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Abstract: Analyzing water quality variations is essential for the allocation of water to different uses and for 

applying remedial measures. Thessaly plain was extremely fertile, and up until the early 20th century the area 

was a breadbasket for Greece. The highly important for the national agri-cultural production, albeit severely 

degraded Pinios river, has been assessed for its Chemi-cal-Physicochemical status, based on the results of the 

National Monitoring Program for the years 2018-2020, considering 218 seasonal samples. Forty percent (40%) 

of the total samples, and 70% of the 30 monitoring stations revealed a lower than good Chemical-

Physicochemical status based on the Water Framework Directive (2000/60/EC) limits, predominately as a result 

of ele-vated phosphate, total phosphorous and nitrate concentrations. Exceptionally, the Pinios river seems to 

be mainly affected by point sources of organic pollution, and secondarily by agricul-tural return flows and 

drainage processes, whereas dominant mineralization and nitrification processes control the concentration and 

speciation of Nitrogen and Phosphorus compounds. The coronavirus lock-down seems not to have affected 

aquatic quality significantly, whereas the im-provement Chemical-Physicochemical status at the river outflow 

via dilution by local mountain springs is threatened by an ongoing dry spell affecting the country. Within the 

upcoming River Basin Management Plans, urgent remediation measures in Pinios basin should target point 

sources of pollution and control agrochemicals, particularly focusing on adaptation strategies on extreme 

weather events. 

Keywords: abiotic indices; physicochemical status; river waterbody quality; Pinios river; national monitoring 

program; eastern Mediterranean 

 

1. Introduction 

Clean and safe water for consumption is a fundamental human right, being essential for the 

protection of public health and the environment. Thus, surface and ground water quality 

management is an issue of high priority in the EU. First quality targets were set with the 

implementation of the surface water Directive in 1975 and the first Drinking Water Directive in 1980 

[1-2]. Later on, European’s 96/61/EC Integrated Pollution Prevention and Control Directive (abbr. 

IPPC), was set out to address large industrial pollution through new production, operational 

management and waste handling approaches, which was a turning point in many aspects [3]. A new 

Water Directive (98/83/EC), was introduced a few years later, upon water quality intended for human 

consumption [4-5]. According to the aforementioned Directive, Member States were obliged to take 

all necessary measures to ensure that water quality intended for human consumption was well 

monitored and all requirements (including quality standards, organoleptic and microbiological 

quality) of the Directive are met, as well as drinking-water treatment effectiveness. The Water 

Framework Directive (WFD) followed in 2000 and introduced new approaches for aquatic 

ecosystems’ health i.e. ‘Good Ecological Status’ (abbr. GES) and ‘Good Chemical Status’. GES 
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encompasses biological community evaluation and certain hydrological, morphological and 

chemical characteristics, surveillance and operational monitoring [6]. 

Through the WFD, the EU seeks to improve the effectiveness of existing legislation to address 

emerging water quality challenges by applying measures to reduce pollution and other pressures on 

the waterbodies, through the introduction of biological assessment methods and the implementation 

of river basin management plans [7-12]. 

Climate change [13] incurs extreme phenomena i.e. prolonged rainfalls, droughts which provoke 

wild fires, soil erosion etc., whereas anthropogenic pressure by means of industrial use, intense 

irrigation, human consumption, recreational activities exert stress to freshwater resources [14-15]. 

Thus, surface water bodies of Good Ecological Status (GES) are becoming scarce and problematic for 

consumption, changing surface and groundwater uses and affecting the local economy [15-16]. 

The Thessaly Region, covered with extensive cultivated plots (51% agricultural areas [18-20] and 

breeding farms, is the most productive plain in Greece, contributing significantly to the national 

economy. However, overexploitation of water resources and extended agrochemical application [21], 

in combination with inadequately treated municipal waste water discharges, exert immense 

pressures to surface and ground waters [12-22], while top soil suffers from erosion and advanced 

salinization [23-24]. According to Schürings et al., (2024) [22], who applied an Agricultural Pressure 

Index (API), considering water abstraction, pesticide presence, nitrogen diffusion as fertilizer and 

significant hydromorphological interventions, the Pinios catchment was classified among the most 

degraded in Europe. 

Knowledge on river quality variations and of exceeding quality limits is essential for the 

allocation of water to different uses and for applying remedial measures. The scope of the present 

paper is to detect and study the spatiotemporal variations of the chemical-physicochemical status (C-

P status) of Pinios river catchment and describe the main drivers of these variations, in order to 

implement suitable water resource management tools to support local economies by protecting the 

environmental status of the river basin. 

2. Materials and Methods 

2.1. Study Area 

Thessaly region (Figure 1) encompasses two major River Basins, namely Pinios River Basin (code 

EL0816) and Almyros – Pilio River Basin (code EL0817) [18]. Overall, seventy-two (72) surface water 

bodies were identified within Thessaly River Basin District with varying river typology [25-26]. 

Pinios River Basin is covered mainly by crops (51%), forests (34%) of various types and pasture (12%), 

while urban use (Figure S1, (Supplementary Material, SM) corresponds to 2% of the total area [18]. 

Eighteen (18) WWTPs are being operated to service numerous local agglomerations, some of which 

are significantly dense and vivid in terms of population and industrial activity (see Figure 1). Detailed 

information of treatment installations is presented in Table S1, (SM) [27]. Officially, only one (1) 

WWTP located in Karditsa was designated with operational problems and performed non conformity 

against EEC 91/271 Directive prerequisites [28], for the period of our interest (2020). WWTPs in the 

region support urban wastewater secondary treatment with sufficient removal of organic load, 

nutrients and Suspended Solids (SS). In Thessaly are located six designated Industrial Areas (IA), 

three of which are in vicinity to the city of Volos [29]. Volos IAs do not affect upon Pinios river water 

bodies. The other two of our interest are established in Karditsa and Larissa respectively supporting 

various industrial activities mainly of agricultural orientation. 

The total annual, percentile water consumption is apportioned as follows: irrigation (91%), 

urban supply (~7%), industrial consumption (1%) and breeding farms (1%). Approximately 84% of 

the total annual water demand is attributed to abstractions from groundwater bodies by means of 

boreholes’ pumping exploitation to meet mainly irrigation water demand. This turned the natural 

water balance of the basin to strongly negative [30]. ‘Plastira’ Reservoir, transferring water from 

Acheloos River Basin, covers supplementary irrigation and human consumption needs of Karditsa 

municipality administrative area [18]. 
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The Pinios basin annually receives hundred thousand tons of fertilizers, thousand tons of 

pesticides, and is receiving high organic waste water loads from partly untreated municipal and agro-

industrial effluents [31-32]. The latter caused a worsen of ammonium quality during the last decade, 

despite a general improvement of its C-P status [12]. Shallow groundwaters illustrate dramatic nitrate 

levels, making them unsuitable for human consumption [33], despite the fact that the basin has been 

designated a nitrate-vulnerable zone.  

 

Figure 1. Terrain elevation of Pinios river catchment and physicochemical status of quality 

monitoring stations (5-quality classes) [27, 34]. Sampling stations in cycles are mentioned in the text. 

Member States share particular surface water body types and collected data, following the 

conclusion of Geographical Intercalibration Groups (GIG). The Pinios basin, covering 11,012 km2, is 

classified as very large (> 10,000 km2). It has a mean annual discharge of 1.97 km3/year, whereas the 

recent annual fluxes of Dissolved Inorganic Nitrogen (DIN) and P-PO4 were estimated to 1.51 and 

0.17 kt, respectively [35]. Regarding ‘very large’ rivers, Greece is intercalibrated for river type R-L2. 

The characteristics of the different river types are presented in (Table S4, SM). 

2.2. Sampling and Analysis 

In this study, water quality data from Thessaly rivers from the period 2018-2020 were 

considered, collected under the National Monitoring Program for the assessment of the ecological 

status of Greek rivers, led by the Institute of Marine Biological Resources and Inland Waters (Hellenic 

Centre for Marine Research), according to the WFD provisions [36]. Seasonal data regarding nutrients 

(nitrates, nitrites, ammonium, phosphates), turbidity, dissolved oxygen, water temperature, electric 

conductivity, chloride, and pH have been deployed from the WFD database of the Hellenic Centre 

for Marine Research, covering 30 stations within the Thessaly region (Table 1). In total two hundred 

and eighteen (218) samples were collected and the dataset is available here: 

https://doi.org/10.5281/zenodo.13646661  

All data derived by means of field sampling and lab analyses (for sampling and laboratory 

analysis procedures please refer to [37]), underwent data processing by combined data analyses 

techniques. Each sampling station was assigned a unique id code and a brief description. 
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Furthermore, Pinios tributaries’ network was classified in accordance with Med-river bodies 

intercalibration exercise preceded to define type-specific reference conditions [25-26], as given below 

in Table 1. 

Table 1. Sampling stations with their unique (ID) coding with a brief description, Pinios river 

tributaries classification according to Med. rivers intercalibration results and coordinates (WGS 84). 

River types are presented in (Table S2, SM) [36]. 

A/A Description ID code Internal river type WGS 84 

1 ELASSON_MD EL0816R000202310N200 RM-2 39.87154 22.14997 

2 ENIPEA EL0816R000206023N050 RM-3 39.56352 22.08793 

3 KIT_TRIK EL0816R000214050N050 RM-4 39.53001 21.77237 

4 KLOKOTO EL0816R000210143N050 RM-2 39.57768 22.00542 

5 KOUSBASAN EL0816R000204018H050 RM-5 39.62813 22.49353 

6 LITHEO_DW EL0816R000210042N050 RM-4 39.53783 21.89975 

7 MAGULA EL0816R000202310N250 RM-5 39.81298 22.08429 

8 MAKRY EL0816R000206228N050 RM-1 39.25533 22.14608 

9 MEGA EL0816R000208040N050 RM-2 39.52941 22.01166 

10 MELISSA EL0816R000000064A050 RM-2 39.55914 22.64729 

11 NEOXOR EL0816R000210144N050 RM-5 39.62949 22.02573 

12 OMOLIO_DW EL0816R000201002N250 VERY-LARGE 39.90307 22.63763 

13 P004 EL0816R000201002N300 VERY-LARGE 39.92188 22.70157 

14 P028 EL0816R000201002N200 VERY-LARGE 39.89149 22.60745 

15 P061 EL0816R000200004N050 VERY-LARGE 39.85138 22.51186 

16 P073 EL0816R000200005N050 VERY-LARGE 39.80690 22.39901 

17 P088 EL0816R000200015N100 RM-3 39.78782 22.38942 

18 P223 EL0816R000200022N250 RM-4 39.59194 22.22036 

19 P263 EL0816R000200022N300 RM-4 39.58204 22.11037 

20 P266 EL0816R000200039N150 RM-4 39.56857 22.07846 

21 P300 EL0816R000200039N100 RM-4 39.52668 21.94005 

22 P388 EL0816R000200053N100 RM-4 39.63924 21.63874 

23 PAMISOS EL0816R000212048N050 RM-4 39.47621 21.81038 

24 PIN_IND EL0816R000200015N150 RM-3 39.71346 22.43364 

25 PORTAIK EL0816R000216051N150 RM-4 39.52651 21.71220 

26 SKOPIA EL0816R000206038N100 RM-4 39.15482 22.49110 

27 TERPSITHEA EL0816R000200020N050 RM-3 39.63472 22.35500 

28 TITAR_DW EL0816R000202006N050 RM-3 39.78685 22.38000 

29 TITAR_MD EL0816R000202007N100 RM-5 39.71589 22.18866 

30 T_XINIADA EL0816R000206235A050 RM-1 39.11937 22.16460 
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2.3. Data Analysis 

Evaluation of the C-P status was accomplished by employing methodologies developed 

according to the implementation of WFD [6] and the latest adopted Pinios River Basin Management 

Plans (RBMP). For that purpose, nutrients and DO data were collected from all involved monitoring 

stations of the operational water monitoring network. Each individual parameter value received a 

score compared to defined thresholds [34], (Table S1, SM) and the overall average score provided the 

final status C-P classification (Table S2, SM), [38]. Dissolved Inorganic Nitrogen (DIN) comprises the 

sum of (N-NO3), (N-NH4) and (N-NO2). TN, which is the sum of DIN and nitrogen bound to organic 

matter (ON), determined the trophic state [39-40] (Table S2, SM). 

Significant information is received from cross-correlation matrices. Correlations were tested, 

pairwise, between measured parameters making use of mean concentration of all involved 

monitoring stations (Table S5, SM). In general, weak correlations prevailed as a result of overlapping, 

opposing processes [41] running in the Pinios river basin (e.g. photosynthesis versus respiration, 

nitrification versus denitrification) [42]. Thus, for the interpretation of the results, even weak 

correlations were used that suggest the prevailing processes taking place. 

Box plots were used in order to extract information contained in periodical samplings, 

conducted on a regular monitoring basis. They are widely used in descriptive statistics, for 

graphically demonstrating the locality, spread and skewness of numerical data through their 

quartiles. 

Intense rainfalls in winter 2018 seriously affected the investigated parameters by means of 

extended runoffs and subsequent flashing and/or dilution in river bodies. Therefore, rain 

precipitation and temperature in five meteorological stations (Table 5) were recorded and interrelated 

to the obtained results to quantify the degree of influence (National Observatory of Athens, NOA), 

(Figure S2, SM) [43]. 

3. Results 

3.1. Temporal Variations of Physicochemical Status 

3.1.1. Inter Annual Variations 

In terms of rainfall fluctuations, except for the beginning of 2018, during 2019-2020, no 

remarkable differences were observed in most active meteorological stations (Table S3, SM) of (NOA 

in the region of interest) [43]. Intense rainfall recorded in December 2017 and winter 2018 (Figure 3a) 

is reflected in temporarily increased turbidity measurements, via an increase of turbidity physical 

index (NTU) (Figure 3b). Persisting precipitation affects significantly river water turbidity values, 

since soil weathering and erosion phenomena occur which enhances particulate matter 

transportation, fertilizer and organic matter washing off from agribusiness facilities/activities. 

Throughout the sampling period (2018-2020), median and average TN values were steadily 

above the ‘mesotrophic state’ boundary, while the vast majority of measurements were above the 

oligotrophic threshold, belonging to the mesotrophic and eutrophic trophic statuses (Figure 2b; Table 

S2, SM). The year 2019 was the worst period in terms of TN concentrations, since both average and 

median concentration values were higher than those of 2018 and 2020, exceeding the 

mesotrophic/eutrophic boundary (i.e. 1.5 mg L-1), though a greater diaspora of values was 

demonstrated. 

Ammonium median value appeared to lie steadily within the ‘Good Status’ band in all years 

studied (Figure 2a) with median and average values lying closely in a small distance to the 

Good/Moderate quality boundary. The years 2019 and 2020, display great similarities depicted in the 

fluctuation range regarding the ammonium concentration footprint. Measurements recorded in 2018 

are somewhat within a lower narrow range. Individual monitoring stations (Table 1) described as 

‘KUSBASAN’, ‘SKOPIA’, ‘KIT_TRIK’ and to a smaller extent ‘LITHEO_DW’ demonstrate high 

ammonium values all year round. 
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The boxplots for TP indicate that almost 50% of the measurements were classified within the 

‘Poor’ and ‘Moderate’ TP status zones in the years 2018 to 2020. In 2019 only nine ‘outliers’ exceeded 

the upper ‘Bad Status’ value threshold (Figure 2c). The TP median values in the years 2018 and 2019 

were below the Good/Moderate boundary and the average value lay within ‘Poor Status’ band (see 

Table S2, SM). In 2020, the highest TP concentration values were reported with more than 40% being 

classified as of poor or bad quality. 

 

Figure 2. (a) Variation of ammonium measurements in the years 2018-2020. Green and yellow dashed 

lines denote ‘Moderate’ and ‘Good’ status thresholds, respectively [34] (b) Variation of TN 

measurements in the years 2018-2020. The grey colored band denotes the mesotrophic state area. [38-

39] (c) TP measurements in the years 2018-2020. Green, orange and red dashed lines denote ‘Good’, 

‘Poor’ and ‘Bad’ status thresholds, respectively [34]. 

3.1.2. Intra Annual Variations 

Field measurements demonstrate a remarkable fluctuation of Dissolved Oxygen (DO) values all 

year round. In the vast majority of the results, DO average and median values steadily exceeded 50% 

of the oxygen saturation zone (Figure 3c), denoting the prevalence of ‘good’ and ‘high’ oxygen status 

according to Table S2, SM. In addition, only 5% of DO measurements revealed hypoxic conditions, 

i.e. concentrations below 3 mg/l. Finally, dissolved oxygen concentration was inversely correlated to 

water temperature as verified by the cross-correlation (Figure 3d; Table S4, SM). 
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Figure 3. (a) Variation of seasonal rainfall in 2018-2020, based on data collected from four rain gauge 

stations (Table 4, SM), [43] (b) Turbidity measurements at all monitoring stations in Pinios basin (2018-

2020) at predefined sampling periods (c) Dissolved Oxygen saturation in river waterbody and (d) 

temperature, measured at all monitoring stations in Pinios basin (2018-2020) at predefined sampling 

periods [44]. 

Apart from few scattered measurements, the largest proportion of samples in terms of 

orthophosphate were plotted within the high/good quality zones, at least till the end of the summer 

of 2019 (Figure 4a). 

Only in August 2018 and 2019, river water bodies sustain a “Good Nitrate Status” (Figure 4b) 

(see Table S2, SM). On the contrary, in September 2018 and 2019, a clear deterioration of nitrate 

quality was apparent, with the average lying almost at the poor/bad status boundary. Ammonium 

(Figure 4c; Table S5, SM), and especially TP and Cl-, present a positive correlation with BOD. The 

mean value of the fraction (organic phosphorus/TP) estimated to be 0.31. Apart from August 2020, 

river waterbodies’ nitrite quality lies below ‘Βad status’ zone (Figure 4d; Table S2, SM). The majority 

of the measurements lies within ‘moderate/poor status’ zone. 
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Figure 4. (a) Orthophosphates conc. fluctuation (2018-2020). The bluish frame corresponds to the 

COVID pandemic lock down period in Greece [34]. (b) River waterbodies nitrates conc. measured at 

all monitoring stations in Pinios basin (2018-2020) at predefined sampling periods. Green Dashed line 

defines the boundary value between good/moderate status [34]. (c) Ammonium and (d) nitrites 

concentrations measured at all monitoring stations in Pinios basin (2018-2020) at predefined sampling 

periods. Quality classes according to [34]. 

3.2. Spatial variations of chemical-physicochemical status 

Elassonitis, a tributary of Pinios river, downstream ‘Elassona’ site WWTP at ‘ELASSON_MD’ 

monitoring station (Figure 1), demonstrates high TP, moderate ammonium values, elevated chloride 

concentration (4 out of 8 measurements exceed 70mg.L-1, the upper accepted level for unconcerned 

plant growth after irrigation, [45]), and a ‘poor’ C-P classification. A further downstream station 

named ‘MAGULA’ (Figure 1) receives a better ‘moderate’ C-P classification, nonetheless, it displays 

as high as the former station TP concentration. ‘LITHEO_DW’, demonstrates ‘bad’ C-P status, even 

though the upstream ‘Trikala’ WWTP (Table S6, SM), seems to operate smoothly, i.e. within EEC 

91/271 guidelines [27-28]. 

The last three sequenced monitoring stations located just before the deltaic zone ‘P004’, 

‘OMOLO_DW’ and ‘P028’ (Figure 1), demonstrate a ‘Good’ C-P classification albeit a few km 

upstream river quality is barely ‘moderate’. 

RM-5 river types display the highest ammonium values followed by RM-4 and RM-3 (Figure 

5c). LITHEO_DW station (i.e. RM-4 type) demonstrates the maximum ammonium values. In 2020, 

WWTP of Karditsa was recorded by the competent Greek ministry (Hell. Min. Env. Ener., 2024) as 

non-compliant to EEC 91/271 regulated limits, as regards (BOD5, COD). Therefore, there is strong 

evidence that sampling results from the above given monitoring station are negatively affected by 

inadequate urban wastewater treatment. 
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Figure 5. (a) River waterbodies total phosphorus concentration [34] measured at all monitoring 

stations in Pinios basin (2018-2020) at predefined sampling periods (b) Overall orthophosphate anions 

conc. [34] (c) ammonium cations concentration (d) Nitrates conc. measured within 2018-2020 period 

for various classified Med-river types. Quality classes [34]. 

Regarding ΤΡ, ‘RM-5’ rivers demonstrate significant median values, considerably higher than 

the other river types (Figure 5a). Second ranked is the river type ‘RM-2’. Moreover, ‘RM-5’ river 

sampling values present a great TP diaspora. A high percentage i.e. more than 75% of ‘Very large’ 

rivers’ TP sampling values are placed in ‘Good’ and ‘High Status’ (Figure 5a). Orthophosphates 

present almost the same pattern (Figure 5b) since they demonstrate the highest contribution to the 

TP. RM-1 and RM-4 river types demonstrate the highest N-NO3 measured values (Figure 5d). 

RM-3 and i.e. RL-1 and RL-2 type (see Table S4, SM) are all rich in water and display the best 

quality as regards TN parameter, presumably due to the high dilution potential (Figure 6a). RM-1 

type i.e. small streams with a catchment <100 km2 demonstrate marginally the higher median 

concentration as regards nitrogen bound to organic matter ON. RΜ-2 medium size streams and RM-

3 very large rivers display almost the same median (Figure 6b). 
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Figure 6. (a) Overall total nitrogen concentration. Trophic status classification after [38-39] (b) Organic 

nitrogen in different river types. 

3.3. Management Issues 

In Figure 7, an overall assessment of the C-P status in Pinios river catchment is presented, based 

on nutrients (i.e. N-NO2, N-NO3, N-NH4, P-PO4, TP, ΤΝ) and Dissolved Oxygen (DO). One hundred 

and three (103) samples, collected from thirty (30) monitoring stations, classified as ‘Good Status’, 

fifty-seven (57) as ‘Moderate’ and twenty-nine (29) as ‘High Status’ samples. Sixty two 62% of the 

measurements achieve a C-P satisfactory status. That entails extensive rehab actions to be taken for 

the C-P improvement. 

Moreover, 86 out of 218 measurements, i.e. 40%, revealed a lower than good C-P status. From 

this total, only the half of DO presented a lower than good quality, along with 65% of ammonium, 

72% of nitrite and 89% of TP measurements. Regarding nitrate and phosphate, 83% and 95% of the 

measurements presented a lower than good quality. Monitoring stations considered to be heavily 

burdened from nutrients are the sites depicted in Table 2. 

 

Figure 7. The physicochemical status of the operated monitoring stations at Pinios river catchment in 

Τhessaly and Sterea Ellada in central Greece. 

Table 2. Monitoring stations with below seasonal good C-P status (moderate/poor/bad) in the period 

2018-2020, (overall 86 non ‘GES’ compliances out of 218 samples collected). 

Station 

description 

C-P 

status 

moderate 

C-P 

status 

poor 

C-P 

status 

bad 

TP limit 

exceedance 

P-PO4 

limit 

exceedance 

N-NH4 

limit 

exceedance 

N-NO3 

limit 

exceedance 

DO limit 

exceedance 

ELASSON_MD 4 4 0 8 8 6 2 6 

ENIPEA 2 1 0 2 2 3 2 3 

KOUSBASAN 2 2 0 3 3 3 2 1 

LITHEO_DW 0 5 4 9 9 7 9 9 

MAGULA 5 0 0 5 5 3 1 3 

MAKRY 4 1 0 4 4 3 5 3 

MEGA 1 0 0 0 1 1 1 1 

MELISSA 6 1 0 7 7 1 7 6 

P061 3 0 0 2 3 2 3 1 

P073 2 0 0 2 2 1 2 1 

P088 4 0 0 4 4 2 4 2 

P223 5 0 0 4 5 3 4 3 

P263 4 0 0 3 4 3 4 4 

P266 2 2 0 4 4 3 4 3 

P300 2 3 0 5 5 3 5 5 

PIN_IND 0 3 0 3 3 3 3 2 

PORTAIK 1 2 0 2 3 3 3 1 

T_XINIADA 1 0 0 1 1 1 1 0 

TERPSITHEA 4 0 0 4 4 2 4 2 

TITAR_DW 2 0 0 2 1 1 2 2 

TITAR_MD 3 1 0 3 4 4 4 0 

Sum 57 25 4 69 74 52 70 52 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2024 doi:10.20944/preprints202410.2035.v1

https://doi.org/10.20944/preprints202410.2035.v1


 11 

 

According to Table 2, quality limit exceedances were detected at 35.8% of the overall monitoring 

sampling sites. Particularly, 21 out of 30 (Tables 1, 2) monitoring stations demonstrated C-P status 

lower than ‘good’ in 86 seasonal measurements, i.e. a percentage of 70%. DO values has similar levels 

of exceedance as ammonium, i.e. 52, followed by nitrates and orthophosphates with 70 and 74 

samples, respectively. The middle course of the river displays the worst performance in terms of C-

P quality. 

Despite of high organic waste water inputs in the Pinios basin, average basin ON comprises only 

14% of TN. To compare, the average ON percentage in the Evrotas basin, which receives agricultural 

and organic agro-industrial effluents, equals to 37.1 [46], whereas the average ON percentage in the 

almost undisturbed Krathis river basin reaches 76.5 [47]. 

4. Discussion 

In Pinios basin, DO values showed that surface waters are mostly under oxidizing conditions, 

despite the impact of organic waste waters. Dissolved oxygen concentration was inversely correlated 

to water temperature as verified by the cross-correlation matrix (Table S5, SM) and literature [48]. In 

addition, DO revealed negative correlations with BOD and TP (Table S5, SM) indicating the 

occurrence of organic matter decay processes and denoting that oxygen reduction during the dry 

seasons is attributed to the combined effect of oxygen consumption due to decomposition of organic 

matter and the increase of temperature. Hence, organic matter decay processes, especially during low 

flow periods seem to mask enhanced photosynthesis favored by prolonged daylight, high 

temperatures and nutrient availability [41, 49-50], deteriorating oxygen concentrations and violating 

good oxygen quality in half of the measurements carried out. 

Nitrates are highly involved in cases where C-P status quality falls short of good. The main 

source of nitrates in Greek rivers (including Pinios) concerns inorganic nitrogen-based fertilizers [51]. 

Considering that the Pinios basin is covered by over 24% by irrigated cultivations [52] and that vast 

cropland areas are in proximity with river courses, autumn and winter floods favor flushing of 

fertilizers (applied to crops mainly in autumn and winter periods) from cultivated topsoil, which in 

turn gives rise to nitrate concentration. These incidents do not take place quantitatively in the dry 

period of the year as the negative correlation between nitrate concentrations and water temperature 

indicate (Table S5, SM). The relatively low nitrate concentrations observed in non-perennial RM-5 

type rivers may be attributed to low flow and restricted flood events that prevent excessive land 

flushing processes. Finally, it is not to be excluded that nitrate increases during high flow seasons 

(coinciding with high oxygen concentration) may be additionally caused by enhanced nitrification 

processes [42]. Most of the samplings regard RΜ-4 type rivers which indicates that seasonal 

phenomena are most probably C-P classification controllers. 

In Pinios River, orthophosphate is the nutrient species which violates good quality in almost all 

measurements lying below good C-P status. Orthophosphate is a major industrial chemical agent, a 

component of many commercial products, with large temporal applicability, utilized as a fertilizer 

and usually reaches river water during arable land flushing [46]. In the particular catchment, 

however, the positive correlation between water temperature and P-PO4/TP suggests an additional 

enrichment mechanism; extensive animal derived bio-fertilizers use, as a recycled byproduct from 

local vivid breeding farm activities (i.e. pigs, cattle, poultry) applied in warm periods, together with 

inadequately treated municipal waste waters and ones derived from seasonal food industries 

operating in summer, temporally coinciding with a very poor water flow. These activities in 

combination with organic matter mineralization processes seem to override leaching of phosphate 

fertilizers from agricultural land during high flow events. Similarly, WWTP malfunctioning, along 

with seasonal food industry and livestock activities give rise to TP, ammonium and chloride (since 

Cl- is contained in urea), as the positive correlation between TP, ammonium and chloride with BOD 

indicates. The impact of WWTPs is clearly demonstrated at the Elassonitis tributary, which receives 

a ‘poor’ C-P classification (‘ELASSON_MD’ station), due to the effluents of the upstream operating 

WWTP on the site “Elassona” (Table S6, SM), whereas further downstream (‘MAGULA’ station), the 

C-P status gets improved in all monitoring parameters, including chlorides. Chlorides exceed the 
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value of 70mg.L-1 in four measurements out of eight conducted upstream which turns to one 

exceedance out of five downstream in ‘MAGULA’ station (Tables 2, 8). These results are supported 

by Matiatos et al. (2023) who, based on stable water isotopes, found that organic pollution 

contribution from various point sources exceeded 70 % in most Pinios river sites [42]. 

Nitrites are metastable anionic complexes, particularly toxic to aquatic biota. When present in 

waterbodies, in strong oxidized conditions they turn, shortly after their formation, into nitrates, 

which are more stable in thermodynamic terms, constituting therefore a more preferable form for the 

aquatic ecosystems. The positive correlations of ammonium with BOD and of ammonium with nitrite 

(Table S5, SM) provide evidence for organic matter mineralization and subsequent nitrification 

processes, respectively [41], driven by sufficient water oxygenation. The prevalence of nitrification 

processes in the basin is also supported by the findings of Matiatos et al. (2023) [42]. Our results at 

LITHEO_DW station could support such an approach, since it displays high concentration of nitrites 

and ammonium concurrently (Table S5, SM). Finally, the diminishing of ammonium in late 

summer/autumn (Figure 4c) may be attributed to enhanced assimilation processes that favor its 

uptake by plants [42] or, in case of strong oxygen deficiency, to Anaerobic Ammonium Oxidation 

processing converting ammonium into dinitrogen gas (N2), having as an intermediate stage nitrites 

formation [41, 53-57]. 

Ammonia toxicity to aquatic life depends on water intrinsic quality characteristics, pH and 

temperature values, which affect solubility. High ammonia concentration incurs fish tissue harm, 

toxic algal blooming etc. Since 18% of the measurements revealed exceedance of pH 9, due to 

increased photosynthesis (occurring all year round), massive fish deaths reported for Pinios River 

may be caused to ammonia toxicity which may act concurrently to flow deterioration and oxygen 

defficiency in summer [58]. 

Water flow highly regulates the concentration of nutrients and determines the trophic state of 

river bodies. Due to climatic and water management issues, rivers in the eastern part of Greece show 

significant seasonal discharge variations and suffer from very low summer flow, even river types 

categorized as ‘large’ ones in terms of catchment area and rich water flow i.e. RM-2, RM-3, RL [25-

26]. Nevertheless, these river types are richer in water than the other river types and show a better C-

P status. Rivers with a high seasonal flow i.e. RM-1 and RM-4 are most susceptible to increased 

nitrates concentration as a result of flushing processes (Figure 6b). RM-4 type rivers demonstrated 

the highest nitrite values (Figure 5d). Poor hydrological season yields weak water currents with low 

dilution capacity to any point source pollution and favors locally the formation of small ponds with 

stagnated river water, where nitrifiers are prevailing [59-60]. RM-5 rivers, i.e. with temporary flow 

regime, follow the same justification. RM-5 rivers are under environmental pressure due to 

desiccation and subsequent undesirable high pollutant concentrations, particularly N-NH4, ΤΡ and 

P-PO4. 

The improvement of the C-P classification status along the Pinios main course towards the river 

outflow is attributed to the positive effect of local springs inflows originating from two high altitude 

mountain masses (i.e. Olympos and Ossa) surrounding the last course stage of the river (Figure 1) 

bluish colored arrow on the right side. 

The COVID pandemic lock down, which lasted from 03/2020 until the end of the year, seems not 

to have affected water quality parameters despite an overall air quality improvement and lower 

pollutant inflows through wet and dry deposition as demonstrated elsewhere [61-62]. This is due to 

the fact that in Pinios basin ground sources of pollution are more significant compared to atmospheric 

inputs. On the other hand, although the amount of municipal waste water effluents during the lock 

down in many countries increased [62-64], no significant alterations were detected herewith as 

regards to nutrients and dissolved oxygen. 

The operation of WWTPs within large cities and agglomerations, located upstream of sampling 

stations, needs a more thorough investigation of wastewater treatment efficiency, since any improper 

functionality significantly affects the water quality status. Our results together with the observed 

recent long-term increase in ammonium concentration in the outflow of the main river course [12] 

suggests that urgent measures should be taken to control and improve the operation efficiency of 
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WWTPs within the basin. Same measures should be applied for food industries and animal breading 

units. 

Considering that phosphorous enriches river water mainly in summer, it may be concluded that 

organic pollution resulting from treated and untreated municipal wastes and industrial activities is 

the primary source of pollution in Pinios basin, followed by agricultural land flushing. This result is 

supported by [42]. However, agricultural pollution is also substantial; the low ON contribution to TN 

is attributed to N inputs from N-fertilizers, which are still immense, despite the facts that the Thessaly 

basin has been designated as Nitrate Vulnerable Zone with positive results (EC, 2002) and that nitrate 

levels in the river outflow have been improved in the recent decade [12, 65-67]. 

Ongoing and future measures within the RBMPs should thus urgently target point sources of 

organic effluents and significantly intensify measures, e.g. connected to the Nitrates Directive, to 

more efficiently control N- and P-fertilizers in agriculture. 

The excessive use of nitrogen-based fertilizers increases nitrates concentration in soils and 

surface waters and incurs aquifers nitrification. WWTPs effluents in combination with outdated 

irrigation techniques contribute to a constant increase of chloride concentration in river water bodies 

and alter soil geochemistry balance and therefore crop yield. River Basin Management Plans should 

consider precision agriculture, deficit irrigation [68], restructuring of agriculture towards less water-

demanding crops and use of grey water, additionally to a better implementation of the nitrate-

vulnerable zone principles. Moreover, prudent surface and groundwater management should feet 

with circular economy to meet the requirements of goals 6, 12 and 14 of the United Nations Agenda 

for Sustainable Development until 2030 [69]. 

The Pinios basin is vulnerable to floods caused by a combination of extreme meteorological 

events and hydromorphological alterations. Extreme Weather Event ‘Daniel’ stroke certain areas in 

Greece (Sept. 2023) with heavy persistent rainfalls lasting for several days. It resulted in massive 

property damage in Thessaly because of the lack of adequate elevation to support rainwater runoffs, 

causing floods, landslides, uncontrolled agrochemical spread and great loss of livestock potential. In 

the near future, the high frequency occurrence of extreme phenomena, compels local communities 

and stakeholders to proceed with fast pace and conclude Integrated Water Management Plans. 

Αwareness of surface water quality assures the applicability of proper sustainable practices, e.g. 

monitoring of groundwater quality, crops fertilizing policy, floods [70-71], nitrates vulnerable zones 

[42, 72-73] and water supply sufficiency, during periods of extreme events, such as prolonged 

drought and persistent floods [11, 74-76]. 

Future WFD revision based on United Nation’s Integrated Methodological Framework, along 

with the new Nature Restoration Law, are expected to strengthen initial provisions on water quality 

and ecological status assessment, to enhance the involvement of stakeholders in the development of 

river basin management plans towards water sustainability pathways, and proceed towards NBS-

based remedial actions  [77-81].  

5. Conclusions 

Pinios river basin is the vast part of Greece’s agriculturally most productive basin, the Thessaly 

basin, with over a half of million inhabitants. The river is a recipient of multiple, inadequately treated, 

point and dispersed pollution sources, suffers water shortages due to immense ground- and surface 

water abstraction for irrigation and is prone to climate change/variability induced droughts and 

floods. It is thus not surprising that the Pinios basin has been classified among the most degraded in 

Europe [22]. 

Focusing on the C-P status of 30 river stations of the WFD monitoring network, 218 seasonal 

samples for the period 2018-2020 were analysed, following nationally approved methods, to obtain 

the following main results: 86 samples, i.e. 40% of the total sample number, and 21 out of the 30 

monitoring stations (i.e. 70%) revealed a lower than good C-P status, preodominately as a result of 

elevated phosphate, TP and nitrate cocentrations.  

Contrary to our understanding regarding the vast majority of Greek basins [31, 51], phospohrous 

reaches the Pinios river not mainly as a result of agricultural soil flushing following hydrograph 
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peaks, but predominately due to organic pollution. This referes to bio-fertilizers application (in warm 

periods), inadequately treated municipal waste waters and effluents from seasonal food industries 

operating in summer, in combination with organic matter mineralization processes. The latter, 

combined with nitrification (as indicated by [42]), may cause elevated nitrite, ammonium, and in case 

of eutrophication, ammonia concentrations, which may be interrelated with the observed massive 

fish deaths. The recent long-term increase in ammonium concentration in the outflow of the river [12] 

is consistent with this concept. Thus, in Pinios basin, organic pollution, combined with mineralization 

processes seem to override leaching of phosphate fertilizers from agricultural land during high flow 

events, underlying the urgent priority to control point source pollution in the basin. However, the 

long-term recent improvement of the river’s nitrate quality [12] should not reassure water managers, 

since this study shows that in 83% of samples with lower than good C-P status, nitrate violates  good 

quality limit. Thus, Programms of Measures within the RBMPs should urgently target point sources 

of organic effluents and significantly intensify measures to more efficiently control N- and P-

fertilizers in agriculture, including NBS.  

The COVID pandemic lock down seems not to have affected water quality parameters through 

the imrovent of atmospheric deposition due to the fact that in Pinios basin ground sources of 

pollution are significant compared to atmospheric inputs. Also, an increase of municipal waste water 

effluents during the lock down has not been detected.  

The improvement of the C-P classification status along the Pinios main course towards the river 

outflow is attributed to dilution by local springs inflows originating from mountain masses 

surrounding the last part of the river course (Tempi area). However this process may have recently 

weekened due to the dry spell period. 

Future WFD revision based on United Nation’s Integrated Methodological Framework, along 

with the new Nature Restoration Law, are expected to strengthen initial provisions on water quality 

and ecological status assessment, enhance the involvement of stakeholders in the development of 

river basin management plans towards water sustainability pathways, and proceed towards NBS-

based remedial actions, with special attention on adaptation and mitigation strategies of extreme 

weather events, to improve the status of this very important for the national economy, albeit highly 

degraded river.  

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 

Author Contributions: Conceptualization, E.D., S.G., S.K. and N.S.; methodology, E.D., S.G., S.K. and N.S.; 

formal analysis, S.G.; investigation, S.G.; data curation, S.G.; writing—original draft preparation, S.G.; writing—

review and editing, N.S., S.G., A.S., S.K. and E.D.; supervision, E.D., S.K. and N.S.; All authors have read and 

agreed to the published version of the manuscript. 

Funding: Please add: “This research received no external funding” or “This research was funded by NAME OF 

FUNDER, grant number XXX” and “The APC was funded by XXX”. Check carefully that the details given are 

accurate and use the standard spelling of funding agency names at https://search.crossref.org/funding. Any 

errors may affect your future funding. 

Data Availability Statement: Data available in a publicly accessible repository: 

https://doi.org/10.5281/zenodo.13646661. 

Acknowledgments: In this section, you can acknowledge any support given which is not covered by the author 

contribution or funding sections. This may include administrative and technical support, or donations in kind 

(e.g., materials used for experiments). 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Directive 75/440/EEC, official website of the European Community, Council Directive of 16 June 1975, 

concerning the quality required of surface water intended for the abstraction of drinking water. Available 

online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31975L0440, (accessed on 26 

April 2024). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2024 doi:10.20944/preprints202410.2035.v1

https://doi.org/10.20944/preprints202410.2035.v1


 15 

 

2. Directive 80/778/EEC, official website of the European Community, Council Directive of 15 July 1980 

relating to the quality of water intended for human consumption. Available online: https://eur-

lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31980L0778, (accessed on 26 April 2024). 

3. Directive 96/91/EC, official website of the European Community, Council Directive of 24 September 1996 

concerning integrated pollution prevention and control. Available online: https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:31996L0061&from=EN, (accessed on 26 April 2024). 

4. Directive 98/83/EC, official website of the European Community, Council Directive of 3 November 1998 on 

the quality of water intended for human consumption. Available online: https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:01998L0083-20151027&from=EN, (accessed on 26 April 2024). 

5. UN, LEAP platform, official website regarding ΕU Council Directive 98/83/EC on the quality of water 

intended for human consumption. Available online: https://leap.unep.org/countries/eu/national-

legislation/council-directive-9883ec-quality-water-intended-human-consumption, (accessed on 26 April 

2023). 

6. Directive 2000/60/EC, official website of the European Community, establishing a framework for 

Community action in the field of water policy. available online: https://eur-

lex.europa.eu/resource.html?uri=cellar:5c835afb-2ec6-4577-bdf8-

756d3d694eeb.0004.02/DOC_1&format=PDF 

7. Dallas, H.F. Ecological status assessment in mediterranean rivers: complexities and challenges in 

developing tools for assessing ecological status and defining reference conditions. Hydrobiologia 2013, 719, 

483–507. https://doi.org/10.1007/s10750-012-1305-8. 

8. López-Doval, J.C.; Ginebreda, A.; Caquet, T., Dahm, C.N.; Petrovic, M.; Barceló D.; Muñoz I. Pollution in 

mediterranean-climate rivers. Hydrobiologia 2013, 719, 427–450. https://doi.org/10.1007/s10750-012-1369-5. 

9. Tierno de Figueroa, J.M.; López-Rodríguez, M.J.; Fenoglio, S.; Sánchez-Castillo P.; Fochetti, R. Freshwater 

biodiversity in the rivers of the Mediterranean Basin. Hydrobiologia 2013, 719, 137–186. 

https://doi.org/10.1007/s10750-012-1281-z 

10. Bonada, N.; Resh, V.H.; Mediterranean-climate streams and rivers: geographically separated but 

ecologically comparable freshwater systems. Hydrobiologia 2013, 719, 1–29. https://doi.org/10.1007/s10750-

013-1634-2 

11. Scoullos M., et al., (2015). Αn integrative methodological framework (IMF) for coastal, river basin and 

acquifer management towards converging management approaches for Mediterranean coastal zones, 

UNEP, GWP, MedPartnership. available online: 

https://www.gwp.org/globalassets/global/toolbox/references/imf-guidelines-final.pdf, (accessed on 8 

November 2023) 

12. Skoulikidis, N.; Karaouzas, I.; Amaxidis, Y.; Lazaridou M. Impact of EU Environmental Policy 

Implementation on the Quality and Status of Greek Rivers. Water 2021a, 13, 1858. 

https://doi.org/10.3390/w13131858. 

13. Durrieu de Madron X.; Guieu C.; Sempéré R., et al., Marine ecosystems’ responses to climatic and 

anthropogenic forcings in the Mediterranean. The MerMex Group / Progress in Oceanography 2011, 91, 97–

166. https://doi.org/10.1016/j.pocean.2011.02.003. 

14. Lofrano, G.; Libralato, G.; Acanfora, F.G., Pucci, L.; Carotenuto, M. Which lesson can be learnt from a 

historical contamination analysis of the most polluted river in Europe? Science of the Total Environment. 2015, 

524–525, 246–259. https://doi.org/10.1016/j.scitotenv.2015.04.030. 

15. Nasta, P.; Palladino, M.; Ursino, N.; Saracino, A.; Sommella, A.; Romano, N. Assessing long-term impact 

of land-use change on hydrological ecosystem functions in a Mediterranean upland agro-forestry 

catchment. Sci Total Environ 2017, 605–606, 1070-1082. https://doi.org/10.1016/j.scitotenv.2017.06.008 

16. Sánchez-Gómez A.; Martínez-Pérez S.; Leduc S.; Sastre-Merlín A.; Molina-Navarro E. Streamflow 

components and climate change: Lessons learnt and energy implications after hydrological modeling 

experiences in catchments with a Mediterranean climate. Energy Reports 2023, 9, 277–291. 

https://doi.org/10.1016/j.egyr.2022.11.191. 

17. Leone, M.; Gentilea, F.; Lo Porto, A.; Ricci, G.F.; De Girolamo, A.M. Setting an ecological flow regime in a 

Mediterranean basin with limited data availability: The Locone River case study (S-E Italy). Ecohydrology & 

Hydrobiology 2023, 23, 346–360. https://doi.org/10.1016/j.ecohyd.2023.03.005 

18. Management Plan of the river basins of Thessalia River Basin District (RBMP) – Summary Sept. 2014, 

Special Secretariat for Water. Available online: https://wfdver.ypeka.gr/wp-

content/uploads/2017/04/files/GR08/GR08_P26b_Perilipsi_En.pdf, (Accessed on 11 April, 2024). 

19. Corine land cover, (2018). Copernicus Land Monitoring Service. Available online: 

https://land.copernicus.eu/en/map-viewer?product=130299ac96e54c30a12edd575eff80f7, (accessed on 27 

February 2024). 

20. Sargentis, G.F.; Siamparina, P.; Sakki, G.K.; Efstratiadis, A.; Chiotinis, M.; Koutsoyiannis, D. Agricultural 

Land or Photovoltaic Parks? The Water–Energy–Food Nexus and Land Development Perspectives in the 

Thessaly Plain, Greece. Sustainability 2021, 13, 8935. https://doi.org/10.3390/su13168935 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2024 doi:10.20944/preprints202410.2035.v1

https://doi.org/10.20944/preprints202410.2035.v1


 16 

 

21. Skoulikidis, N.; Nikolaidis, N.P.; Panagopoulos, A.; Ficher-Kowalski, M.; Zogaris, S.; Petridis, P.; Pisinaras, 

V.; Efstathiou, D.; Petanidou, T.; Maneas, G.; Mihalopoulos, N.; Mimikou, M. The LTER-Greece 

Environmental Observatory Network: Design and Initial Achievements. Water 2021b 13, 2971. 

https://doi.org/10.3390/w13212971. 

22. Schürings, C.; Globevnik, L.; Lemm, J.U.; Psomas, A.; Snoj, L.; Hering, D.; Birk, S. River Ecological Status 

Is Shaped by Agricultural Land Use Intensity across Europe. Water Res. 2024, 251, 121136. 

https://doi.org/10.1016/j.watres.2024.121136. 

23. Daliakopoulos, I.N.; Tsanis, I.K.; Koutroulis, A.; Kourgialas, N.N.; Varouchakis, A.E.; Karatzas, G.P.; 

Ritsema, C.J. The threat of soil salinity: A European scale review. Sci Total Environ. 2016, 573, 727-739. 

https://doi.org/10.1016/j.scitotenv.2016.08.177. 

24. Kairis, O.; Karamanos, A.; Voloudakis, D.; Kapsomenakis, J.; Aratzioglou, C.; Zerefos, C.; Kosmas, C. 

Identifying Degraded and Sensitive to Desertification Agricultural Soils in Thessaly, Greece, under 

Simulated Future Climate Scenarios. Land 2022, 11(3), 395. https://doi.org/10.3390/land11030395. 

25. Decision 2008/915/EC, pursuant to Directive 2000/60/EC of the European Parliament and of the Council, 

the values of the Member State monitoring system classifications as a result of the intercalibration exercise. 

Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32008D0915, 

(accessed on 9 May 2023). 

26. Decision 2013/480/EU, official website EU Commission, pursuant to Directive 2000/60/EC of the European 

Parliament and of the Council, the values of the Member State monitoring system classifications as a result 

of the intercalibration exercise and repealing Decision 2008/915/EC. Available online: https://eur-

lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013D0480, (accessed on 3 Jan. 2024). 

27. National Wastewater Monitoring Network, Greek Ministry of the Environment & Energy. Available online: 

https://astikalimata.ypeka.gr/wtp, (accessed on 20 June 2024). 

28. European Economic Community (EEC) Directive 91/271, concerning urban waste water treatment. 

Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31991L0271, (accessed 

on 11 April 2024). 

29. ETVA VI.PE. S.A., official website, Industrial and Business Parks. Available online: 

https://www.etvavipe.gr/industrialareas (accessed on 23 Sept. 2023). 

30. Panagopoulos, A.; Arampatzis, G.; Tziritis, E.; Pisinaras, V.; Herrmann, F.; Kunkel, R.; Wendland, F. 

Assessment of climate change impact in the hydrological regime of River Pinios Basin, central Greece. 

Desalination Water Treat. 2016, 57, 2256–2267, doi:10.1080/19443994.2014.984926.2016). 

31. Skoulikidis, N. The state and origin of river water composition in Greece. In The rivers of Greece. In The 

Handbook of Environmental Chemistry, 1st ed.; Skoulikidis, N., Dimitriou, E., Karaouzas, I., Eds.; Springer: 

Berlin/Heidelberg, Germany, 2018; pp. 97–128, ISBN 978-3-662-55369-5. 

32. Lambropoulou, D.; Hela, D.; Koltsakidou, A.; Konstantinou, I. Overview of the pesticide residues in greek 

rivers: Occurrence and environmental risk assessment. In The Rivers of Greece, 1st ed.; Skoulikidis, N., 

Dimitriou, E., Karaouzas, I., Eds.; Springer: Berlin/Heidelberg, Germany, 2018; pp. 205–240, ISBN 978-3-

662-55369-5. 

33. Stamatis, G.; Parpodis, K.; Filintas, Α.; Zagana, Ε. Groundwater quality, nitrate pollution and irrigation 

environmental management in the Neogene sediments of an agricultural region in central Thessaly 

(Greece). Environ. Earth Sci. 2011, 64, 1081–1105, doi:10.1007/s12665-011-0926-y. 

34. Skoulikidis, N.; Amaxidis Y.; Bertahas I.; Laschou S.; Gritzalis K. Analysis of factors driving stream water 

composition and synthesis of management tools – A case study on small/medium Greek catchments. Sci. 

Total Environ. 2006, 362, 205-241. http://dx.doi.org/10.1016/j.scitotenv.2005.05.018 

35. Skoulikidis, N.T.; Mentzafou, A. Freshwater and Matter Inputs in the Aegean Coastal System. In: 

Anagnostou, C.L., Kostianoy, A.G., Mariolakos, I.D., Panayotidis, P., Soilemezidou, M., Tsaltas, G. Eds.; 

The Aegean Sea Environment. The Handbook of Environmental Chemistry, 2021;. vol 127, 73-114. Springer, 

Cham. https://doi.org/10.1007/698_2020_732 

36. Hellenic Center of Marine Research (HCMR), Greek river waterbodies quality monitoring network. 

Available online: https://wfd.hcmr.gr, (accessed on 6 Jan. 2024). 

37. Skoulikidis, N.T.; Lampou, A., Laschou, S., Unraveling Aquatic Quality Controls of a Nearly Undisturbed 

Mediterranean Island (Samothraki, Greece). Water 2020, 12, 473. https://doi.org/10.3390/w12020473 

38. Skoulikidis, N.T. Defining chemical status of a temporary Mediterranean river. J. Environ Monit. 2008, 7, 

842-852. https://doi.org/10.1039/B800768C. 

39. Dodds W.K.; Jones J.R.; Welch E.B. Suggested Classification of Stream Trophic State: Distributions of 

Temperate Stream Types by Chlorophyll, Total Nitrogen, and Phosphorus. Water Res. 1998, 32, 1455-1462. 

http://dx.doi.org/10.1016/S0043-1354(97)00370-9. 

40. Dodds, W.K. Eutrophication and trophic state in rivers and streams. Limnol. Oceanogr. 2006, 51, 671–680. 

https://doi.org/10.4319/lo.2006.51.1_part_2.0671. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2024 doi:10.20944/preprints202410.2035.v1

https://doi.org/10.20944/preprints202410.2035.v1


 17 

 

41. Skoulikidis, T.N.; Vardakas, L.; Amaxidis, Y.; Michalopoulos, P. Biogeochemical processes controlling 

aquatic quality during drying and rewetting events in a Mediterranean non-perennial river reach. Sci. Total 

Environ. 2017, 575, 378–389. https://doi.org/10.1016/j.scitotenv.2016.10.015. 

42. Matiatos, I.; Lazogiannis, K.; Papadopoulos, A.; Skoulikidis, N.T.; Boeckx, P.; Dimitriou, E. Stable isotopes 

reveal organic nitrogen pollution and cycling from point and non-point sources in a heavily cultivated 

(agricultural) Mediterranean river basin. Sci. Total Environ. 2023, 901, 166455. 

https://doi.org/10.1016/j.scitotenv.2023.166455. 

43. National Observatory of Athens (NOA), time series climate data 2006-2018. Available online: 

https://www.meteo.gr/climatic.cfm, (accessed on 16 Dec. 2023). 

44. Cardoso A.C.; Duchemin J.; Magoarou P.; Premazzi G. Criteria for the identification of freshwaters subject to 

eutrophication, EUR 19810 EN, EC Joint Research Centre, Ispra, Italy, 2001. Available online: 

https://op.europa.eu/en/publication-detail/-/publication/26a9c3bb-a4c2-11e7-837e-01aa75ed71a1, 

(accessed on 21 Jun. 2024). 

45. World Health Organization (WHO), SDE/WSH/03.04/03, Chloride in Drinking-water. Background 

document for development. WHO Guidelines for Drinking-water Quality, (2003). Geneva. Available 

online: https://cdn.who.int/media/docs/default-source/wash-documents/wash-

chemicals/chloride.pdf?sfvrsn=f7d7502f_4, (accessed on 27 April 2024). 

46. Skoulikidis N.; Vardakas, L.; Karaouzas, I.; Economou, A.; Dimitriou, E.; Zoggaris, S. Assessing water stress 

in Mediterranean lotic systems; impacts and management implications in an artificially intermittent river 

(Evrotas River, Greece). Aquat. Sci. Special Issue: Recent Perspectives on Temporary River Ecology 2011, 73, 581-

597. https://doi.org/10.1007/s00027-011-0228-1. 

47. Skoulikidis, N.; Amaxidis, Y. Origin and dynamics of dissolved and particulate nutrients in a minimally 

disturbed Mediterranean river with intermittent flow. J. Hydrol. 2009, 37, 218–229. 

https://doi.org/10.1016/j.jhydrol.2009.04.032 

48. Sawyer, N.C.; McCarty, L.P.; Parkin, F.G. Chemistry of Environmental Engineering and Science, 5th ed. Mc 

Graw Hill higher education, N.Y. 2003; pp. 593-594. 

49. Andrews S.S.; Caron S.; Zafiriou O.C. Photochemical oxygen consumption in marine waters: A major sink 

for colored dissolved organic matter?, Limnol. Oceanogr. 2000, 45(2), 267-277. https://doi: 

10.4319/lo.2000.45.2.0267. 

50. Osburn, C.L.; Morris, D.P.; Thorn, K.A., Moeller R.E. Chemical and optical changes in freshwater dissolved 

organic matter exposed to solar radiation. Biogeochemistry 2001, 54, 251–278. 

https://doi.org/10.1023/A:1010657428418. 

51. Skoulikidis, Ν. The environmental state of rivers in the Balkans - a review within the DPSIR framework. 

Sci. Total Environ. 2009, 407(8), 2501-2516. https://doi.org/10.1016/j.scitotenv.2009.01.026 

52. PERSEUS – UNEP/MAP Report (2015). Atlas of Riverine inputs in the Mediterranean. Available online: 

http://www.perseus-net.eu/assets/media/PDF/5567.pdf, (accessed on 27 Apr. 2024). 

53. Hamersley, M.R.; Woebken, D.; Boehrer, B.; Schultze, M.; Lavik, G.; Kuypers, M.M. Water column 

anammox and denitrification in a temperate permanently stratified lake (Lake Rassnitzer, Germany). Syst. 

Appl. Microbiol., 2009, 32, 571–582. 

54. Hu, B.L.; Shen, L.D.; Zheng, P.; Hu, A.H.; Chen, T.T.; Cai, C.; Liu, S.; Lou, L.P. Distribution and diversity 

of anaerobic ammonium-oxidizing bacteria in the sediments of the Qiantang River. Environ. Microbiol. Rep. 

2012, 4, 540–547. https://doi.org/10.1111/j.1758-2229.2012.00360.x. 

55. Moore, T.A.; Xing, Y.; Lazenby, B.; Lynch, M.D.J.; Schiff S.; Robertson, W.D.; Timlin, R.; Lanza, S.; Ryan, 

M.C.; Aravena, R.; Fortin, D.; Clark, I.D.; Neufeld, J.D. (2011). Prevalence of anaerobic ammoniumoxidizing 

bacteria in contaminated groundwater. Environ Sci Technol. 4517, 7217–7225. 

https://doi.org/10.1021/es201243t. 

56. Naeher, S.; Huguet, A.; Roose-Amsaleg, C.L.; Laverman, A.M.; Fosse, C.; Lehmann, M.F.; Derenne, S.; 

Zopfi, J. Molecular and geochemical constraints on anaerobic ammonium oxidation (anammox) in a 

riparian zone of the Seine Estuary (France). Biogeochemistry. 2015, 123 (1–2), 237–250. 

https://doi.org/10.1007/s10533-014-0066-z 

57. Zhu, G.; Wang, S.; Wang, Y.; Wang, C.; Risgaard-Petersen, N.; Jetten, M.S.; Yin, C. Anaerobic ammonia 

oxidation in a fertilized paddy soil. ISME J 2011, 5(12), 1905–1912. https://doi.org/10.1038/ismej.2011.63 

58. Samantzi, V. Land use analysis of the Pinios river basin to determine environmental pressures. Master 

Thesis University of Thessaly, Polytechnic School Department of Landscape Engineering, City Planning & 

Regional Development (in Greek) 2013. 

59. Scholz, M.; Lee, B. Constructed wetlands: a review. Int. J. Environ. Stud. 2005, 62(4), 421–447. 

https://doi.org/10.1080/00207230500119783 

60. Yousaf, A.; Khalid, N.; Aqeel, M.; Noman, A.; Naeem, N.; Sarfraz, W.; Ejaz, U.; Qaiser, Z.; Khalid A. 

Nitrogen Dynamics in Wetland Systems and Its Impact on Biodiversity. Nitrogen 2021, 2(2), 196-217. 

https://doi.org/10.3390/nitrogen2020013 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2024 doi:10.20944/preprints202410.2035.v1

https://doi.org/10.20944/preprints202410.2035.v1


 18 

 

61. Cameletti, Μ. The Effect of Corona Virus Lockdown on Air Pollution: Evidence from the City of Brescia in 

Lombardia Region (Italy). Atmos. Environ. 2020, 239, 117794. https://doi.org/10.1016/j.atmosenv.2020.117794 

62. Marcheggiani, S.; Puccinelli, C.; Chiudioni, F.; Mancini, L. COVID‐19 Lockdown Pandemic Period Effects 

in Highly Impacted Aquatic Ecosystems, Environ. Toxicol. Chem. 2023, 42(5), 966–977. 

https://doi.org/10.1002/etc.5551 

63. Manoiu, V.M.; Kubiak-Wójcicka, K.; Craciun, A.I.; Akman, Ç.; Akman, E. Water Quality and Water 

Pollution in Time of COVID-19: Positive and Negative Repercussions. Water 2022, 14, 1124. 

https://doi.org/10.3390/w14071124 

64. Cappelli, F.; Longoni, O.; Rigato J.; Rusconi, M.; Sala, A.; Fochi, I.; Palumbo, M.T.; Polesello, S.; Roscioli, C.; 

Salerno, F.; Stefani, F.; Bettinetti, R.; Valsecchi, S. Suspect screening of wastewaters to trace anti-COVID-19 

drugs: Potential adverse effects on aquatic environment. Sci. Total Envir. 2022, 824, 153756. 

https://doi.org/10.1016/j.scitotenv.2022.153756 

65. EC Report on the Implementation of Council Directive 91/676/EEC Concerning the Protection of Waters 

against Pollution Caused by Nitrates from Agricultural Sources; Synthesis from year 2000 Member States 

reports; European Commission: Brussels, Belgium, 2002. Available online: https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2002:0407:FIN:EN:PDF, (accessed on 21 June 2024). 

66. Regulation (EU) 2020/741 on minimum requirements for water reuse, official journal. Available online: 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0741&from=EN, (accessed on 28 

October 2023). 

67. European Directive 2020/2184 on the quality of water intended for human consumption. Available online: 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020L2184, (accessed on 11 April 2024). 

68. Psomas, A.; Dagalaki, V.; Panagopoulos, Y.; Konsta, D.; Mimikou, M. Sustainable agricultural water 

management in Pinios River Basin using remote sensing and hydrologic modeling. Procedia Eng. 2016, 162, 

277–283. https://doi.org/10.1016/j.proeng.2016.11.059 

69. United Nations, 2030 Agenda for Sustainable Development, 17 goals. Available online: 

https://www.un.org/sustainabledevelopment/development-agenda/, (accessed on 11 April 2024). 

70. Cooper, S.D.; Lake, P.S.; Sabater, S.; Melack, J.M.; Sabo, J.L. The effects of land use changes on streams and 

rivers in mediterranean climates. Hydrobiologia 2013, 719, 383–425. https://doi.org/10.1007/s10750-012-1333-

4. 

71. Evelpidou N.; Cartalis C.; Karkani A.; Saitis G.; Philippopoulos K.; Spyrou E. A GIS-Based Assessment of 

Flood Hazard through Track Records over the 1886–2022 period in Greece. Climate, 2023, 11, 226. 

https://doi.org/10.3390/cli11110226 

72. Directive 91/676/EEC, official website of the European Community, Council Directive of 12 December 1991 

concerning the protection of waters against pollution caused by nitrates from agricultural sources. 

Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:01991L0676-20081211, 

(accessed on 26 April 2024). 

73. Greek Ministerial Decision, 1848/278812, Code of Good Agricultural Practice for Water Protection from 

Nitrate Pollution of Agricultural Origin. Available online: https://www.elinyae.gr/sites/default/files/2021-

11/4855b_2021.pdf, (Accessed on 11 April, 2024). 

74. The European Commission, White Paper, (2009). Adapting to climate change; Towards a European 

Framework for Action, COM(2009) 147 final, Brussels: Council of the European Communities. Available 

online: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2009:0147:FIN:EN:PDF, (accessed 

on 26 April 2024) 

75. Mourmouris, A.; Le Visage, C.; Snoussi, M.; Grimes, S.; Ramieri, E. The way to a regional framework for 

ICZM in the Mediterranean (2017-2021), Background Document, UNEP/MAP/RACs/PAP, 2016. Available 

online: 

https://iczmplatform.org/storage/documents/V3RA2ZpELMDhSV15pZaMLysgeH3Y6ZuumzcQqtZn.pdf, 

(accessed on 11 April 2024). 

76. European Commission, (2021). Communication from the Commission to the European Parliament, the 

Council, the European Economic and Social Committee and the Committee of the Regions, Forging a 

climate-resilient Europe - the new EU Strategy on Adaptation to Climate Change, COM(2021), 82 final, 

Brussels, https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0082&from=EN, 

77. Dalezios, N.R.; Angelakis A.N.; Eslamian S. Water scarcity management: part 1: methodological 

framework. I.J.G.Env.I., 2018, 17, (1) 1-40. https://doi.org/10.1504/IJGENVI.2018.090629. 

78. Lansbury Hall N.; Ross H.; Richards R.; Barrington D.A.; Dean, A.J.; Head, B.W.; Jagals, P.; Reid, S.; Hill, 

P.S. Implementing the United Nations’ sustainable development goals for water and beyond in Australia: 

A proposed systems approach. Australas. J. Water Resour. 2018, 22, (1) 29-38. 

https://doi.org/10.1080/13241583.2018.1481563 

79. Tsalis, T.A.; Malamateniou, K.E.; Koulouriotis D.; Nikolaou I.E. New challenges for corporate sustainability 

reporting: United Nations' 2030 Agenda for sustainable development and the sustainable development 

goals. Corp. Soc. Resp. Env. Ma. 2020, 27, 1617–1629. https://doi.org/10.1002/csr.1910 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2024 doi:10.20944/preprints202410.2035.v1

https://doi.org/10.20944/preprints202410.2035.v1


 19 

 

80. United Nations (2021). Global indicator framework for the sustainable development goals and targets of 

the 2030 agenda for sustainable development, A/RES/71/313.E/CN.3/2021/2. Available online: 

https://unstats. 

un.org/sdgs/indicators/Global%20Indicator%20Framework%20after%20refinement_Eng.pdf. (accessed on 

2 Dec. 2023). 

81. Eberle, U.; Wenzig J.; Mumm N. Assessing the contribution of products to the United Nations’ Sustainable 

Development Goals: a methodological proposal, Int. J. Life Cycle Ass. 2022, 27, 959–977. 

https://doi.org/10.1007/s11367-022-02063-8 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2024 doi:10.20944/preprints202410.2035.v1

https://doi.org/10.20944/preprints202410.2035.v1

