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At the end of a 2860 km journey from its spring in the Black Forest Mountains, more pre-
cisely from Donaueschingen in Germany, to Pontus Euxinus (Black Sea), the Danube has been 
building, for over 12000 years by now, one of the most characteristic and beautiful deltas in 
Europe and even across the world [2].

For all its ranking second in size in Europe (after the Volga delta) and 20nd in the world, the 
Danube Delta’s amazing landscape and fauna, birds in particular, represent a great scientific at-
traction, actually a study laboratory on the formation of deltaic, touristic and economic (natural 
renewable resources) ecosystems [2].

The Delta area is estimated at 4180 km2, 84% of which (3510 km2) lies on Romanian soil 
teritorry, between the three main Danube arms: Sfantu Gheorghe, Sulina and Chilia, listed in 
decreasing age [2]. Referring to the Black Sea “0” level, 20,5% of the Delta area lies below this 
point and 79,5% above it. The greatest extension (54,5%) has the territory comprised between 

Introduction

Abstract. In this paper a class consisting of 8 environmental toxicants were selected to assess Dan-
ube River water quality between Calarasi-Silistra sector until the river flow into the Black Sea, the Ro-
manian Monitox Network Area. A comprehnsive comparison between 2 years of investigations in terms 
of nutrients contribution, such as different forms of nitrogen (ammonium nitrogen (N-NH4+), nitrite 
nitrogen (N-NO2-), nitrate nitrogen (N-NO3-), organic nitrogen, total nitrogen (TN)) and phosphorus 
(orthophosphate phosphorus (P-PO4 -3), total phosphorus (TP)), was made in order to provide informa-
tion on the spatial and temporal variations of this river water quality. Sampling was performed accord-
ing to European standards and quantitatively analysed using molecular spectrophotometry using UV 
VIS spectrophotometer Perkin Elmer Lambda 650S. The obtained results showed differences in nitrite 
nitrogen loads in surface water samples with higher values in the samples collected from the sampling 
points situated at the mouths of the Danube River into the Black Sea in 2020. Regarding quality classes, 
the surface waters were generally framed, in good quality class. The nutrients concentrations, combined 
in CCME WQI index, give an overview on surface water quality assessement in Romanian Monitox 
Network Area, with a good quality of Lower Danube (Constanta in 2019 and 2020) and fair quality of 
Danube Delta in 2020, but very closed to good quality.
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0 and 1 meter high [2].
At European legislative level, there are concerns for improving the quality of surface waters 

in European Directives. Romania implements these directives (Annex P5.1.)
According to EU Water Framework Directive ecological status is an expression of the quality 

of the structure and functioning of aquatic ecosystems associated with surface waters. Further-
more, the WFD provides a selection of the most relevant quality elements for the classification 
of ecological status. Water Framework Directive established 5 quality classes color-coded, for 
surface waters (very good - blue, good – green, moderate – yellow, poor – orange, bad – red). 
For chemical indicators, all the concentrations values were reported to the Romanian Order 
161/ 2006 which is the transposed of Water Framework Directive into Romanian Legislation. 

The classification into the quality classes was made in accordance with Romanian Order 
161/2006, regarding the classification of surface water quality to determine the ecological sta-
tus of water bodies, Table no. 6, Elements and biological quality standards, chemical and phys-
ical-chemical for setting ecological status of surface waters, Annex C, Elements and chemical, 
physical-chemical quality standards in water. 

In the last years, many quality indexes were developed, integrating different physical-chem-
ical indicators. Such an index is Canadian Council of Ministers of Environment Water Quality 
Index. This index takes into account nutrients concentrations and it is a useful tool for water 
quality management, because a single value describes the water quality. 

Materials and methods
During the national trip, there were collected in 2019 and 2020, 50 surface waters samples 

for nutrients analysis. 
For the dissolved forms (nitrite, nitrate, ammonia, orthophosphate) the surface water sam-

ples were stored at 2-5oC, for maximum 24 hours before analysis. For the analysis of total 
nitrogen, the samples were preserved on the field with 1 mL H2SO4 concentrate for 100 mL 
sample, store at 40 C and analyzed in the laboratory. Determination of dissolved nutrients 
was made on filtered samples and total forms on unfiltered samples using UVVIS Lambda 
10 PerkinElmer spectrophotometer, using ISO standards. The final results were expressed in 
mg/L. All the reagents have very good quality analytical grade. For quality assurance were 
made flow charts with the specific certified reference materials. 

The ammonium concentration, expressed as N-NH4+, was determined at 655 nm by meas-
uring the absorption of the blue compound formed by the reaction of ammonium ion with sa-
licylate and hypochlorite ions in the presence of sodium nitroprusside, according with SR ISO 
7150-1, Water quality, Determination of ammonium, Part 1. 

Manual spectrometric method at UV-VIS Lambda 10 Perkin Elmer Spectrometer (SR ISO 
7150-1 2001). 

Nitrite (N-NO2-) was determined through formation of reddish purple azo dye color, pro-
duced at pH 2.0 to 2.5 by coupling diazotized sulfanilamide with N-(1-naphthyl)- ethylenedi-
amine dihydrochloride, according with SR EN 26667/ISO 6777/2002, Determination of nitrite, 
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Molecular absorption spectrometric method, using the UVVIS Lambda 10 Perkin Elmer Spec-
trometer at 540 nm. The analysis was made on filtered water (SR EN 26667/ISO 6777/2002). 

The nitrate (N-NO3-) was determined according with SR ISO 7890-3:2000 – Water quality, 
Determination of nitrate, Part 3. Spectrometric method using sulfosalicylic acid, by spectro-
metric measurement of yellow compound absorbance formed by reaction of sulfosalicylic acid 
(formed by addition of sodium salicylate in the sample and sulfuric acid) with nitrate followed 
by treatment with alkaline solution, at UVVIS Lambda 10 Perkin Elmer Spectrometer (415 
nm) (SR ISO 7890-3 2000). Determination of phosphorus content in surface waters was made 
according with SR EN 6878/2005, Water quality, Determination of phosphorus, Ammonium 
molybdate spectrometric method using UVVIS Lambda 10 Perkin Elmer Spectrometer at 880 
nm. For total phosphorus, the samples were treated on unfiltered water. Ammonium molybdate 
and potassium antimonyl tartrate react in acid medium with orthophosphate to form a heter-
opoly acid – phosphomolybdic acid – that is reduced to intensely colored molybdenum blue 
by ascorbic acid (SR EN 6878 2005). In order to evaluate the surface waters quality in an inte-
grated index, it was computed CCME WQI – Canadian Council of Ministers of Environment 
Water Quality Index. The elements that underlie the calculation of this index are: scope (F1), 
frequency (F2), amplitude (F3), excursion [1,4]. With the computed values for this index, the 
surface water quality is classified in 5 classes, 0 – 44 (poor quality), 45-64 marginal quality, 
65- 79 fair quality, 80-94 good quality, 95-100 (excellent quality) [3,6].

Results and discussions
Since the end of 1970 until 1990, the nutrient emission from the anthropogenic sources 

along the Danube River had strongly influenced the amount of the nutrients accumulated into 
the Danube Delta’s ecosystems [2,5].In surface waters, nutrients are represented by nitrogen 
and phosphorus in dissolved and total forms.In water bodies, ammonium is on the one hand a 
measure of the reduced inorganic form of nitrogen and in the other hand it consists of dissolved 
ammonia (NH3) and the ammonium ion (NH4+). In general, nitrogen is an essential plant nu-
trient and although ammonia is only a small component of the nitrogen cycle, it contributes to 
the trophic state of a water body. Water bodies eutrophication process consists in prolific algal 
growths, that have deleterious impacts on other aquatic life, drinking water supplies, and rec-
reation and is determined by excess of ammonia concentrations. In surface waters, nitrite is an 
intermediate form of nitrogen compounds. It is an unstable form that is either rapidly oxidized 
to nitrate by nitrification process, or reduced to nitrogen gas by denitrification process. For 
plants, nitrite is a nutrient source. Nitrite boosts plants proliferation. For aquatic life, nitrite is 
toxic at relatively low concentrations.The most stable and oxidized form of nitrogen is nitrate. 
It results from the complete oxidation of all nitrogen compounds. Plants use nitrate as primary 
form of nutrients to stimulate plant growth. Excessive amounts of nitrogen may result in phy-
toplankton or macrophyte proliferations. 

Total nitrogen is a sum of all forms of nitrogen (organic and inorganic). Nitrogen is an 
essential plant element and is often the limiting nutrient in marine waters. The importance of 



SUSTAINABLE  USE AND PROTECTION OF ANIMAL 
WORLD  IN THE CONTEXT OF CLIMATE CHANGE

32

nitrogen in the aquatic environment varies according to the relative amounts of nitrogen forms 
presence, as ammonia, nitrite, nitrate or as organic nitrogen.

Phosphorus in surface waters is represented by inorganic and organic forms. The inorganic 
oxidized form of soluble phosphorus, is phosphate. This form of phosphorus is the most readily 
available for uptake during photosynthesis. High concentrations of orthophosphate generally 
occur in conjunction with algal blooms.

Total phosphorus is a measure of the inorganic oxidized form of soluble phosphorus. During 
photosynthesis, total phosphorus is available for uptake. 

In this study, we evaluated from nutrients point of view, first, the quality classes for surface 
waters collected from the target areas of Monitox Network in Romanian sector and second to 
quantify the surface waters quality in terms of integrated indices.

According with Romanian legislation, it was established 5 quality classes, in accordance 
with EU Water Framework Directive, for each chemical indicator, with specific limits. 

For ammonia nitrogen, in 2019, 93.75 % of surface waters were framed into the first quality 
class (very good quality class) and 6.25 % in second quality class (good quality class) and in 
2020 all the surface waters had a very good quality class.

For nitrite nitrogen, the surface waters are framed in very good quality class (15.62%  - 
2019) good quality class (81.25 % - 2019, 60% - 2020), and moderate quality class (3.13 % 
- 2019, 40% -2020).

Table 1. CCME WQI values for surface waters of Romanian Monitox Network Area

Sampling points

2019

CCME – WQI

2020
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Fetesti 89.785 83.859
Ostrov (bac pass) 89.788 89.717
Dunare veche Ostrov 89.785 89.789
Cernavoda bridge 79.583 89.712
Cernavoda Seimeni 89.790 89.722
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Braila upstream (mineral port) 89.789 89.728
Braila downstream (mineral port) 89.789 89.719
Galati downstream (mineral port) 89.791 89.718
Siret upstream 89.757 78.957
Siret upstream 79.581 79.057
Galati town downstream 89.789 89.741
Prut Giurgiulesti 100.000 89.735
Prut downstream 79.580 89.722
Reni downstream 89.790 89.733
Isaccea downstream 89.790 89.751
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For nitrate nitrogen, 50% of surface waters were framed in very good quality class in 2019 
and 40% in 2020, and 50 % in good quality class in 2019 and 60% in 2020.

Total nitrogen had values corresponding to the second quality class in 93.75% of surface 
waters in 2019, and 100% in 2020, in Monitox network area and only 6.25 % for third quality 
class in 2019 (Cernavodă bridge and Prut downstream).

For dissolved phosphorus, 84.37% of surface waters selected are framed in very good quali-
ty class in 2019 and 100% in 2020, and 15.25% in second quality class in 2019. For total phos-
phorus, 68.75 % of samples are framed in very good quality class in 2019 and 80% in 2020, 
and 31.25% in second quality class in 2019 and 20% in 2020.

The obtained results showed differences in nitrite nitrogen loads in surface water samples 
with higher values in the samples collected from the sampling points situated at the mouths of 
the Danube River into the Black Sea in 2020. Concerning the total nitrogen levels in Danube 
waters, significant higher values were obtained in 2019, when the organic nitrogen fraction of 
the total nitrogen was much higher than the others nitrogen fractions, different from the data 
obtained in 2020, when the organic nitrogen and the sum of its inorganic forms from the total 
nitrogen had similar values. Regarding the phosphorus compounds, the concentrations deter-
mined in the two studied periods are not significantly different.

The computed values of CCME WQI index for surface waters sampled in Romanian Moni-
tox Network Area, in 2019 and 2020, showed that in 2020, the surface waters quality decreased, 
comparing to 2019, due to nitrite concentrations. At 2019 level, 4% of surface waters had an 
exccelent quality, 82 % good quality and 12 % fair quality. In 2020, 56% of surface waters have 
good quality and 44% fair quality. At integrative level, Lower Danube (Constanta) had a good 
quality in 2019 and 2020 and Danube Delta in 2020 had a fair quality (table 1). 
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Ceatal Chilia 89.771 89.738
ChiliaVeche upstream 89.793 78.937
ChiliaVeche downstream 89.791 78.947
Musura bay (river mouth) 89.787 79.310
Sulina branch (river mouth) 89.793 79.039
Sfantu Gheorghe branch (river mouth) 89.793 79.077
Sf Gheorghe upstream 89.792 79.064
Sacalin 89.789 79.313
Ceatal Sf Gheorghe 89.790 78.423
Aval Izmail 89.791 79.493
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