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bstract: Around the world, delta lakes are susceptible to significant pressures due to economic 
and social development, rapid population growth, and the associated activities, which are putting 
pressures on the natural resources and the environment. The aim of this study was to investigate 

the water quality of selected lakes from the Danube Delta, Romania, based on the main water quality 
environmental indicators. Thus, 101 representative water samples were collected from 7 lakes for 
determination of physical (temperature, electrical conductivity, total dissolved solids, turbidity, total 
suspended solids, transparency) and chemical (pH, dissolved oxygen, nutrients, silica, total organic 
carbon, sulphates, oxidation-reduction potential etc.) characteristics. Additionally, the content of certain 
technophilic elements (Cd, Co, Cr, Cu, Ni, Pb and Zn) was investigated. Overall, the results did not show 
significant differences between the investigated lakes. However, some differences among the hydro-
chemical characteristics were emphasized that may be attributed to local conditions of the shallow 
lacustrine transitional environment, which is continuously subjected to a series of natural and 
anthropogenic variations. In this regard, it can be concluded that the surface water of investigated lakes 
is generally in a good physical-chemical status and suitable for water-living organisms. This study 
highlights the idea that periodic evaluation of certain hydro-chemical characteristics of water is proven 
efficient for identifying changes in water quality over time. The obtained results can be used for future 
assessment strategies related to Danube Delta water quality.  
Keywords: Danube Delta lakes, evaluation, hydro-chemical characteristics, hydro-dynamic conditions, 
surveillance, water quality 

 
INTRODUCTION 
 
A good water quality status of surface water is vital for environmental, social and economic activities, as 
well as for the natural environment (Tolun et al., 2012; Feng Y. et al., 2021). 
 
In Romania, a major freshwater resource and the main waterway, the Danube River, branches into three 
main distributaries, Chilia, Sulina and Sf. Gheorghe, forming the Danube Delta that covers an area of 
about 4,180 km² (Gâștescu & Știucă, 2008). Danube furnishes 52% of the Romania’s total sustainable 
fresh water resources to satisfy different socio-economic needs for human use (drinking water), industry, 
agriculture (including irrigations), tourism and environmental usage as aquatic ecosystems of ecological 
importance. Supplementarily, 36% of the total fresh water resources are attributable to other inland 
rivers, and 12% pertaining to aquifers (groundwater) (https://www.icpdr.org/main/danube-
basin/romania). 
 
The Danube River is the end carrier of all pollutants from upstream countries (wastewater discharges, 
agricultural production, industrial use) through the country into the river’s delta and subsequently Black 
Sea coastal areas (WWF, 2018).  
 
In this context, the Danube Delta water quality has been significantly impaired during recent decades, 
as a result of diverse anthropogenic inputs, and to a lesser extent due to climate change fluctuations 
(variations in the Danube River flow, differences in precipitation regimes, high atmospheric 
temperatures, high water temperatures, storm events, losses or abundances of aquatic vegetation, 
decrease in the amount of dissolved oxygen in summer, erosion, enrichment of nutrients etc.). Among 
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the anthropogenic stressors are mentioned industrial and agricultural pollutants, domestic wastes, 
heavy metals etc. (Chitescu et al., 2021). The anthropogenic inputs leave their mark on water quality, 
biological diversity and the socio-economic benefits (Belacurencu, 2007). In addition, the hydro-
technical works performed along the river and its tributaries, as well as within the Danube Delta have 
considerably impacted the physical-chemical and biological characteristics of water quality and reduced 
sediment discharge (Panin & Jipa, 1998). 
 
Equally, a degraded water quality of the Danube Delta has environmental and socio-economic 
repercussions. The wetlands and aquatic ecosystems of the Danube Delta are of ecological importance, 
having a triple international designation: UNESCO World Heritage Sites, Biosphere Reserve (since 
1990) and Ramsar Site (in terms of its importance for migratory birds) (Ramsar Convention, 1987). 
Danube Delta also provides a variety of ecosystem services (pristine natural landscapes, recreational 
activities and tourism, fishing activities, reed resources, habitats for flora and fauna species, flood 
control, water supply, agricultural uses etc.) (Cazacu & Adamescu, 2017). 
 
Even if the interest concerning the human activities negatively impacts on surface water quality has 
increased at a regional and local level, consistency related to growing public awareness and concern 
for controlling water pollution is still needed. Moreover, monitoring and evaluation programs must be 
constantly updated and uniformized so as to cover a wide spectrum of multiple pressures that affect 
aquatic ecosystems' state and their function (Kirschke et al., 2020). 
 
Regular water quality assessment of the Danube Delta aquatic ecosystems is fundamental to preserving 
reasonable water standards for human and environmental uses (conserving and maintaining the 
resilience of the aquatic biodiversity).  
 
For this reason, the aim of this study is to evaluate the water quality of the Danube Delta at the southern 
part of the Rusca-Gorgova-Uzlina interdistributary depression, in 7 lakes. In each of these lakes, several 
physical and chemical parameters were investigated during June 2021, in order to identify the potential 
source of contamination and their impact on the aquatic ecosystems and associated biodiversity.  
 
The values of resulting indicators are important for disseminating information to the scientific community, 
to a general awareness and providing a baseline data for future monitoring and evaluation plans.  
 
MATERIALS AND METHODS 
 
Study area 
Rusca-Gorgova-Uzlina interdistributary depression is located in the Danube Delta fluvial plain (Fig.1.a), 
between Sulina (north) and Sf. Gheorghe (south) branches, and east of the Caraorman Spit (Panin et 
al., 2016). For this study, a series of lakes were chosen from the southern part of the Rusca- Gorgova-
Uzlina area: Uzlina, Durnoliatca, Isăccel, Gherasim, Isacova, Pojarnia and Bleziuc-Pojarnia (Fig.1.b).  
 
This hydrographic unit is opened, connected to the Danube River through the Mahmudia (Old Danube) 
Meander (Sf. Gheorghe distributary) and through Uzlina Canal. For instance, a significant sediment 
input on the Uzlina Canal mouth area has developed a micro-delta, that evolved in the southern part of 
the Uzlina Lake (Rădan, 2016). Many of these lakes are fed and drained by the Litcov Canal (man-made 
waterway), Perivolovca Channel and other small waterways (which usually dry up in the summer and 
fall), belonging to the secondary hydrographic network (Bondar & Panin, 2001). Summarizing, it is worth 
mentioning that the investigated aquatic ecosystems are under the influence of various hydrodynamic 
conditions. Therefore, Uzlina Lake (468 ha) is characterized by active hydrodynamic conditions with 
different flow velocities due to direct connection with Sf. Gheorghe distributary by the Mahmudia (Old 
Danube) Meander, and, respectively, Uzlina Canal. Isacova Lake (1100 ha) is located further from the 
main Danube River supply, been characterized by some relatively low hydrodynamic conditions. This 
lake is fed from the Litcov Canal through small waterways (i.e., Isac 1 Canal, and Isac 2 Canal). The 
other lakes as Gherasim, Pojarnia, Bleziuc-Pojarnia, Durnoliatca and Isăccel are related to low 
hydrodynamic conditions. All investigated lakes significantly vary in the aquatic vegetation they 
preserve. The submerged and emergent vegetation is at different stages of development (density and 
high), and cover particular sectors of lakes. 
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Procedures for assessing water quality 
  
In this study, multiple water quality indicators were used for the investigated lakes: Uzlina, Durnoliatca, 
Isăccel, Gherasim, Isacova, Pojarnia and Bleziuc-Pojarnia.  
Field investigations occurred during June 2021, onboard the R/V “Istros” of the National Institute for 
Marine Geology and Geo-ecology - GeoEcoMar, in high water conditions of the Danube River. Totally, 
101 samples were collected from lakes. The exact location of each sampling point was recorded using 
a GPS coordinate (Fig. 2).  
Water samples with a volume of 0,5-1 L were collected from the surface layer (0,5-1 m) using a 10-L 
polyethylene bucket. Samples were treated and preserved according to laboratory standardized 
procedures. 
In situ measurements of specific physical-chemical parameters (depth, transparency, temperature, pH, 
dissolved oxygen, electrical conductivity, total dissolved solids, turbidity etc.) were performed using 
reliable field-testing equipment (WTW Multiline P4 Multiparameter, Hach 2100 P Turbidimeter).  
Ex situ measurements of the chemical parameters (total suspended solids, nutrients, silica, total organic 
carbon, sulphates, oxidation-reduction potential etc.) were performed in the onboard laboratory, 
immediately after water sampling, using quality laboratory equipment (Portable Spectrophotometers 
HACH DR 6000 UV-Vis). 
In addition, the detection of the content of technophilic elements (Cd, Co, Cr, Cu, Ni, Pb and Zn) in the 
investigated lakes took place at” The Pollution Control Department - Laboratory for water, soil, waste 
control” from National Research-Development Institute for Industrial Ecology-ECOIND, Bucharest, 
Romania. Water samples were analyzed using the ICP-EOS (Inductively Coupled Plasma Atomic 
Emission Spectroscopy) method, in line with the standard (ISO 11885:2007). 
 
Evaluation of results  
The values of result indicators were compared with the criteria and standards of water quality settled by 
national and international environmental reference standards. This paper reported the results as areal 
distribution maps of the physical-chemical parameters using Surfer software - Golden Software, Inc., 
2010, by kriging interpolation method. 

 

Fig. 1. Location of the study area Rusca-Gorgova-Uzlina hydrographic unit,  
within the Danube Delta (a), Romania and, investigated lakes: Uzlina, Durnoliatca, Isăccel, 

Gherasim, Isacova, Pojarnia and Bleziuc - Pojarnia (b) 
(Base map - a: https://www.google.com) 



Scientific Annals of the Danube Delta Institute, vol. 27, 2022 
© Danube Delta National Institute for Research and Development, Tulcea Romania 

18 | P a g e  

 

 
 

Fig. 2. Location of lakes in the southern part of the Rusca-Gorgova-Uzlina depression.  
Red dots depict locations for collecting water samples. (Base map: 

https://www.google.com/intl/ro/earth/) 
 
 

RESULTS AND DISCUSSIONS 
 

The main physical-chemical parameters of water were assessed in all investigated lakes: Uzlina, 
Durnoliatca, Isăccel, Gherasim, Isacova, Pojarnia and Bleziuc – Pojarnia.  
In general, the results show comparable values for all of the environmental indicators, in all lakes. There 
were no significant variations in the obtained values, apart from some local situations that will be 
presented further on.  
 
Water temperature (oC) is closely related to the evolution of the air temperature of the summer season, 
(https://www.accuweather.com/ro/ro/tulcea/) and the dynamic action of the wind. Thus, the values were 
within the limits of the natural variability in lake areas. The water temperature was generally kept 
constant and the values recorded vary within the following limits: Uzlina (23.1-28.2 oC), Durnoliatca 
(26.6-28.2 oC), Isăccel (25.8-29.1 oC), Gherasim (27.2-30.4 oC), Isacova (27-28.6 oC), Pojarnia (26.4-
27.8 oC), Bleziuc-Pojarnia (24.6-28.5 oC). 
 
Water pH (pH units). Generally, the pH values of the water in the investigated lakes were ranging in 
the normal pH scale (6.5-8.5 pH units) for freshwater environment (Order 161/2006). Though, some 
samples registered pH values higher than 8.5, which indicates that the waters in that sites are slightly 
alkaline. This is not abnormal, since each of these investigated ecosystems is influenced differently by 
natural and anthropogenic factors. In such circumstances, relatively high pH values can be attributed to 
local conditions of the shallow lacustrine transitional environment. However, there are no obvious 
indications of acidification/alkalinity of the investigated water samples. In general, the pH investigated 
in the vast majority of freshwater lakes is in the neutral-slightly alkaline range. Within transitional 
environmental (lacustrine and brackish), high pH values are not uncommon, and are most often the 
result of several factors such as: microbial activity, microbial reduction of sulfate, degradation 
(ammonification), or water evaporation associated with high concentrations of sodium and magnesium 
carbonates (Grant, 2004). The obtained results (Fig. 3-a) showed values included in the following 
intervals: Uzlina (7.6-9.16), Durnoliatca (7.19-9.02), Isăccel (7.18-8.95), Gherasim (7.79-8.79), Isacova 
(7.3-9.1), Pojarnia (7.2-8.51), Bleziuc-Pojarnia (6.91-8.76).  
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Dissolved oxygen (DO) content (mg/L). The amount of DO in lakes is influenced by the surface area 
(including agitation), flow regime, the action of the wind, air and water temperature, algae and time of 
the day. In the present study, the following results (Fig. 3-b) were obtained: Uzlina L. (2.95-17.01 mg/L), 
Durnoliatca L. (3.56-18.24 mg/L), Isăccel L. (7.01-12.01 mg/L), Gherasim L. (3.05-11.78 mg/L), Isacova 
L. (2.02-16.16 mg/L), Pojarnia L. (4.2-11.97 mg/L), Bleziuc-Pojarnia L. (1.98-13.84 mg/L). The water 
samples investigated in this study are generally classified as oxygen-rich surface waters (well soluble 
oxygenated), because they contain more than 8 mg O2/L (Order 161/2006). Despite that, the effect of 
the local environmental circumstances was evidently noticed on the low dissolved oxygen content in 
some locations. In these cases, the dissolved oxygen decreases below the minimum recommended 
limit (less than 5 mg/L) to adequately support and maintain aquatic life (www.niwa.co.nz), which 
indicates that the water in those sites may be categorized as oxygen-poor surface waters (poorly soluble 
oxygenated). Lower values were recorded in the following locations: Uzlina Canal (DD21-01=3.05 
mg/L), Uzlina Lake (DD21-02=2.95 mg/L), Durnoliatca Lake (DD21-22=3.56 mg/L), Gherasim Lake 
(DD21-40=3.75 mg/L; DD21-42=3.05 mg/L), Isacova Lake (DD21-63=2.02 mg/L), Bleziuc-Pojarnia Lake 
(DD21-89=2.38 mg/L; DD21-91=3.44 mg/L; DD21-95=3.75 mg/L; DD21-100=3.11 mg/L; DD21-
100=1.98 mg/L). Differences in dissolved oxygen content (including pronounced decreases) in certain 
investigated sites, are due to changes in temperature or decomposition of large amounts of organic 
matter. Usually, significant decreases in oxygen content are found during the warm season (June-
September), when high temperatures are recorded. Dissolved oxygen content influences the vital 
processes of aquatic ecosystems. Therefore, it is recommended to assess periodically the impact of the 
specific environmental indicators in space and time, because they can provide information on the self-
purification capacity of natural water systems. 
 
Ammonium-nitrogen (N-NH4

+) content (mg/L) assigned the tested water samples to the very good 
category, since the results were lower than the limit set for water Quality Class I (QCs-I) (0.4 mg/L) 
(Order 161/2006), (Fig. 3-c). 
 
Nitrite-nitrogen (N-NO2

-) content (mg/L) attributed the tested water samples to the very good category 
(QCs-I) (0,01 mg/L), and good category (QCs-II) (0,03 mg/L) (Order 161/2006). The following values 
have been recorded: Uzlina L. (0.007-0.044 mg/L), Durnoliatca L. (0.007-0.01 mg/L), Isăccel L. (0,003-
0.012 mg/L), Gherasim L. (0.013-0.02 mg/L), Isacova L. (0.008-0.024 mg/L), Pojarnia L. (0.008-0.028 
mg/L), Bleziuc-Pojarnia L. (0.008-0.024 mg/L), (Fig. 3-d). 
Nitrate-nitrogen (N-NO3

-) content (mg/L) placed the tested water samples to the very good category 
(QCs-I) (0,01 mg/L) (Order 161/2006). The obtained results varied to very low limits: Uzlina L. (0.01-
0.15 mg/L), Durnoliatca L. (0.02-0.03 mg/L), Isăccel L. (0,01-0.05 mg/L), Gherasim L. (0.02-0.03 mg/L), 
Isacova L. (0.01-0.05 mg/L), Pojarnia L. (0.02-0.07 mg/L), Bleziuc-Pojarnia L. (0.01-0.04 mg/L), (Fig. 3-
e). 
 
Phosphate-phosphorus (P-PO4

3-) content (mg/L) assigned the tested water samples to the entire 
spectrum of quality classes, starting from the high (QCs-I), good category (QCs-II) and moderate (QCs-
III) category, and up to downgrading to bad (QCs-IV) or poor (QCs-V) category in some specific site-
locations. The ranges of values were as follows: Uzlina L. (0.14-5.41 mg/L), Durnoliatca L. (0.4-5.61 
mg/L), Isăccel L. (0,086-0.16 mg/L), Gherasim L. (0.166-1.88 mg/L), Isacova L. (0.046-2.003 mg/L), 
Pojarnia L. (0.07-2.041 mg/L), Bleziuc-Pojarnia L. (0.476-1.91 mg/L), (Fig. 3-f). High phosphate contents 
pose a risk to the normal functioning of aquatic ecosystems, leading to eutrophication (excessive growth 
of benthic algae or other aquatic species), oxygen deficiency and reduced biodiversity. In the present 
case, various natural and anthropogenic factors may be responsible for the high orthophosphate 
contents found in some water samples. As well, the remobilization of phosphorus from the bottom 
sediment into the water column should not be excluded. Therefore, continuous monitoring of 
orthophosphate in surface water quality is required. 
 
Silica (SiO2) content (mg/L) included the tested water samples in a good condition, corresponding to 
the range of variation of natural waters (5-25 mg/L www.freedrinkingwater.com, respectively 1-30 mg/L, 
Chapman, 1996). The ranges of values were along these lines: Uzlina L. (0.056-3.055 mg/L), 
Durnoliatca L. (1.192-1.747 mg/L), Isăccel L. (0.679-1.396 mg/L), Gherasim L. (1.041-1.363 mg/L), 
Isacova L. (0.513-2.311 mg/L), Pojarnia L. (0.773-3.908 mg/L), Bleziuc-Pojarnia L. (1.419-4.1 mg/L), 
(Fig. 3-g). 
 
Total Organic Carbon (TOC) content (mg/L) attributed the tested water samples to the good category, 
according to the range of variation of natural waters (1-30 mg/L) (https:// www.for.gov.bc.ca). The ranges 
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of values were along these intervals: Uzlina L. (0.056-3.055 mg/L), Durnoliatca L. (1.192-1.747 mg/L), 
Isăccel L. (0.679-1.396 mg/L), Gherasim L. (1.041-1.363 mg/L), Isacova L. (0.513-2.311 mg/L), Pojarnia 
L. (0.773-3.908 mg/L), Bleziuc-Pojarnia L. (1.419-4.1 mg/L), (Fig. 3-h). 
Electrical conductivity (EC) levels in water (µS/cm). Overall, samples collected from investigated 
lakes showed values below the limit set for water QCs-I (500 µS/cm) (Ord. 161/2006). Thereby, the 
water samples belonged to the very good category. The ranges of variations were: Uzlina L. (280-385 
µS/cm), Durnoliatca L. (301-373 µS/cm), Isăccel L. (320-409 µS/cm), Gherasim L. (285-317 µS/cm), 
Isacova L. (280-372 µS/cm), Pojarnia L. (308-374 µS/cm), Bleziuc-Pojarnia L. (337-371 µS/cm), (Fig. 4-
i). 

 

 
 
 

Fig. 3. Spatial distribution maps of hydro-chemical characteristics (pH, DO, N-NH4
+, N-NO2

-, 
N-NO3

-, P-PO4
3-, SiO2, TOC) concerning the investigated lakes 

 
Total Dissolved Solids (TDS) content (mg/L) attributed the tested water samples to the good category 
in agreement with the range of variation of natural freshwaters (0-1000 mg/L) (De Zuane, 1997). The 
ranges of values were as follows: Uzlina L. (140-192.5 mg/L), Durnoliatca L. (150.5-186.5 mg/L), Isăccel 
L. (160-204.5 mg/L), Gherasim L. (142.5-158.5 mg/L), Isacova L. (140-186 mg/L), Pojarnia L. (154-187 
mg/L), Bleziuc-Pojarnia L. (169-186 mg/L). 
 
Sulphates (SO4

2-) content (mg/L) assigned the tested water samples to the very good category, (QCs-
I) (60 mg/L). The obtained values ranged as follows: Uzlina L. (27-35 mg/L), Durnoliatca L. (16-20 mg/L), 
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Isăccel L. (18-25 mg/L), Gherasim L. (26-33 mg/L), Isacova L. (20-47 mg/L), Pojarnia L. (20-35 mg/L), 
Bleziuc-Pojarnia L. (26-32 mg/L), (Fig. 4-j). 
 
Turbidity (NTU) level included the tested water samples in a good condition, corresponding to the 
range of variation of natural surface waters (1-1000 NTU) (Chapman, 1996). The range of variation in 
the results obtained in this study was along these lines: Uzlina L. (1.04-54.3 NTU), Durnoliatca L. (0.85-
1.8 NTU), Isăccel L. (2.36-10 NTU), Gherasim L. (1.74-2.6 NTU), Isacova L. (0,86-1.85 NTU), Pojarnia 
L. (1.57-4.75 NTU), Bleziuc-Pojarnia L. (1.01-6.67 NTU), (Fig. 4-k). 
 
Total Suspended Solids (TSS) content (mg/L) values of the water samples in the investigated lakes 
were ranging in the good category, in line with the limit set for freshwater environment (< 40 mg/L) 
(ANZECC Guidelines, 2000). The ranges of values were along these intervals: Uzlina L. (10-66 mg/L), 
Durnoliatca L. (3-5 mg/L), Isăccel L. (32-33 mg/L), Gherasim L. (20-34 mg/L), Isacova L. (16-67 mg/L), 
Pojarnia L. (5-23 mg/L), Bleziuc-Pojarnia (3-16 mg/L), (Fig. 4-l). For all that, an exception to this trend 
has been noted in two samples (i.e., Uzlina L. and Isacova L.) having some higher values (> 40 mg/L). 
Most likely, these higher values may be attributed to TSS carried by the Danube River, through the 
Mahmudia Meander, and respectively Uzlina Canal feeding the Uzlina Lake. This is also valid for 
Isacova Lake which is fed by the Litcov Canal and respectively Isac 1 Canal (the northeastern part of 
the lake). Turbidity and TSS content are closely interrelated. Subsequently, turbidity is also linked to 
cold temperatures and low oxygen content. Increased levels of turbidity and TSS influence the 
ecosystem productivity of aquatic organisms (disruptions in photosynthesis, migrations and spawning, 
movement patterns, sublethal effects etc.) (Coen, 1995). In the present case, the high values of turbidity 
and TSS may be owed as a consequence of the Danube River alluvial input (water and sediments) 
loaded with dissolved or suspended organic/inorganic substances, and which propagates through the 
secondary hydrographic network of waterways. 
 
Water transparency (estimated by Secchi disk) measured on the investigated sites-locations, was 
fluctuating and the recorded values varied within relatively wide limits, thus: Uzlina L. (0.2-1.5 m), 
Durnoliatca L. (0.9-1.3 m), Isăccel L. (0.7-1.75 m), Gherasim L. (1.2-1.8 m), Isacova L. (1.2-1.5 m), 
Pojarnia L. (0.6-1.4 m), Bleziuc-Pojarnia L. (0.6-1.3 m). Most of the investigated aquatic sites have a 
low transparency (values < 2m). Transparency is influenced by the suspended load (carried by the 
Danube River, precipitation, or resulting from the agitation of the water due to the action of the wind), 
and by the development of planktonic organisms. 
 
Oxidation-reduction potential (ORP) (mV) included the tested water samples in a good condition, 
corresponding to the range of variation of natural waters (-500 + 700 mV) (Chapman, 1996; Sigg, 2000). 
The range of variation was included in both the positive and the negative spectrum, with values 
measured as follows: Uzlina L. (-59+17 mV), Durnoliatca L. (11-43 mV), Isăccel L. (2-19 mV), Gherasim 
L. (20-66 mV), Isacova L. (-23+78 mV), Pojarnia L. (1-83 mV), Bleziuc-Pojarnia L. (13-106 mV), (Fig. 4-
m). 
 
Sulfide (S2

-) and hydrogen sulfide (H2S) contents (mg/L) placed the tested water samples in a good 
condition, according to the limit (0,5 mg/L) established by the environmental normative (NTPA 001). The 
obtained values are lower (quantitatively insignificant) compared to the reference values (0.5 mg/L) (Fig. 
4-n and Fig. 4-o). 
 
Synthetic detergents content (mg/L) assigned the tested water samples to the good condition 
category, according to the limit (0,5 mg/l) established by the environmental normative (NTPA 001). The 
obtained values were low (<0.5 mg/L), except for some stations in Gherasim L., Isacova L., Pojarnia L. 
and Bleziuc-Pojarnia L. Nowadays, the consumption of synthetic detergents is increasing, due to 
increased urbanization. The main sources of synthetic detergents in the aquatic environment are due to 
domestic wastewater containing detergents (including, consumption of phosphate-containing laundry 
detergents) and other cleaning products (Fig. 4-p). 
 
Heavy metals content (µg/L). The quantification of several potentially toxic technophile elements 
(Ptitsyn, 2018), including Cd, Co, Cr, Cu, Ni, Pb and Zn was assessed in certain water samples collected 
from investigated lakes. The obtained results attributed to Co, Cr total, Cu, Ni, Pb and Zn (μg/L) show 
that there is no significant change in the values of these investigated heavy metals (Catianis, 2022). The 
results were below the detection limit of the analytical method for each element, separated, or were 
lower than the limit set for water QCs-I (Ord. 161/2006). The only element that presented a significant 
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variation of values was Cd. A large number of the investigated water samples showed Cd values below 
the detection limit of the analytical method (<0.4 μg/L), or lower than the limit set for QCs-I. Also, were 
encountered, some Cd values that exceed the recommended thresholds established for QCs-I (0.5 
μg/L), -II (1 μg/L) and -III (2 μg/L). The water samples that exceeded the limit set for QCs-I (very good 
category) were found in: Uzlina L. (DD21-03=0.7 μg/L; DD21-04=0.8 μg/L), Gherasim L. (DD21-39=0.7 
μg/L), Isacova L. (DD21-61=0.5 μg/L; DD21- 63=0.8 μg/L). Then, samples that passed the limit set for 
QCs-II (good category) occurred in Uzlina L. (DD21-02=1.1 μg/L; DD21-09=1.2; DD21-12=1 μg/L). 
Furthermore, Cd content with value higher than the limit set for QCs-III (moderate category) was 
detected in one single sample collected from Bleziuc-Pojarnia L. (DD21-98=3.7 μg/L), which might 
indicate that this singular water sample had a moderate degree of contamination. However, the water 
quality status cannot be assessed on the basis of a single sample. Overall, in the regard that the level 
of all examined heavy metals as Co, Cr, Cu, Ni, Pb and Zn, including also Cd (with one exception), was 
well below the acceptable limits set for Quality Class I (Very good) and II (Good), it can be concluded 
that the surface waters of investigated lakes are not impaired by the presence of the aforementioned 
heavy metals. 

 
 

Fig. 4. Spatial distribution maps of hydro-chemical characteristics (EC, SO4
2-, turbidity, TSS, 

ORP, S2
-, H2S, synthetic detergents) concerning the investigated lakes 
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CONCLUSIONS 
 

Water quality assessment is very important for maintaining healthy freshwater environments within the 
Danube Delta region, while providing multiple essential ecosystem services supply.  
 
This study focused on the assessment of the main hydro-chemical characteristics of specific deltaic 
lakes.  
 
The results obtained within this study showed that the physical-chemical parameters of investigated 
water samples generally agree with national and international environmental quality standards 
applicable to surface water.  
 
The study has revealed that the water quality of the investigated lakes is in a good physical-chemical 
status in terms of its pH, DO, N-NH4

+, N-NO2
-, N-NO3

-, P-PO4
3-, SiO2, TOC, EC, TDS, SO4

2-, turbidity, 
TSS, transparency, ORP, S2

- and H2S, synthetic detergents and technophilic elements as Cd, Co, Cr, 
Cu, Ni, Pb and Zn. On the other side, with a punctual character in terms of some particular environmental 
indicators such as P-PO4

3-, TSS, synthetic detergents and Cd there have been noticed some irregularly 
high values. These unsuitable levels may be attributed to local conditions of the shallow lacustrine 
transitional environment, which is continuously subjected to a series of natural and anthropogenic 
variations and may concentrate, locally, these elements. 
 
In this regard, it can be concluded that the surface water of investigated lakes is generally in a good 
physical-chemical status and suitable for water-living organisms.  
 
This study highlights the idea that periodic evaluation of certain hydro-chemical characteristics of water 
is proven efficient for identifying changes in water quality over time.  
The obtained results can be used for future assessment strategies related to Danube Delta water quality. 
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