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Abstract: This paper analyzes the chemical evolution of Nuntas, i-Tuzla Lake (Romania) in
the context of human intervention. Situated on the shore of the Black Sea, approximately
35 km north of Constant,a, Nuntas, i-Tuzla Lake is part of the Razim–Sinoe Lake complex and
a component of the Danube Delta Biosphere Reserve. This area has undergone significant
transformations over the past 120 years: canalization of the connecting channels with the St.
George arm, construction of polders for agriculture, closure of the connections to the Black
Sea, and construction of the Razim–Sinoe irrigation system. After the irrigation system
stopped working (around 2000), due to the isolation of the lake and the low flow coming
from the two rivers that supply the lake with fresh water, it completely dried up in 2020.
All these interventions have led to the ecological, hydrological, and chemical deterioration
of the lake’s water. The main effects are (i) a decrease in water salinity and (ii) reduction in
the production of sapropelic mud as the salinity decreases due to the influx of fresh water.

Keywords: Nuntas, i-Tuzla Lake (Romania); human intervention; hydrochemical
characteristics; water quality index

1. Introduction
The Water Framework Directive (WFD), formally known as Directive 2000/60/EC,

is a key piece of European Union legislation that establishes a framework for protecting
and managing water resources across the EU. The directive aims to achieve “good status”
for all EU waters by setting out a comprehensive, integrated, and coordinated approach to
water management [1,2]. The WFD aims to bring all water bodies, including rivers, lakes,
coastal waters, and groundwater, to a “good status” by a set deadline (up to 2027). The
directive mandates the prevention of any further deterioration in the status of water bodies,
ensuring that their ecological and chemical quality is maintained or even improved [2,3].
As a result, it is necessary to (i) prevent any further deterioration of the state of water
bodies, ensuring that their ecological and chemical quality is maintained or improved;
(ii) encourage sustainable practices in using water to achieve a balance between the needs
of the population, protection of the environment, and the development of economic
activities; (iii) protect and improve aquatic ecosystems and, where necessary, improve
the water quality through specific action plans; (iv) promote transparency by involving
the public in water management decisions; and (v) achieve water management at the
level of the hydrographic basin, crossing political borders, in order to manage water
resources holistically [2,3].
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Romania, as a member of the European Union, has integrated the WFD into its
national legislation and established a monitoring network to regularly determine the
chemical, ecological, and quantitative status of its surface and groundwater bodies. Ro-
mania’s implementation of the Water Framework Directive represents a significant step
towards sustainable water management and environmental protection. While progress
has been made in aligning national legislation with EU standards, ongoing efforts are
needed to address challenges related to infrastructure, enforcement, and the impacts of
climate change. Public participation and continuous monitoring remain critical components
of Romania’s strategy to meet the WFD’s objectives and protect its water resources for
future generations [3].

After the second report of Basin Management Plan (BMP) required by the WFD [2],
the European Environment Agency (EEA) presented a report in which the authors [1]
drew attention to the fact that only 40% of surface waters have reached a good ecological
condition. After the third BMP, 55.9% of surface waters of Europe have reached a good
ecological condition (WISE, 2024), which means an increase of 16%, approximately [4].

There are 1988 water bodies, from a total of 2014 water bodies, that have an unchanged
status. From the second to the third BMP report, there were not too many changes regarding
the ecological condition of the lakes (188 lakes from a total of 189 maintain the same status).

Nuntas, i-Tuzla Lake is a significant brackish water body located in the Dobrogea re-
gion of Romania, near the Black Sea coast. Over the centuries, the lake has undergone
various natural and anthropogenic changes that have shaped its current state. Understand-
ing the history of Nuntas, i-Tuzla Lake reveals an insight into its ecological importance,
the challenges faced, and the efforts undertaken for its preservation and restoration [5].
Nuntas, i-Tuzla Lake is part of 32% of Romanian lakes that have not achieved “good”
status recently [4].

The main objective of this paper is to determine the water quality using both the water
quality index (WQI) and principles of the WFD. The specific objectives are (i) investigation
of the limits and advantages of the Water Frame Directive (WFD), (ii) review of the evolu-
tion of the WQI, and (iii) review of human intervention in the Nuntas, i-Tuzla Lake basin.
Reviewing the literature related to WHD implementation in Romania gives the possibility
to identify gaps in the knowledge and can bring some novelty in research by using other
methodologies, such as WQI.

2. Materials and Methods
2.1. Methodology and Methods

The flowchart of the methodology proposed in this paper is represented in Figure 1.
The qualitative methods consist of (i) a discussion based on the specific literature of the
Water Framework Directive (WFD) implementation into Romanian legislation related to
water quality, its limits, and advantages, and (ii) the water quality index (WQI) method.
The results are presented in the Results (Section 3.1). The quantitative methods consist of
data collection and analysis, and the determination of water quality is conducted through
two methods, WQI index calculation and WFD principle application. The two methods are
presented in Section 2.2 Methods. The results obtained will be compared.

2.1.1. Study Area

The presented methodology will be applied to Nuntas, i-Tuzla Lake. Part of the Razim–
Sinoe lacustrine system, Nuntas, i-Tuzla Lake is situated in the Dobrogea region on the Black
Sea coast, 35 km north of Constanta. In ancient times, the Halmyris Bay was located here,
on the shore of which a series of fortresses was built. The area has an important cultural
and spiritual value due to the existence of the Histria citadel (which the ancient Milesian
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colony created in VII BC century) and the discovery of artifacts from the late Roman era
in the Nuntas, i and Săcele areas. Nuntas, i-Tuzla Lake was once well known as the second
therapeutic lake, after the Techirghiol Lake, for its sapropelic mud.
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Figure 1. Methodology flowchart used in this paper.

The climate is a temperate continental one with maritime influences. During the cold
period of the year, influenced by the Black Sea, the temperature remains positive [6–9].
During the warm period of the year, the climate is influenced by the sea breeze. According
to Dobrica et al. [6], for the 1965–2021 period, the multiannual precipitation was 458 mm,
and the multiannual average of temperatures at the Jurilovca meteorological station
was 11.3 ◦C.

The area studied is part of the Central Dobrogea Plateau, a subunit of the Istrian
Plateau, and has a coastal plain aspect (Prispa Hamangia) developed between the Casimcea
Plateau and the Black Sea, being a combination of sea plains (Sacele and Chituc), sandy
barriers, and shallow lakes (Sinoe, Histria, and Nuntas, i). The DEM (digital elevation model)
is presented in Figure 2.

The watershed of the lake is located at low altitudes (average altitude is 100.6 m, with
a maximum of 218 m). The relief is stepped. The spaces between the valleys have a form of
a high plain whose slopes have an eastern and southeastern direction. The average terrain
slope is 3.7%. The watershed analyzed is a “mature” one, the relief is somewhat stable, the
soil erosion or landslide processes are completed, and the material has been completely
evacuated outside the basin [6].

From a hydrological point of view, the Dobrogea region is divided into two large basins:
BH Littoral (71%) and BH Danube (29%). Nuntas, i-Tuzla Lake basin (code: ROLN05) is part
of a littoral basin, located at the confluence of two rivers, Nutas, i and Săcele. According to
Dobrica et al. [6], the annual Nuntas, i River discharge is 0.348 m3/s, and that of the Sacele
River is 0.082 m3/s.
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2.1.2. Data Series

According to SMIAR (Romanian Integrated Water Monitoring System), in the Do-
brogea region, there are the following monitoring profiles: (i) Danube basin—23 mon-
itoring points for rivers, 11 monitoring points for 9 lakes; (ii) Littoral basin—19 rivers,
11 lakes—33 monitoring stations; and (iii) 41 groundwater monitoring stations [10].

As we already mentioned, Nuntas, i-Tuzla Lake is situated in the Littoral basin, and
starting in 1995, there were three monitoring points (Center Lake, camping baths, and
Nuntas, i River connection). A data series was provided by the Romanian Water Na-
tional Administration—Dobrogea Littoral Branch (RWNA-DLB). The records cover the
1981–2022 period, with some gaps (1983–1986, 1988–1994) due to unsystematic monitoring
of the lakes. After 1998, the monitoring of chemical and biological parameters became a
systematic one [11,12].

The following parameters are generally available: (1) physical, thermal, and acidifica-
tion indicators, (2) oxygenation regimen (dissolved oxygen, CBO5, CCOMn), (3) nutrients,
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(4) salinity condition (only until 2009), (5) toxic pollutants (only since 2010), and (6) indi-
cators of the eutrophication degree. Not all the parameters were measured in all the time
periods and for all the sampling points. A discussion on the measured parameters will be
presented in the Results section. Initially, samples were taken from 6–7 points of the lake.
Since 1995, the number of sampling points has been reduced to three.

Some historical data related to chloride (Cl−), sulfate (SO4
−2), calcium (Ca2+), magne-

sium (Mg2+), and bicarbonate (HCO3
−) are available for different periods (e.g., 1934–1981).

These data were collected from different documents [11–15].

2.2. Methods

In this work, two methods of classifying water quality are used: (i) the method
stipulated in the WFD and implemented into Romanian legislation through the water law
and other subsequent documents, explained in detail in Section 3.1, and (ii) the quality
index of water (WQI).

2.2.1. WFD Method

WFD is the principal legislation of water policy in EU and introduces key principles
for management and to ensure water quality in all EU countries. In this respect, a series of
criteria/indicators is used to assess the status of the water bodies.

In Romania, the WFD requirements are implemented into legislation through the
water law and subsequent documents. The ecological and chemical status are divided
into 5 categories, from “High” to “Bad”, and 5 categories of trophy. Based on Romanian
legislation, for the period and available data, the following elements are established:
(i) the degree of eutrophication, (ii) the physical and chemical state, (iii) the biological state,
and (iv) the ecological state of Nuntas, i-Tuzla Lake.

The eutrophication establishment degree is based on the use of the following indica-
tors: total phosphorus, total mineral nitrogen, total biomass, and chlorophyll “a” [16–21].
The physical state is established by the pH indicator. The chemical state is established
based on physics and chemical elements, namely, oxygen regimen and salinity. The bi-
ological state is established based on total phosphorus, total mineral nitrogen, biomass
phytoplanktonic (FTK), and chlorophyll “a”. Starting in 2010, ABADL has provided a
metrical index (IM) calculated for each biological element: phytoplankton, phytobenthos,
and macroinvertebrates. The ecological state of Nuntas, i-Tuzla Lake is based on the “one
out–all out” principle. This principle is applied to each indicator to establish the general
ecological state. The “one out–all out” principle was imposed by the WFD to assess the
ecological status of surface water. This principle expresses that the overall status is selected
based on the worst ecological status.

The calculation of the indicators is performed differently, depending on the volume of
data selected: if the length of the data series is less than 30, then the evaluation is based on
the arithmetic mean of the measured values; if it is greater than 30, the evaluation is based
on the 90-percentile value, respectively, 10 percentiles for “dissolved oxygen”.

Additionally, for the 1981–2009 period, the state of salinity was determined based on
the chloride, sulfate, calcium, and magnesium concentrations. For the 2010–2023 period,
the priority substances state was determined.

2.2.2. WQI Method

The water quality index (WQI) is a valuable tool for monitoring and managing water
resources, ensuring they remain safe for human use and ecological health. The WQI simpli-
fies complex water quality data into a single number, making it easier for policymakers,
scientists, and the public to understand a water body’s health. WQI is typically calculated
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using various water quality parameters, each of which is assigned a weight based on its
relative importance to overall water quality [22–25].

For this paper, based on data availability, the WQI selected is the one proposed
by Brown [24], namely, “Weighted Arithmetic Water Quality Index Method” (WaWQI).
According to the methods proposed, the equation used to calculate WQI is as follows:

WQI =
∑n

i=0 Qi · wi

∑n
i=0 wi

(1)

where n is the number of parameters; Qi is the evaluation scale; and wi is the weight of
each parameter.

The evaluation scale formula is as follows:

Qi =
Vi − V0

Sni − V0
(2)

where Vi is the concentration value measured for each parameter considered; Vo repre-
sents the ideal value of concentration in pure water, which is 7 for pH and approximately
0 for all the other parameters; and Sni is the standard concentration value for each pa-
rameter selected; in this case, we selected the value corresponding to “good” quality
from the guideline.

The standard concentration value for the parameters selected in this paper is presented
in Table 1, and the scale value for WQI is presented in Table 2. The determination of weight,
wi, is based on inverse proportionality to the standard concentration.

Sni (wi = k/Sni) (3)

where ki is the constant of proportionality.

Table 1. Standard concentration (Sni) value for selected parameters, in line with OM no. 161/2006,
for “good” conditions.

pH DO (mg/L) BOD5 (mg/L) CCOMn Ammonium Nitrate N total Phosphate

7 7 5 10 0.8 3 7 0.2

Total Phosphorus Chloride Sulfate Ca Mg IM FPK IM-B IM-M

0.4 50 120 100 50 0.6 0.6 0.6

Table 2. Categories of WQI.

High/Excellent Good Moderate Poor Bad

≤25 25–50 50–75 75–100 ≥100

3. Results
3.1. WFD and Romanian Legislation Related to Water Quality

The Water Framework Directive (WFD) represents a comprehensive and integrated
approach to water management in the European Union. It aims to achieve good water
status for all water bodies, promote sustainable use, and protect aquatic ecosystems through
River Basin Management Plans, monitoring, and stakeholder involvement. Since it led to
significant improvements in water quality and management, ongoing challenges require
sustained efforts and adaptations to ensure the objectives are met. The implementation
tool of the WFD, regulated by Article 13 and Annex VII, is represented by the management
plan of the river basin (BMP). The technical documents, namely, “guidance” documents,
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are available on the CIRCABC (Communication and Information Resource Centre for
Administrations, Businesses and Citizens) website (available online: https://circabc.europa.
eu/ (accessed on 15 May 2024)). There are 34 guidance documents, and their role is to assist
those involved in the WFD implementation. Figure 3 presents a schematic evolution of
WFD application in Romania.
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After the WFD adoption (2000), the Romanian administration started to modify the
Water Law (no. 17/1996) and create the organizational structure to implement the directive.
Introduction of the WFD in national legislation started in 2004 by Law 310/2004, which
modified Water Law (no. 17/1996) when Romania adopted legal provisions (articles 3 and
24 from the WFD). The law no. 310/2004 also provides the (i) “Scheme of the watershed
with their boundaries”, (ii) conditions for achieving water and aquatic ecosystem protection
objectives for all surface and groundwater bodies, (iii) a list of hazardous substances, (iv) a
list of principal pollutants, and (v) economic analysis. In this way, the legal framework for
the application of articles 4 (1 a and b) and 5 (1 and 2) was created.

Romania completed the Romanian Basin Management Plan (RBMP) (Article 13) and
developed the monitoring program (Article 8) between 2004 and 2009. In the next period,
several ministry orders were adopted to introduce (i) regulation regarding the surface water
quality classification to establish the ecological status of water bodies and (ii) a manual to
develop the Integrated Water Monitoring System in Romania (compliance of article 8). The
Romanian Integrated Water Monitoring System (SMIAR) was organized by the water law
and restructured according to the WFD.

In January 2006, a guide for the modernization and development of SMIAR was
adopted to ensure the implementation of SMIAR through OM No. 31. According to the
legislation adopted, two main types of monitoring are used within SMIAR: (i) observa-
tion monitoring and (ii) operational monitoring. Six subsystems are monitored: rivers,
lakes, transitional and coastal waters, and groundwater. Additionally, in February 2006,
a regulation regarding the classification of surface water quality was adopted to ensure
the ecological establishment status of water bodies. Observation monitoring has the role
of assessing the state of water bodies at the level of all water bodies and is carried out

https://circabc.europa.eu/
https://circabc.europa.eu/
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every year based on a management plan identified as not being at risk of not reaching the
environmental objectives.

The operational program aims to establish the state of water bodies that present
the risk of not meeting the environmental objectives. The quality elements and mea-
surement frequency used to establish the state is well explained in both the Romanian
legislation and the Romanian Basin Management Plan (RBMP—chapter 6) and refers to (i)
biological elements; (ii) hydro-morphological elements; (iii) physics and chemical elements;
(iv) priority substances; (v) priority substance—sediments; and (vi) priority
substance—biota. The groups (iv), (v), and (vi) were introduced in line with Annex I
of Directive 2008/105/EC, modified by Directive 2013/39/EU, article 3 (6), and article 3 (2),
respectively, which were transposed into national legislation by H.G. 570/2016; they are
measured only in the case of the existence of pollution sources and/or their identification
within the screening analysis.

Based on those indicators, according to OM 161/2006, the ecological state of the water
lake is divided into five categories: very good (I), good (II), moderate (III), poor (IV), and
bad (V). For lakes, the degree of trophy will be established. OM 161/2006 also establishes
five degrees of trophy for lakes, namely, ultraoligotrophic, oligotrophic, mesotrophic,
eutrophic, and hypertrophic (article 1 (5)). According to article 3 (4), the elements of
chemical and physical–chemical quality in the group “Salinity” represent substances of
natural origin and do not indicate pollution.

The general principle for establishing the ecological status of water surfaces stipulated
in Appendix 5 of the WFD is “one out–all out”, which means that the most unfavorable
situation is selected.

Due to the measures taken, the second BMP shows that Romania achieved a good
status for 60–70% of the surface water bodies [1]. But 30–40% of the surface water (including
lakes) still fail to achieve “good” ecological status. This is also the case with Nuntaşi-
Tuzla Lake.

3.2. Human Intervention in Nuntas, i-Tuzla Lake Basin

The first information about the Nuntas, i-Tuzla Lake was provided by Ionescu MD [15].
Accordingly, this lake was called Tuzla at that time; the word means “with salt” in Turkish.
He also mentioned a value of salinity of 26 mg/L. More than this, he stated that the main use
of Lake Tuzla was the production of salt “by capture”, given that the lake had salty water.
Until 1897, there were five salt deposits on the shores of lake [15]. In 1924, Poruciuc [26]
referred to the same lake by naming it the Tuzla–Sinoe or Duingi Lake (today Nuntas, i).
He stated that the lake communicated with the Black Sea through Istria and Golovita
Lakes through the mouth of Portit,a and had 2000 hectares, but it was still isolated from
freshwater sources, having no freshwater springs. For this reason, having a small depth and
a high salinity (unspecified) leads to the deposition of salt. He declared that a deposit of
200,000 kg of salt was found in the area, left by the Turks to the Romanian authorities, after
the annexation of Dobrogea in 1879.

In 1928, Bratescu C [5] mentioned in his work that Tuzla Lake (the name is kept)
communicated with the Sinoe Lake through a “mouth/gate” between the Istria hill in
the north and the Histria fortress in the south. In his opinion, the surface of the lake
was 1600 hectares, and the lake’s water was salty. The first scientific information about
the morphological characteristics of the Nuntaşi-Tuzla Lake was provided by Breier [11].
In her work, Braier established the morphometric characteristics of Nuntas, i-Tuzla Lake
as follows: the surface is 1050 hectares; the water volume is 9.28·106 m3; the length is
6.2 km; the width varies between a minimum of 1.7 and a maximum of 3 km; the maximum
elongation coefficient is 2.00; the average depth is 0.6 m, the maximum being 1.0 m; and the
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slope of the lake bottom is 0.0020 m/m. Breier [12] also provided some information about
the water chemistry, classifying the lake as one with polyhaline waters with a salinity in
the range of 10–17 g/L.

From this brief historical presentation, we conclude that the studied lake had water
with high salinity. The lack of precipitation in the summer and the high temperatures lasting
until September led to a negative hydrological balance, which determines the decrease in
water in the lake and its salinization. As was already mentioned, the Nuntas, i-Tuzla Lake is
a part of the Razim–Sinoe lacustrine system, which is connected to both the Black Sea and
St. Gheorghe Branch.

Gâstescu and Braier [13] stated that the main canals that connect the St. Gheorghe
branch are Lipovenilor, Dunavăt, , and Dranov. The connection with the Black Sea is made
through the so-called “gates” or “periboine”. These are Gura Portiţei, in front of Goloviţa
Lake; Perites, ca gate; Leahova gate, in front of Razim Lake and in front of Sinoe Lake; and
Periboina and Edighiol gates. This area has been the subject of major hydrotechnical works
over the past 120 years, which can be divided into two great categories: (1) the canalization
phase and (2) the development of the Razim–Sinoe irrigation system. The canalization
phase was very well described by Pons L.J. [27] and it refers to (i) canalization of the Sulina
Branch to ensure its navigability (1889–1902), (ii) canalization of the canals (including
Dranov and Dunavat (1903 and 1912, respectively) to ensure the fisheries, connections
between smaller canals, connections between the Danube branches (Chilia, Sulina and St.
George) and the Razim–Sinoe lacustrine systems (1950–1965), and canalization of the St.
Gheorghe Branch to ensure the navigability (by regularization) and fresh water supply of
the Razim–Sinoe irrigation system (1965, approximately).

The description of the Razim–Sinoe irrigation system development was described
by Grumezea et al. [28]. This irrigation system was first used in 1974–1975; the studies
and design activity of it were achieved in the 1969–1971, period and execution of it was
carried out during the 1971–1974 (1975) period. The development of this irrigation system
supposed the isolation of lakes from the Black Sea. To complete these three major hydraulic
projects, the following steps were necessary: (i) closing communication between lagoons
(Razim, Golovita, Zmeica, Babadag) and the Black Sea, which is supposed to be nearest
to Portita Gate, and creating dammings to consolidate the coastal area (littoral belt) so as
to prevent deterioration of lake shorelines; (ii) controlling the communication between
Razim and Sinoe Lakes to ensure the discharge of the fresh water surplus of Sinoe Lake (by
Edighiol and Peribiona gates) and the navigation on Sinoe and Razim Lakes; (iii) arranging
the lagoon area as a great reservoir by the canalization of the Dunavat, Dranov, and Mustaca
canals (Figure 4), which ensure the communication between St. Gheorghe Branch and the
lagoon area; those canals ensure an average discharge of 80 m3/s.

In a 1973 publication, the authors drew attention to the elaborated development plan
for the Razim–Sinoe irrigation complex that would “sweeten” the waters of the lakes in
about two years and would be able to be used for the irrigation of about 123,000 ha in the
NE of Dobrogea [13].

Based on salinity data, the evolution of this parameter is presented in Figure 5. Starting
with 1981, the water chemistry reached the limits of the necessary amount for irrigation
(1 g/L). Therefore, the Nutasi-Tuzla Lake remains isolated, and the canal between Istria
Lake and Nuntas, i-Tuzla Lake was closed, being silted since 1976 [12].

Dobrica et al. [6] stated that the maximum exploitation period of the irrigation system
was 1981–1989, and starting with 1989, the system worked only partially and was com-
pletely closed in 2006. This also affects the evolution of the Nuntas, i and Săcele Rivers’ flow
rates (Table 3).
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Table 3 shows that during the maximum period of the operation of the irrigation
system (1981–1989), the average multiannual flow of the Nuntas, i River is 1.4 times higher
than that of the previous period (1965–1980). This increase is due to the infiltration resulting
from the water used for irrigation.

After 1989, the multi-year discharge for the period of 1990–1997 returned to the
baseline (1965–1980) and continued to decline, reaching a dangerous level (6.75 times lower
than the average annual discharge for the period of 1965–1980). After closing the irrigation
system and reducing the discharge rates on the two rivers, the Nutasi-Tuzla Lake level
began decreasing, which led to a decrease in the lake surface. Research conducted in the



Water 2025, 17, 1482 11 of 20

past reveals that during the irrigation period, the production of sapropelic mud decreased
due to decreases in salinity [14].
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Figure 5. Evolution of salinity in Nuntas, i-Tuzla Lake.

Table 3. Evolution of discharge on Nuntas, i and Săcele Rivers [6].

Hydrometric
Station Subseries Multi Annual

Discharge (m3/s) Observation

Nuntas, i 1965–1980 0.467 Before the maximum operation
of the irrigation system

1981–1989 0.638 Maximum operation of
irrigation system

1990–1996 0.409 Partial work
1997–2006 0.239 Closer
2007–2020 0.092

Săcele 1965–2003 0.104
2004–2020 0.037

3.3. Data Analysis

Based on the methodology proposed, four time series of data were established to eval-
uate the degree of eutrophication, corresponding to the indicators used (total phosphorus
[mg/L], biomass [mg/L], mineral nitrogen [mg/L], and chlorophyll “a”; there are only
three years with registered values). Generally (86%), the lake is hypertrophic, 7% eutrophic,
and 7% mesotrophic.

Physical components refer only to the pH parameter. The pH of the Nuntas, i-Tuzla
Lake varies, depending on several factors, including its salinity, temperature, and the
presence of organic material. However, as a saltwater lagoon, the pH is typically expected
to be in the range of 6.5 to 8.5 [21]. This range is generally alkaline due to the dissolved
salts and the buffering capacity of carbonate ions present in the water.

In recent years, environmental changes, such as droughts, reduced water inflow, and
human activities, have impacted the lake, possibly leading to fluctuations in its pH levels.
These changes could cause the pH to deviate from the typical range, potentially affecting
the local ecosystem. From a total amount of 31 recordings, only 23% are situated in the
6.5–8.5 range; the rest of the values (77%) are outside a value of 8.5.

Oxygen regimen refers to dissolved oxygen (DO) [mg/L], biochemical oxygen
demand—BOD5 [mg/L], and chemical oxygen consumption—CCOMn [mg/L]. The level
of dissolved oxygen in the Nuntas, i-Tuzla Lake is a critical indicator of the lake’s health and
its ability to support aquatic life. Dissolved oxygen levels can vary significantly depending
on factors such as temperature, salinity, organic load, and water circulation [17–21,27–31].

In saltwater or brackish environments like Nuntas, i-Tuzla Lake, dissolved oxygen
levels are typically lower than in freshwater due to the higher salinity, which reduces the
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solubility of oxygen in water. Given these factors, the dissolved oxygen in the Nuntas, i-
Tuzla Lake might be relatively low, particularly in warmer months or during periods of
high organic decomposition.

The dynamics of dissolved oxygen are in an interdependent relationship with the
intensity of biochemical and chemical oxygen consumption processes in water, which
reflects the level of pollution of an aquatic ecosystem with organic substances.

The biochemical oxygen consumption (BOD), expressed by the BOD5 indicator, in-
directly indicates the loading of water with biodegradable organic substances. This de-
pends on the quantity and biochemical decomposition capacity of the existing organic
substances in the water, under the influence of oxygen consumption. CCOMn is a variant
of BOD5 testing that uses manganese as the oxidizing agent to measure the carbonaceous
component of organic matter in water. It is particularly useful for assessing the organic
carbon load in water bodies and industrial affluents, with applications in water treatment
and environmental monitoring [21]. The evolution of all those parameters is presented
in Figure 6.
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Figure 6. The dynamics in time of (a) pH, (b) DO, (c) BOD5, and (d) COD (CCOMn).

As Figure 6 shows, of 31 DO records, 17 (58%) represent a high status, 26% good,
13% moderate, and the rest poor (3%). No bad condition was registered. Concerning BOD5,
of 29 records, 21 (72%) represent “poor” conditions, 14% moderate, 13% good conditions,
and 3% bad conditions. No high condition was registered. As for CCOMn, of 16 records,
9 (56%) represent moderate status, 31% represent poor status, and 13% represent good
status. No high condition was registered.

The nutrient levels in the Nuntas, i-Tuzla Lake, like in many other coastal lagoons, are
important for understanding its ecological health and potential for issues like eutrophi-
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cation. The key nutrients of interest are typically nitrogen (in forms such as nitrates and
ammonium) and phosphorus (primarily in the form of phosphates). Nitrogen can enter
the lake from various sources, including agricultural runoff (fertilizers), atmospheric de-
position, and the decomposition of organic matter. In Nuntas, i-Tuzla Lake, nitrogen often
presents as nitrates (NO3

−), nitrites (NO2
−), and ammonium (NH4

+). Elevated levels of
nitrogen can lead to algal blooms, which, upon decomposition, can decrease oxygen levels,
causing hypoxic conditions that are harmful to aquatic life. Phosphorus typically enters
the lake from runoff containing fertilizers, detergents, and natural sources, like sediment
erosion. In coastal environments, phosphorus is usually present in the form of phosphates
(PO4

3−) [21,29–31].
The nutrient regimen of Nuntas, i-Tuzla Lake is determined based on the following

indicators: ammonium (NH4
+) [mg/L], nitrate (NO3

−) [mg/L], total nitrogen (N) [mg/L],
phosphate (PO4

3−) [mg/L], and total phosphorous (P) [mg/L] (Figure 7). The nutrient
classification according to OM161/2006 is presented in Table 4.
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Table 4. Classification of nutrient indicators.

Classification

Ammonium Nitrate Total Nitrogen * Orthophosphate Total
Phosphorous

Total
Records % Total

Records % Total
Records % Total

Records % Total
Records %

high

26

31

26

19

22

no

29

41

26

23
good 27 38 73 41 69

moderate 27 23 23 3 8
poor 15 19 no 10 no
bad no no no 3 no

Notes: * Total nitrogen includes all forms of nitrogen (nitrates, nitrites, ammonia, and organically bound nitrogen).

Nuntas, i-Tuzla Lake’s salinity is an important environmental parameter that requires
ongoing observation to ensure the ecological stability of this unique coastal lagoon. The
salinity of Nuntas, i-Tuzla Lake varies depending on several environmental factors, but it is
generally recognized as a saline lagoon. The salinity indicator is based on the concentration
of chlorides (Cl−), sulfates (SO4

2−), calcium (Ca2+), and magnesium (Mg2+). The values
are measured in mg/L [31,32]. The variation of these indicators is presented in Figure 8,
and the classification of the salinity indicator is presented in Table 5.
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The salinity of Nuntas, i-Tuzla Lake has experienced significant changes, particularly
due to human interventions, such as the construction of dikes and channels, which have
altered water flow and exchange with the Black Sea. This has led to periods of both
increased and decreased salinity, impacting the lake’s flora and fauna.

3.4. Water Quality Determination According to the WFD

Nuntas, i-Tuzla Lake, a part of the larger Razim–Sinoe lagoon complex in Romania, has
faced various ecological challenges over the years. The lake is important both ecologically
and economically, but its status has been influenced by a combination of natural and
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anthropogenic factors. The ecological status of Nuntas, i-Tuzla Lake for the entire study
period is presented in Figure 9.

Table 5. Classification function of salinity indicator.

Classification

Chlorides Sulfate Calcium Magnesium

Total
Records % Total

Records % Total
Records % Total

Records %

high

16

no

12

no

15

93

15

No
good no 33 7 no

moderate no 67 no 67%
poor no no no 33%
bad 100 no no no
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Generally, throughout this period, the lake had a biological status of “bad” (42%) This
classification result could be divided into two periods: (i) 1981–2009, when the biological
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status was generally bad (63%), and (ii) 2010–2023, when the biological status was generally
“moderate” (31%). Otherwise, the ecological status percentages are equal: 23% for each
category: “good”—2014–2016, “poor” (2010, 2021–2022), and “bad” (2018–2020). For the
year 2023, the biological status could not be determined, and the ecological status, which is
“poor”, was based on physical–chemical elements.

3.5. Water Quality Index Determination

Based on the equations presented in the Methods section, the variation of the WQI is
presented in Figure 10.
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Figure 10 shows that only in 1982, the WQI was greater than 100, which means
“bad” conditions. Otherwise, out of 31 WQI values, 39% represent “good” conditions,
35% represent “moderate” conditions, and 23% represent “poor” conditions. It should be
remembered that the series representing the salinity indicators is for the period 1981–2009
(with the gaps already indicated) and the one relating to the biological elements is for the
period 2010–2023.

4. Discussion
The WFD implementation has had a great influence on the water management systems

of EU countries by introducing the concept of watershed management [33]. This was not
the case in Romania, which had this concept introduced in the old Water Law no. 8 of March
1974. To assess the ecological state of water, the WFD introduced an integrative method
in the evaluation of water quality by establishing its quality based on several biological
indicators, at the expense of chemical ones. Appendix V of the WFD outlines a main group
as “quality elements”, the biological one and two supporting ones, hydro-morphological
and physico-chemical. This principle was implemented in Romanian legislation, as it is
explained in the Results section. The use of the principle “one out–all out” leads to a
restrictive ecological status classification system in relation to the definition of environ-
mental objectives. It means that a body of water cannot achieve good ecological status if
any element has a value that deviates from undisturbed conditions. The big advantage is
that if an indicator is missing from a group of indicators, the status could be determined
based on the others. For example, as is shown in Figure 6, the DO data series has 31 values
registered, BOD5 has 29 values registered, and the CCOMn data series presents some gaps
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(no values registered for the 2010–2023 period); in this condition, the oxygen regimen status
is determined based on DO and BOD5 conditions.

In the early years of application of the WFD methodology, a major obstacle was the
fact that no consistent biological datasets were available for lakes, in particular. This
impediment was resolved by the creation of geographical groups whose aim was to
harmonize the methodologies used by the member states. In line with this, Romania
participated in an “intercalibration exercise” with Bulgaria and Hungary and established
a harmonized methodology to evaluate the phytoplankton [34] by the new Decision of
European Commission [3].

Regarding the monitoring systems, through the WFD, the existing gaps in the mon-
itoring systems were addressed by introducing the two types of monitoring programs:
surveillance and operational. Unfortunately, there are no national websites dedicated to
the monitoring system. For example, the Romanian system, SMIAR, is not as transparent
as the National Network for Monitoring Air Quality (RNMCA), which limits the follow-up
by the public of the general water condition. Discussing Nuntas, i-Tuzla Lake’s ecological
condition, based on data provided by RWNA-DLB Constanta, the ecological status for the
entire period is “bad” (Figure 10). This period could be divided into two distinguished peri-
ods: 1981–2009 and 2010–2023. The period of 1981–2009 is based on a large lack of records;
only in 1982 and 2007–2009 are there records regarding the types of phytoplankton that
would lead to the possibility of calculating the metric index. In the rest of the periods, there
are only records with biomass. There are no determinations regarding the other biological
elements (phytobenthos and macroinvertebrates). For 2023, there are no registrations, so
the ecological status is based on physical–chemical elements. In this condition, we consider
that for the 1981–2009 period and the year 2023, the ecological condition is based only
on chemical elements, and for the 2010–2022 period, it is based on biological elements.
The results obtained show that the ecological status is “bad” for the 1981–2009 period,
“moderate” for the period of 2010–2022, and “poor” for 2023. The “bad” ecological status of
the 1981–2009 period is due to the chloride conditions, which were “bad” (Figure 8a). But
in this case, salinity is not a pollutant. The high salinity values are due to natural conditions.
If the ecological conditions determined based on the salinity regime were to be abandoned,
then the ecological condition for the period of 1981–2010 would fall into the poor class.
Even if the 2010–2022 period is declared “moderate”, the oxygen regimen conditions for
the 2011–2017, 2019, and 2021–2023 periods are “poor”. This poor condition is due to the
BOD5 indicator; the values of this indicator are “poor” for the entire period (2004–2022). A
rise in BOD5 indicates a high degree of organic contamination in water bodies. So, could
the ecological status be declared as “poor”? If the answer is “yes”, it means that the lake
was in poor condition for the entire period. The decision according to which the ecological
status assigned to a water body depends on the most seriously affected quality element can
lead to anomalies. In this case, Nuntas, i-Tuzla Lake could not achieve a ”good” ecological
status due to the chloride concentration, which, starting in 2001, has been increasing.

The studied lake presents some particularities: (i) it has a small water depth and was
isolated from the rest of the lacustrine system (Razim–Sinoe) for a long time (1976–2020),
which could lead to degradation of the oxygen regime. (ii) It was strongly affected by
anthropogenic measures (the operation of the irrigation system), which led to the change
in salinity and the disappearance of the sapropelic mud. Related to sapropelic mud,
Bulgareanu showed in 1974 that the bottom deposit in the lake consists of black or black-
gray, unctuous, sapropelic mud about 0.6 m thick [35]. These deposits were mostly located
in the center of the lake, below the loess deposits on the western shore, and less on the
eastern shores. In 1982 (ICPGA, 1982), the research authors stated that Nuntas, i-Tuzla Lake
is the second therapeutic lake in Romania due to its sapropelic mud reserve [14]. Based on
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data recorded in 2002, Dragan-Bularda et al. [36] considered that the sapropelic mud from
Nuntas, i-Tuzla Lake belongs to less active mud, which diminishes its therapeutic qualities.
The anthropic impact together with climate changes (increasing temperatures after 1997
up to 0.8 ◦C [7]) led to the complete drying of the lake in August 2000 [6,8,10]. S, erban
et al. [10] showed that in the summer of 2003, spring of 2007, autumn of 2021, summer of
2012, and 2013, the surface of the lake fell below the recorded values. If measures are taken
to improve the hydrological conditions by periodically unclogging the connection channels
and removing fishing hooks, then the oxygenation regime will be improved significantly.

The decision to classify the ecological conditions of the lakes from an arid zone,
although it can provide general indications, does not give links and explicit explanations
regarding the contribution of each element, and should be made based on an analysis of
the specificity of the lakes.

The water quality index (WQI) could be an alternative if the WFD methodology is
not too restrictive or gives anomalies for specific cases. WQI models use a single value
to provide a better understanding of the surface water bodies’ overall water quality. In
practice, this method involves determining a weight and standardizing the data series of
each indicator using, in this example, the standard value corresponding to the “good” class.
Both chemical and biological indicators are used in this example. According to the WQI
results, the conditions of the lake water are generally ”good” to ”moderate”.

5. Conclusions
Situated in the southern extremity of the Razim–Sinoe complex lake, the Nuntas, i-Tuzla

Lake was well-known in the past (the middle of the XIX century and early XX century) for
the salt and fisheries production (especially mullet). Although connected by a network of
canals (backwater) with the other component lakes of the lagoon complex, Nuntas, i-Tuzla
Lake sometimes remained isolated from the other lakes (in the sense that it no longer
received fresh water). This situation, combined with the climate (extremely dry summers),
led to a high salinity of the lake water (for example, in 1912 the salinity was 18‰), which
favored the crystallization of salt and the migration of fish from the Black Sea. Salinity
also favored the formation of sapropelic mud. As we described in this work, the operation
of the irrigation system led to an ecological imbalance that determined the salinity, mud
production reduction, and the appearance of freshwater fish. To conclude, Nuntas, i-Tuzla
Lake, with its unique hydrochemical and ecological characteristics, plays a vital role in
the local environment and water management. Understanding and managing its water
quality helps to ensure that the lake remains a healthy and sustainable ecosystem. Regular
monitoring, effective management strategies, and public involvement represent the key to
achieving and maintaining good water status for the lake.

Through both the WQI and the WFD methodology, the parameters used are deter-
mined and compared with the standard limits prescribed by national agencies. The first
major conclusion of this study is that salinity is not a pollutant but is a natural characteristic
due to the lake’s position within the lake complex and the region’s climate. We propose that
for similar areas, both in terms of climatic conditions and other natural conditions (location,
etc.), the indicator “salinity” should not be considered when analyzing the ecological status
of the water. The second major conclusion is that the Water Framework Directive’s heavy
focus on ecology rather than chemical water quality leads, in this case, to certain anomalies.
An ecological status was never intended as a substitute for water quality measurement,
nor is it applicable in the same way. Despite certain limitations (e.g., non-consideration of
pollutants), the current study serves as a basis for future research on developing new tools
to investigate the quality of lake water situated in arid zones.
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Stud. Univ. Babeş-Bolyai Biol. 2004, XLIX. Available online: http://studia.ubbcluj.ro/download/pdf/18.pdf (accessed on
12 May 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ecolind.2023.111187
https://doi.org/10.1038/s41598-023-47137-1
https://www.ncbi.nlm.nih.gov/pubmed/37993558
https://doi.org/10.3390/w15162900
https://doi.org/10.1016/j.jconhyd.2023.104262
https://www.ncbi.nlm.nih.gov/pubmed/37944201
https://doi.org/10.1016/j.matpr.2020.02.092
https://doi.org/10.1007/s12403-011-0040-0
https://doi.org/10.1007/s12403-011-0044-9
https://doi.org/10.1007/978-1-4684-2856-8_15
https://doi.org/10.1016/j.gsd.2024.101122
https://doi.org/10.1016/j.heliyon.2024.e29189
https://www.ncbi.nlm.nih.gov/pubmed/38623211
https://doi.org/10.1016/j.scitotenv.2023.168754
https://www.ncbi.nlm.nih.gov/pubmed/38016552
https://doi.org/10.5772/intechopen.1003863
https://doi.org/10.1016/j.scitotenv.2010.05.031
https://www.ncbi.nlm.nih.gov/pubmed/20557924
https://doi.org/10.2760/651989
http://studia.ubbcluj.ro/download/pdf/18.pdf

	Introduction 
	Materials and Methods 
	Methodology and Methods 
	Study Area 
	Data Series 

	Methods 
	WFD Method 
	WQI Method 


	Results 
	WFD and Romanian Legislation Related to Water Quality 
	Human Intervention in Nuntași-Tuzla Lake Basin 
	Data Analysis 
	Water Quality Determination According to the WFD 
	Water Quality Index Determination 

	Discussion 
	Conclusions 
	References

