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Abstract 

The development of chlorophyll a is dependent on a number of physico-chemical factors with high sensitivity to 

changes in water properties. Among the factors that influence the development of chlorophyll the most important 

are pH, temperature, solid suspensions, salinity, light, transparency, hydrology, and human activities. The 

sampling was carried out along the Danube from km 375, until the flow of the three arms into the Black Sea. A 

number of 25 points were selected along this length, which includes the eastern Pontic sector, the Predobrogean 

sector, and the Deltaic sector. The determinations were performed in June, in the years 2019 and 2020, a period 

in which the course of the Danube river usually has a tendency to reduce the flow. In the determinations 

performed along the Danube were identified low values of chlorophyll a varying between 2.77 µg / L and 7.23 

µg / L in 2019 and between 1.98 µg / L and 9.91 µg / L in 2020, which correspond to quality class I according to 

the Order of the Minister of Waters and Environmental Protection 161 / 16.02.2006. 
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1. INTRODUCTION  

 
The Danube is a very important part of the economy and environment all over the area it goes 

through. 

Water quality is essential in the natural balance of a very large area. 

The integrity of the structure and functions of the ecosystem is the most important both for 

protection and for knowing its evolution. The trophic structure and the biogenic elements mostly 

determine the water quality, thus being registered the disturbances from point sources or short or long 

term changes in the properties of the ecosystem [1]. 

During two expeditions performed on the Danube from Calarasi/Silistra to the discharge into 

the Black Sea on the three channels - Chilia, Sulina, and Sfantu Gheorghe - a number of 25 sampling 

and measurement points were selected. The following biological and chemical parameters were 

established for investigations: chlorophyll a, pH, total nitrogen, and total phosphorus. They are closely 

related, chlorophyll a being dependent on the nutrient concentrations, and nutrients may have 

accumulations or may be consumed by chlorophyll [2,3].  

The main objective of this study to evaluate the distribution of some nutrients in surface water 

in 2019 and 2020 from the Danube to the Black Sea. 
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All the results from this study were obtained during the monitoring activities of ENI project 

eMS code BSB27 MONITOX (2018-2021), Joint Operational Programme Black Sea Basin 2014-

2020. 

 

2. EXPERIMENTAL 
 

The Danube is the second largest river in Europe. The length, the morphology, and the fact 

that it passes through 10 countries makes the anthropic pressure to be immense. Transport, agriculture, 

and industry are some of the most important factors leading to irreversible changes in water quality. 

From the end of 1970 until 1990, the nutrient emission from the anthropogenic sources along 

the Danube River strongly influences the amount of the nutrients accumulated into the Danube Delta’s 

ecosystems [4,5]. 

Determinations of chlorophyll a and pH were performed in situ using the submersible 

multiparameter Ysi Exo 2 at an approximate depth of 20 cm for 2-3 minutes [6]. 

The EXO2 probe is a multiparametric instrument that collects water quality data. The probe 

collects data with up to six sensors, each sensor measuring its parameters through a variety of 

electrochemical, optical, or physical detection methods. Depending on the user-defined settings, the 

EXO2 probe will collect data and store it on board the probe, transfer the data to a data collection 

platform, or transmit to the user's computer or portable EXO instrument via cable, USB connection, or 

Bluetooth connection.  

During the national trip, 25 surface water samples were collected for nutrients analysis (Fig. 

1). 

The results were reported to the values corresponding to the Water Framework Directive, 

transposed in the Romanian legislation through Order 161/2006 [7]. 

 

 

  

Fig. 1. Sampling points in Romanian MONITOX network 

 

1-Ostrov (ferryboat pass) 

2-Old Danube Ostrov 

3-Fetești  

4-Cernavoda bridge 

5-Cernavodă Seimeni 

6-Braila upstream (mineral port) 

7-Braila downstream (mineral port) 

8-Siret upstream 

9-Siret downstream 

10-Galati town downstream 

11-Galati downstream 

    (mineral port) 

12-Prut Giurgiulesti 

13-Prut downstream 

14-Reni downstream 

15-Isaccea downstream 

16-Ceatal Chilia 

17-Izmail downstream 

18-Ceatal Sfântu Gheorghe 

19-Chilia Veche upstream 

20-Chilia downstream 

21-Musura bay (mouth spill) 

22-Sulina branch (mouth spill) 

23-Sf. Gheroghe upstream 

24-Sfantu Gheorghe branch  

     (mouth spill) 

25-Sacalin 
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 For the analysis of total nitrogen, the samples were preserved on the field with 1 mL H2SO4 

98%, for 100 mL sample, stored at 40 C, and analysed in the laboratory. Determination of nutrients 

dissolved was made on filtered samples and total forms on unfiltered samples using UV-VIS Lambda 

10 Perkin Elmer spectrophotometer and 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.  

Determination of phosphorus content in surface waters was made according to SR EN 

6878/2005, Water quality, Determination of phosphorus, Ammonium molybdate spectrometric method 

using UV-VIS 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 an 

acid medium with orthophosphate to form a heteropoly acid – phosphomolybdic acid – that is reduced 

to intensely blue coloured molybdenum by ascorbic acid (SR EN 6878 2005) [8]. 

 

3. RESULTS AND DISCUSSION 
 

The results of the measurements related to the ecological status indicate a good and very good 

quality for most sampling and measurement points. 

In 2019, based on the recorded total nitrogen concentrations, all the surface waters are framed 

in the good quality class, except for Cernavoda Bridge and Prut downstream (poor quality class). In 

2020, the water quality increased by 15 points, being classified in the second class, and in 10 points 

corresponding to the first quality class [7]. 

Total phosphorus also showed an improvement in quality as follows: 10 surface water in 

second class in 2019 and only 5 in 2020, and the other surface waters are framed in the first class (very 

good ecological status) (Table 1). 

In 2019, total nitrogen (TN) showed a decreasing trend from the upstream of Danube towards 

the discharge into the Black Sea. The similar trend was observed in 2020, all the values being lower 

than those obtained for 2019 (Fig 2). 

 

 
 

Fig. 2. Total nitrogen (TN) variation along the Danube River in 2019-2020 
 

Total phosphorus (TP) concentration shows a decrease in 2020, except for 5 points. In the case 

of phosphorus, there is an increase in the concentration from upstream to downstream in both years, 

with an irregular variation between the sampling points (Fig. 3). 
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Fig. 3. Total phosphorus  (TP) variation along the Danube River in 2019-2020 
 

Table 1. Total nutrients and chlorophyll concentrations and the corresponding quality class  

(blue - class I, very good; green – class II, good; yellow- class III, poor) 
 

Area No. Sampling points 

Total Nitrogen, 

mg/L 

Total 

Phosphorus, 

mg/L 

Chl. a,  

µg/L 

2019 2020 2019 2020 2019 2020 

Lower 

Danube 

RO-BG 

1 

Ostrov (ferryboat pass) 

5.751 2.640 0.115 0.116 3.27 4.89 

Lower 

Danube RO 

2 Old Danube Ostrov 6.260 1.940 0.117 0.091 3.09 2.93 

3 Fetesti 6.222 1.568 0.156 0.103 3.46 5.87 

4 Cernavoda bridge 7.118 2.788 0.108 0.102 2.77 9.91 

5 Cernavoda Seimeni 5.191 1.496 0.115 0.095 2.83 5.74 

6 Braila upstream (mineral port) 4.888 2.936 0.126 0.096 4.04 6.72 

7 Braila downstream (mineral 

port) 6.013 2.396 0.128 0.079 4.1 5.73 

8 Siret upstream 5.501 3.172 0.139 0.172 5.23 4.35 

9 
Siret downstream 

5.711 1.580 0.194 0.107 4.06 4.4 

10 Galati town downstream 4.885 1.388 0.110 0.089 3.53 7.34 

11 Galati downstream (mineral 

port) 5.147 2.188 0.134 0.266 3.06 5.56 

Lower Prut  

RO-MD 

border 

12 Prut Giurgiulesti 5.289 2.152 0.145 0.061 3.87 7.72 

13 Prut downstream 7.275 2.432 0.167 0.140 3.57 6.29 

Danube 

Delta RO-

UA border 

14 Reni downstream 5.115 2.564 0.134 0.117 3.67 2.83 

15 Isaccea downstream 5.081 2.656 0.154 0.205 3.67 5.66 

16 Ceatal chilia 6.437 1.964 0.145 0.128 4.59 2.41 

17 Izmail downstream 4.711 1.564 0.174 0.118 4.3 3.20 

18 Ceatal Sf Gheorghe 4.647 1.423 0.143 0.098 4.26 3.40 

19 Chilia Veche upstream 6.272 1.228 0.145 0.121 3.54 3.65 

20 Aval Chilia Veche 4.605 1.325 0.172 0.088 3.74 3.69 

21 Sf Gheorghe upstream 5.285 1.264 0.168 0.184 3.77 2.96 

Black Sea 

area – RO 

22 Musura bay (mouth spill) 6.027 1.464 0.179 0.064 7.23 1.98 

23 Sulina branch (mouth spill) 6.217 1.172 0.123 0.164 2.85 3.36 

24 Sfantu Gheorghe branch 

(mouth spill) 4.941 1.044 0.152 0.139 3.63 3.04 

25 Sacalin 4.735 1.300 0.194 0.113 3.75 4.07 
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Chlorophyll a does not show significant variations in 2019. In 2020 a decrease can be 

observed towards the discharge into the Black Sea. The maximum value obtained was 9.91 µg / L, 

corresponding to the first quality class (Fig. 4). 

 

 
Fig. 4. Chlorophyll a variation along the Danube River in 2019-2020 

 

4. CONCLUSIONS 

 

From the nutrients point of view - ammonia, nitrate (expressed in nitrogen), dissolved 

phosphorus and total phosphorus - the surface waters had a very good and good ecological status.  The 

downward trend towards the flow of the Danube into the Black Sea can be placed on reducing the 

anthropogenic impact, influenced by a lower industrial development. At the same time, the Danube 

Delta is an area of natural water treatment, through biological processes in aquatic ecosystems and 

beyond. 
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