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Water pollution with nutrient-based contaminants represents a special concern at national level as it may
lead to the occurrence of water eutrophication affecting the properties of the water bodies. This paper
presents the characterisation of nitrogen distribution in water and sediments from the Plumbuita Lake
(Bucharest, Romania) and the speciation of this element in the form of ammonium, nitrite, nitrate and
organic nitrogen. The results of this study prove the importance of an integrated approach regarding the
quantification of nutrient content with the nutrient dynamics in the evaluation of the eutrophication

phenomenon.
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The permanent and systematic improvement of the
quality of water sources is a desiderate of the modern
society as they are scarce and often contaminated with
compounds resulting from diverse anthropic activities [1].
The presence of excessive amounts of some pollutants
may determine the occurrence of unwanted phenomena.
For example, the high contents of nutrient may determine
the emergence of water eutrophication which has received
a great interest as it affects water visual and physico-
chemical properties (algae development, organic matter
content, oxygen regime) [2,3]. A considerable number of
papers reported in the literature [3 -14] depict the causes
of the eutrophication process as well as the role of
sediments in eutrophication.

The limiting factors of the eutrophication phenomenon
are the nutrient content (phosphorus, nitrogen) as well as
their distribution in the sediments which affects the redox
and the dissolution processes that take place at the
sediment-water interface. Therefore, for a comprehensive
assessment of the eutrophication phenomenon,
investigations on the main elements that contribute to the
trophic status of the lake are required [9, 11-28].

Efforts have been made for nutrient removal from water
and wastewater, however continuous and thorough efforts
towards the improvement of sewer and rising of
awareness regarding water quality protection are required
[4-9, 11-36].

The Plumbuita Lake is part of the assembly of lakes
disposed on the Colentina River which crosses the northern
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part of the Bucharest city (Romania), in the park with the
same name. The lake has a large area and multiple uses,
such as recreational, fishing purposes, irrigations. Due to
its location in a highly populated area and the demand of
environmental protection within this area, the monitoring
of water and sediments quality is required and useful for
the protection of biodiversity and of the appearance of the
lake.

This study reflects the current concerns about the impact
of nutrients on the quality of water and sediments and is a
sequel of our research regarding the characterisation and
the dynamics of several quality indicators for the evaluation
of eutrophication of Plumbuita Lake.

This paper shows the contribution of nitrogen to the
eutrophication phenomenon with special focus on its
distribution in water and sediments as limiting factor of
the ecological status of the lake.

Experimental part

Plumbuita Lake is formed by the stream of the Colentina
River and has a total area of 44 ha. Taking into account the
shape of the lake, an insulated area is formed at the end of
the water body, where hypoxic conditions may emerge.
For the characterisation of the nitrogen speciation and the
dynamics of nitrogen in the Plumbuita Lake, sampling
campaigns were conducted during the year 2015. Water
and sediment samples were taken from three points
located on both side (P1, P3) and, respectively at the end
of the lake (P2), as depicted in figure 1.

Fig. 1. Aerial view of the sampling points location on the
Plumbuita Lake [37]
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Sediment(10g) | [P0 gk ed ot oisme || S
Indicator Unit Minimom value - maximum value

({mean value)

Temperature oz 8.8-31(20.8)

pH pH units 75943 (832)

Dissolved oxygen (DO) mg OxL T.38-13.07 (10.64)

Biochemical oxygen demand mg OzL 3.30-2.75 (6.84)

(BOD:)

Chemical oxygen demand mg OzL 4.36-13.94(923)

(COD-Mn)

Chemical oxygen demand mg OzL 14.38-97.91 (40.67)

(COD-Cr)

Ammonivm (NH4) mg/L 0.02-0.34 (0.17)

Nitrites (NOz) mg/L 0.01-0.03 (0.03)

Nitrates (NO37) mg/L 0.03-2.43 (0.62)

Total nitrogen (T mgL 1.52-3.79 (2.29)

Fig. 2. The extraction procedure used for the
analysis of nitrogen species from the

sediment

Tablel
WATER QUALITY PARAMETERS
FOR PLUMBUITA LAKE

The sediment samples consisted of two distinctive
layers and subjected to were drying at room temperature,
milling and sieving through a 90pum-sieve. Nitrogen species
(ammonium, nitrite and nitrate) were analysed according
to a standard method used for soil samples (fig. 2) [38].
For the analysis of nitrogen species, the sediment sample
was extracted with a 0.01 mole/L CaCl, solution by stirring
the mixture for two hours at 1000 rpm, followed by filtration
through a cellulosic filter rinsed with boiled doubly distilled
water. The nitrogen species were analysed from the
resulting filtrate, by direct colorimetric analysis, using
specific agents and wavelengths.

Results and discussions
The nitrogen content was determined together with the
oxygen regime, expressed as biochemical and chemical

oxygen demand. As one may see from table 1, the values
of the indicators follow the limits provided by the Romanian
Ministry Order no. 161/2006 [39] for the first and second
quality class, excepting the biochemical and chemical
oxygen demand during July and September fall in the fourth
and third quality class, respectively; nitrites values for March
fall in the third quality class.

Figures 3-5 depict the distribution of nitrogen species in
sediments. The analysis of nitrogen species showed high
contents of organic compounds, the organic form
representing up to 99% of the total nitrogen content,
regardless of the core depth, due to the high solubility of
ionic nitrogen fractions compared to the organically bound
fractions contained in the slowly decomposing detritus.
As to inorganic forms (figs. 3-5), the results showed that
62-95% of the ionic nitrogen species is represented by
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Fig. 3. Total ionic nitrogen and
nitrogen species in: (a) the upper
layer and (b) the lower layer of
sediment samples from the P1
sampling point: TIN - total ionic
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Fig. 4. Total ionic nitrogen and
nitrogen species in: (a) the upper
layer and (b) the lower layer of
sediment samples from the P2
sampling point: TIN - total ionic
nitrogen; N-NH, —ammonium; N-NO,
- nitrates; N-NO, - nitrites
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Fig. 5. Total ionic nitrogen and
nitrogen species in: (a) the upper
layer and (b) the lower layer of
sediment samples from the P3
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ammonium, which gives information on the intensity of
the biogeochemical processes that may take place at the
sediment-water interface [40] and affects the
eutrophication process [41], followed by nitrates (5-38%)
and nitrites (up to 1.6%).

The results showed similar variation forammonium and
nitrites, with highest values during July. Nitrates and total
nitrogen showed similar variation for P2 and P3 sampling
points, with lowest values during July, when the lake is
prone to hypoxic conditions and the lake surface is covered
with vegetation, and a distinct variation for P1 sampling
point, with lowest values in September, consistent with
the low content of dissolved oxygen.

Conclusions

The present study focuses on the assessment of content
and dynamics of nitrogen from water and sediments from
the Plumbuita Lake, located in an overcrowded district of
Bucharest city (Romania). The concentrations of nitrogen
species in water showed higher values during summer
and at the beginning of autumn, when hypoxic conditions
emerge. The distribution of nitrogen species from the
sediments from Plumbuita Lake (Bucharest, Romania)
indicate a significant variability, with the lowest
concentrations during summer due to abundant vegetation
and to a decrease of dissolved oxygen content. The results
showed that up to 99% of the nitrogen is represented by
the organic nitrogen. Of the ionic nitrogen species,
ammonium represents 62-95%, followed by nitrates (5-
38%) and nitrites (up to 1.6%).

Together with phosphorus and carbon, nitrogen
represents a factor of the eutrophication phenomenon and
determines the excessive growth of algal species. Overall,
the conducted studies proved that the nutrient content and
distribution in water and sediments are inter-connected
and the efforts concerning the remediation of the lake
should take this issue into consideration. Therefore, the
results may constitute a useful tool for the environmental
engineers in their efforts to control water eutrophication
phenomenon.

Study on phosphorus content and distribution was
presented in [42].
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