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Abstract

:

The Integrated Water Resources Management regulations aim to ensure a good status of surface water quality and its sustainable use. Water quality monitoring of various water users supports the identification of pollution sources and their environmental impacts. The priority pollutants generated by wastewater discharges from municipal, industrial wastewater treatment plants or agricultural areas are of great interest due to their eco-toxicological effects and bio-accumulative properties. The aim of this study was to monitor the priority organic and inorganic pollutants from the Siret River basin, in Romania, with the purpose of assessing the surface water quality status and evaluating it by the Water Quality Index (WAWQI) method. The monitoring of inorganic priority pollutants (e.g., As, Cd, Hg, Ni, Pb) and organic priority pollutants (e.g., Naphthalene, Anthracene, Phenanthrene, Fluoranthene, Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Benzo(ghi)perylene, Indeno(1,2,3-cd)pyrene, α, β, and γ-Hexachlorocyclohexane, and Di-2-ethyl-hexyl-phthalate) was conducted within the Siret River basin, during the period 2015–2020. With this purpose, 21 sampling points (18 river sections and 3 lakes) were considered to assess the water quality. The results of this study proved that the water quality within the Siret River basin is generally classified in the 2nd or 3rd class. The spatial distribution of the water quality index values, using ARCGIS, also highlighted the fact that the water quality is mostly unsuitable for drinking water supplies, being influenced by the quality of its main tributaries, as well as by the effluent of wastewater treatment plants.
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1. Introduction


As a response to the concerns related to the anthropogenic water pollution, water scarcity and for ensuring the safety of drinking water supplies in an integrated way, at the level of river basins, the Water Framework Directive (WFD), 2000/60/EC was developed and enforced at the European Union (EU) level, stating that by 2015, all waters (surface and ground waters) should achieve good status [1,2,3]. Since there is a direct relationship between WFD implementation and integrated water resources management, the implementation status of WFD is addressing specifically the River Basin Management Plans of all Member States and the monitoring programs designed for the control of current pollutants, but also for the priority and emerging ones [4]. The success of WFD implementation relies on the ability of the Member States to implement and develop sustainable actions through water management schemes at the river basin scale [5]. Industrial activities are responsible for the discharge of effluents with a wide range of inorganic and organic compounds that belong to the priority (PPs) and emerging pollutants (EPs) classes, pharmaceuticals and personal care products, pesticides, heavy metals, detergents, and flame-retardants being only a few examples of such pollutants. Through their presence, eco-toxicological and human health effects, bio-accumulative, and degradation characteristics may influence aquatic biota and the performance and costs of water and wastewater treatment plants [4].



The monitoring of priority pollutants included in the WFD and other water international conventions, such as the Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR), is of major interest [6]. Persistent organic pollutants (POPs), polychlorinated biphenyls (PCBs), and polycyclic aromatic hydrocarbons (PAHs) have high toxicity [7,8], and, even if the measured concentrations are low, some of them are not fully biodegradable, with carcinogenic and mutagenic properties [9]. Among the most common pollutants, heavy metals have severely damaged aquatic ecosystems over time [10,11]. As in the case of other pollutants, they are released into the aquatic ecosystem by both natural and anthropogenic processes [12].



Nowadays, rivers are exposed to numerous micropollutants, including pesticides and solvents from the discharge of effluents from municipal or industrial wastewater treatment plants, which represent one of the most significant sources of pollution in the aquatic environment [13,14,15,16]. River water quality monitoring is indispensable to achieve an adequate water management, especially when river water serves as a water supply for various purposes [17,18]. The frequency of monitoring and evaluation of water quality helps to develop management strategies for controlling surface water pollution, generated by increased urbanization and economic development [14]. Pollution prevention and environmental protection may be assured if the sampling, data collection, analysis, and interpretation of results are integrated into the decision-making process; this, in turn, contributes to refining the monitoring requirements, pollution prevention measures, and decision-making processes [14,19]. All changes observed in the water system can offer fast evidence of improvement measures that are already implemented or can indicate that it is necessary to take different actions for pollution control [20].



Developing countries are facing significant problems when it comes to water supply and water management. Water quality management requires the collection and analysis of large sets of water quality indicators, data that can be difficult to assess and synthesize [21]. A helpful model for water quality control is the water quality index (WQI), used in many studies for national rivers (Jiu river [22,23], Prut river [24,25], Suceava river [26], Danube river [27]), and other international studies that refer to water quality [12,28,29]. It was proved that WQI represents one of the important evaluation tools that are based on an aggregation function, which allows the analysis of large temporally and spatially-varying water quality datasets turned into a single value [14,21,30,31,32,33]. Thus, this final value can be easily understood, representing a numerical expression that converts complex water quality data and it is accepted by all national and international water organizations [14,34].



With all the progresses made in the last period, it is a reality that Romania still has an economy based on intensive resources’ consumption, a society and an administration still looking for a unitary vision, while the natural capital is affected by the risk of global damage that might become irreversible [35]. According to the National Strategy for Sustainable Development of Romania, Horizons 2013–2020–2030, only 57.5% of the total monitored river length is suitable for drinking purposes, and because of the surface water pollution level, just 45.5% is technically usable [36].



In this context, the objectives of this study considered the following aspects:




	
The monitoring of the priority organic and inorganic pollutants from the Siret River basin, Romania, in the view of the implementation of the WFD requirements, and



	
The evaluation of the water quality of the Siret River basin, based on measured concentration of the organic and inorganic priority pollutants using the WQI method, with the purpose to establish the water quality status that will contribute to the Second river basin management plan evaluation.








The survey was conducted during the period 2015–2020, in various surface water sections of the Siret River basin, considering 21 sampling points, distributed as follows: 18 river sections and three lake sections. An important role of this study is that the Siret River basin includes Sites of Community Importance, Natura 2000 sites, such as: ROSCI0391—Middle Siret—Bucecea, ROSCI0162—Lower Siret meadow, and Special Bird Protection Areas: ROSPA0110—The Rogojești—Bucecea accumulations, ROSPA0072—Meadow of the Middle Siret, ROSPA0071—Lower Siret meadow [37].



The analysis of the Siret River basin considered the concentrations of inorganic pollutants (e.g., heavy metals Ni, Cd, Pb, Hg, and As) and organic priority pollutants (e.g., Naphthalene, Anthracene, Phenanthrene, Fluoranthene, Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Benzo(ghi)perylene, Indeno (1,2,3-cd)pyrene, organochlorine pesticides (OCPs)—alpha-Hexachlorocyclohexane (α-HCH), beta-Hexachlorocyclohexane (β-HCH), gamma-Hexachlorocyclohexane (γ-HCH), Dichloromethane, Chloroform, and Di (2-ethylhexyl)phthalate (DEHP)).



To the best of our knowledge, this is the first integrated approach of monitoring both inorganic and organic priority pollutants at the Siret River basin level and correlation with the WQI assessment for a better inclusion in the decision-making processes. This study has a major contribution to the survey and implementation of the national management of river basins plans and the Danube River master plan for ensuring a good status of all waters according to the Water Framework Directive.




2. Materials and Methods


2.1. Study Area and Monitoring Strategy


The Siret River drains the central and eastern part of the Eastern Carpathians, Eastern Sub-Carpathians, Moldavian Plateau and the Siret Lower Plain [38] (Figure 1), covering 706 km, out of which 596 km are in Romania and 110 km in Ukraine. The basin comprises the largest watercourse in Romania (with 28,116 km2), collecting about 17% of the total volume of Romania’s water resources. Siret River is one of the main tributaries of Danube, with a multi-annual flow rate of 250 m3/s [39].



The hydrographic basin of Siret River is populated by 288 human agglomerations without wastewater treatment plants, and 43 wastewater treatment plants, out of which only one fulfills the environmental standards imposed by the European Directive 91/271/EEC [39]. The main anthropic activities for this region are agriculture, chemical industry (production of detergents, rubbers, insecticides, fungicides, herbicides, and disinfectants), wastewater treatment plants, non-ferrous and radioactive mining extractions, and metallurgical industry. The Hydrographic Management Plan of the Siret Basin [39] highlights the presence of water users that can produce accidental pollution and which, under the coordination of the Siret Waters Department, have developed their own plans for the prevention and control of such accidental pollution. Generally, these pollution sources use, produce, store, and dispose of substances that can accidentally reach the water resources.



The main tributary rivers for this basin are: Suceava, Moldova, Bistrița, and Trotuș, while the most important water accumulations are: Rogojești, Bucecea, Dragomirna, Somuz II Moara, Izvorul Muntelui, and Poiana Uzului, which can significantly influence the water quality of the entire basin.



This study aimed to identify the major environmental impacts of different inorganic and organic priority pollutants considering 21 sampling sites, the samples being taken yearly by 2/4/8/12 times, during the period 2015–2020 (as presented in Table 1 and Figure 1). The sampling points were established with the purpose of: (1) cover the natural water course and impacted areas; (2) evaluate all aspects that can influence the water quality (i.e., treatment sections, industrial platforms, wastewater, and the discharges of treated wastewaters); (3) assess the spatial evolution of the water quality.




2.2. Analysis Methods


Special attention was given to the sampling procedures, storage, and analysis to avoid contamination. The sampling strategy considered the special requirements imposed by the existing ISO quality standards (ISO 5667-4:1987 [40], ISO 5667-6:2014 [41] and ISO 5667-3:2018 [42]) for sampling, handling, and preservation of water samples specific for these types of priority pollutant analyzes. The analysis of priority pollutants was performed in the water quality accredited laboratory (ISO 17025/2018) from the Siret River Basin Water Administration (ABAS), using atomic absorption spectrometer-AAS (for Cd, Ni, Pb), atomic fluorescence spectrometer (i.e., Hg), inductively coupled plasma mass spectrometer-ICP-MS (i.e., As, Cd, Hg, Pb), high performance chromatograph with fluorescent detector (i.e., PAH), gas chromatograph coupled with an electron capture detector (for organochlorine pesticides and DEHP) (as presented in Table 2). The activity of the Siret River Basin Water Administration complies with the ISO 9001: 2015 quality management standard [43].




2.3. Water Quality Index Method Description


The Water Quality Index is a number that combines the values of a wide range of water quality parameters, and is usually used by various experts to present annual cycles, spatial and temporal variations, even at low concentrations, in an efficient and short time [26,52]. Initially, the WQI was developed by Horton (1965) in the United States by selecting 10 water quality parameters such as dissolved oxygen, pH, conductivity, alkalinity, chlorides etc. [30,33,53]. Around the world, various methods for WQI were developed after Horton’s method [1,21], such as: the National Sanitation Foundation Water Quality Index, the Scottish Research Development Department, the River Status Index, the Canadian Council of Ministers of the Environment Water Quality Index, the British Columbia Water Quality Index, the Overall Index of Pollution, the Oregon Water Quality Index, the Bhargava Method Water Quality Index, the Malaysia Water Quality Index, the Water Contamination Index, the Vaal Water Quality Index, etc. [33,34,54]. Subsequently, WQI was widely applied and accepted in European, African, and Asian countries [26,30]. Recently, many changes to the WQI concept have been considered due to the studies conducted over time by scientists and experts. The involved methodologies present the common steps of the WQI approach [26,33,55]:




	
Selecting the water quality parameters (physical, chemical, biological);



	
Combining the parameters into sub-indices;



	
Assigning the parameter weights values;



	
Aggregating the weighted elements into a final index/results.








To calculate the water quality index in this study, an algorithm was used that considered the 19 monitored priority pollutants parameters, computing the influence of each parameter (Wi). The used method was the Weighted Arithmetic Water Quality Index (WAWQI), described in various studies [14,30,54,56,57]. This method was chosen because it has the advantage to incorporate multiple parameters into a simple equation, considering also the national standards for surface water quality regarding the priority pollutants. Another advantage is that each parameter contributes to the evaluation of water quality and that the method may be used to evaluate the water quality for human consumption.



The methodology consisted of the following steps: (a) data collection and annual averages account for all monitored parameters; (b) WAWQI calculation, using the following formulas (Equations (1)–(5)) [24,30,34,53,54,56,58]:


   WAWQI  =     ∑      W i   q i      ∑      W i     



(1)




where: Wi—the importance of parameter i for WQI index calculation (relative weight); qi—the relative value of the water quality, specific to each parameter i:


   q i  = 100    c i  −  v 0     S i  −  v 0     



(2)




where: ci—the determined concentration of the ith analyzed parameter, μg/L;



v0—the ideal value of that analyzed parameter;



Si—the maximum allowed concentration by national or international standards, μg/L.



WQI is calculated considering the Romanian standards for surface waters, in our case Governmental Decision, 2016 [45] (where v0 represents the ideal value of the analyzed parameter and it is considered 0 for all parameters reasoned by their persistence, toxicity, endocrine disruption potential, carcinogenic, mutagenic, and teratogenic effects):


   q i  = 100    c i     S i     



(3)






   W i  =  K   S i     



(4)




where: K—a constant which can be calculated by:


   K  =  1    ∑      (   1   S i     )     



(5)







Depending on the water quality index, water can be included in one of the following quality classes/categories (as presented in Table 3) [30,54,59]. In the scientific literature the use of two scales were reported for WQI as follows [14,58,60]:



The scale further used in this study is that proposed by Ramakrishnaiah et al. [60] and the most applied in the last years [14,58], considering the fact that the sampling points are located near the industrial and agricultural pollution sources, as well as wastewater treatment plants’ discharges.





3. Results and Discussion


3.1. Monitoring of Priority Inorganic and Organic Pollutants


The contamination of surface water (used for drinking water production) with heavy metals and organic priority pollutants represents an important environmental problem and public health concern, due to their eco-toxicological, bio-accumulative properties and human health effects.



The monitoring of priority pollutants in the Siret River basin focused on priority inorganic and organic pollutants, considering the detection limits/quantification limits that allow compliance with the values of specific quality standards. Surface water monitoring techniques consider cause-and-effect interdependencies for both diffuse and point pollution sources. Water quality assessment considered sampling and analysis of priority pollutants with a frequency of 2/4/8/12 times/year as presented in Table 1. Sampling points have been set up to cover both the river’s natural course and affected areas, identifying all aspects that may influence the water quality downstream due to wastewater treatment plants, industrial platforms, and agriculture diffuse pollution sources. The monitoring results of the priority pollutants from the Siret River basin are presented in Figure 2a–s.



3.1.1. Priority Inorganic Pollutants


Based on the monitoring results expressed as average annual concentrations of heavy metals (As, Cd, Hg, Ni and Pb) measured in the study area, between 2015 and 2020 (Figure 2a–e), it can be observed that the value distribution is different considering the sampling stations, which may be due to variations in physical-chemical parameters in the water column (pH, salinity, redox potential, and concentration of organic ligands), spatial variations (depth or source of contamination), and sampling season. Cd, Ni and Pb had the highest concentration, exceeding the maximum allowed concentration (MAC) in some sampling points. In the case of As (Figure 2a), the average annual concentrations measured in all sampling stations were small and did not exceed the value of MAC (i.e., 7.2 μg/L). The average annual concentrations analyzed in the case of Cd (Figure 2b) show a trend of increased values since 2016, and in almost all monitored stations, the alert threshold (AT) value was exceeded (0.056 μg/L), except for the river sampling points R2, R12, R14 and R15. In 2015, the concentrations recorded for Cd varied from 0.005 ± 0.0028 μg/L in R11 to 0.239 ± 0.228 μg/L in R18 (before the confluence with the Danube River), being higher than the MAC value according to GD 570/2016 [45]. In 2016, the Cd concentration values varied from 0.05± 0.007 μg/L (R2, R12, R14, R15) to 0.318 ± 0.316 μg/L also in R18, as in the case of the previous year. In 2017, in all sections, higher values than AT were registered, and only for R1 the average value exceeded the MAC (0.08 μg/L). The average values of Cd concentrations for 2018 varied from 0.05 ± 0.021 μg/L in section R2 to 0.293 ± 0.584 μg/L in section R1, the value exceeding MAC. In 2019, the only sampling station in which the alert threshold was not exceeded was R2. By 2020, the average Cd concentrations exceeded AT in all sections and the highest values were recorded in 2020.



In the assessment period, the Hg values were, in almost all cases, lower than AT (0.049 μg/L), except for 2015 (Figure 2c) for R13 (0.049 ± 0.0007 μg/L) and in 2018 for L2 (0.0526 ± 0.025 μg/L). Section R13 is a reference sampling point near the source of Trotuș River, and L2 is an accumulation for water abstraction for drinking purposes. In 2018, the Hg concentration exceeded the MAC in L2, considering the standard deviation of the recorded values. The values recorded for Ni exceeded the MAC (4 μg/L) in several sections, over the entire study period (Figure 2d), as follows: R3, R5, and L1. In case of R7, the average concentrations for Ni exceeded the MAC for the years 2016–2020. In 2017, values above MAC were registered in 13 of the monitored sections, and the highest values of the average concentration for Ni were measured in 2018 in nine sections of the 21 monitored.



The values determined for Pb that exceeded the MAC (i.e., 1.2 μg/L) were recorded for the following sampling points: in 2015, for R1, R3, R5, R6, R8, R18, and L1; in 2016, for R2–R6, R8, R9, R18, and L1; in 2017, for R4, R7, R9, R12, R14–R16, R18, and L1; in 2018, for R3, R8, R13–R15, R18, L1, and L2; in 2019, for R7 and R18; in 2020, for R4–R7 and R18. As can be seen in Figure 2e, the Pb concentration exceeded the MAC in 2016 in nine section points, the main pollution sources being the chemical companies and industrial platform located nearby. Among the analyzed metals, Ni and Pb recorded significantly higher average annual concentrations, which exceeded the MAC in some of the sampling points. A possible cause may be due to municipal and industrial wastewaters, waste, precipitation, mining activities, and runoff water from agricultural activities.



In the case of heavy metals, it can be observed as a residual pollution, with long-term effects. Residues of these substances accumulate in soils, waters, and vegetal products and are found after decades or even more. For a river, water quality is the result of several independent parameters with local and temporal variations that are also influenced by the water flow.




3.1.2. Priority Organic Pollutants


A wide variety of priority pollutants are present in river water, including polycyclic aromatic hydrocarbons, organochlorine pesticides, and phthalic esters. The priority organic pollutants monitored in this study are classified as persistent according to the Stockholm Convention: naphthalene, phenanthrene, fluoranthene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, and DEHP. Among the priority pollutants, organochlorine pesticides residues from the hexachlorocylohexane isomer category (α-HCH, β-HCH, γ-HCH—lindane) were identified. Relevant concentrations were obtained in two of the monitored sections in the Siret River basin between 2015 and 2020, namely R14 and R15 (Figure 2f–h).



Values of mean concentrations for α-HCH higher than MAC (0.02 μg/L) were re-corded in section R14 in 2018 (0.02074 ± 0.01078 μg/L) and 2020 (0.03621 ± 0.04639 μg/L), and in R15 in the following years: 2015 (0.03255 ± 0.02157 μg/L), 2017 (0.04084 ± 0.01745 μg/L), 2019 (0.04126 ± 0.02962 µg/L) and 2020 (0.04602 ± 0.02511 μg/L). In the case of β-HCH, the recorded values in the study period were lower than MAC. In sampling station R15, considering the standard deviation of the mean values, the concentration of this pollutant was higher than in R14, exceeding MAC (0.02 μg/L), with the exception of 2017.



In the case of lindane (γ-HCH), the values of the average concentrations exceeded the MAC for R15 in 2015 (0.02060 ± 0.01711 μg/L), in 2017 (0.07817 ± 0.03303 μg/L) and in 2019 (0.02429 ± 0.01856 μg/L). Meanwhile, in 2018 and 2020 they exceeded the value of 0.014 μg/L, corresponding to AT. For R14, the values exceeded the MAC in 2015, 2017, and 2018 considering the standard deviation of the analyzed concentrations. These two sections are downstream of the chemical industrial platform. Hexachlorocyclohexane stereoisomers have been widely used as plant insecticides (including those produced in greenhouses) for treating fruits, seeds, and wood products. All isomers are toxic to animals to varying degrees and are persistent in the environment. Lindane (γ-HCH) was also used as a medicine (1% concentration) in the composition of lotions, creams, shampoos [61].



PAHs were identified in all sections in the period studied. The values for naphthalene (Figure 2i) were lower than the MAC (2 μg/L) in all monitored sections during 2015–2020. In 2017, naphthalene falls within normal limits, but with higher values than in other years. The highest average was registered in R8 (0.1466 ± 0.1064 μg/L).



For anthracene, all values of average concentrations recorded (Figure 2j) did not exceed the MAC value (0.1 μg/L). The highest values were observed in 2016. The highest anthracene concentration was determined for the sampling station R4, i.e., 0.01275 ± 0.0245 μg/L.



Regarding phenanthrene, the average concentrations exceeded MAC (0.03μg/L) only in 2017 for the sections: R1, R8, R9, R15, R16, and L1 (Figure 2k). Some values higher than MAC were recorded in 2015 for R2, R5, R8; in 2016 for R2 and in 2018 for R18.



The highest concentration for fluoranthene, which exceeded the MAC value (0.0063 μg/L), was found in the section R18 (0.00657 ± 0.00523 μg/L), in 2018. The level of AT = 0.044 µg/L) was exceeded in 2016 in the case of fluoranthene in four sections: R6 (0.00608 ± 0.00808 µg/L), R12 (0.00444 ± 0.00499 μg/L), R14 (0.0044 ± 0.0049 μg/L), and L2 (0.00458 ± 0.00481µg/L) (Figure 2l).



For benzo(a)anthracene, it can be observed (Figure 2m) that the concentration was exceeding MAC in 2015 (R1, R3, R5, R6, R8, R10, R18, L1), 2016 (all sampling points), 2017 (all sections except R11), 2018 (R8, R15, R18), and 2019 (R15, R16, R17).



Benzo(a)pyrene recorded values higher than MAC (0.00017 μg/L) in 2016 and 2020, in all sections. In 2015, higher values were measured in R1, R3, R5–R8, R10, R18, L1; in 2017 in all sections except R11 and R13. In 2018, higher values were observed in R8, R15, R18 and L3 (Figure 2p). One of the most dangerous PAHs is benzo(a)pyrene due to its toxicity. Benzo(a)pyrene can be considered a marker for other polycyclic aromatic hydrocarbons, so only benzo(a)pyrene should be monitored according to HG570/2016 [45] for comparison with the corresponding MAC for water.



The values recorded in the period 2015–2020 in the surface waters of the Siret River basin were lower than the MAC values (0.017μg/L) for benzo(b)fluoranthene (Figure 2n), benzo(k)fluoranthene (Figure 2o), and for benzo(ghi)perylene (Figure 2q). One exception was observed in the case of benzo(ghi)perylene in 2020 when some values were higher than the MAC (0.02292± 0.0062 μg/L).



Indeno(1,2,3-cd)pyrene presented values higher than MAC (0.00017 μg/L) in all sections in 2016, 2017 (except R11 and R13) and 2020. In 2018, higher values were observed in R3 and R18. The smallest values were determined in R11 and R13, for all periods except 2016 (Figure 2r). In 2020, PAHs were not measured for R11 and R13.



The values of the average PAHs concentrations recorded in 2016 were the highest as compared to the other years, being predominant in most samples. PAHs can accumulate in sediments, can be adsorbed onto suspended particles [62,63,64], can be transported over long distances, and in hydrodynamic conditions (leaks from slopes, floods, precipitation) can reach the water mass again.



The values of DEHP (Figure 2s) recorded in section R15 exceeds MAC (1.3 μg/L). If we take into consideration the standard deviation of the recorded values, it can be observed that the legislative limit was exceeded as follows: for R11 (0.9495± 0.3684 μg/L) and R15 (2.645 ± 2.6092 μg/L) in 2015; for R11 (0.25 ± 0.01066 μg/L) and R15 (0.29611 ± 0.15972 μg/L) in 2017; and for R1 (1.294 ± 0.815μg/L) and R12 (1.06017 ± 1.09043 μg/L) in 2020.



The number of water bodies with good quality status increased in the last year as compared to 2015, respectively, from 80% in 2015 to 93% in 2021. Overall, the water quality has improved in 2020 as compared to the previous years, with the exception of some pollutants, such as cadmium, nickel, indeno(1,2,3-cd)pyrene, benzo(a)pyrene, α-HCH and β HCH, di-2-ethyl-hexyl-phthalate. It can be observed that the water quality in the studied area is relatively low in the sampling points that are located nearby the locations where agricultural and industrial activities take place. Even so, the observed trend is a decreasing in the pollution level, so that the good water status for all water bodies may be achieved by 2027, as stated by the Danube River master plan.





3.2. Water Quality Assessment


In this section, the water quality of Siret River basin is discussed by using the water quality index results, determined by considering all the identified priority pollutants (heavy metals and organic micropollutants). An important part of any environmental monitoring program is the results presentation. In the case of water quality monitoring, it is useful to use a method to reduce the complexity associated with numerous measurement variables. The WQI index will mathematically combine all water quality parameters and provide a general and rapid assessment. The results obtained by WQI were illustrated using ArcGIS 10. 7 to represent the quality classes for each chosen sampling point (Figure 3a–l and Table 3). The spatial variations of the WQI for the monitoring period (2015–2020) are illustrated in Figure 3a–l and Table 4. The classification of surface water quality in the Siret River basin considers the category described by Ramakrishnaiah et al. [60] (Table 3). In Table 4 are presented the WQI values considering heavy metals and organic micropollutants. It must be mentioned that in 2020, in some sampling points, few pollutants were not determined: Hg (R2, R7, R11, R12, R13, and R14), As (R4 and R6) and PAHs (R11 and R13), thus they were not taken into account for WQI assessment. Figure 3b,d,f,h,j,l and Table 4 are suggestive of the fact that the values for WQ-OM (water quality index calculated for organic micropollutants) are close to the WQI calculated, considering all monitored parameters for each section. Thus, generally the registered values for WQI-OM are higher than the WQI-HM (water quality index calculated for heavy metals) for the monitored period, except for 2018. A significant difference was observed for 2016, when the majority of sampling points belong to class E (i.e., unsuitable for drinking), the highest value being registered for L2 (2317,14) for OM (Table 4). Referring to the rivers from Romania, several studies have been carried out using WQI [25,26,34,65] considering the physical-chemical, biological parameters, but without including the priority pollutants. The assessment of the surface water quality in the Siret River basin was also made by Năstuneac et al. [20], using the global pollution index for current physical-chemical parameters and heavy metals from 2010 to 2014. The results of this study show that the water quality did not improve in the last five years, even if the monitoring actions were applied in 2014, based on national and European regulations.



WQI-HM for 2015 emphasizes that the Northern half of the basin has a good water quality, the score being between 50 and 100, while the Southern part shows an excellent quality (WQI < 50) (Figure 3a and Table 4). In the Northern part of the basin, in the case of OM, water has a “very poor” quality (WQI = 200–300), only one section having an excellent quality (WQI < 50). Generally, in 2015, based on the computed WQI-HM values, 42.9% of the sampling points are found in the “Excellent” category (class A), 47.6% in the “Good” (class B), and 9.5% in the “Poor” (class C), while based on the WQI-OM, the sampling points’ distribution was: 52.4% were rated as “Excellent”, 9.5% as “Good”, 4.8% as “Poor”, 23.8% as “Very Poor” (class D), and 9.5% as “Unsuitable for drinking” (class E).



The WQI results obtained are explained by the fact that along the river basin are counted about 100 pollution sources that mainly consist in wastewater treatment plants, both municipal (47) and industrial (52). From the 47 municipal wastewater treatment plants of the Siret River basin, only one is fully meeting the environmental standards (according to EU Directive 91/271/CEE), while the rest have negative significant impacts on the surface water quality. In the case of industrial wastewater treatment plants, the main pollutants are heavy metals and part of organic micropollutants that are not totally removed from wastewater because of the inadequate treatment processes applied. Separately, the agricultural activities negatively influence the water quality, mostly with organic micropollutants [39].



During 2015–2020, the values of WQI-HM were included in “Good” quality class, excepting 2019, when the values fall in the excellent quality class (Table 4). The highest value of WQI-HM (90,62) was found in 2020. In 2016, a degradation of water quality was observed, the WQI-HM being 19% in the “Excellent” category (class A), 76.2% in “Good” (class B) and 4.8% in “Poor” (class C). In 2016, the WQI-OM falls to 95.2% in “Unsuitable for drinking” (class E), and 4.8% in “Very Poor” (class D). The highest values of WQI-OM were obtained in 2016 (Figure 3d). All nineteen parameters considered for WQI assessment significantly contribute to WQI, the polycyclic aromatic hydrocarbons having a special contribution in the ranking. Compared to the previous year, in 2016, several quality indicators were monitored complying with the governmental decision GD 570/2016 [45], which reduced the maximum allowed values for PAHs and influenced the high scores obtained for water quality for that year. According to the graphical representation, starting with 2017, the results highlighted an improvement of the water quality for the Northern half of the river basin. The values for WQI calculated for HM in 2017 belong to class B “Good” for 100% (Figure 3e) and for WQI-OM can be observed improvements compared to values from 2016: 4.8% in “Unsuitable for drinking”, 85.7% in “Very poor” and 9.5% in “Excellent” category. For 2018, in the central part, the values of WQI-HM are distributed as follows: 23.81% in “Excellent” category, 4.76% in “Poor” and 71.43% in ”Good” (Figure 3g). For WQI-OM major improvements can be observed over the years, excepting the Northwestern part (Figure 3h). Regarding the heavy metals, in 2019 in the central and Northern part of the basin (Figure 3i), WQI showed slight improvements, while the values for WQI-OM increased, being comparable with 2017, except for the Southern part (Figure 3j).



A tendency for a decrease in water quality can be observed for 2020 in case of heavy metals, considering the following distribution: 23.8% in “Excellent” (class A), 42.8% in “Good” (class B) and 28.6% in “Poor” (class C), 4.8% in “Very Poor” (class D), while organic micropollutants show an improvement tendency of water quality: 9.5% in “Excellent” (class A), 81% in “Poor” (class C) and 9.5% in “Very Poor” (class D). The WQI values are directly corelated with the values of the measured concentrations and environmental standards. The results indicate that this water quality index is an accessible tool, facilitating data interpretation, and is recommended for surface water quality monitoring, being also an indicator of the ecological status of aquatic ecosystems.



The high WQI values obtained for certain sampling points are directly influenced by anthropogenic pollution sources such as municipal and villages’ wastewater discharges, which are insufficiently treated or untreated (R3, R5) and agricultural activities (e.g., livestock farms at R9). In the Northern part of the studied area, sections R4, R6, R7, R8, a major negative influence on the surface waters’ quality is given by mining activities, associated to heavy metals’ emissions. In most cases, the pollutants’ concentration values are higher downstream, due to the significant environmental stressors from the industrial platforms or chemical companies. In this case, it was found that the water quality is most affected in the following sections: R14, located downstream from the chemical industrial platform of Onești city and R15, located downstream from the chemical industrial platform of Borzești, one of the largest producers of chemical reagents and pesticides in Romania.



Other studies developed for Romanian river basins considered only the general physical-chemical parameters currently monitored, e.g., Romanescu et al. [65] evaluated the water quality index (WQI), in the case of Ozana River located in the North-East area of Romania, and the results revealed that the nitrites and phosphorus are the main pollutants in this area. The evaluation of water quality was developed for Danube River as well [56] based on the general physical-chemical indicators and considering the effluent of the wastewater treatment plant from the Galați city, located in the South-East area of Romania.





4. Conclusions


This study successfully showed that the monitoring of priority pollutants (heavy metals and organic micropollutants) is a very important stage in assessing the water quality suitable for drinking-water production in the Siret River basin, and contributing to the improvement of the River Basin Management Plan and implementation of WFD objective. The monitoring conducted in the last six years showed a wide variety of pollution sources, and the maximum allowed concentrations were exceeded for most water quality indicators in some sampling sections. The main pollution sources are the municipal or industrial wastewater treatment plants, agricultural activities, mining, or forestry. For instance, the polycyclic aromatic hydrocarbons were measured in all sampling points, as their spread in the environment is inevitable, induced by various anthropogenic sources such as pyrogenic processes: emissions from cars, airplanes, wood stoves, or sludge from wastewater treatment plants etc. Based on the results, it can be observed that the highest concentrations of the priority pollutants were measured in 2016.



It was shown that the water quality in the studied area is relatively low, mostly in the sampling points located nearby the areas where agricultural and industrial activities take place. Moreover, the spatial distribution of the WQI values, highlighted the fact that, in the Siret River basin, water quality is mostly influenced by the main tributaries’ quality (e.g., rivers Suceava, Moldova, Bistrița and Trotuș) and the quality of the wastewater treatment plants’ effluents. Generally, the water quality has decreased along the Siret River from its entrance in the country, in the northern part (R1—Siret—border with Ukraine) to the confluence with the Danube River (R18—Siret—Sendreni). Even so, it was noticed that the level of pollution decreased year after year, and it is expected to follow this trend in the following years. It is the first time that the case of the priority pollutants survey at the Siret River basin level and water quality assessment was conducted in an integrated manner, corelating the monitoring of data with the Water Quality Index and ARCGIS function. Thus, a clear perspective at the river basin is promoted, with importance for both the general public and the policy makers. Further work should consider the following directions:




	-

	
Investigation of the influence on water quality of tributaries’ pollution sources, including not only the common indicators but also priority pollutants’ surveys. These experiments should cover more sampling points and longer periods of time (at least 5 years).




	-

	
Correlation with measurements considering the sediments and biota quality, so as to understand the impacts on ecosystems and risks for human health.
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Figure 1. Study area and sampling points in the Siret River basin. 
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Figure 2. Monitoring results during 2015–2020 in the river sampling points (R1-R18) and lake sampling points (L1-L3): (a) Arsenic; (b) Cadmium; (c) Mercury; (d) Nickel; (e) Lead; (f) α—Hexachlorocyclohexane; (g) β—Hexachlorocyclohexane; (h) γ—Hexachlorocyclohexane; (i) Naphthalene; (j) Anthracene; (k) Phenanthrene; (l) Fluoranthene; (m) Benzo(a)anthracene; (n) Benzo(b)fluoranthene; (o) Benzo(k)fluoranthene; (p) Benzo(a)pyrene; (q) Benzo(ghi)perylene; (r) Indeno(1,2,3-cd)pyrene; (s) Di-2-ethyl-hexyl-phthalate. 
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Figure 3. Spatial distribution for WQI calculated for organic and inorganic priority pollutants during 2015–2020 for Siret River basin: (a) 2015—HM, (b) 2015—OM; (c) 2016—HM; (d) 2016—OM; (e) 2017—HM; (f) 2017—OM; (g) 2018—HM; (h) 2018—OM; (i) 2019—HM; (j) 2019—OM; (k) 2020—HM; (l) 2020—OM. 
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Table 1. Sampling points and water quality indicators assessed, during the period 2015–2020.
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River

	
Latitude

	
Longitude

	
Section Location

	
No. of Samples/Years

	
Measured

Priority

Pollutants/

Water Quality Indicators




	
2015

	
2016

	
2017

	
2018

	
2019

	
2020






	
R1—Siret—Siret

	
47°58′58.08″ N

	
26°2′11.85″ E

	
Ukrainian cross border

	
12

	
12

	
12

	
12

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH, DEHP




	
R2—Suceava-Tisauti

	
47°37′45.96″ N

	
26°19′8.13″ E

	
Downstream of Suceava city

	
2

	
4

	
12

	
8

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH, DEHP




	
R3—Solca—Solca

	
47°42′3.67″ N

	
25°47′28.62″ E

	
Water abstraction point

	
12

	
4

	
4

	
4

	
4

	
4

	
As, Cd, Hg, Ni, Pb, PAH




	
R4—Moldova—Fundul Moldovei

	
47°32′15.57″ N

	
25°24′52.15″ E

	
Reference station

	
4

	
4

	
4

	
4

	
4

	
4

	
As, Cd, Hg, Ni, Pb, PAH




	
R5—Moldova—Baia

	
47°24′55.22″ N

	
26°11′20.88″ E

	
Water abstraction points

	
12

	
12

	
8

	
4

	
8

	
8

	
As, Cd, Hg, Ni, Pb, PAH




	
R6—Barnarel—Crucea

	
47°18′57.95″ N

	
25°33′46.18″ E

	
12

	
12

	
4

	
4

	
4

	
4

	
As, Cd, Hg, Ni, Pb, PAH




	
R7—Baisescu—Ostra

	
47°22′4.3″ N

	
25°43′8.83″ E

	
4

	
4

	
4

	
4

	
4

	
4

	
As, Cd, Hg, Ni, Pb, PAH




	
R8—Dorna—Dorna Candreni

	
47°21′16.58″ N

	
25°16′6.74″ E

	
12

	
12

	
8

	
4

	
8

	
8

	
As, Cd, Hg, Ni, Pb, PAH




	
R9—Ciobanus—Ciobanus

	
46°23′6.86″ N

	
26°9′54.7″ E

	
4

	
4

	
8

	
4

	
8

	
8

	
As, Cd, Hg, Ni, Pb, PAH




	
R10—Moldova—Timisesti

	
47°14′27.05″ N

	
26°33′35.6″ E

	
12

	
12

	
12

	
8

	
8

	
12

	
As, Cd, Hg, Ni, Pb, PAH




	
R11—Moldova—Roman

	
46°54′54.93″ N

	
26°55′24.26″ E

	
Downstream of Roman city

	
2

	
4

	
12

	
8

	
8

	
8

	
As, Cd, Hg, Ni, Pb, PAH, DEHP




	
R12—Bistrita—Downstream Bacau

	
46°30′8.84″ N

	
26°57′28.93″ E

	
Downstream of the treatment plant—Bacau city

	
2

	
4

	
12

	
4

	
8

	
12

	
As, Cd, Hg, Ni, Pb, PAH, DEHP




	
R13—Trotus Downstream Lunca

	
46°35′15.46″ N

	
26°0′20.7″ E

	
Trotus river spring

	
2

	
4

	
12

	
4

	
8

	
12

	
As, Cd, Hg, Ni, Pb, PAH, DEHP




	
R14—Trotus—Vranceni

	
46°12′30.48″ N

	
26°54′2.6″ E

	
Downstream of Onesti industrial platform

	
2

	
4

	
12

	
8

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH, α-HCH, β-HCH, γ-HCH, DEHP




	
R15—Trotus—Adjud

	
46°7′59.99″ N

	
27°11′0″ E

	
Upstream of confluence with the Siret river

	
2

	
4

	
12

	
8

	
8

	
12

	
As, Cd, Hg, Ni, Pb, PAH, α-HCH, β-HCH, γ-HCH, DEHP




	
R16—Slanic—Slanic Moldova

	
46°11′56.81″ N

	
26°25′15.6″ E

	
Upstream Slanic Moldova

	
4

	
4

	
4

	
4

	
8

	
4

	
As, Cd, Hg, Ni, Pb, PAH




	
R17—Uz—Poiana Uzului

	
46°19′54.5″ N

	
26°19′36.73″ E

	
Upstream of Uz Lake

	
12

	
12

	
12

	
12

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH




	
L1—Bucecea lake

	
45°44′33.81″ N

	
27°21′5.97″ E

	
Water abstraction point

	
12

	
12

	
12

	
12

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH




	
L2—Batca Doamnei lake

	
47°46′58.58″ N

	
26°21′38.46″ E

	
12

	
12

	
12

	
12

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH




	
L3—Poiana Uzului lake

	
46°55′55.81″ N

	
26°20′34.2″ E

	
12

	
12

	
12

	
12

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH




	
R18—Siret—Sendreni

	
46°20′5.55″ N

	
26°23′18.39″ E

	
Upstream of the confluence with the Danube river

	
12

	
12

	
12

	
12

	
12

	
12

	
As, Cd, Hg, Ni, Pb, PAH
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Table 2. The priority pollutants analyzed, associated methods, and maximum allowed concentrations [44,45].






Table 2. The priority pollutants analyzed, associated methods, and maximum allowed concentrations [44,45].





	
Water Quality Parameters

	
Analysis Methods

	
Maximum Allowed

Concentration (MAC)

According to GD 570/2016 [45]

	
Unit






	
As

	
Method of Inductively coupled plasma mass spectrometry (ICP-MS) according to ISO 17294-2:2003 [46] and

Method using atomic absorption spectrometry with graphite furnace according to ISO 15586:2003 [47]

	
7.2

	
μg/L




	
Cd

	
0.08

	
μg/L




	
Ni

	
4

	
μg/L




	
Pb

	
1.2

	
μg/L




	
Hg

	
Method using atomic fluorescence spectrometry according to ISO 17852:2006 [48]

	
0.007

	
μg/L




	
Naphthalene

	
Method using High Performance Liquid Chromatography (HPLC) with fluorescence detection after liquid—liquid extraction according to ISO 17993:2002 [49]

	
2

	
μg/L




	
Anthracene

	
0.1

	
μg/L




	
Phenanthrene

	
0.03

	
μg/L




	
Fluoranthene

	
0.0063

	
μg/L




	
Benzo(b)fluoranthene

	
0.017

	
μg/L




	
Benzo(k)fluoranthene

	
0.017

	
μg/L




	
Benzo(ghi)perylene

	
0.0082

	
μg/L




	
Benzo(a)pyrene

	
0.00017

	
μg/L




	
Benzo(a)anthracene

	
0.00017

	
μg/L




	
Indeno(1,2,3-cd)pyrene

	
0.00017

	
μg/L




	
α-HCH, β-HCH and γ-HCH

	
Gas chromatographic method after liquid-liquid extraction according to ISO 6468: 1996 [50]

	
0.02

	
μg/L




	
DEHP

	
Gas chromatographic method for determination of phthalates according to ISO10301:1997 [51]

	
1.3

	
μg/L
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Table 3. Different water quality scales for WAWQI method [14,58,60].






Table 3. Different water quality scales for WAWQI method [14,58,60].





	
Water Quality Status

References

	
WQI

	
Class




	
[30,54,59]

	
[14,58,60]

	






	
Excellent

	
0–25

	
<50

	
A




	
Good

	
26–50

	
50–100

	
B




	
Poor

	
51–75

	
100–200

	
C




	
Very poor

	
76–100

	
200–300

	
D




	
Unsuitable for drinking

	
>100

	
>300

	
E
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Table 4. The annual WQI average obtained values (HM and OM).






Table 4. The annual WQI average obtained values (HM and OM).





	
Section/

WQI Values

	
Years




	
2015

	
2016

	
2017

	
2018

	
2019

	
2020






	
R1

	
120.91

	
925.01

	
287.13

	
17.59

	
200.73

	
244.65




	
R2

	
69.47

	
1882.29

	
287.10

	
17.36

	
200.68

	
196.12




	
R3

	
286.93

	
1775.15

	
286.91

	
28.88

	
200.75

	
196.90




	
R4

	
17.39

	
1096.43

	
287.08

	
286.72

	
200.75

	
196.90




	
R5

	
287.25

	
2059.15

	
286.84

	
17.40

	
200.78

	
196.92




	
R6

	
287.00

	
1489.56

	
286.77

	
17.39

	
200.78

	
196.90




	
R7

	
68.93

	
1882.45

	
286.90

	
28.86

	
200.75

	
197.05




	
R8

	
287.04

	
1483.29

	
287.33

	
28.87

	
200.75

	
196.90




	
R9

	
17.34

	
1882.26

	
287.28

	
28.85

	
28.86

	
175.55




	
R10

	
287.13

	
1447.03

	
287.07

	
28.88

	
286.72

	
196.90




	
R11

	
17.42

	
1084.46

	
17.39

	
17.38

	
17.37

	
85.64




	
R12

	
17.63

	
1643.62

	
287.09

	
28.85

	
286.68

	
197.35




	
R13

	
17.49

	
1882.18

	
17.39

	
17.40

	
17.37

	
111.62




	
R14

	
17.90

	
1866.95

	
284.98

	
17.73

	
199.21

	
251.59




	
R15

	
18.42

	
1879.14

	
285.84

	
29.04

	
285.39

	
196.45




	
R16

	
17.37

	
286.73

	
454.65

	
17.37

	
196.92

	
196.90




	
R17

	
17.37

	
1894.17

	
286.95

	
17.35

	
286.69

	
197.02




	
R18

	
351.88

	
2059.76

	
296.60

	
287.73

	
17.38

	
197.09




	
L1

	
325.34

	
1350.22

	
287.06

	
17.42

	
200.75

	
196.92




	
L2

	
17.37

	
2317.14

	
287.15

	
17.43

	
200.76

	
196.93




	
L3

	
17.37

	
1446.94

	
286.96

	
17.37

	
200.75

	
196.95




	

	
Excellent

	

	

	
Good

	

	

	

	
Poor

	




	

	
Very poor

	

	
Unsuitable for drinking
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