é
- water

Article

Impact of EU Environmental Policy Implementation on the
Quality and Status of Greek Rivers

Nikolaos Theodor Skoulikidis 1*

check for

updates
Citation: Skoulikidis, N.T;
Karaouzas, I.; Amaxidis, Y.;
Lazaridou, M. Impact of EU
Environmental Policy
Implementation on the Quality and
Status of Greek Rivers. Water 2021, 13,
1858. https://doi.org/10.3390/
w13131858

Academic Editor: Matthias Zessner

Received: 27 May 2021
Accepted: 30 June 2021
Published: 3 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1

, Ioannis Karaouzas 1, Yorgos Amaxidis ! and Maria Lazaridou >

1 Hellenic Center for Marine Research, Institute of Marine Biological Resources and Inland Waters,

19013 Attika, Greece; ikarz@hcemr.gr (1.K.); gamax@hcmr.gr (Y.A.)

Department of Zoology, School of Biology, Aristotle University, 54006 Thessaloniki, Greece;
mlazarid@bio.auth.gr

Correspondence: nskoul@hcmr.gr

Abstract: Based on historical and WFD-compliant data, the recent inter-annual ecological status
and the long-term chemical-physicochemical quality trends of eighteen characteristic Greek rivers
have been assessed and interpreted in view of implementing EU environmental policies and the
evolution of human pressures. Considering predominating poor ecological status in most of the river
outflows, the strengths and weaknesses of the WFD implementation have been highlighted. The
long-term decrease of ammonium and nitrite concentrations along with relatively low recent BOD5
levels, indicate a general improvement of WWTP infrastructure in Greece and the other riparian
countries, whereas the improvement of nitrate quality is attributed to the reduction of fertilizers
use, and possibly, to the successful application of the Nitrates Directive in certain basins. Despite
capacity building in governance and administrative infrastructure the recent years, River Basin
Management Plans (RBMPs) are being implemented centrally, largely mechanistically, with minor
public participation. Regarding WFD implementation weaknesses and gaps, concrete proposals have
been formulated considering both policy/administrative and technical issues. To efficiently conserve
and restore aquatic ecosystems, the forthcoming RBMPs should be consistent with ecosystem services
principles focusing on nature-based solutions, along with changing attitudes of the state authorities
and the public.

Keywords: Greece; WFD; chemical-physicochemical quality; ecological status; River Basin Manage-
ment Plans; restoration; EU legislation; environmental policy

1. Introduction

Introduced in 2000 to reform and rationalize water policy and management across
the European Union (EU), the Water Framework Directive 2000/60/EC (WFD) is the
cornerstone of the EU’s water policy. As the driver of new, enhanced ecological assessment
methods, it greatly improved the monitoring and assessment of ecological status (ES) of
water bodies (WBs), thereby providing a better basis for restoration [1] in the frame of River
Basin Management Plans (RBMPs). It has also been successful in setting up a governance
framework for integrated water management for the more than 110,000 WBs in the EU,
decelerating the deterioration of water status and reducing (mainly point source) chemical
pollution [2]. It also provided countries, that traditionally lag regarding environmental
issues, such as the Balkans [3], the opportunity to meet and set ecosystems” monitoring,
conservation, and restoration among their national priorities. Being, however, the most
ambitious piece of environmental legislation ever enacted in the EU [4], member states
were not successful in materializing their ultimate objective, i.e., achieving good status
of Europe’s waters [5]. Its implementation has been significantly delayed, and less than
half of the EU’s WBs are in good status, even though the deadline for achieving this was
2015 [2].
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Due to its turbulent history, environmental research and conservation in Greece were
long ignored, and economic growth was prioritized at the expense of environmental conser-
vation [6,7]. National hydrological monitoring programs started in the 1960’s, connected
to hydropower development (Public Power Corporation, PPC), and hydrochemical ones
in the 1970's, connected to agricultural development. A national ecological monitoring
program was initiated only after the WFD. Before implementing the WFD, freshwater
monitoring was conducted by various ministries, local authorities, academic and research
institutions, while each network density, the time-step, and the period of the measurements
depended on the corresponding special needs and funding [8]. However, even by individ-
ual efforts, and often outside the scope of the respective research program, Greek scientists
collected aquatic ecological data, during the last three decades, albeit geographically frag-
mented. European projects that aimed to assist member states in implementing the WFD,
such as AQEM, STAR, and FAME, played a pivotal role in collecting ecological data with
WEFD-compliant methods [9]).

As a result of a highly complicated [10] and inefficient governmental structure, the
implementation of the WFD in Greece started and continued to be implemented with
significant delays. The restructuring of the Ministry of Environment and Energy (MEE)
with the establishment of the Special Secretariat of Water in 2013, gave impetus to the
whole process. Particularly important was the establishment of the National Committee on
Waters (NCW) that acted as a consultant for the Special Secretariat of Water. This time, the
second round of the RBMPs, which contained the results of the first round of the national
monitoring program (NMP, 2012-2015), have been approved in 2017, i.e., with only two
years delay. The NMP has been interrupted for three years, and currently, the second phase
is running (2018-2023).

River water quality on a country-wide scale has been fairly studied in Greece, ei-
ther focusing on physicochemical parameters, major ions, and nutrients [3,11-16] or trace
elements and hazardous substances [3,16-20]. On the contrary, country-wide, or nearly
country-wide studies regarding riverine ES are scarce and refer to times prior to imple-
menting the NMP [21,22]. This study attempts to fill this gap by providing historical
and up-to-date information on the ES of several representative Greek rivers dispersed
throughout the country.

The third round of the RBMPs will start soon, and thus, it is important to account
for the strengths and weaknesses of the implementation procedure. For that purpose, we
use rivers as an example. The aims of this article are to (i) present the ES of a number of
representative rivers and assess any interannual trends, in addition to long-term trends
of nutrients and dissolved oxygen (DO) concentration, (ii) attempt to link these trends to
implementing environmental policies and respective changes in human pressures, and
(iii) present the strengths and weaknesses of the WFD implementation in Greece from a
technical and administrative point of view and propose actions for the improvement of the
implementation procedure.

2. Materials and Methods
2.1. Study Area

Greece is a small mountainous country with remarkably varied relief, complex geologi-
cal structure, an intense distribution of microclimates, and diverse fluvial ecosystems. There
are numerous, small to medium-sized mountainous rivers and streams, with flashy flow
and sediment regimes, running through steep, narrow valleys and descending abruptly
to the coast. Large lowland areas are scarcely diffused within prevailing thrust belts
and related rift valleys and are drained by medium and large low-gradient high runoff
perennial rivers, which frequently form extensive flood and deltaic plains. The main an-
thropogenic pressures are connected with municipal wastes, agriculture, i.e., agrochemical
application, agro-industrial waste discharges, land reclamation, and related water man-
agement, and hydropower production, causing deterioration of aquatic quality and river
habitats [3,14,16].
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As a result of historical and social circumstances, Greece has been characterized by an
inefficient public sector, high bureaucracy, and insufficient enforcement of environmental
legislation [2,3,16,23]. Together with deficient environmental awareness, environmental
research and conservation were long ignored [3], and thus, historical aquatic quality and
ecology data are temporally and spatially fragmented. After significant delays, along
with the progressive adaptation of the EU’s environmental legislation and restructuring
of public administration, Greece started systematic quantitative and qualitative aquatic
monitoring in line with the demands of the NMP of the WFD [3,16].

Figure 1 illustrates the examined river basins, and Table 1 presents their main physico-
geographical and anthropogenic characteristics.
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Figure 1. The examined river basins.
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Table 1. Physicogeographical and anthropogenic characteristic of the examined river basins.

River Country CA'T MCA' RL1 MAD2? MAP3®  MAT? G4 LU> NrLD® HPD’? GDP?
km? m km km®3/a mm °C Si Ca AS% AA% FSN% WB-W % inh/km?>  USD
Evros GR/TR/BG 52,564 412 543 3.11 607 11.6 + 4.1 55.7 39.1 1.1 215 65 23,686
Fonias GR 9.5 795 8 0.008 687 11.4 + 0.0 1.48 98.52 0 0 16 0
Nestos GR/BG 6177 1047 258 1.06 603 8.8 + 1.4 16.6 81.1 1.0 10 26 8360
Lissos GR 1844 303 87 0.17 595 12.8 + 0.02 0.45 0.52 0.01 3 48 28,693
Kompsatos GR 1444 423 76 0.09 587 12.4 + 0.02 0.29 0,64 0.05 1 65 19,536
Strymon GR/BG 16,803 719 366 1.67 556 10.3 + 29 37.2 58.9 1.0 29 53 15,010
Axios GR/NMK 24,381 755 395 3.52 583 10.3 + 2.1 40.7 56.6 0.5 33 83 12,106
Loudias GR 5685 624 187 0.73 530 11.9 + 5.4 46.5 46.3 1.8 10 63 22,424
Aliakmon GR 6578 819 316 1.19 684 11.2 + 1.7 37.2 59.0 2.2 27 28 16,392
Pinios GR 11,012 433 201 1.97 598 13.8 + 2.7 50.8 45.4 1.1 25 49 21,067
Spercheios GR 1564 671 86 0.32 720 12.9 + 25 29.2 68.0 0.4 0 52 16,257
Aoos GR/AL 6651 845 249 4.51 1119 11.3 + 24 18.5 78.6 0.5 1 19 15,552
Louros GR 931 397 88 0.38 948 14.4 + + 3.2 385 54.1 4.2 1 39 18,727
Acheloos GR 6478 744 255 2.32 865 12.1 + 1.5 18.3 75.4 438 6 25 24,242
V. Kifissos GR 2541 423 126 0.26 630 14.6 + 2.7 46.2 49.6 1.5 0 38 34,128
Alfeios GR 3637 690 145 1.71 819 13.0 + 1.7 38.6 59.4 0.3 1 17 22,285
Evrotas GR 2418 654 92 0.76 744 13.7 1.0 34.6 64.2 0.2 0 23 27,885
Koiliaris GR 132 603.5 36 0.19 732 15.3 +  0.09 36.50 63.41 0 0 22 22,897

GR, Greece; TR, Turkey; BG, Bulgaria; CA, catchment area; MCA, mean catchment altitude; RL, river length; I based on the work by the authors of [24]; MAD, mean annual discharge; 2 for the period
1980-1994 [25]; MAP, mean annual precipitation; MAT, mean annual temperature; 3 ref. [26] for 1970-2000; G, Geology; 4 ref. [27]; Si, silicate; Ca, carbonate; LU, land use; 5 ref. [28]; AS, artificial surfaces; AA,
agricultural areas; F-SN, forests and seminatural areas; WB-W, water bodies and wetlands; Nr LD, number of large dams; 6 dams with a height greater than 15 m; or height between 5 and 15 m and reservoir area
greater than 3 x 10° m? [29], with modifications); HPD, human population density; 7 ref. [30] for 2015; GDP, gross domestic product; 8 ref. [31] for 2015.
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2.2. Methods

The rivers included in this study (Figure 1) were selected according to the availability
of historical data, and these were mostly medium to very large. To provide a representative
overview of the impact of multiple stressors on river quality, monitoring stations were
selected to be located as close as possible to the river outflows. A total of 18 rivers (i.e.,
18 monitoring stations) were considered, covering all Water Districts (WDs), apart from
EL0014 (Aegean Island rivers), due to lack of consistent historical data.

River ecological data compliant with the recommendations of the WFD in Greece is
limited to the NMP (2012-2015 and 2018-2019), and to sporadic research fulfilled prior
to the NMP by the Aristotle University of Thessaloniki (AUTH, Dept. of Biology) or the
Hellenic Centre for Marine Research (HCMR, Institute of Marine Biological Resources and
Inland Waters). The presentation of the mean riverine ES base on the results of the NMP
and includes hydromorphological, chemical-physicochemical (C-P), and largely, the whole
set of biological quality elements (BQEs), i.e., fish and aquatic macroinvertebrates and
flora. These data refer to two seasonal samplings per year regarding BQEs and to three
seasonal samplings/measurements per year regarding C-P quality elements, according to
the prescriptions of the NMP.

Previous ES assessments, carried out in the frame of European and National projects,
were restricted to macroinvertebrate and C-P quality elements. Thus, to obtain comparable
long-term results on ES, we used C-P quality elements and macroinvertebrates. For that
purpose, a common database between HCMR and AUTH has been analyzed. Data sources
of the database include European (e.g., AQEM, STAR, LIFE—EnviFriendly, MIRAGE,
GLOBAQUA, etc.) and National projects, as well as the results of the NMP. Sampling
stations of different data sources were selected to be identical or at least close to each other.
Data prior to the NMP include variable annual sampling efforts.

The annual ES for years with more than two samplings resulted from the median
value of seasonal (or monthly) efforts. Similarly, the multiple-year ES has been assessed as
the median of individual years.

Biological quality indices for each BQE for the assessment of the ecological status
included: The HESY2 (Hellenic Evaluation System 2) for benthic macroinvertebrates [32,33],
the IPS (Specific Pollution Sensitivity) diatom index harmonized for Greece [34], the IBMR
index for macrophytes adjusted for Greece [35], and the Hellenic Fish Index (HeFI) for fish
fauna [36]. The C-P quality has been carried out using classification systems for nutrients
and dissolved oxygen (DO) [37]. Hydrmorphological quality was assessed using the River
Habitat Survey (RHS) [38].

To extend the period of aquatic quality investigations to the past, C-P data (nutrients
and dissolved oxygen) were additionally used. Data for nutrients and DO come from the
Ministry of Rural Development (MRDEF), and the MEE and refer to monthly measurements
of the period 1980-2011, the National Monitoring Program (2012-2015 and 2018-2019), and
projects conducted by HCMR and AUTH in various rivers. Thus, data on C-P parameters
extend up to 40 years. Annual nutrient and DO concentrations were calculated as averages
of the monthly measurements. In-situ and laboratory methods applied in the frame of
the NMPs are described in detail by the authors of [39]. To assess any historical changes
in river water quality, two periods have been distinguished; 1980-2011 and 2012-2020.
The lower boundary of the recent period coincides with massive installations of urban
wastewater treatment plants (UWWTPs) in Greece [40].

To explore nutrient and DO relationships, cross-correlation analyses were carried out
for the two periods using the Statistical Product and Service Solutions (SPSS) software [41].
A number of river data from the old time-series refer to total phosphorus (IP) (e.g., from
the MRDF), whereas other data refer to PO4. However, a large data set from the second
monitoring round (2018-2019) refer to both parameters that were significantly correlated.
To fill gaps in measurements, the following equation has been applied: TP = 1.0517 x P —
PO4 +0.0099 (N = 959, R? = 0.998, p < 0.001).
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3. Results

According to the results of the second RBMPs, which was based on the first NMP
round (2012-2015) of the Greek river WBs (i.e., 1129 natural, 178 heavily modified, and 38
artificial WBs with known status), 68.2% presented a higher than good ES, with high ES
accounting for only 0.9%, whereas 24.2% showed a moderate ES, 6.5% a poor ES, and only
1.1% illustrated a bad ES [42].

Table 2 presents the ES of the selected rivers of this work, according to the results
of the first round of the NMP (2012-2015) and the years 2018-2019 of the second round
of the NMP using C-P (DO and nutrients), biological (macroinvertebrates, fish, aquatic
macrophytes and diatoms) and hydromorphological quality elements.

Table 2. ES of the examined rivers near their outflows using C-P, biological (macroinvertebrates, fish,
aquatic macrophytes, and diatoms), and hydromorphological quality elements, according to the first
round of the NMP (2012-2015) and the years 2018-2019 of the second round of the NMP. G: good, M:
moderate, P: poor, B: bad. Colors of ES correspond to the WFD prescriptions.

River ES River ES River ES
Evros _ Axios P Aoos G
Fonias G Gallikos P Louros P
Nestos M Loudias P Acheloos M
Lissos P Aliakmon P V. Kifisos G
Kompsatos P Pinios P Alfeios M
Strymon P Spercheios M Evrotas P

Table 3 presents the inter-annual variation of river ES based on C-P variables (DO and
nutrients) and macroinvertebrates, including data prior to implementing the NMP.

Table 3. Inter-annual variability of riverine ES near the river outflows using C-P variables and macroinvertebrates. Data
according to the NMP, Aristotle University of Thessaloniki (AUTH), and the Hellenic Centre for Marine Research (HCMR).
C-PQ, chemical—physicochemical quality; BQ, biological quality. H: high, G: good, M: moderate, P: poor, B: bad. Colors of
ES correspond to the WFD prescriptions.

River Year Nr! C-PQ BQ ES Source River Year Nr C-PQ BQ ES Source
Evros 2015 3,2 M M M NMP Aliakmon 1995 11,11 M M M AUTH
2018 2,2 G B B NMP 1997 1,1 G M M AUTH
2019 3,2 M B B NMP 2012 1,1 G AUTH
Fonias 2000 3,3 G G 2013 2,1 G P P NMP
2011 2,2 G G 2014 3,2 M M M NMP
2015 2,1 2015 3,2 M M M NMP
2018 4,2 G G 2018 3,2 G P P NMP
2019 2,2 G G 2019 3,2 G P P NMP
Nestos 2006 22 B0 H . M M Pinios 2002 2,2 M M M AUTH
2012 2,1 G M M 2012 2,1 M M M NMP
2013 2,1 G M M NMP 2013 3,2 P P P NMP
2014 2,2 M M NMP 2014 3,2 G G G NMP
2015 3,2 G G NMP 2015 3,2 P P P NMP
2018 2,2 NMP 2018 3,2 G M M NMP
2019 2,2 NMP 2019 3,2 M G M NMP
Lissos 2015 2,1 G M M NMP Spercheios 2014 2,1 G G G NMP
2018 3,2 G - G NMP 2015 3,2 M M M NMP
2019 3,3 G G G NMP Aoos 2000 3,3
Kompsatos 2000 3,2 G P P HCMR 2001 2,2
2011 1,1 G P P  AUTH 2013 3,2
2005 32 FBEHEE M M NMP 2019 3,2
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Table 3. Cont.

River Year Nr! C-PQ BQ ES Source River Year Nr C-PQ BQ ES Source
Strymon 2008 2,2 G P P AUTH Louros 2012 2,1 G G G NMP
2012 1,1 M NMP 2013 3,2 G G G NMmP
2013 3,2 M M M NMP 2014 3,2 G PH» G NwmP
2014 3,2 M M M NMP 2015 2,2 G G G NMmpP
2015 3,2 M NMP 2018 3,2 G G G NwmpP
2018 3,2 M P P NMP  Acheloos 2012 21 BBH | M M NMP
2019 3,2 M M M NMP 2013 3,2 G M M NMP
Axios 1997 11,11 G M M AUTH 2014 3,2 G G NMmP
1998 1,1 G M M AUTH 2018 3,2 G G NMmP
2000 3,1 M P P AUTH 2019 3,2 NMP
2012 1,1 M P P NMP V.Kifisos 2018 3,2
2013 3,2 M P P NMP Alfeios 2000 3,3 M M
2014 1,1 M NMP 2014 3,2 G G
2018 3,2 G P P NMP 2015 3,2 G G
2019 3,2 M P P NMP 2018 3,2 P P
Gallikos 2013 3,2 G M M NMP 2019 3,2 P P
2018 3,2 G G G NwmpP Evrotas 2006 2,2 M P
2019 3,2 G G G NwmpP 2010 2,2 M M
Loudias 2012 1,1 M 2013 2,2 G M
2013 3,2 P P P NMP 2018 3,2 G G
2014 3,2 P P P NMP 2019 3,2 G G
2015 3,2 M P P NMP
2018 3,2 P M P NMP
2019 3,2 P M P NMP

1 number of seasonal samplings; x, C-P quality elements; y, macroinvertebrates. Assessments out of the NPM refer to the work by the

authors of [43] (Aliakmon), ref. [44] (Axios, Aliakmon), ref. [21] (Kompsatos, Aoos, Alfeios), ref. [45] (Axios), ref. [46] (Aoos), ref. [47]
(Nestos), ref. [48] (Kompsatos), refs. [39-50] (Fonias), and [51] (Evrotas).

The ES of the examined rivers ranged between good and bad, with poor status
predominating (Table 2), and no clear inter-annual trends are visible (Table 3). Only
the Nestos and Acheloos show a possible improvement, and the Alfeios a worsen of ES
throughout the examined years.

Correlation analysis showed statistically robust relationships among certain nutrient
species and DO. Within the old time series (1980-2011), the following relationships were
evident; nitrate with ammonium (R = 0.782, p < 0.001) and nitrite (R = 0.600, p < 0.05),
as well as ammonium with nitrite (R = 0.665, p < 0.005) and DO (R = —0.594, p < 0.05).
In the recent time series all nutrients were significantly correlated; nitrate with nitrite
(R=0.802, p < 0.001), ammonium (R = 0.779, p < 0.001), TP (R = 0.771, p < 0.001) and
phosphate (R = 0.750, p < 0.001), phosphate with ammonium (R = 0.794, p < 0.001) and
nitrite (R =0.832, p < 0.001), and TP with nitrite (R = 0.836, p < 0.001) and ammonium
(R=0.788, p < 0.001). In both time series, phosphate and TP were strongly correlated
(R=0.818 and 0.997, in the old and new time-series, respectively, both at p < 0.001), but
this was partly due to the fact that data gaps were filled using the equation presented in
Section 2.2.

Table 4 illustrates the average concentrations of DO and nutrients for two periods
(1980-2011 and 2012-2020) and their classification into five quality categories.
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Table 4. Concentrations and quality classification [37] of riverine nutrients and DO (in mg/L) near the river outflows for the periods 1980-2011 and 2012-2019. Colors present quality
classes. Numbers within chemical-physicochemical (C-P) quality present the scores of quality classes. H: high, G: good, M: moderate, P: poor, B: bad. Colors of quality status correspond to

the WFD prescriptions.
DO N-NO; N-NO, N-NH, P-PO, TP C-PQ
1980- 2012- 1980 2012- 1980- 2012- 1980- 2012- 1980- 2012- 1980 2012- 1980- 2012-
2011 2020 2011 2020 2011 2020 2011 2020 2011 2020 2011 2020 2011 2020
Evros 3.42
Fonias
Nestos 089
Lissos 1.99 : 0.013
Kompsatos 064
Strymon g 0.073 0.094 0.081 0.311
Axios 2.11 0.030 0.207 0.606
Loudias b g 3.19 0.634 0.639 45 0.481
Aliakmon 0.096 0.125
Pinios 2.12 0.98 0.014 0.016 0.088
Spercheios 1.20 0.79 0.014 0.017 0.129
Aoos 0.011
Louros 0.81
Acheloos
V- 3.12 0.164
Kifissos e '

Alfeios 2.02 0.86 0.109
Evrotas 1.23 0.145

Koiliaris 0.52
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Finally, Table 5 illustrates the average of Biological Oxygen Demand (BODs) levels of
the examined rivers based on data of the NMP.

Table 5. Average BODs concertation in the examined rivers (mg O, /L) according to data of the NMP
(2012-2015, 2018-2019). Colors present quality classes; high < 2, good 2 to <4, moderate 4 to <7
(strictest prescriptions depicted by the authors of [52]).

River BODs River BODs River BODs
Evros 3.45 Axios 3.86 Aoos

Fonias _ Loudias 4.03 Louros 2.64
Nestos _ Aliakmon 2.89 Acheloos 3.10
Lissos _ Pinios 3.27 Alfeios _

Strymon 3.44 Spercheios 4.77 Evrotas 217

Based on the entire dataset (1980-2020), only one river (Loudias) presented a lower
than good DO quality (Table 4). In most rivers, phosphorous (both as orthophosphate and
TP) presented a higher than good quality, whereas for N-species, the vast majority of the
rivers illustrated a lower than good quality, besides ammonium within the recent period
(2012-2020). Considering BODs, most of the rivers exhibited a high-good quality, and only
the Spercheios and Loudias presented moderate quality (Table 5).

By comparing the two periods (i.e., 1980-2011 and 2012-2020), it becomes apparent
that 10 out of 16 rivers improved their oxygenation status. In addition, the Evros showed
an improved DO quality, contrary to Strymon, Spercheios, and Acheloos, where DO quality
dropped (Table 4). A general improvement within the recent period was evident for
nitrogen species concentration and quality, and only a small number of rivers illustrated a
degradation for particular N-species. Nitrate showed the most remarkable improvement
within the recent period; 15 out of 18 rivers revealed a nitrate concentration drop, 13 an
improvement, and only two (V. Kifisos and Aliakmon) a worsen in nitrate quality status.
The second case of improvement concerns ammonium; 14 out of 18 rivers revealed a
reduction of ammonium concentration, 9 an improvement in ammonium quality, and
two (Pinios and Spercheios) a decrease in ammonium quality status. Finally, regarding
nitrite 10 out of 17 rivers improved their concentration and only one river (Strymon)
revealed a deterioration of nitrite quality status. As far as phosphate and TP it concerns,
concentrations dropped in 10 and 12 rivers, respectively, while the quality status remained
unchanged in most rivers. Only a small number of rivers showed an improvement (5
and 4 for phosphate and TP, respectively) or a degradation (4 and 3 for phosphate and TP,
respectively) in their quality status within the recent period. The Strymon, Loudias, and
Aliakmon rivers worsened their status regarding both phosphate and TP, and V. Kifissos
regarding phosphate. Finally, focusing on the C-P quality of the two periods, in the recent
one, 9 rivers revealed an improvement, 7 rivers retained their quality status, and in two
rivers (Strymon and Aliakmon), the C-P quality status worsened.

For a comprehensive overview of long-term nutrient variations, the annual variability
of nitrate and TP concentration during 1980-2020 for 16 rivers are depicted in Figure 2.

Besides the Evros, which suffered from severe nitrate contamination as early as in the
mid-1980s, reaching its maxima in the early 1990s, the vast majority of the rivers presented
nitrate peaks in the early 2000s (Figure 2a). During the last decade, all rivers showed lower
nitrate concentrations than in the previous decades, except of V. Kifissos.

Transboundary rivers entering Greece illustrated elevated TP values during the period
1980s—end of 1990s, followed by a decline in concentrations (Figure 2b). Rivers lying
entirely in Greece reached maximum TP levels between the late 1990s and early 2000s.



10 of 22

Water 2021, 13, 1858

N-NO;

—@— Fonias

& Strymonas

~—8— Nestos

—@— EVvros

A3

0coc
810¢C
9102
v10¢
10t
0T0?
800¢
9002
00¢
200t
0002
8661
9661
14}
661
066T
8861
9861
86T
861
0861

N-NO,

= AXiOS =—@==loudias -—@— Aliakmonas =—@=—A00S ==O==Llouros ==O= Pinios

0?0t
810¢
910¢C
v10¢
10t
0102
800¢
900¢
00¢
200t
0002
8661
9661
V661
66T
0661
8861
9861
861
861
0861

N-NO;
9 ~—o—Spercheios ——@—Acheloos =——@=Alfeios ==O==Evrotas ——&-— Koiliaris —#— V. Kifissos

0 N W 1 < M N

00t
810¢
9102
v10¢
10T
0102
800¢
900¢
00¢
200t
0002
8661
9661
V661
66T
066T
8861
9861
861
861
0861

@)

Figure 2. Cont.



Water 2021, 13, 1858 11 0f 22

3 P
—@—Evros Axios =—O=Loudias =@ Strymonas —@— Aliakmonas
2.5
2
1.5
1
0.5 /\./\ d
A=
0 W
O N f VW W O N T VW W O N T W W O N F VW W O
0 0V ®W PV W0 D D D N D O O © O O d od oH d oS &
A A O O O O A O 6O O O © O © © O O O O O o
— — — - - - - - - - o~ o~ [o\] o~ o~ o~ N o~ o~ o~ N
TP
0.4 —e— Fonias =——e=— Nestos Pinios ~—e—Spercheios ==o0==Koiliaris
0.35
0.3

0.25
0.2
0.15
0.1

| \
N

0 L ~
o o < (o) 0 o o < O 0 o o < [(e) 0 o o~ < [(e) o0 o
(o] o] 0 [ee] (o] (o)) (o)) [e)] (o)) [e)] o o o o o — — - — - s
(o)) a [e)] (o)) o)) (o)) a N (o)) N o o o o o o o o o o o
- - - — — — — — — — o~ o~ o [oV] o [oV] o o (o)) o o~

TP
0.18 =@ A00S ==O==Louros ==&=Acheloos ==O=—Alfeios —@— Evrotas =@ V. Kifissos
0.16
0.14
0.12
0.1
0.08
0.06
o C=C=p
0.04
0.02 /n <
[e)
0 )
O N ¥ VW ¥ O N T W 0 O N ¥ W W O N § O W O
0 W W W NV D O H N O O © © © O dHA o dH «od oA «
A O O O O O O O 6 6 O O O © O O O O O O o
— — — — — — — — — — (V] o~ (V] o~ [oV] N o~ (o] ~N (oV] ~N

(b)

Figure 2. 40-year nitrate (N-NOs3) (a) and TP (b) variation in the examined Greek rivers (in mg/L).
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Orthophosphate presented in general similar interannual trends with TP. Ammonium
showed a long-term decrease in the Evros, Nestos, Aoos, Acheloos, Louros V. Kifissos, and
Alfeios. The Axios revealed maximum ammonium levels at the end of the 1990’s, then
a decrease. A long-term ammonium diminishing in the Strymon, Pinios, and Aliakmon
has been interrupted by recent increases. The other rivers (Loudias, Spercheios, Evrotas,
Koiliaris, and Fonias) do not show clear temporal trends.

A number of rivers, such as the Evros, Nestos, Strymon, Axios, Pinios, Aliakmon,
and Acheloos, revealed nitrate and /or phosphorous peaks during the 1988-91 drought
period. Within this period, numerous rivers presented low flow and even large ones
desiccated in certain reaches, thus being affected by a “concentration” effect [11] (Figure 3).
On the contrary, years 2001-2003 were characterized by rainy autumns with floods [53],
that caused nitrate leaching from agricultural land (Figure 3).

N-NO,

==g==| oudias 2002 Pinios 1990

Figure 3. Monthly nitrate (N-NO3, mg/L) variation in the Loudias and Pinios rivers during hydrologically distinct years.

Within the period 19802018, there is a consistent drop of N and P fertilizer quantities
use in Greece (Figure 4), along with a gradual increase of arable land area (154 km?/year,
reaching 35% of the country’s area in 2018). However, even with the financial crisis and
the respective gross domestic product (GDP) drop, slight increasing trends of fertilizer
application from 2010 onwards are also evident (Figure 4 [54,55]). In Bulgaria, with the
highest arable land area (69.2% of the country’s area in 2018), significant N and P fertilizer
quantities application from the beginning to mid-end 1980s, was followed by a dramatic
decline up to the end of 1990’s, and then by a general increase, which was however not as
high as the initial levels, especially for P. In North Macedonia, the application of fertilizers
quantities is low, while a long-term decrease of the arable land area is apparent (the arable
land portion in 2018 was 33% of the country’s area) (data [54]). Regarding livestock, the
diminishing number of animals is evident for Bulgaria during 1980-2018 (data [54]) and
Greece within the period 2004-2015 [56-58].

Regarding the application of fertilizers per unit area, in 2018, for example, Bulgaria
applied similar quantities (92.1 N kg/ha and 19.2 P,Os5 kg/ha) as to the European Union
average (90 N kg/ha and 21.8 P,Os kg/ha); Greece applied fewer quantities (55.7 N kg/ha
and 18.4 P,Os kg/ha), while North Macedonia used lesser quantities (39 N kg/ha and 9.0
P,05 kg/ha) [54].
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Figure 4. Total nitrogen (N) and phosphorous (P,Os) fertilizer application (t/yr) in Greece, Bulgaria, and North Macedonia
during 1980-2018 (data [54]).

4. Discussion
4.1. River Quality Status

According to the data of the second RBMPs (based on the first monitoring round, i.e.,
2012-2015, Greece presents a higher percentage of water bodies above moderate ES (68.2%)
than the EU as a whole (43.9%). In addition, the mean nitrate concentration of Greek rivers
(1.1 mg/L N-NO3) is half of the mean nitrate concentration (2.2 mg/L N-NOj3) found in
European rivers, counter to phosphate (mean phosphate in Greek and European rivers is
120 pg/L and 78.8 pug/L, respectively) [14]. According to the analyzed data, the average
BODs in Greek rivers (2.7 mg O, /L) slightly exceeds the European average (2.1 mg O,/L;
ref. [52]).

On the contrary, focusing on the examined rivers, most of them (15 out of 18), revealed
a lower than good ES (Table 2). This figure is not surprising if we consider that these
rivers are heavily affected by anthropogenic impacts. In addition, the examined stations
are located at their downstream reaches, thus being accumulatively subjected to multi-
pressures from the entire basins.

Within the time frame of existing ES data (maximum eight years), it was not possible
to detect any consistent inter-annual trends for most of the rivers examined. Thus, to draw
safe results on ES temporal trends, additional annual data should be considered in the
future.

On the contrary, within the period of up to 40 years of observations, nutrient con-
centration decreasing trends are obvious (Table 4, Figure 2). Correlation analysis showed
significant correlations among nutrient species, particularly during the recent period, where
chemical analyses were performed by the same laboratory. The drop of nutrient concentra-
tions and the improvement of C-P quality in most of the rivers are partly attributed to the
long-term reduction of fertilizer application in the adjacent countries. In North Macedonia,
where the Axios originates, the main reason for this reduction is the gradual decrease of
arable land area and the management of fertilizer industry outflows [16]. For Bulgaria,
aside from fertilizer use reduction, livestock diminishing may have also contributed to this
enhancement.

In certain basins, riverine nitrate quality may have been additionally improved, due
to measures related to applying the Nitrates Directive (91/676/EEC). As nitrate vulnerable
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zones have been classified the Thessaly plain (drained by Pinios R.), the north and south
Evros R. sections, the Strymon basin, the plain of Thessaloniki-Pella-Hemathia drained
by the downstream portions of Axios, Loudias, and Aliakmon, and the Spercheios R. Ac-
cording to the authors of [56], the case of Thessaly plain comprised a positive example for
implementing the Nitrates Directive. An action plan aimed to reduce nitrogen fertilizer
application through a set of measures, including better effectiveness of N use, the introduc-
tion of new irrigation techniques, and the cultivation of suitable crop varieties. It has been
estimated that during 1996-2000, a reduction of the applied N fertilizers of about 25-30%
has occurred [56].

Another reason for the recent improvement of riverine nutrient quality status is the
installation and upgrading of urban and industrial WWTP infrastructure in the three
countries (Greece, Bulgaria, and North Macedonia). For the management of municipal
wastewaters, Greece follows the Directives 91/271/EC and 98/15/EC. At the beginning
of the 1990s, the construction of UWWTPs started to increase rapidly, and in 2005 around
70% of the population was served, mainly by primary treatment. From 2010 onwards, the
situation improved substantially, and in 2012, over 85% of the population was served, 80%
of which by tertiary treatment [40]. In Bulgaria, where one of the most significant pressures
on rivers is point source pollution from UWWTPs (by 22%), appropriate infrastructure is
gradually implemented to comply with the Wastewater Treatment Directive [59].

However, even today in Greece, there is a high number of mainly medium agglomera-
tions (5000-10,000 inhabitants) and some of more than 15,000 inhabitants not yet acquiring
urban wastewater treatment [40]. In addition, there are settlements attaining sewerage
systems that discharge untreated wastewater into receiving surface waters. Even more,
there are evidence of poorly functioning UWWTPs [60,61], and thus, the current chal-
lenge lies in their efficient operation, as the Programs of Measures (PoMs) of the RBMPs
highlight. In Bulgaria, only close to 26% of wastewater is collected, of which 27% is be-
ing treated [59]. Finally, in North Macedonia, about 24% of settlements have access to
wastewater treatment [62].

A number of rivers present deterioration in their quality status for certain nutrients
within the recent period, as a result of inadequately operating WWTPs, untreated municipal
effluents, untreated agro-industrial wastewaters, and diffuse pollution from agriculture;
V. Kifissos (nitrate and phosphate), Loudias (phosphate and TP), Pinios and Sperchios
(ammonium), whereas in Strymon a deterioration of the C-P quality is evident. It should
be noted that the worsening of the C-P quality in Aliakmon within the recent period, is
due to the fact that the NMP station in the recent period is located downstream, which is
impacted by pollution, whereas that of the old time series was located far upstream.

Riverine nutrient pollution is not alone the result of the impact of pressures, such as
agricultural runoffs and untreated or partly treated municipal and industrial wastewater
discharges. It largely depends on hydrological factors, such as the volume of river water
available (causing dilution or concentration of solutes), flood events (causing agricultural
land flashing), and droughts (causing increased groundwater contribution to river flow and
evaporation) [14]. For example, during the 1988-1991 drought period and in the climatically
peculiar 2001-2003 years, rivers presented severe nitrate concentrations (Figure 3). Thus, to
interpret long-term trends, extreme annual hydro-meteorological events should be taken
into consideration.

In the following, we address rivers showing a lower than good ES and propose
measures, related to the degradation of specific BQEs, complementary to those prescribed
in the second RBMPs.

Despite the recent improvement of the C-P quality in the Evros, its ES remains bad.
Thus, additional efforts should be devoted to point source pollution, particularly in Bul-
garia and Turkey, where sewage and industrial effluents still create major pollution prob-
lems [3,16,63]. In the Nestos, hydromorphological alterations downstream the reservoirs
adversely affect fish assemblages. The RBMP recognizes the impacts of the hydroelec-
tric dams and recommends abatement measures, not mentioning, however, the need to
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implement site-specific ecological flows. The poor ES of the Lissos is also due to hydro-
morphological alterations, as fish and macrophyte metrics indicate. This may be partly
faced through riparian forest restoration actions, anticipated in the respective RBMP. In the
Kompsatos, measures to improve poor ES should target treatment of urban wastewater and
livestock farm effluents, along with sand and silt mining control. In the Strymon, the RBMP
recognizes the impact of diffuse pollution at the downstream portion of the river, but no
related measures have been prescribed. Since the river is included in the Nitrates Directive,
best agricultural practices should be ensured, along with the construction of WWTPs and
the control of existing ones. An improvement of the C-P quality of the Axios in recent years
was not enough to reverse poor ES, resulting from macroinvertebrate and diatom metrics,
indicating impacts from point source pollution, along with hydromorphological alterations
that disturb fish communities. No related concrete measures are included in the RBMP.
Classified as an artificial water body, the Loudias shows alarming impacts of pollution and
hydromorphological alterations (Tables 2-5). Despite severe hydromorphological alter-
ations of the Aliakmon, downstream of a series of reservoirs (as fish metrics indicate), the
downstream portion of the river is subject to the effluents of agrochemicals and treated and
untreated urban and agro-industrial wastewaters. These need to be addressed, together
with applying site-specific ecological flows. In the Pinios, the recent improvement of nitrate
concentrations may be due to implementing the Nitrates Directive in the Thessaly basin,
while the increase of ammonium and the relatively high BODs levels may result from
inadequately operating urban and industrial WWTPs that should be addressed. Moreover,
water abstraction and flood control cause hydromorphological alterations, as poor fish
quality indicate. Since the hydrological budget of the basin is strongly negative, PoMs
mainly target water management issues. In the Sperchios, point sources of pollution, par-
ticularly at the downstream portion of the river, should be mitigated in line with the RBMP.
In the Louros, the deterioration of fish and aquatic macrophyte quality point out towards
hydromorphological restoration. Similarly, the Acheloos lower section (downstream the
reservoirs) should be hydromorphologically restored. The RBMP anticipates the banning
of sand abstraction, the main issue, however, remains the maintenance of ecological flows.
The V. Kifissos discharges into lake Yliki, which is a potable water reserve for the greater
Athens area. The river presents a good ES. However, the NMP station lies upstream of
an extended agricultural plain with agro-industrial units. Several agglomerations are cur-
rently not served by urban WWTPs, and thus, PoMs target the management of point source
pollution. Along with the displacement of the NMP station close to the inflow to Yliki L.,
measures should additionally target diffuse pollution. In the Alfeios, besides the need to
improve UWWTP infrastructure, hydromorphological alterations should be addressed; the
prohibition of gravel extraction alone, as anticipated in the RBMP, may not be enough to
improve fish metrics. In the Evrotas, the ES largely depends on the operation efficiency
of the UWWTP of Sparta, drought events, and artificial desiccation. PoMs include strict
restriction of water, gravel, and sand abstraction and control of agro-industrial effluents.
Regular controls of the operation efficiency of the WWTPs and the construction of fish
refuges to maintain endemic species during droughts are additionally needed.

4.2. Strengths and Weaknesses of the WFD Implementation in Greece
4.2.1. Administrative Issues and Proposals

Greece has been traditionally characterized by a hierarchical and centralized polit-
ical and administrative structure and a weak civil society with a traditionally low rate
of participation in various consultation processes [64,65]. Water governance has been
considered weak, with limited participation, decentralization, democratic decision making,
networking, and integrative approaches, nevertheless, showing trends towards a more
effective reform [66]. This has led to an environment that is particularly unfriendly to the
introduction of substantial participatory arrangements as required by implementing the
WED [65,67]. As a result, interested parties, even the stakeholders of the Greek WDS, had
a restricted involvement in the process, and RBMPs have been merely established by a
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top-down approach, although it has been organized to work vice-versa. In fact, there was
no continuous active involvement of stakeholders and the general public in developing the
initial RBMPs [10]. This figure has not been substantially changed during implementing
the second round of the RBMPs.

As a result of difficulties facing the administration both at the central and regional
level, RBMPs are still implemented centrally by external consultant companies. Thus, the
WD’s administration should be ensured to embed long-term capacity and expertise build-
ing, guaranteeing the decentralization of the implementation process, while appropriate
participation of the public, will connect the planning process with the water management
reality [10]. We additionally suggest the reinforcement of the NCW to ensure the incorpo-
ration of the best available knowledge on the status of the environment, its management,
and conservation priorities within the RBMPs.

The RBMPs contain long lists of PoMs. Basic measures are horizontal measures re-
quired for implementing EC legislation on water protection and those arising from the
obligation to implement the WFD, including administrative measures and preparation of
general technical specifications, e.g., for wastewater reuse, water metering, and ecological
flows, and promotion of water-saving and organic farming through subsides. Supplemen-
tary measures include RB-specific measures, such as emission controls, reconstruction,
and restoration of wetland areas, water over-pumping control, promotion of adapted
agricultural production, irrigation water-saving techniques, construction of desalination
plants, artificial aquifer replenishment, etc. For the next RBMPs, specific measures should
be connected to particular pressures, following the indications of ecological and chemical
status assessments, and where the causes/effects relationships are unclear specific research
should be applied.

Although PoMs target water metering, there is still a lack of its implementation in
agriculture, which is however not only a Greek problem [68]. Irrigation water must be
metered, and pricing policies should be applied considering the importance of agriculture
for the country’s GDP [55]. Socially fair water pricing is an important aspect during the
water pricing policies determination [69]. Moreover, no specific additional measures in
areas designated for protecting habitats or species are part of the PoMs either in the first
RBMPs [10] nor in their update. Finally, the main concern regarding PoMs is the lack of
prioritization of measures, which needs to be addressed through special methodological
approaches [70,71].

4.2.2. Technical Issues and Proposals

Despite the efforts of the MEE that are reflected in the progress of the updated RBMPs,
such as development and application of methodologies regarding anthropogenic pressures
and impacts, assessment of surface water status, hydromorphological alterations, heavily
modified and artificial WBs, and exemptions, a number of actions should be considered
to overcome current weaknesses. We hereby present a (not exhaustive) list of cases and
suggestions.

The design of the NMP network was based on the most updated knowledge of
the state of aquatic ecosystems. However, given the lack of studies on a national level
regarding the state of the aquatic environment (even pressure-based ones) prior to the WFD
implementation, the initial design included a number of drawbacks, which have been only
partly faced in the second monitoring round. The current monitoring network includes a
total of 490 river stations (195 operational, 290 surveillance, and one investigative), showing
only 8% increase compared to the initial network. The density of the surface water network
is three samples per 1000 km?. Given the high biogeographical diversity of the country
and the numerous highly fragmented unique fluvial ecosystems, this number is considered
low. To compare, Germany has a river station density of 38 per 1000 km? [72]. Since
Greece identified 1345 river WBs, there are WBs where monitoring stations are missing.
To overcome this problem, WBs with missing stations were grouped together with WBs
with existing stations. However, this approach is far from the principles of the Directive.
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In certain WDs, such as the Aegean Islands WD (EL 14), there are only 10 stream water
stations designated. According to the respective RBMP, this will be faced in the third round
of RBMPs. In addition, predominately perennial streams of the 4th order and above were
initially included in the first monitoring round [10]. Given the fact that non-perennial river
basins roughly cover 40% of the countries’ surface area, and considering their importance
in ecosystem services [73], it is essential to increase the number of intermittent rivers and
streams in the national monitoring network. For the ecological assessment of intermittent
rivers, however, special approaches should be developed [74]. Concluding, there is a need
to enhance the river monitoring network to safeguard stations for all WBs, include a higher
number of non-perennial rivers, and capture small, but ecologically significant streams,
e.g., on the islands.

The existing hydrological network belongs to various state authorities (PPC, MEE,
MRDF) and is mostly degraded and inactive [75]. The monthly hydrological monitoring
efforts of the National Monitoring Program are not sufficient for sound integrated water
resources management on a river basin scale, as has been shown in the case of Samothraki
Island [76]. The estimation of patterns leading to flash floods and the capability of properly
predicting and intercepting social and environmental impacts from these events, makes
the need for continuous data collection imperative. This is also true for the dry period
of the year where river parts may desiccate because of excess irrigation water use, thus,
threatening river integrity and biodiversity. Moreover, the results of applying river basin
water balance models remain questionable, due to a lack of reliable model input data [77].
To assess model-based reliable water balances and develop appropriate water resources
management plans, there is an urgent need to re-design and maintain hydrological moni-
toring networks and collect appropriate environmental model input data, under a single
management authority.

Contrary to the initial RBMPs, in their first update, WBs have been assigned to ecologi-
cal classes using appropriate assessment and classification systems of hydromorphological,
C-P, and BQEs. These systems were largely developed by the members of the NCW; a
nutrient classification system [37] and metrics for the classification of BQ using macroin-
vertebrates [32,33], phytobenthos [34], and fish [36]. In the future, classification systems for
intermittent rivers and streams should be developed and applied.

As far as pressure and impacts analysis it concerns, the methodology set [78] and
the updated RBMPs do not consider information on pesticide usage and assessment of
other hazardous substances regarding diffuse pollution pressures, contrary to the related
Guidance Document [79]. In some cases, pressure and impacts analysis is not presented
transparently enough. For example, the streams’ pollution loads of the islands Thasos and
Samothraki (EL 12) are treated as if the streams of both islands belong to a common basin.

In addition, it seems that there is a significant underestimation of hydromorphologi-
cal pressures and impacts on surface WBs [80]. In fact, if we compare the percentage of
pressure types for surface waters between Greece and the European average in the up-
dates of the Greek RBMPs, hydromorpgological pressures unrealistically comprise only 8%
compared to a 34% European average, whereas hydromorphological impacts in the Greek
RBMPs cover only 13% compared to a European average of 43% [42]. Hydromorphological
elements are not crucial for ES assessment, but are largely causing the failure to achieve
good ES [81]. The underestimation of hydromorphological pressures in Greek RBMPs is
reflected in the limited measures included in PoMs regarding restoration of hydromorpho-
logical alterations, which hinders the enhancement of ecosystem services [80]. Future PoMs
should target, besides maintaining ecological flows and levels (by conducting site-specific
studies), safeguarding site-specific habitat connectivity, mitigation of deltaic and coastal
areas from erosion (due to sediment retention in reservoirs), restoring riparian vegetation,
water courses (e.g., remeandering), floodplains and wetlands, constructing fish ladders
and creating habitats for aquatic biodiversity conservation, etc. Particularly, natural water
retention measures are considered urgent and important, since they will contribute to
reduced flood and drought risk, improvement of ecosystem functions and ES, and will also
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apply for the need and commitment of halting and reversing the loss of aquatic biodiver-
sity [80]. In addition, natural water retention measures will contribute to the enhancement
of surface-groundwater interactions, groundwater recharge, and improvement of water
balances, and will ensure additional water resources for agriculture. Besides substantial
ecological benefits, restoring and recreating natural retention areas (i.e., floodplains) across
rivers and streams in Greece has a Benefit Cost Ratio of 2.5 EUR compared to 1.1 EUR
for “grey” infrastructure solutions, such as creating and strengthening dyke systems [82].
We furthermore propose the preparation of a national guidance document on ecological
lake level fluctuations (as it is foreseen for ecological flows), since this is anticipated to
be implemented at RB-level despite the fact that respective guidance at a national level is
currently lacking. Finally, it is essential to include currently missing urban stream upgrade
and restoration in the PoMs [80].

A more efficient implementation of the Nitrates Directive is also essential to further
reduce nitrates in surface and groundwaters. In addition, phosphorus control measures
are also important to be implemented. Finally, in our opinion, the NMP sampling efforts
may not be sufficient to capture chemical pollution, and in certain cases, there is a need to
include river sediments in the assessment procedure.

5. Conclusions

The rivers and their reaches selected for this study largely comprise the most degraded
ones in Greece. It is thus not surprising that poor ES predominates. Point source pollution
remains one of the main pressures on the examined rivers, adversely affecting their ES.
However, the overall decrease of ammonium and nitrite concentrations within the recent
period, and the relatively low BODs levels, indicate a general improvement of WWTP
infrastructure. Moreover, diffuse pollution from agricultural sources reveals diminishing
trends as the substantial overall drop in nitrate concentrations within the recent period
indicates. This is due to long-term fertilizer application drop in Greece, Bulgaria, and
North Macedonia, and possibly, to the application of the Nitrates Directive. The recent
improvement of the C-P quality of a number of rivers, such as Evros, Nestos, Axios,
Lissos, Pinios, Acheloos, and Aoos, are positive examples related to decreased fertilizer
application together with efforts in building infrastructure for UWWT in riparian cities.
Further advancements in these issues, in combination with strict control of the efficiency
of existing urban and industrial WWTPs, will certainly contribute to the enhancement
of the rivers’ ES. Moreover, hydromorphological pressures and restoration of ecosystem
services, considering natural water retention measures and nature-based solutions, need to
be addressed, as a number of rivers reveal a degradation of habitats reflected in fish and
macrophyte metrics status.

In relation to the pre-Directive poor national environmental management and conser-
vation practices, the RBMPs and related PoMs are a significant step forward. However, it
seems that overall, the RBMPs are mostly implemented mechanistically, more to satisfy the
Directive’s requirements than to introduce a real change of attitudes towards sustainable
water and land management and environmental conservation. This is mirrored in the cen-
tral implementation of RBMPs, weak connection between RBMPs and public participation,
and limited interrelation between PoMs and ecosystem services. The forthcoming RBMPs
are a great challenge for the Greek water authorities to change attitudes and overcome
historical weaknesses related to structural and organizational shortcomings. Rationaliza-
tion and modernization of competent authorities, decentralization of the implementation
procedure, and opening the procedure to local stakeholders and the general public are
among the most important issues to be faced.
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