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The aim of this paper is the evaluation of the trophic status of three lakes riparian to the Colentina River,
namely Mogosoaia, Herastrau, Pantelimon, as Part III of an extended study on evaluation of the freshwater
resources quality in Bucharest and surrounding areas [1, 2], supplementing the general quality assessment
based on indices and indexes presented in Part I with a more in depth analysis of nutrient speciation and
partitioning between water and upper sedimentary layers. Water and sediment samples were taken from
the inlet and outlet areas of each lake in two sampling campaigns in July 2016 and September 2016. Some
of the nutrient related water quality parameters presented in Part I of this series have been used here,
together with the analysis of total nitrogen and total phosphorus content in sediments, to assess the general
trophic state of the lakes and to highlight the relationships between the nitrogen and the phosphorus content
from water and sediments.The studied lakes were found to be eutrophic, Mogosoaia and Pantelimon being
in the most advanced state. A significant amount of nitrogen and phosphorus was detected in all sediments
analysed, constituting a high accumulation of nutrients from anthropogenic activities. Actions to improve
local sanitation infrastructure and to prevent anaerobic leakage of nutrients from sedimentary deposits are
recommended.
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Water is an important receptor of the environmental
problems generated by various activities from the human
society, being an essential ecological component for
sustainable development. The main sources of the aquatic
environment pollution are improper management of
wastewaters, industrial effluents and agricultural activities
[3-5].

Among the ecological problems of the aquatic
environment, an important one is the eutrophication
phenomenon, which represents a secondary pollution [6,
7]. The major cause of water eutrophication is the
supplementation, beyond the water body equilibration
capacity and often beyond permitted legal limits, of
nutrients containing phosphorus and nitrogen. Their excess
determines the abnormally increased production of algae
and higher plants, leading to increased turbidity and lower
dissolved oxygen concentrations, phenomena which are
accompanied by the disappearance of aquatic fauna [8,
9]. This further intake of organic detritus leads to anoxic
conditions in the sedimentary layers releasing even more
nutrients stored there under oxic conditions [10]. It is
generally accepted that the eutrophication of surface water
bodies is a major problem of water quality because it affects
both economic and social environments [11, 12].

Recent studies have identified climate change as a
potential major contributor factor that may lead to
accelerated eutrophication of rivers and lakes [13]. The
synergistic contribution of climate change associated with
anthropogenic activities has altered the transfer of nitrogen
and phosphorus between environment compartments
towards the aquatic ecosystems, leading to accumulations
of pollutants in the closely intertwined biotic and abiotic
phases of the aquatic ecosystems [14, 15].
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In Bucharest, an essential part of the urban ecosystem
are the lakes along the Colentina River, which occupy
3.25% of the city’s surface, and are of particular importance
in the protection against floods, recreational activities,
improving the urban environment quality, fisheries and so
on [16]. From upstream to downstream, Bucharest hosts
the following lakes: Straulesti, Grivita, Baneasa, Herastrau,
Floreasca, Tei, Plumbuita, Fundeni, Pantelimon, located in
Bucharest and Buftea, Buciumeni, Mogosoaia, Chitila -
located in Ilfov County, with an total area of 1295 hectares
[16, 17].

In the peripheral area of Bucharest, due to the urban
expansion and development of residential areas, the water
quality of the artificial lakes has decreased significantly.
This process is largely underlined by the poor coverage of
the public sewerage system. Therefore, a big part of the
household wastewater is discharged directly or indirectly
into the lakes along the Colentina River, contributing to the
degradation of water quality and emergence of health
problems [18]. Urban lakes are particularly exposed to a
high risk of pollution, large amounts of pollutants lead to
increased eutrophication, which affects the habitat of
wildlife and the quality of human life [19, 20].

Part I in the series of study for quality assessment of
some freshwater resources located in Bucharest and
surrounding areas [1] presents the quality assessment for
Mogosoaia, Herastrau and Pantelimon lakes by employed
various multi-parametric indices and the class-based
evaluation system [21] for water and sediment quality. Part
II of the mentioned study [2] extends the quality evaluation
on the Arges and Dambovita Rivers, components of the
overall hydrographic region of the Colentina River on which
the Mogosoaia, Herastrau and Pantelimon lakes are
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Table 1
 PARAMETERS MEASURED FOR WATER AND SEDIMENT SAMPLES, THEIR UNITS,

ABBREVIATIONS USED AND ANALYTICAL METHODS

Fig. 1. The map of the study area with sampling sections [1]

formed. Part III of the study comes back to the Mogosoaia,
Herastrau and Pantelimon lakes, with a more in-depth
analysis of nutrient speciation and partitioning between
water and upper sedimentary layers, in order to provide a
more detailed view on the respective trophic states and
the further eutrophication risks posed by nutrients
accumulation in sedimentary deposits.

Experimental part
To characterize the eutrophication status of the lakes

Mogosoaia, Herastrau, Pantelimon, two sampling sections
were established for each lake, the inlet (SI) and the outlet
of the lake (SII), the initial letter of the lake being assigned
to each section as follows: for the Mogosoaia lake the
sampling sections were SI-M and SII-M, for Herastrau lake:
SI-H and SII-H and for Pantelimon lake: SI-P and SII-P (Fig.
1).

The water and sediment samples were taken from the
inlet and outlet areas for each lake in two sampling
campaigns (C I - July 2016 and C II -September 2016).

In order to assess the trophic status of the above-
mentioned lakes, for water samples the following
indicators were determined: pH, turbidity, dissolved oxygen

(DO), ammonium (NH4-N), nitrites (NO2-N), nitrates (NO3-
N), total nitrogen (TN), orthophosphates (PO4-P) and total
phosphorus (TP) for water samples and total nitrogen
(TN<s>) and total phosphorus (TP<s>) from the <63µm
granulometric fraction of the sediment samples (Table 1).
Water samples were collected in polyethylene recipients
(3 L) from approximately 30 cm under the water surface
and were kept at 4°C during transport, according to the
internal sampling procedure developed in accordance with
the standards in force [22-25].

 Sediment samples were collected in polyethylene
recipients, previously washed with detergent and rinsed
with distilled water, according to the internal sampling
procedure developed in accordance with the standards in
force and were analysed according to a standard method
used for soil samples [26, 27]. The relationships between
the nitrogen and the phosphorus content from water and
sediment was assessed.

All reagents used for determining the indicators
mentioned above were of analytical purity and their
determinations were performed using the standardised
methods of analysis.
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Fig. 2. pH variation in Mogosoaia (SI-M, SII-M points), Herastrau
(SI-H, SII-H points) and Pantelimon (SI-P, SII-P points) lakes

Fig. 3. Turbidity variation in Mogosoaia (SI-M, SII-M points),
Herastrau (SI-H, SII-H points) and Pantelimon (SI-P, SII-P points)

lakes

Fig. 4. Variation of nutrients in water of Mogosoaia (SI-M, SII-M points), Herastrau (SI-H, SII-H points) and Pantelimon
(SI-P, SII-P points) lakes: (a) PO4-P; (b) TP; (c) NO2-N; (d) NO3-N; (e) NH4-N; (f) TN

Results and discussions
For a more accurate assessment of the trophic status of

the monitored ecosystems, the evolution of the quality
indicators values from both sampling campaigns was
pursued. Thus, the pH diagram (Fig. 2) shows higher values
recorded for the second campaign, rise which could be
caused by combined anthropogenic influences with
increased late-summer biomass production values which
influence both the CO2 and the redox equilibriums in
temperate lakes. Turbidity is a parameter that undergoes
changes usually in direct correlation with local hydro-
dynamic conditions, but it is also indirectly influenced by
the seasonal biological activity and other anthropogenic
pressures related to residential density of nearby areas.

The nutrient levels in the water samples are presented
in figure 4. Nutrients levels were found generally to be
higher for Mogosoaia and Pantelimon Lakes.
Orthophosphates values constituted about half of the total
phosphorus content from the water samples whereas
ammonium nitrogen was the major contributor in the
nitrogen balance, accounting for about half of the value of
the total nitrogen parameter, the rest being mostly organic
nitrogen with relative low contributions from nitrites and
nitrates.
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Fig. 5. DO variation in the Mogosoaia (SI-M, SII-M points), Herastrau
(SI-H, SII-H points) and Pantelimon (SI-P, SII-P points) lakes

Fig. 6. Variation of nutrients in sediments of Mogosoaia (SI-M, SII-M points), Herastrau (SI-H, SII-H points) and Pantelimon
(SI-P, SII-P points) lakes: (a) TN(s) and (b) TP(s)

On the other hand, nitrite concentrations exceeded the
admitted levels enforced by the M.O. 161/2006 normative
[21]. The large fraction of ammonium nitrogen usually is
associated either with recent events of uncontrolled
wastewater discharges or with longer periods rich with
readily available organic matter and historical nutrients
which overload the lakes biotic-abiotic equilibrium in the
warm seasons, high ammonium values also being
associated with low dissolved oxygen levels and even
anoxic conditions. The elevated nitrite levels may be
associated to either the partial oxidation of ammonium
under low dissolved oxygen conditions or even to nitrate
reduction processes under anoxic conditions.

The dissolved oxygen concentration in the water column
plays an essential role in the biotic-abiotic equilibrium in
lakes. Low levels of dissolved oxygen in the upper water
layers caused by excessive flora development or high
organic pollutant loads usually initiate a cascade of
amplified adverse effects including a high mortality of
aquatic fauna which further increase the organic load of
the benthic area which cause the shift of the redox
potential of the upper sedimentary layers leading to
accelerated historical nutrients leaching in the water
column resulting in an even more disproportionate
development of the lake flora toward algal bloom events.
In the limitrophe urban and sub-urban newly developing
regions due to the lag in the implementation of adequate
sewer networks and treatment facilities, the wastewater
influx to the lakes is greater leading to environmental
problems such as accelerated eutrophication phenomena
present for years to come due to de formation of significant
reserves of nutrients in the sedimentary layers during the
early ecosystem natural compensation processes, mainly
through increased biological productivity. Only when these
processes exceed the natural equilibration capacity, the
excess biomass leads to adverse changes decreasing the
number of higher-order aquatic species and the instauration
of typical eutrophic symptoms.

As seen in figure 5, the dissolved oxygen in the upper
water column is already low in the outer upstream and
downstream lakes, namely Mogosoaia and Pantelimon

where the anthropogenic pressures are grater. As water
transits the network of lakes, the natural compensation
processes take effect leading to higher oxygen
concentrations in the water column but also to the
accumulation of greater levels of nutrients, mainly
phosphorus, in the sedimentary layers (fig. 6). Conversely,
due to the low oxygen levels in the outer-lakes, the historic
sedimentary nutrients leaching process in the water
column is dominant, leading to lower nutrients levels in
the respective sediment samples.

The nitrogen-based nutrients solubility from sediment is
less dependent on the benthic redox potential than the
solubility of phosphorus-based nutrients. Under oxic
conditions, phosphorus is retained in sediments as less
soluble inorganic compounds (such as those with iron,
aluminium and calcium ions) and as organic compounds
from the non-degraded organic matter.  Due to the high
solubility of inorganic nitrogen salts (nitrates, nitrites and
ammonium salts), the nitrogen-based nutrients in
sediments are mostly found as organic compounds from
the non-degraded organic matter.

Nevertheless, a significant accumulation of nitrogen and
phosphorus in the sediments is evident from Figure 6, most
probably caused by years of excess nutrient inputs, the
main source of these being the anthropogenic activities,
such as agriculture, uncontrolled waste disposal,
wastewater discharge, etc..

Conclusions
The study on trophic status assessment of Mogosoaia,

Herastrau and Pantelimon lakes has shown a higher level
of nutrients than permitted limit by law in waters of
Mogosoaia and Pantelimon lakes for the studied period;
moreover, for all three mentioned lakes, a significant
accumulation of nitrogen and phosphorus was detected in
the sediment layers formed with significant inputs from
anthropogenic activities such as agriculture and
uncontrolled waste disposal. These findings suggest the
need for more important actions that can be carried out
through two main objectives. First, the release of
anthropogenic nutrients from inappropriate sewage
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systems and uncontrolled waste disposal through the
improvement of local sanitation infrastructure must be
prevented and secondly, measures must be taken to
prevent anaerobic leakage of nutrients from sedimentary
deposits by ensuring adequate aeration throughout the year
of the water column and upper sedimentary layers. These
objectives can be achieved through the implementation of
the Environmental Action Plan and the Local Sustainable
Development Strategy, focusing on uncontrolled waste
prevention and the implementation of appropriate
sewerage systems.
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