

(@) Urban Wastewater Treatment Plants across
the Baltic Sea Catchment area

_ 1600
Number of urban waste water

treatment D|BI'V'.'> 1500
1642

I 1400

1300

51 1100

1000

800

wered by Bing
GeoNames, Microsoft, OpenStreetMap, TomTom

Poland
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ergy audits that identify cost effective measures to reduce
energy use and enhance energy recovery (e.g., biogas pro-
duction from sewage sludge and waste heat utilisation).
Advanced treatment requirements interact with this objec-
tive: quaternary processes can increase energy demand.
The recast UWWTD strengthens the circular economy ori-
entation of the sector not only through energy recovery
but also through resource recovery provisions, prioritis-
ing reuse, recycling and recovery of resources, particu-
larly phosphorus and nitrogen. Where environmentally
safe and feasible, the UWWTD also promotes the reuse
of treated wastewater; where reuse serves agricultural
irrigation, it must comply with Regulation (EU) 2020/741.

3.1.1 Micropollutants of concern in the Baltic Sea and rele-
vance of quaternary treatment
The relevance of quaternary treatment for the Baltic Sea is
supported by regional evidence on pharmaceuticals and
other wastewater-derived trace organic compounds. HEL-
COM/UNESCO assessments identify municipal WWTP ef-
fluents as an important pathway for pharmaceuticals in
the Baltic Sea region and indicate that anti-inflammatory
and analgesic medicines, cardiovascular agents and com-
pounds affecting the central nervous system are among the
most frequently reported groups (UNESCO and HELCOM,
2017). Direct seawater screening has shown that phar-
maceuticals are also present in Baltic coastal and offshore
waters; for example, Bjorlenius et al. (2018) detected 39
of 92 investigated pharmaceuticals, with carbamazepine

(bP) Number of urban waste water treatment plants across

the Baltic Sea catchment area

M Biological treatment with nitrogen and phosphorus removal
8 Biological treatment

Primary treatment

Denmark Sweden Finland Estonia Lithuania Latvia

Figure 3. Number (a) and treatment-level distribution (b) of urban wastewater treatment facilities in selected Baltic Sea
catchment countries; Germany is excluded because national totals are not directly comparable, as only about 8% of its
territory drains to the Baltic Sea catchment (HELCOM, 2023a)
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being widespread and persistent. More recently, Kisielius
et al. (2024) measured 35 pharmaceuticals and iodinated
X-ray contrast media in effluents from 82 WWTPs across
eight Baltic Sea catchment countries, confirming the con-
tinuous discharge of wastewater-derived micropollutants
from point sources. Selected micropollutants and contam-
inant groups relevant to Baltic Sea protection and their
implications for wastewater treatment are presented in
Table S1 (supplementary materials).

The substances listed in Directive (EU) 2024 /3019 are
therefore not an exhaustive inventory of Baltic Sea contam-
inants, but a compliance-oriented indicator set represent-
ing different chemical classes and treatment behaviours.
Diclofenac is especially relevant because it is both
a UWWTD Category 1 indicator substance and a HELCOM
pre-core indicator for the Baltic Sea (HELCOM, 2023). As
already mentioned, micropollutants are usually insuffi-
ciently controlled by conventional treatment. Thus, the
expected benefit of the recast UWWTD is a reduction in
continuous emissions from large WWTPs and risk-relevant
medium-sized agglomerations, especially where discharges
affect low-dilution rivers, transitional waters, coastal wa-
ters, and bathing waters. It is important to note that qua-
ternary treatment, such as ozonation, activated carbon
and membrane-based processes, can substantially reduce
many micropollutants, although removal remains
compound-specific, and persistent micropollutants (e.g.,
as mentioned in Category 2) may require combined treat-
ment (Ek Henning, 2023; Kosek et al., 2020).

3.2 Financing and implementation incentives for qua-
ternary treatment: Extended Producer Responsi-
bility (EPR)

A key enabling condition for deployment of quaternary

treatment under the recast UWWTD (UWWTD, 2024) is

its financing architecture, which uses the polluter-pays
principle through an extended producer responsibility

(EPR) scheme. Quaternary treatment is intended to re-

move a wide range of organic micropollutants and, in prac-

tice, typically relies on advanced processes such as ozona-
tion and/or activated carbon. In addition to significant
capital expenditure, these technologies generate substan-
tial operational costs, including higher energy consump-
tion, additional staffing needs and intensive monitoring.

Against this backdrop, Article 9 introduces EPR, shifting at

least 80% of eligible costs for quaternary treatment and as-

sociated monitoring from wastewater utilities and public
authorities to producers of product groups listed in An-
nex III (medicinal products for human use and cosmetic
products). The directive also provides for exemptions un-
der specified conditions (e.g., small quantities placed on
the market, rapid biodegradability, or no generation of
micropollutants at end-of-life).

A critical question is whether EPR-related costs will
be absorbed by producers or ultimately passed on to con-
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sumers and healthcare systems. Stakeholders have argued
that the competitiveness of EU-based producers could be
affected, although the scheme applies to all products placed
on the EU market, including those manufactured outside
the EU. From an affordability perspective, the ability of the
pharmaceutical and cosmetics sectors to absorb and man-
age these costs without unintended social impacts remains
contested. As a context indicator, in 2022 the pharmaceuti-
cal industry generated roughly €311 billion in gross value
added in the EU-27 (EFPIA/PwC, 2024). The European
cosmetics and personal-care market reached around €96
billion in retail sales value in 2023 (Cosmetics Europe,
2023). By comparison, the urban wastewater sector is
largely operated by small and medium-sized municipal
entities; according to Eurostat, net turnover amounted to
€25.2 billion in 2022 (Eurostat, 2025). These differences
in sectoral scale are part of the policy rationale for limiting
the direct tariff impact on wastewater users through EPR.

It should also be noted that EPR’s approach, by linking
financial contributions to the quantities and hazardous-
ness of substances placed on the market, can (at least in
principle) encourage substitution towards less hazardous
and/or more biodegradable substances, thereby support-
ing pollution prevention at source. Thus, EPR can function
as more than a financing instrument within the wastew-
ater sector. By addressing the source of pollution, it may
promote innovation in the pharmaceutical and cosmetic
industry to minimise pollution and the costs of its control
measures.

In an updated report by the European Commission’s
Joint Research Centre (JRC), Pistocchi (2025) notes that the
Commission’s impact assessment (IA) for the UWWTD re-
castassumed mandatory quaternary treatment for WWTPs
> 100,000 p.e., while for plants in the 10,000-100,000
p-e. range only where a risk-based assessment triggers
the requirement. In the adopted legal text, however, qua-
ternary treatment is mandatory for a smaller number of
WWTPs (=150,000 p.e.). As a result, the total EU-wide
cost of implementation should be lower than in the origi-
nal IA-scenario (Pistocchi et al., 2019), and is in the range
of roughly 1.48-1.8 billion EUR per year (at 2025 prices)
for full implementation of quaternary treatment by 2045
by EU-27 (Pistocchi, 2025). Under the IA-based cost model
applied to the adopted scope, the highest annual nominal
costs occur in Germany (€166.7 million), Spain (€116.4
million), Italy (€115.9 million), France (€94.6 million),
and Poland (€68.1 million) (Figure 4). Applying the direc-
tive’s minimum EPR share of 80% implies that, in these
countries, most of the incremental quaternary-treatment
cost would be financed by producers rather than through
water tariffs or municipal budgets. This allocation is par-
ticularly relevant for the Baltic Sea region: based on the
country-level estimates, the Baltic Sea EU Member States
(Denmark, Germany, Estonia, Finland, Latvia, Lithuania,
Poland, Sweden) together account for roughly one-third of
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Figure 4. Estimated according to Pistocchi (2025), annual costs of quaternary treatment by EU Member State, together
with indicative EPR financing shares. Member States are categorised by population size: a) < 20 million; b) > 20
million. Note: Values are model-based estimates (cost-function outputs) at the Member State level, not project-specific
investment budgets. EPR amounts reflect the Directive’s minimum 80% producer contribution; the remaining 20% is

shown illustratively as the residual share:

the EU-27 annual quaternary-treatment costs under the
[A-based model.

The Directive explicitly recognises the need to consider
potential national-level impacts on affordability and acces-
sibility of products, particularly medicines. In illustrative
calculations, the JRC suggests that, even under higher-cost
scenarios and assuming 80% EPR coverage, the implied
per-capita cost in 2045 remains on the order of a few euros
per year at the EU level (Pistocchi, 2025).

3.3 Polish case study

Upon its accession to the EU in May 2004, Poland com-
mitted to aligning its urban wastewater management sys-
tem with the requirements laid down in Council Direc-
tive 91/271/EEC (UWWTD, 1991). In this context, the
National Programme for Municipal Wastewater Treatment
(NP WWTP, 2023), adopted by the Council of Ministers on
16 December 2003, has served as Poland’s strategic imple-
mentation instrument for Council Directive 91/271/EEC.
The programme identifies agglomerations that must be
provided with collecting systems (sewerage networks) and
municipal WWTP, to ensure compliance with the Directive
(UWWTD, 1991). To date, NP WWTP has been updated
six times, in 2005, 2009, 2010, 2015, 2017 and 2022 (NP-
WWTP, 2023).

Between 2003 and 2022, implementation of NP WWTP
resulted in the construction of approximately 100,000 km
of sewerage network and the completion of 480 new mu-
nicipal WWTPs, with cumulative investment expenditure
of approximately PLN 91 billion. In 2022 alone, total in-
vestment outlays amounted to PLN 5.2 billion (NP WWTP,
2023). At the end of 2022, the total length of the sewer-
age network in Poland reached approximately 177,614 km
and 285 investments related to municipal WWTPs were
implemented, including four newly built plants (NP WWTP,
2023).

Overall, these results indicate substantial progress in
wastewater collection and treatment, including upgrades
to nutrient removal in large agglomerations. However, na-
tional statistics point to disparities between urban and
rural areas in access to sewerage networks and reliance
on individual systems. In 2024, 77.7% of residential build-
ings in urban areas and 40.5% in rural areas were con-
nected to sewerage networks (Statistics Poland, 2025a).
National audit findings have also highlighted challenges in
governance, investment planning and data quality, which
become directly relevant as new obligations (e.g., quater-
nary treatment) are introduced under the recast UWWTD
(Supreme Audit Office, 2022).

Poland has recognised the need to modernise the
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UWWTD framework and has broadly supported the Euro-
pean Commission’s vision for strengthening urban wastew-
ater regulation. Nevertheless, it expressed reservations
regarding the final compromise text. In a formal statement
(Council of the European Union, 2024), Poland emphasised
that substantial investment is still required to achieve full
compliance with Directive 91/271/EEC (e.g., sewer net-
work expansion, WWTP upgrades, monitoring of individ-
ual systems, and sludge management). Poland also noted
that extending the directive’s scope to smaller agglomer-
ations (1,000-2,000 p.e.) would entail very large capital
expenditure and higher operating costs, with expected
pass-through to wastewater tariffs, and that the final com-
promise tightened requirements and shortened certain
implementation timelines. It should also be noted that, in
the Council vote on the adoption of the recast UWWTD (Di-
rective (EU) 2024/3019), Poland - together with Hungary
- voted against, while Estonia abstained (Council of the
European Union, 2024).

Thus, acceptance of additional wastewater investment
is likely to be influenced by how costs are allocated among
user tariffs, public budgets, and EPR contributions, as well
as by the transparency of tariff-setting and communication
(OECD, 2020). A data analysis of water affordability across
23 European countries reported high affordability pres-
sures in Poland (Martins et al., 2023). This suggests that
tariff-driven cost recovery for advanced treatment, if not
accompanied by compensatory social measures, could face
legitimacy constraints and exacerbate the risks of water
poverty (OECD, 2020).

Poland also questioned the feasibility and the ‘true pol-
luter pays’ character of an EPR model that targets only two
sectors, pharmaceutical and cosmetic producers, while
other sources of micropollutants are not subject to EPR
obligations under the recast UWWTD. On 10 March 2025,
the Republic of Poland brought an action for annulment,
seeking (Case C-193/25), inter alia, the annulment of the
EPR provisions for micropollutants (Article 9(1) of Direc-
tive (EU) 2024/3019 in conjunction with Annex III) (Euro-
pean Union, 2025). The Court’s eventual approach to these
claims will be consequential for the legal durability and
political legitimacy of EPR as the key financing mechanism
intended to enable wide-scale deployment of advanced
treatment across the EU.

In Poland, the total number of urban WWTPs exceeds
1,500. Of these, approximately 45 plants serve > 150,000
p.e. and are therefore subject to mandatory quaternary
treatment; a further ~500 plants fall in the 10,000-
150,000 p.e. range, where quaternary-treatment obliga-
tions depend on the national risk assessment and the pri-
oritisation of identified areas (Figure 3). Additionally, a re-
cent regional assessment for the Mazovian Voivodeship,
representing approximately 10% of municipal WWTPs in
Poland, suggested that under the recast directive, nearly
half of plants above 10,000 p.e. would require moderni-
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sation for improved phosphorus removal, illustrating the
scale of upgrade needs beyond the largest agglomerations
(Karczmarczyk et al., 2025).

A further implementation-relevant issue concerns the
social acceptance of investments required under the recast
UWWTP. Survey-based studies in Poland indicate that sub-
jective assessments of tap-water quality are shaped mainly
by sensory attributes (taste, odour, hardness) and seasonal
variability, which can influence trust in public water ser-
vices and willingness to support tariffincreases (Ober et al.,
2021). At the same time, reviews of pharmaceuticals and
personal care products in the Polish water environment
underline that such substances are not routinely moni-
tored in a way that is visible to the public (Slésarczyk et
al,, 2021).

Evidence of localised impacts downstream of WWTP
outfalls can support communication efforts (Kosek et al,
2020; Kru¢ Fijatkowska et al., 2025), but it needs to be
translated into clear messages on environmental and health
relevance and on the effectiveness of implemented mea-
sures. In this context, targeted water literacy interven-
tions could facilitate the translation of technical measures
into measurable ecosystem and societal benefits, as public
awareness of the presence of emerging micropollutants in
water remains limited and uneven across the Polish popu-
lation (Oleksiuk et al. 2022).

A pragmatic implication for implementation planning
is that technical compliance pathways should be comple-
mented by a communication and engagement strategy, in-
cluding transparent reporting on micropollutant monitor-
ing, aclear explanation of cost drivers and financing (in-
cluding EPR), and explicit social safeguards for vulnerable
users where tariffs are affected.

4. Conclusion

Since the introduction of the activated sludge concept in
the early twentieth century (Ardern and Lockett, 1915),
municipal wastewater treatment has evolved from a pri-
marily sanitary intervention into one of the most conse-
quential technological pillars of freshwater and coastal-
water protection (Figure 1). Over subsequent decades, the
technology of activated sludge was repeatedly modified
and intensified to address eutrophication drivers in ad-
vanced biological nutrient removal configurations. In the
Baltic Sea context, these upgrades have been essential for
reducing point-source nitrogen and phosphorus loads and
supporting regional commitments under HELCOM and the
Baltic Sea Action Plan.

The recast UWWTD (Directive (EU) 2024/3019) pro-
vides a coherent regulatory architecture that can strength-
en the Baltic Sea protection agenda by tightening nutri-
ent controls, addressing wet-weather pollution pathways
and reducing emissions of selected micropollutants. The
potential environmental benefits are substantial, but im-
plementation will depend on credible risk-based prioriti-
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sation, feasible financing mechanisms, and integration of
energy and climate objectives with advanced treatment
upgrades. Continued alignment with HELCOM measures
and basin-wide cooperation will be essential (HELCOM,
2021).

Principally, the Council Directive 91/271/EEC
(UWWTD, 1991) can be interpreted as the EU’s policy
mechanism that translated the activated-sludge paradigm
into enforceable, basin-scale infrastructure outcomes. By
requiring the collection and treatment of urban wastew-
ater and strengthening nutrient controls in relevant re-
ceiving waters, the urban WWTPD drove large-scale in-
vestments that substantially reduced emissions of organic
matter and nutrients from point sources. These measures
contributed to improvements in aquatic environmental
quality, including microbiological conditions relevant to
bathing waters, and supported progress towards nutrient-
reduction targets in the Baltic Sea catchment.

However, the current phase of water resources protec-
tion is increasingly defined by micropollutants and other
contaminants of emerging concern, whose fate and trans-
portare notadequately controlled by conventional WWTPs.
While activated sludge can partially remove some microp-
ollutants via biodegradation and sorption to sludge, per-
formance is compound-specific, variable, and often insuffi-
cient to prevent continuous low-level emissions to receiv-
ing waters. Consequently, activated sludge can no longer
be considered a standalone protective barrier for sensitive
coastal ecosystems where dilution is limited and cumula-
tive exposure matters. This, and other EU ambitions of
zero waste and circular economy, constitute a key ratio-
nale for policy and technological change in the wastewater
sector.

The recast WWTPD (Directive (EU) 2024/3019) re-
sponds to these goals by expanding regulatory coverage to
resource recovery, by introducing quaternary treatment
as a dedicated micropollutant-mitigation strategy, and by
aligning urban wastewater surveillance aligned with a One
Health perspective. Collectively, these provisions signal
a structural transition: from “wastewater treatment as end-
of-pipe compliance” toward “wastewater management as

4

integrated environmental and public-health infrastructure”.

In addition, by adopting extended producer responsibility
(EPR) as an upstream prevention lever, the recast UWWTD
is expected to reduce micropollutant emissions at their
sources.

Notwithstanding its strategic logic, implementation of
the recast directive will face substantial challenges. The
quaternary treatment entails high capital expenditure, ad-
ditional operational costs, increased energy demand, and
cost-intensive monitoring.

The effectiveness and societal acceptance of EPR will
depend on durable legal design, administrative feasibility,
and the management of affordability concerns, especially
for medicinal products. Additionally, the ongoing legal and
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political debates on the EPR model, which targets only two
sectors, pharmaceutical and cosmetic producers (includ-
ing Polish action for annulment of Article 9(1) of Directive
(EU) 2024/3019, may further influence implementation
stability.

The recast UWWTD offers a coherent policy architec-
ture, and its implementation supports the HELCOM Baltic
Sea Action Plan. However, in the Baltic Sea basin, progress
on wastewater-related pressures must remain coordinated
with broader catchment measures, as diffuse nutrient in-
puts and emissions from other sectors continue to shape
ecosystem outcomes.
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