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Abstract

:

The aim of this study was to perform a morphometric analysis of Prussian carp individuals collected from the Moara Domnească pond in Ilfov County, Romania. This was accompanied by a physico-chemical characterization of the water, which was sampled from the same location. Consequently, we analyzed a total of 60 Prussian carp individuals that were caught in April (N = 32) and May 2023 (N = 28). For the Carassius gibelio in the study site, we provided, for the first time, data on the weight–length relationships (WLRs), the Fulton K condition factor and the biometric features, including the total length (TL), standard length (SL), head length (HL), snout length (SNL), body depth (BD), girth and ratios for the TL/HL, as well for the TL/BD and TL/SL. A negative growth type was estimated for both the samples of C. gibelio. Based on other studies and fishing reports, besides C. gibelio, there are another 11 species that belong to the Cypriniformes order, and there are two teleost members of the Perciformes order (Lepomis gibbosus and Perca fluviatilis)—these were also associated with this habitat. Water samples were collected from 12 sampling points (SP), which were subjected to physico-chemical characterizations that consisted of an assessment of the turbidity (T), pH, electrical conductivity (EC), chloride (Cl−), total hardness (TH), oxygen regime parameters, phosphate phosphorus (P-PO43−), nitrate nitrogen (N-NO3−), nitrite nitrogen (N-NO2−) and ammonium nitrogen (N-NH4+) levels. In addition, considering their characteristics (high toxicity, non-biodegradability, long-range atmospheric transport and bioaccumulation potential), a number of organochlorine pollutants (OCPs) were identified. The total hardness values presented a very significant correlation with conductivity (r = 0.5974 ***) and with pH (r = 0.5854 ***). The results allowed for the water samples to be placed into the quality classes established by legislation, and they were also discussed in relation to the fishes’ requirements.
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1. Introduction


Water quality in aquatic systems is influenced by interactions between parameters such as water hardness, nutrient levels, dissolved oxygen, etc., which may have profound effects on the lives of aquatic organisms. For instance, the pH may enhance the toxicity of certain chemical species; more precisely, an increase of pH favors ammonia toxicity, while a decrease in acidic values generates the solubilization of heavy metals and the formation of toxic hydrogen sulfide [1].



In addition, the eutrophication generated by high levels of nitrogen and phosphorus-containing species from different sources favors the proliferation of phytoplankton, benthic algae and macrophytes, which influence the dissolved oxygen levels and, consequently, aquatic organisms’ lives [2].



The physico-chemical parameters of water [3,4] were monitored for the purpose of evaluating the ecosystem’s health; furthermore, this type of work is being sustained by many research studies.



Additionally, though monitoring the water quality of fishponds is strongly recommended since productivity is related to it [5], it is also recommended to alleviate the pollution effects generated inclusively by fish feeding [6,7]. To achieve this goal, many methods were used to determine the main water quality parameters; however, besides classical laborious approaches, there are also smart solutions based on implementing the Internet of Things (IoT) in fisheries. These assure quick data acquisition and help farmers to make fast decisions—either to prevent certain unexpected situations or to increase productivity [8,9]. Also, a geospatial spectral analysis of water and statistical modeling were reported as alternatives to save time and money [10].



Considering the nutrient concentration of water, the Moara Domnească freshwater pond (Ilfov County, Romania) is known for having high trophic resources, including a varied fish community [11,12]. Weight–length relationships and Fulton’s condition factor are essential tools in fishery research, and they are estimated to provide data on the growth types and the states of the well-being of fish individuals in their habitats [13,14,15].



Furthermore, considering both the limited data in the literature regarding the characterization of water from the Moara Domnească pond [16,17] and the continuation of our set guidelines that were mentioned previously [18], in this study, we will focus on the following: (i) evaluating certain biometric indices of Carassius gibelio, (ii) assessing water quality parameters and (iii) analyzing if common gibel carp individuals find optimum life conditions in the Moara Domnească pond (a freshwater resource used for recreational purposes, mainly fishing).




2. Materials and Methods


2.1. Description of the Site and Sampling Points


Located in the northeast of Bucharest, south of the national highway of Bucharest–Constanța, the Moara Domnească pond belongs to the Pasărea Lake chain, which opens in the Argeș River. This freshwater lake is used for the irrigation of neighboring agricultural areas and for pisciculture [19,20].



The Pasărea is 48 km long and has a sinuous course (Figure 1). This makes the drainage of water difficult, but the conditions do favor the emergence and development of marsh vegetation. Due to the low slope (1‰), water runoff is marked by average annual flows of less than 1 m3 s−1, and the water velocity is maintained at especially low values. Along its path, a series of 24 lakes have developed. These are mainly used for fish farming and irrigation, and, together, they cover an area of 434 hectares.



Ponds are usually named after the places where they are situated, examples include the following: Tunari (21 ha); Crețuleasca (25 ha); Ștefănești (12 ha); Boltașul (25 ha); Afumați I, II, III and IV (41 ha); Moara Domnească (13 ha); Găneasa I, II and III (22 ha); Cozieni (20 ha); Pustnicul I, II and III (32 ha); Brănești I, II, III and IV (60 ha); Vadul Anei (33 ha); and Fundeni I, II and III (134 ha) [21].



The sampling points (SPs) and coordinates are shown in Table 1 and are depicted in Figure 2. The distance between the SPs from the same row was around 13 m, and the distance between each group of the three SPs was approximatively ten times higher.
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Figure 1. Course of the Pasărea River from its origin to its discharge [22]. 
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2.2. Sampling and Analytical Methods


2.2.1. Fish Inventory and Biometric Analysis


Shortly after their capture, the Carassius gibelio specimens were subjected to rapid cooling [24], and they were then transported to the laboratory in order to record their biometric characteristics, as well as to investigate for the presence of parasites when placed under a Krüss Optronic stereomicroscope.



The morphometric analysis for each Carassius gibelio individual was based upon the values of the following 14 features: total and standard length (TL, SL); total weight (TW); head length (HL); snout length (SNL); body depth (BD); girth (G); SL in % of TL; HL in % of TL; SNL in % of TL; BD in % of TL; and the respective ratios for TL/HL, TL/BD and TL/SL [25,26].



An inventory of the fish species living in the Moara Domnească pond was made using the data provided by previous studies, gray literature (fishing websites including photos of the catches) and also personal surveys that took place during April–May 2023.



The scientific classification of each fish species was conducted as per FishBase [27], and both English and Romanian common names were provided. The specimens belonging to C. gibelio were identified following Kottelat and Freyhof [28]. The parasites of Prussian carp and other fish species were also mentioned for the studied ecosystem. Overall, 60 Prussian carp individuals were measured (total length, TL ± 0.1 cm; standard length, SL ± 0.1 cm) and weighed (total body weight, TW ± 0.01 g) (Figure 3). A precision balance model PS 2100.R2.M (Radwag, Poland) was used.



The weight–length relationships (WLRs) were expressed as TW = aTLb and TW = aSLb, as well as through linear regression (Log TW = Log a + b Log TL; Log TW = Log a + b Log SL) (intercept a—the rate of change of weight with length of fish, slope b—information about the type of growth) [4,29,30]. A positive allometric type of growth was suggested when b > 3; meanwhile, when b < 3, a negative allometric or hypoallometric growth type was exhibited [31].



The coefficient of determination (r2) and confidence intervals (CI95%) for parameters a and b were calculated by the least-square method using PAST (Paleontological Statistics) [32], version 4.04 and MS Excel 2010.



The Fulton’s condition factor (K) of Prussian carps in their habitat was computed using the equation K = (TW/TL3) × 100 in order to assess the well-being of the fishes [4,15,33].




2.2.2. Water Collection


A sampling campaign was conducted in May 2023, which consisted of the collection of water samples from 12 sampling points (SP) located on the Moara Domnească pond (Figure 2). In order to ensure accuracy in the water quality assessment, three samples were collected from each sampling point (coded SP1, …, SP12), whereby each one was analyzed in duplicate. The overall dataset comprised 36 water samples. The reported values for each SP were the average of their determinations.



Samples were collected by manual grab as this is the approach commonly performed for lake monitoring studies [34] when working from a 0.5 m depth with polyethylene bottles (which were previously rinsed three times with sampling water). All labeled samples were transported in a cold box (4 °C) to the laboratory. Before analysis, the samples were allowed to stay in the laboratory until they reached room temperature.




2.2.3. Analyses and Instrumentation


The determined physico-chemical parameters and persistent organochlorine pollutants (POPs), analytical methods and instrumentation used are depicted in Table 2.



The pH, electrical conductivity (EC) and dissolved oxygen (DO) of each water sample were measured in situ; meanwhile, the remaining parameters were determined within 24–48 h of collection. Chloride was quantified by Mohr’s method of titration with a silver nitrate (AgNO3) solution when using potassium chromate (K2CrO4) solution as the indicator. The total hardness (TH) was determined via titration with disodium ethylenediamine tetraacetate (Na2EDTA) when using Eriochrome Black T for endpoint detection. Chemical oxygen demand (CODMn) was achieved by redox titration when using potassium permanganate (KMnO4) solution in an acidic medium. The biochemical oxygen demand (BOD) was assessed by the polarographic method. Nutrient phosphorus and nitrogen species were assessed by spectrophotometric means as follows: phosphate-phosphorus (P-PO43−) when using the molybdenum blue method (λ = 720 nm); nitrate nitrogen (N-NO3−) when using 2,4-phenoldisulphonic acid in a basic medium (λ = 420 nm); nitrite nitrogen (N-NO2−) when using Griess reagent (λ = 540 nm); and ammonium nitrogen (N-NH4+) when using Nessler reagent (λ = 420 nm).



Appropriate calibrations of the devices employed in analyses were performed before determinations to ensure the quality of the analytical procedures and correctness of the obtained data.



The persistent organochlorine pollutants (POPs), more specifically organochlorine pesticides (OCPs), were assessed by the gas chromatography technique. Thus, the study focused on the four isomers of hexachlorocyclohexane (HCH)—α, β, γ, δ (their sum is expressed as ∑HCH)—and 4,4′-dichlorodiphenyltrichloroethane (4,4′-DDT), as well as its main metabolites: 4,4′-dichlorodiphenyltrichloroethylene (4,4′-DDE) and 4,4′-dichlorodiphenyldichloroethane (4,4′-DDD) (of which the sum is expressed as ∑DDT). Among all of the 12 sampling points used in this study, 6 were selected to determine the levels of the abovementioned OCPs.



A volume of 1 L of water was extracted twice with 150 mL of hexane in a separatory funnel. The organic extract was treated with an anhydrous sodium sulphate, which was then reduced to an appropriate volume. The separation and identification of the target compounds (those mentioned above) were performed with a non-polar stationary phase capillary column (DB-5MS with 60 m × 0.25 mm × 0.25 μm) that had a programmed temperature (from 80 °C to 330 °C at 20 °C min−1). The injector temperature was 210 °C, and the carrier gas was helium 6.0 at 1 mL min−1. The injection volume was 1 μL in splitless mode. All of the solvents were of a high-purity grade for the purpose of chromatography.






3. Results and Discussion


3.1. Biometric Analysis of Carassius gibelio


The morphometric characteristics for Carassius gibelio (N = 32, April 2023 and N = 28, May 2023, sex combined) are shown in Table 3.



The weight–length relationships (Table 4) revealed a negative allometric type of growth (b < 3) for each Prussian carp sample, which could mean that C. gibelio grows faster in length than in weight in the study site [31]. The values were within the expected range of 2.5–3.5 for slope b. Fulton’s condition factor indicated favorable growth conditions for the Prussian carp in the Moara Domnească Lake as its K was higher than 1 [35].



However, the obtained data should be interpreted with caution since it is known that the fish condition and parameters of WLR in fishes could be influenced by several factors, such as sample size, the size of the captured specimens, environmental conditions or sampling methods [36,37].



Compared to FishBase, where the common total length for C. gibelio is 20 cm, the mean values for the TL registered in the present samples were 22.12 ± 1.32 cm and 23.89 ± 2.26 cm for April and May 2023, respectively. According to the same database, the BD of Prussian carp represent 29.8% of TL, and the HL is 19.3% of the TL. Present research reports for BD are 29.23% TL ± 0.94 (April) and 27.36% TL ± 1.53 (May). For HL, the values are 21.72% TL ± 2.04 (April) and 21.33% TL ± 0.89 (May). In comparison, certain authors [38] have registered populations of Carassius auratus gibelio with values of HL ranging from 22.9 to 30.7% of the body length, while others [39] have noted an average HL value of 29.3% of the standard length in a study regarding the plastic features of C. gibelio from Uzbekistan. Moreover, the mean value of the HL % in SL was 29.1 for gibel carp from southern Iraq [40]. Prior to the study, the standard length by FishBase was estimated as 85.9% TL, while the present survey instead found average values of 80.26%TL ± 7.71 (April) and 80.75%TL ± 2.16 (May) (Table 3).




3.2. Ichthyofauna of the Moara Domnească Pond


A checklist comprising 14 fish species was compiled for the ichthyofauna of the studied ecosystem (Table 5). Of these, only 4 species were personally caught and identified, namely Prussian carp Carassius gibelio (present and previous surveys), Lepomis gibbosus, Pseudorasbora parva and Rutilus rutilus [19,41] (Table 5).




3.3. Parasites Recorded in Fishes from Moara Domnească Pond


The parasitological examination of the C. gibelio from the Moara Domnească pond revealed a single individual of Philometroides sanguineus (Nematoda: Philometridae), which was observed in the caudal fin of a fish (TL = 21 cm, SL = 15 cm, TW = 167.74 g) from the sample of April 2023 (Figure 4).



The nematode P. sanguineus was registered before in Romanian specimens of Prussian carp [47,48,49].



No parasitic infection was observed in the Prussian carps caught in May 2023. The second ectoparasite species of C. gibelio from the Moara Domnească pond was the copepod Lernaea cyprinacea, which was registered in a study dated June 2008 [19]. In the same sampling month, this lernaeid was also noticed in Lepomis gibbosus, Pseudorasbora parva and Rutilus rutilus; meanwhile, in July 2008, the monogenean Paradiplozoon sp. was found in the gills of Rutilus rutilus [41] (Table 5).




3.4. Water Quality Analyses and Interpretation


An overview of the data concerning the main physico-chemical parameters is depicted in Table 6 and Table 7; meanwhile, associations with the quality classes for the surface water is presented in Figure 5.



3.4.1. Results concerning Turbidity


An increase in turbidity is related to a decrease in water transparency, which results in the water becoming cloudy or turbid. This behavior is generated mainly by particulate and organic matter, the presence of algae and even microscopic organisms. Thus, it may affect fish life and other aquatic organisms by reducing access to food supplies or impacting the development of visual systems and the behavioral ecology of fish (navigation, mating, territoriality, etc.) [51]. In the case of our study, the nephelometric assessment of this parameter provided an average value of 8.35 ± 1.29 NTU (Table 7), which is considered low [52]. In addition, a similar study developed in the same pond conducted by our team in September 2022 indicated much higher values of 51.77 to 72.40 NTU (58.43 NTU, as average) [18]. Since the previous study was conducted in autumn (September 2022), the high values are explainable due to the algae proliferation that occurs during summer and autumn [53], which is in contrast with this study as it was conducted in spring (May 2023).




3.4.2. Results concerning pH, EC and TH, as Well as the Correlations between Them


(a) Determination of the pH values provided values in the range 7.25–8.11, with an average of 7.39 ± 0.23 (Table 6 and Table 7). These values agreed with the Romanian legislation regarding surface waters [50]. For aquatic life, the pH parameter is particularly important since high values increase the toxicity of ammonia and low values increase the toxicity of certain metals. In addition, pH values lower than 6 favor the formation of toxic hydrogen sulfide [54]. Furthermore, a desirable range for fish production is between 6.5–9.0, with each fish species having an optimum pH level [8]. The effects of the pH values outside the optimum range are related with poor fish growth, a decrease in fish reproduction and even poor phytoplankton growth [55,56].



(b) The EC parameter was determined by the dissolved ions that were able to conduct electricity. In our study, the EC ranged between the values of 1043–1164.67 μS cm−1 (Table 6 and Table 7), which characterize a desirable range for most fish species [55]. Previously published data regarding the water quality from ponds in Romania indicated lower EC values for the Comana pond (645–705 μS cm−1) [49], Tătaru pond (653–760 μS cm−1) [57] and even for the Moara Domnească pond (683.66–724.33 μS cm−1) [18]. Moreover, higher EC values were also found for the Bițina pond (801–851 μS cm−1) [28], and the Brănești pond (1105–1156 μS cm−1) also had similar values [58]. EC values between 301–1160 μS cm−1 have also been reported for several urban ponds in Lisbon, Portugal [59].



(c) The TH parameter is associated with the presence of divalent cations, mainly Ca2+ and Mg2+. These chemical species are essential minerals required in the biological processes that occur in aquatic organism bodies. Therefore, it is important to manage the TH values, especially in aquaculture. In addition, the optimum Ca2+ and Mg2+ levels for different types of aquariums were obtained from the literature [8].



The TH values for the Moara Domnească pond were between 20.22–22.45 mg CaO L−1 (Table 6 and Table 7). In considering the fact that, for TH, there is no limit value or safe interval imposed by legislation, the reference interval must be related to the aquatic organisms’ requirements. Consequently, values between 28–84 mg CaO L−1 were considered optimum for aquaculture [55]. However, the TH values determined were slightly lower than this range, as well as slightly higher than those already reported [18].



(d) Correlations between the pH, EC and TH.



The analysis of the results indicated that EC (μS cm−1) presents a very significant correlation with TH (mg CaO L−1), correlation coefficient being r = 0.5974 ***. Between the pH and TH values (mg CaO L−1), a very significant correlation with r = 0.5854 *** was also evidenced (Figure 6).



The coefficient of correlation (r) and the confidence intervals (CI99%) for the parameters were calculated using MS Excel 2019. The p-values were obtained in an Excel regression analysis, an F test and an ANOVA test at a level of statistical significance set at α = 0.01.




3.4.3. Results concerning Chloride Levels


Chloride ions are naturally found in waters in various concentrations; however, in the past decade, its levels have increased as a consequence of growing populations, industrial developments, agricultural practices and environmental pollution. The presence of chloride ions in lakes is considered benign, but concentrations over 100 mg L−1 may result in ecological impacts. In addition, chloride levels may vary cyclically due to climatic conditions [60].



Based on the chloride concentrations assessed for the Moara Domnească pond (73.28–82.96 mg L−1) (Table 6 and Table 7), as well as the standards according to Romanian legislation [50], the water from this pond was associated with the III quality class (Figure 5). These results are explainable considering the location of the pond in the vicinity of a livestock farm as the high chloride levels could possibly be related with the leachate derived from animal waste [61].




3.4.4. Results concerning Oxygen Regime


DO is a parameter that is essential for aquatic life, and it is given by the amount of oxygen dissolved in water [62]. DO is strongly influenced by temperature and algae growth. Also, during daylight hours, DO increases as algae synthesize it by photosynthesis. Conversely, at night, DO decreases as aerobic organisms consume oxygen [63].



The levels of DO determined for the water samples from the Moara Domnească pond were between 7.71–8.95 mg O2 L−1, which, according to the legislation, correspond to a II quality class for surface water (Table 6 and Table 7, as well as Figure 5). It may be considered that these values are optimum for aquatic organisms since warm water fish need at least 5 mg of O2 L−1, whilst cold water fish require 6–7 mg O2 L−1 [64]. Also, values below 3–4 mg O2 L−1 will favor an increase in anaerobic bacteria activity, which will generate methane and hydrogen sulfide [1].



COD and BOD are important parameters that are often monitored and discussed in aquaculture. For instance, BOD measures the amount of oxygen consumed by bacteria and other microorganisms during the oxidation of organic matter. Furthermore, if the organic matter is chemically oxidized, then the time of the analysis is shortened and, as was the case in this study, appears as the COD parameter, whose value is higher than that of BOD. On the basis of the performed analyses, the CODMn and BOD values ranged between 11.14–14.82 mg of O2 L−1 and 3.25–4.29 mg of O2 L−1, respectively (Table 6 and Table 7). In addition, based on the average values of CODMn and BOD, the water was in the III and II quality classes for surface water quality (Figure 5).



Considering that an assessment of the oxygen regime parameters is time consuming, certain authors have provided some useful models that are able to predict them on the basis of other easily available data [62].




3.4.5. Results concerning Nutrient Levels


Phosphorus and nitrogen are encountered in environments that have incorporated different chemical species, and they are also natural parts of aquatic systems. In addition, these elements support the growth of algae and other aquatic plants, and their excessive amounts are responsible for eutrophication, in which the consequences mainly entail dissolved oxygen levels.



Due to their importance and effects, phosphorus and nitrogen levels in surface waters are regulated by Romanian legislation [50], and this is achieved by setting each concentration range within one of the associated quality classes.



When referring to the phosphate phosphorus levels in the water from the Moara Domnească pond, the analyses indicated high values between 2.326–2.579 mg P L−1 (Table 6 and Table 7). These values meant that the waters would fall under the V quality class (Figure 5). Furthermore, the phosphate levels between the levels of 0.08 and 0.10 mg L−1 may enhance periodic algal bloom [8].



Having in view the effects on fish, an increase in the phosphorus levels in water induces a decrease in cyprinid body weight [65].



In aquatic ecosystems, nitrogen is found predominantly under nitrite (NO2−), nitrate (NO3−) and ammonium (NH4+) forms, and elevated concentrations are mainly responsible for eutrophication, which spoils the living environment of fish. In addition, the conversion order of ammonium → nitrite → nitrate requires oxygen, which therefore results in an oxygen reduction and thus a further impact on fishes.



The nitrite, nitrate and ammonium nitrogen concentrations assessed in the Moara Domnească pond were between 0.107–0.132 mg N L−1, 0.257–0.584 mg N L−1 and 7.438–8.456 mg N L−1, respectively (Table 6 and Table 7). Other than the nitrate nitrogen levels, on the basis of which the water was associated with the I quality class, the other forms were elevated such that the water quality was in the IV and V quality classes, respectively (Figure 5). Also, according to the literature [8], the optimum nitrite range for fish is 0–0.2 mg L−1, harmful values are higher than 0.5 mg L−1, whilst values over 1.6 mg L−1 are considered lethal.



The obtained results evidenced high levels of nutrients (phosphorus and nitrogen, as well as nitrite and ammonium), and we could assume that these high concentrations may be due to the fertilizers applied on agricultural land, which were in vicinity of the pond and may have undergone possible contamination with the animal wastes from the livestock farm situated nearby. Furthermore, the algae bloom and eutrophication of the pond was clearly highlighted in the images taken in the autumn of 2022 (Figure 7).



It was noted that the levels of ammonia in the spring (current study) were 5 times higher than that in the autumn [18]; however, this is explained by the fact that the snow from the adjacent areas melted and drained into the pond.



High nitrite levels were found to have accumulated in the tissues of the gills, spleens, muscles and brains of the fish, and the oxidization of hemoglobin to methemoglobin, which affects blood properties, was also observed [66]. In addition, the degree of tolerance to nitrite levels was found to vary as follows: the largemouth and smallmouth bass tolerated high levels, while the cool water fish were sensitive even to low levels of nitrite [67].



In the pond water, ammonia was present in two forms: un-ionized ammonia (NH3) and ammonium (NH4+). Between them, an equilibrium was present that was driven by the pH and temperature. For instance, at a pH under 8, un-ionized ammonia was found at especially low levels. The ammonium form, which is less toxic, was predominant at low pH and temperature levels [68]. The negative impact of ammonia on fish was reviewed by Eddy [69].



A useful approach for decreasing nitrite, nitrate and ammonium levels in fishponds is to add, into the pond water, nitrifying and denitrifying bacteria at the optimum concentration of 0.60 mg L−1 [70].




3.4.6. Results concerning the Assessment of Several OCPs


Before 1989, Romania was one of the countries with the highest levels of pesticide production, use and export. Considering that the Moara Domnească pond is located near agricultural plots, where—though there were many in years past, there is still a great deal currently—cereals, crops, fruits and vegetables are grown, it is easy to presume that the extensive use of pesticides was necessary. Furthermore, even if OCP use was banned globally now, it was intensively used in the past at enormous scales. Thus, given their continuing persistence in air, water, soil and sediment, as well as in aquatic and terrestrial organisms [71,72], it has been challenging to assess their levels in pond water.



The results (Table 8) indicated undetectable amounts of α-HCH and δ-HCH; however, in one sampling point (SP5) for β-HCH, a concentration of 0.023 μg L−1 was found. In the case of the γ-HCH isomer (lindane), concentrations between 0.008 and 0.018 μg L−1 (Table 8) were determined. This was somewhat of an expected situation considering that the γ-HCH isomer (lindane) is the only isomer in the group with pesticidal properties [73,74], while the others are actually by-products of lindane production. From the HCH isomers, only γ-HCH (lindane) exhibited detectable levels at all of the sampling points as its contribution to ∑HCH was 43.90% for SP5 and 100% for the rest of sampling points. In addition, considering the standards imposed by Romanian [50] and European legislations [75], the lindane levels determined were found to be below the imposed limit (Table 8).



To our knowledge, the present study is the second investigation that has dealt with OCP level quantification for water that has been collected from the Moara Domnească pond. The first one, which was conducted in 2008–2009 [16], reported higher levels of HCH (more specifically, it reported ∑HCH values at a maximum value of 0.104 μg L−1).



Regarding ∑DDT, the analyses indicated a concentration of 0.049 μg L−1 for SP5, which was higher than the limit value (Table 8) but lower than the values reported previously by Lutai and Tudor [16].



The presence of lindane in all of the sampling points was somewhat explainable, considering that γ-HCH is more soluble in water than in other organochlorine compounds; in addition, it also tends to remain in the water column [76]. The main sources of γ-HCH to surface waters are agricultural run-off and point source discharges [77]. However, the OCP levels did not emphasize a recent contamination, rather an accumulation of residues from the time when they were used intensively in agriculture.






4. Conclusions


This study was undertaken as a continuation of our previous findings and concerns related to water quality monitoring (which plays a substantial role in maximizing fish productivity). Furthermore, maintaining balanced levels of the quality parameters is crucial for aquatic organism life.



In this research, the physico-chemical parameters that decide water quality, the associations of them with acceptable or imposed limits and their impact on fish life was discussed. In addition, the biometric characteristics of the Carassius gibelio specimens from the Moara Domnească pond were determined. A negative growth type was estimated for both of the samples (April and May 2023) of Carassius gibelio, thus meaning that the Prussian carp individuals grew faster in length than in weight. With the Fulton condition factor being higher than 1, a favorable growth was indicated for the C. gibelio inhabiting the Moara Domnească Lake. The values of the biometric features were found to be similar with those published before in the scientific literature for Prussian carp.



Based on the present study data and on previous personal data, the ichthyoparasifauna of this ecosystem were found to include the nematode P. sanguineus, the copepod L. cyprinacea and the monogenean Paradiplozoon sp.



Also, so as to seek a better knowledge of the fish species that exist in this pond, a checklist comprising 14 of the fish species identified in the studied ecosystem was drawn up.



The physico-chemical parameters were used to place the water within the quality classes established by Romanian legislation. Consequently, the chloride levels (76.49 mg L−1) were found to fall in the III quality class. On the basis of oxygen regime parameters, the water was associated with II (DO and BOD) and III (COD) classes. Other than nitrate nitrogen (which was found to be so low that the water was in the I quality class), the other nutrient species (nitrite, ammonium, phosphate) were assessed at high concentrations, thereby suggesting massive algae blooms that were otherwise observed in a previous monitoring study. Furthermore, the pH, TH and EC parameters were found at levels that were considered optimum for aquatic life and aquaculture. The TH values respectively presented very significant correlations with the EC (r = 0.5974 ***) and pH (r = 0.5854 ***). In addition, certain quality parameters (pH, EC, TH and chloride) for SP12 were found to be higher in comparison to those found in other sampling points. We believe that this discrepancy was related to the position of SP12 as near the water edge, where building materials/cement-based materials for the rehabilitation of a zone nearby were stored.



Among the investigated OCP levels, the presence of γ-HCH in all of the sampling points was highlighted; meanwhile, the DDE and DDT levels were evidenced at SP5 only. Relying on the present study results regarding OCP levels in water, it may be concluded that their presence is related with past agricultural practices, which explains the amount of evidence showing their persistence in the environment.



Hence, maintaining fishpond water parameters at optimum values must be discussed from two perspectives: keeping the environment clean and increasing pond productivity.
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Figure 2. Location of the sampling points from the Moara Domnească pond [23]. 
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Figure 3. Biometric analysis of Carassius gibelio. 






Figure 3. Biometric analysis of Carassius gibelio.



[image: Water 15 03978 g003]







[image: Water 15 03978 g004] 





Figure 4. Philometroides sanguineus in the caudal fin of Carassius gibelio. 
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Figure 5. Quality classes for the surface water according to legislation [50], as well as to the assigned quality classes for water from the Moara Domnească pond. 






Figure 5. Quality classes for the surface water according to legislation [50], as well as to the assigned quality classes for water from the Moara Domnească pond.



[image: Water 15 03978 g005]







[image: Water 15 03978 g006] 





Figure 6. Correlations between the conductivity and pH values with the total hardness of the water samples from the Moara Domnească pond (N = 36 samples, α = 0.01 and p < 0.01). 
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Figure 7. Algae bloom in the Moara Domnească pond. (Original images taken on 12 September 2022). 






Figure 7. Algae bloom in the Moara Domnească pond. (Original images taken on 12 September 2022).



[image: Water 15 03978 g007]







 





Table 1. Sampling point coordinates.
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	Sampling Points (SP)
	Latitude, North
	Longitude, East





	SP1
	44°29′45.12048″ N
	26°14′45.1644″ E



	SP2
	44°29′45.65904″ N
	26°14′45.80844″ E



	SP3
	44°29′46.62996″ N
	26°14′46.74156″ E



	SP4
	44°29′48.685952″ N
	26°14′35.58336″ E



	SP5
	44°29′49.00812″ N
	26°14′37.09536″ E



	SP6
	44°29′49.84728″ N
	26°14′38.24304″ E



	SP7
	44°29′54.609″ N
	26°14′33.2142″ E



	SP8
	44°29′54.86892″ N
	26°14′31.32672″ E



	SP9
	44°29′55.36392″ N
	26°14′29.42808″ E



	SP10
	44°29′58.20684″ N
	26°14′24.5238″ E



	SP11
	44°29′59.90388″ N
	26°14′26.6244″ E



	SP12
	44°29′59.63964″ N
	26°14′25.332″ E










 





Table 2. Determined parameters, analytical methods and instrumentation.
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Parameter

	
Abbreviation

	
Unit

	
Analytical Methods

	
Instrumentation






	
Turbidity

	
T

	
NTU

	
Nephelometry

	
HI88703-02 Turbidity Meter, Hanna Instruments, Smithfield, RI, USA




	
pH

	
pH

	
pH units

	
Potentiometry

	
inoLab pH 720, WTW, Munich, Germany




	
Electrical conductivity

	
EC

	
μS cm−1

	
Conductometry

	
SensION7, Hach, Loveland, CO, USA




	
Chloride

	
Cl−

	
mg L−1

	
Mohr’s method

	
Digital burette, Eppendorf, Hamburg, Germany




	
Total hardness

	
TH

	
mg CaO L−1

	
Complexometry

	
-




	
Dissolved oxygen

	
DO

	
mg O2 L−1

	
Polarographic method

	
HI98193 Dissolved Oxygen/

BOD/OUR/SOUR Meter, Hanna Instruments, USA




	
Chemical oxygen demand

	
CODMn

	
mg O2 L−1

	
Redox titration

	
-




	
Biochemical oxygen demand

	
BOD

	
mg O2 L−1

	
Polarographic method

	
HI98193 Dissolved Oxygen/

BOD/OUR/SOUR Meter, Hanna Instruments, USA + BOD Sensor, Velp Scientifica, Usmate Velate, Italy + FTC90E Incubator BOD, Velp Scientifica, Italy




	
Phosphate phosphorus

	
P-PO43−

	
mg P L−1

	
Spectrophotometry

	
Metertech SP830 Plus

spectrophotometer, Metertech Inc., Taipei, Taiwan




	
Nitrite nitrogen

	
N-NO2−

	
mg N L−1




	
Nitrate nitrogen

	
N-NO3−

	
mg N L−1




	
Ammonium nitrogen

	
N-NH4+

	
mg N L−1




	
Organochlorine pesticides

	
OCPs

	
μg L−1

	
Gas chromatography

	
8890 Gas Chromatograph (GC) System equipped with electron capture detector (ECD), Agilent Technologies, Santa Clara, CA, USA











 





Table 3. Biometric features of the Prussian carp from the Moara Domnească pond, Ilfov County, Romania (April–May 2023) (n = sample size; SD = standard deviation; TL and SL = total and standard length, in cm; TW = total weight, in grams; HL = head length, in cm; SNL = snout length, in cm; BD = body depth, in cm; and G = girth, in cm).
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Morphometric Measurements

	
Sampling Season




	
April 2023 (n = 32)

	
May 2023 (n = 28)




	
Min.–Max.

	
Mean ± SD

	
Min.–Max.

	
Mean ± SD






	
TL

	
19.9–25.5

	
22.12 ± 1.32

	
18–26.9

	
23.89 ± 2.26




	
SL

	
15.8–20

	
17.75 ± 1.04

	
14–22

	
19.29 ± 2.02




	
TL/SL

	
1.08–1.56

	
1.25 ± 0.12

	
1.15–1.29

	
1.24 ± 0.03




	
SL in % of TL

	
63.92–92.96

	
80.26 ± 7.71

	
77.78–86.61

	
80.75 ± 2.16




	
HL

	
4.2–5.2

	
4.79 ± 0.29

	
3.8–5.8

	
5.1 ± 0.49




	
HL in % of TL

	
18.49–26.24

	
21.72 ± 2.04

	
19.92–23.4

	
21.33 ± 0.89




	
SNL

	
1.1–1.7

	
1.31 ± 0.13

	
1.1–1.7

	
1.49 ± 0.15




	
SNL in % of TL

	
5.53–6.67

	
5.88 ± 0.25

	
4.68–8.89

	
6.25 ± 0.97




	
BD

	
5.7–7.2

	
6.48 ± 0.35

	
4.7–7.7

	
6.54 ± 0.75




	
BD in % of TL

	
28.12–32.38

	
29.23 ± 0.94

	
25–31.7

	
27.36 ± 1.53




	
G

	
13–16

	
14.86 ± 0.82

	
10–16.5

	
14.52 ± 1.53




	
TW

	
125.85–234.07

	
184.27 ± 26.94

	
82.84–267.51

	
196.26 ± 46.79




	
TL/HL

	
3.81–5.42

	
4.61 ± 0.44

	
4.27–5.02

	
4.69 ± 0.19




	
TL/BD

	
3.09–3.56

	
3.42 ± 0.11

	
3.21–4

	
3.65 ± 0.2











 





Table 4. Weight–length relationships (WLRs) (n = sample size; b = slope; r2 = coefficient of determination; and CI95% of b = confidence intervals for slope), condition factor K (Min.–Max. and Mean ± SD) and the type of growth, tg (A− = allometric negative) for the Prussian carp from the Moara Domnească pond, Ilfov County, Romania.
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Sampling Season

	
n

	
b

	
r2

	
WLRs

	
CI95% of b

	
K

	
tg






	
April 2023

	
32

	
2.3305

	
0.8169

	
TW = 0.1338TL2.3305

	
1.961–2.746

	
1.41–1.94

	
A−




	
LogTW = 2.3305TL − 0.8735




	
2.4583

	
0.8852

	
TW = 0.1547SL2.4583

	
2.128–2.788

	
1.68 ± 0.13




	
Log TW = 2.4583LogSL − 0.8106




	
May 2023

	
28

	
2.743

	
0.9292

	
TW = 0.0325TL2.743

	
2.438–3.048

	
1.23–1.65

	
A−




	
LogTW = 2.743LogTL − 1.4877




	
2.4059

	
0.8874

	
TW = 0.1586SL2.4059

	
2.060–2.751

	
1.44 ± 0.11




	
LogTW = 2.4059SL − 0.7997











 





Table 5. Records of the fish species and their parasites that inhabit the Moara Domnească pond, Ilfov County, Romania (as obtained from scientific publications and gray literature).
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Fish Species, Scientific Classification, Common Name and Romanian Common Name

	
Parasite Species, Scientific Classification and Common Name

	
References






	
Alburnus alburnus (Cypriniformes: Leuciscidae), Bleak/oblet *

	
N/A

	
[42]




	
Carassius auratus gibelio * (Cypriniformes: Cyprinidae), Prussian carp//silver Prussian carp/Gibel carp, caras argintiu

	
Lernaea cyprinacea

(Copepoda: Lernaeidae)

	
[19,41]




	
 Carassius gibelio (Cypriniformes: Cyprinidae), Prussian carp,

caras argintiu

	
Philometroides sanguineus

(Nematoda: Philometridae)

	
present study




	
 Ctenopharyngodon idella * (Cypriniformes: Xenocyprididae), Grass carp, cosaș

	
N/A

	
[41]




	
 Cyprinus carpio (Cypriniformes: Cyprinidae), Common carp, carp *

	
N/A

	
[43]




	
 Cyprinus carpio var. specularis (Cypriniformes: Cyprinidae), Mirror carp, salontă *

	
N/A

	
[44]




	
 Hypophthalmichthys nobilis syn. Aristichthys nobilis * (Cypriniformes: Xenocyprididae), Bighead carp, novac

	
N/A

	
[41]




	
Hypophthalmichthys molitrix * (Cypriniformes: Xenocyprididae), Silver carp, sânger

	
N/A

	
[41]




	
 Lepomis gibbosus * (Perciformes: Centrarchidae), pumpkinseed, regina

	
L. cyprinacea

	
[19,45]




	
 Pelecus cultratus (Cypriniformes: Leuciscidae), Sichel, săbioară *

	
N/A

	
[46]




	
Perca fluviatilis (Perciformes: Percidae), European perch, biban *

	
N/A

	
[46]




	
 Pseudorasbora parva * (Cypriniformes: Gobionidae), Stone moroko, murgoi bălțat

	
L. cyprinacea

	
[19,45]




	
 Rutilus rutilus * (Cypriniformes: Leuciscidae), Roach, babușcă

	
L. cyprinacea

	
[19]




	
Paradiplozoon sp.

(Platyhelminthes: Diplozoidae)

	
[41]




	
 Scardinius erythrophthalmus * (Cypriniformes: Leuciscidae), Rudd, roșioară

	
N/A

	
[41]




	
 Squalius cephalus syn. Leuciscus cephalus * (Cypriniformes: Leuciscidae), Chub, clean

	
N/A

	
[41]








Notes: N/A = data not available; * as mentioned in original source.













 





Table 6. Determined values ± the standard deviation (SD) for the water quality parameters at the 12 sampling points (SP) of the Moara Domnească pond.
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Sampling Point

	
T

	
pH

	
EC

	
TH

	
Cl−

	
Oxygen Regime Data

	
Nutrient Data




	
DO

	
CODMn

	
BOD

	
P-PO43−

	
N-NO2−

	
N-NO3−

	
N-NH4+




	
NTU

	
μS cm−1

	
mg CaO L−1

	
mg L−1

	
mg O2 L−1

	
mg P L−1

	
mg N L−1






	
SP1

	
7.62 ± 0.057

	
7.38 ± 0.049

	
1043 ± 9.85

	
20.35 ± 0.13

	
82.96 ± 0.89

	
8.30 ± 0.031

	
11.14 ± 0.40

	
3.59 ± 0.026

	
2.533 ± 0.083

	
0.107 ± 0.008

	
0.307 ± 0.033

	
7.869 ± 0.235




	
SP2

	
7.83 ± 0.191

	
7.25 ± 0.015

	
1065 ± 11.14

	
20.94 ± 0.13

	
78.42 ± 0.85

	
8.68 ± 0.020

	
12.10 ± 0.40

	
3.43 ± 0.025

	
2.444 ± 0.094

	
0.110 ± 0.002

	
0.323 ± 0.023

	
7.986 ± 0.235




	
SP3

	
6.80 ± 0.015

	
7.26 ± 0.015

	
1064.67 ± 12.50

	
20.57 ± 0.13

	
77.07 ± 0.31

	
8.12 ± 0.108

	
12.31 ± 0.89

	
3.55 ± 0.036

	
2.338 ± 0.053

	
0.112 ± 0.003

	
0.257 ± 0.029

	
8.378 ± 0.179




	
SP4

	
8.37 ± 0.059

	
7.33 ± 0.012

	
1047 ± 16.09

	
20.52 ± 0.22

	
76.93 ± 0.12

	
8.10 ± 0.025

	
13.32 ± 0.33

	
3.82 ± 0.030

	
2.406 ± 0.095

	
0.108 ± 0.009

	
0.311 ± 0.030

	
8.025 ± 0.591




	
SP5

	
6.93 ± 0.126

	
7.38 ± 0.021

	
1078.67 ± 14.22

	
20.22 ± 0.13

	
74.74 ± 0.42

	
8.75 ± 0.060

	
12.15 ± 0.58

	
4.02 ± 0.017

	
2.364 ± 0.076

	
0.115 ± 0.005

	
0.323 ± 0.035

	
7.595 ± 0.136




	
SP6

	
7.42 ± 0.053

	
7.27 ± 0.029

	
1067 ± 3.61

	
20.67 ± 0.26

	
76.64 ± 0.08

	
8.88 ± 0.015

	
12.42 ± 0.82

	
3.74 ± 0.046

	
2.410 ± 0.063

	
0.106 ± 0.007

	
0.380 ± 0.035

	
8.260 ± 0.179




	
SP7

	
8.68 ± 0.021

	
7.35 ± 0.010

	
1072.33 ± 4.73

	
21.39 ± 0.13

	
75.94 ± 0.12

	
8.85 ± 0.045

	
12.90 ± 0.33

	
3.91 ± 0.020

	
2.397 ± 0.172

	
0.114 ± 0.003

	
0.499 ± 0.075

	
8.299 ± 0.359




	
SP8

	
7.53 ± 0.015

	
7.31 ± 0.006

	
1082 ± 3.00

	
20.57 ± 0.26

	
74.56 ± 0.08

	
8.95 ± 0.068

	
11.99 ± 0.58

	
3.25 ± 0.051

	
2.554 ± 0.045

	
0.114 ± 0.005

	
0.388 ± 0.037

	
7.986 ± 0.423




	
SP9

	
8.60 ± 0.020

	
7.34 ± 0.021

	
1074 ± 5.57

	
20.57 ± 0.13

	
75.87 ± 0.14

	
8.60 ± 0.025

	
12.53 ± 0.33

	
3.85 ± 0.046

	
2.326 ± 0.084

	
0.118 ± 0.003

	
0.584 ± 0.054

	
7.790 ± 0.412




	
SP10

	
9.53 ± 0.031

	
7.38 ± 0.026

	
1075.67 ± 4.93

	
22.29 ± 0.13

	
75.63 ± 0.09

	
8.65 ± 0.076

	
14.82 ± 0.51

	
3.68 ± 0.047

	
2.541 ± 0.076

	
0.114 ± 0.005

	
0.549 ± 0.024

	
7.438 ± 0.179




	
SP11

	
11.25 ± 0.045

	
7.36 ± 0.006

	
1074.33 ± 5.03

	
21.92 ± 0.13

	
73.28 ± 0.07

	
8.05 ± 0.062

	
14.07 ± 0.42

	
3.86 ± 0.046

	
2.448 ± 0.067

	
0.117 ± 0.002

	
0.423 ± 0.081

	
7.751 ± 0.311




	
SP12

	
9.65 ± 0.133

	
8.11 ± 0.032

	
1164.67 ± 4.16

	
22.45 ± 0.13

	
75.83 ± 0.31

	
7.71 ± 0.070

	
11.99 ± 0.58

	
4.29 ± 0.093

	
2.579 ± 0.095

	
0.132 ± 0.002

	
0.288 ± 0.035

	
8.456 ± 0.587











 





Table 7. Ranges, means, standard deviations and the assignment of water quality classes for the samples collected from the Moara Domnească pond.
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	Parameter
	Unit
	Range

(Min.–Max.)
	Mean Value ± SD
	Limits/Quality Classes *





	T
	NTU
	6.80–11.25
	8.35 ± 1.29
	NA



	pH
	pH unit
	7.25–8.11
	7.39 ± 0.23
	6.50–8.50



	EC
	μS cm−1
	1043–1164.67
	1075.69 ± 30.43
	NA



	TH
	mg CaO L−1
	20.22–22.45
	21.04 ± 0.78
	NA



	Cl−
	mg L−1
	73.28–82.96
	76.49 ± 2.43
	III



	DO
	mg O2 L−1
	7.71–8.95
	8.47 ± 0.40
	II



	CODMn
	mg O2 L−1
	11.14–14.82
	12.64 ± 1.005
	III



	BOD
	mg O2 L−1
	3.25–4.29
	3.75 ± 0.28
	II



	P-PO43−
	mg P L−1
	2.326–2.579
	2.445 ± 0.087
	V



	N-NO2−
	mg N L−1
	0.107–0.132
	0.114 ± 0.007
	IV



	N-NO3−
	mg N L−1
	0.257–0.584
	0.386 ± 0.107
	I



	N-NH4+
	mg N L−1
	7.438–8.456
	7.986 ± 0.317
	V







Notes: SD = standard deviation; * = according to [50]; and NA = not available.













 





Table 8. Determined levels of the OCPs.






Table 8. Determined levels of the OCPs.





	
Sampling Point

	
α-HCH

	
β-HCH

	
γ-HCH

(Lindane)

	
δ-HCH

	
∑HCH

	
4,4′-DDE

	
4,4′-DDD

	
4,4′-DDT

	
∑DDT




	
μg L−1






	
SP1

	
<LOQ

	
<LOQ

	
0.010

	
<LOQ

	
0.010

	
<LOQ

	
<LOQ

	
<LOQ

	
<LOQ




	
SP3

	
<LOQ

	
<LOQ

	
0.008

	
<LOQ

	
0.008

	
<LOQ

	
<LOQ

	
<LOQ

	
<LOQ




	
SP5

	
<LOQ

	
0.023

	
0.018

	
<LOQ

	
0.041

	
0.015

	
<LOQ

	
0.034

	
0.049




	
SP8

	
<LOQ

	
<LOQ

	
0.012

	
<LOQ

	
0.012

	
<LOQ

	
<LOQ

	
<LOQ

	
<LOQ




	
SP10

	
<LOQ

	
<LOQ

	
0.009

	
<LOQ

	
0.009

	
<LOQ

	
<LOQ

	
<LOQ

	
<LOQ




	
SP12

	
<LOQ

	
<LOQ

	
0.012

	
<LOQ

	
0.012

	
<LOQ

	
<LOQ

	
<LOQ

	
<LOQ




	
Range

	
-

	
LOQ–0.023

	
0.008–0.018

	
-

	
0.008–0.041

	
LOQ–0.015

	
-

	
LOQ–0.034

	
LOQ–0.049




	
Mean value ± SD

	
-

	
-

	
0.0115 ± 0.0036

	
-

	
0.0153 ± 0.0126

	
-

	
-

	
-

	
-




	
Limits *

	
-

	
-

	
0.020

	
-

	
0.042

	

	

	
0.010

	
0.025








Notes: SD = standard deviation; LOQ = limit of quantification (0.001 μg L−1); and * = according to [50,75].
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