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Abstract 
The oxygen regime and nutrients are among the quality indicators covered by the Water Framework Directive 
2000/60/EC (WFD) that must be monitored in order to establish the ecological status of the surface water. The 
WFD defines, for each indicator, five quality classes that are transposed in Romania by Ministerial Order (M.O.) 
161/2006. The main aim of this study is to assess the oxygen and nutrient regime of the Lower Danube water 
according to M.O. 161/2006. 35 water samples were collected monthly from 7 sampling stations situated near 
the cities of Braila and Galati during the period of March-July 2019. Three oxygen regime indicators i.e. 
Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD5), Chemical Oxygen Demand (COD), and five 
nutrients i.e. Nitrate nitrogen (N-NO3

-), Nitrite-nitrogen (N-NO2
-), Ammonium-nitrogen (N-NH4

+), Total 
nitrogen (TN) and Ortho-phosphates (P-PO4

3-) were analyzed in this study. The results showed that DO and 
BOD5 were parameters which recorded significant temporal variations (spring-summer) in all 7 sampling station. 
DO levels varied from values specific for the quality Class I in spring to values specific for the quality Class III 
during the summer, while BOD5 values varied from Class I to Classes II-IV. Following the evaluation of the 
nutrient values, the Danube water quality was classified in Classes I, II, or III. Nutrient concentrations 
corresponding to a lower quality were recorded near the confluence areas of the Danube with the Siret and the 
Prut Rivers (S3 and S6 sampling stations).  
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1. INTRODUCTION  
 

The Water Framework Directive (WFD) was adopted by the European Parliament and the 
Council of the European Union with a view of establishing a common framework for the protection of 
inland surface waters, groundwater, transitional and coastal waters. Its main objective is to achieve a 
good ecological status (second quality class) in all surface water by 2015 [1]. In accordance with 
WFD, biological, hydromorphological, chemical, and physicochemical indicators are the qualitative 
elements of a river that must be monitored in order to establish its ecological status. The general 
chemical and physicochemical indicators required by WFD are thermal conditions, oxygen regime, 
salinity, acidification level, and nutrient concentrations. For each indicator, the following five quality 
classes with threshold values specific for each country are defined: Class I (high), Class II (good), 
Class III (moderate), Class IV (poor), and Class V (bad)  [2-4]. These limit values are transposed in 
the Romanian legislation by Ministerial Order (M.O.) 161/2006 approving the Norms on surface water 
quality classification to determine the ecological status of water bodies [5]. 

The purpose of this study is to assess the nutrient concentrations and oxygen regime of the 
Lower Danube water (Braila-Galati area) in accordance with the requirements of the M.O. 161/2006. 
Furthermore, the correlations between the analysed indicators were studied.  

Assessment of nutrient concentrations in surface waters is important because excessive intakes 
of phosphorus (P) and nitrogen (N) are the main cause of eutrophication, which impairs the 



ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI – FASCICLE II 

█████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████ 
 
 
 
 
. 

 69

biodiversity, structure, and functions of the aquatic ecosystem [6-7]. The main anthropogenic sources 
of nutrients within the Danube Basin are the agricultural sector, households, and industry [8-9]. The 
indicators that describe the oxygen conditions of the surface waters are dissolved oxygen (DO), 
biochemical oxygen demand (BOD5), and chemical oxygen demand (COD). BOD5 and COD 
parameters are often monitored to establish the level of organic matter in water [10]. Urban 
wastewater untreated or improperly treated before discharge, agriculture (mainly the animal breeding 
sector), and industry (especially the pulp and paper, textile, chemical, and food industry) are the main 
sources of organic pollution of Danube water [11]. Monitoring the level of dissolved oxygen in water 
bodies is essential because it plays a vital role for in the aquatic biota, a low level even causing the 
death of organisms [12,13]. 

 
 
 

2. EXPERIMENTAL 
 

The water samples were collected monthly from seven sampling stations on the Danube River, 
located on the sector near the cities of Galati and Braila during the period of March-July 2019. To 
evaluate the water quality in this sector, seven reference sampling stations were located from the 
middle of the watercourse from upstream to downstream. The map with the geographic distribution of 
the sampling sites is represented in Figure 1.  

 

 
 

Fig. 1. The map of sampling stations  
 

After sampling, the water samples were transported to the CREDENTIAL laboratory within the 
“Dunarea de Jos” University of Galati, where they were analysed in the shortest time possible.  The 
physicochemical indicators determined experimentally for this study are the nutrients i.e. Nitrate 
nitrogen (N-NO3

-), Nitrite-nitrogen (N-NO2
-), Ammonium-nitrogen (N-NH4

+), Total nitrogen (TN), 
Ortho-phosphates (P-PO4

3-), and the oxygen regime i.e. Dissolved Oxygen (DO), Biochemical Oxygen 
Demand in five days (BOD5), Chemical Oxygen Demand (COD). Figures 2 (a, b, c, d) illustrate the 
instruments that were used to analyze the water samples: 
(a) NOVA 60 A Spectrophotometer used to determine COD, N-NO3

-, N-NO2
-, N-NH4

+, TN, P-PO4
3- 

concentrations. 
(b) Thermoreactor TR 60 necessary for the digestion of water samples; 
(c) Multiparameter analyser HANNA HI9828 used to determine the values of Dissolved Oxygen in 
situ; 
(d) BOD System used to quantify the Biochemical Oxygen Demand in five days. 
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(a) 
 

(b) 

 

(c) 
 

(d) 

Fig. 2 Instruments used for water sample analysis 
(a) NOVA 60A spectrophotometer (b) Thermoreactor TR60 (c) HI9828 HANNA Multiparameter (d) 

BOD System 
 

3. RESULTS AND DISCUSSION 
 

In order to assess the temporal and seasonal variation of nutrients and oxygen regime levels in 
accordance with M.O. 161/2006, the experimental results were represented graphically in Figures 2 
and 3. The limit values of the monitored indicators for the 5 quality classes regulated by the Order 
161/2006 are summarized in Table 1.  

 
       Table 1. The limit values corresponding to the 5 quality classes regulated by M.O. 161/2006 [5] 

 
Indicator Unit The limit values for the 5 quality classes 

I II III IV V 
DO (mg O

2
/L) 9 7 5 4 <4 

BOD (mg O
2
/L) 3 5 7 20 >20 

COD (mg O
2
/L) 10 25 50 125 >125 

N-NH4
+ (mg N/L) 0,4 0.8 1.2 3.2 >3.2 

TN (mg N/L) 1.5 7 12 16 >16 

N-NO3
+ (mg N/L) 1 3 5.6 11.2 >11.2 

N-NO2
+ (mg N/L) 0.01 0.03 0.06 0.3 >0.3 

P-PO4
3+ (mg P/L) 0.1 0.2 0.4 0.9 >0.9 
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Nutrient concentrations in the investigated water samples are represented in Fig. 3 (a, b, c, d). 
From the results presented in Fig. 3 (a, b, c, d), there can be observed that values of nutrients 
corresponding to quality classes I, II, and III were obtained throughout the monitoring period. 
Analyzing the spatial variation of these results, it is seen that the highest values of N-NH4 

+ (3.2 mg 
N/L), P-PO4

3- (0.36 mg P/L), N-NO3
- (4.4 mg N/L), and TN (7.5 mg N/L) were recorded in S4 and S6 

sampling stations. It is important to note that these stations are located at the confluence of the Danube 
with the Siret (S4) and Prut (S6) rivers. Thus, the results mentioned above highlight the contribution of 
the two tributaries on the quality of the Danube water, especially on the level of nutrients. This may be 
due to fertilizers applied to agricultural land in the vicinity of the two tributaries. In addition, this 
explanation can be supported by the fact that the highest concentrations of nutrients were recorded in 
the spring season when melted snow on adjacent land drains into watercourses [14].  
 

 
(a) (b) 

 
(c) 

 
(d) 

 
(e) 

                 
 Fig. 3. Temporal and spatial variation of nutrient concentrations (a) N-NH4

+ (b) P-PO4
3-  (c) N-NO3

-  
(d) N-NO2

-  (e) TN 
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In terms of spatio-temporal variation of the indicators specific to the oxygen regime, from Fig. 
4 (a, b, c)  it can be observed that the dissolved oxygen level registered the largest seasonal variation. 
An explanation for this result may be the dependence of dissolved oxygen on temperature, as higher 
temperatures favor the acceleration of biological activities and, consequently the decrease of dissolved 
oxygen level in water [15]. This is also represented in Fig. 4 (a) where there can be seen how the 
values of DO corresponding to quality class I (10.1-12.7 mg O2/L) were recorded in the spring season 
(especially in March and April), while values corresponding to classes II and III (5.6-8.8) in summer. 
Also, the Biochemical Oxygen Demand indicator, recorded values corresponding to a lower quality 
class (III-IV) during the summer, probably due to the opposite dependence between temperature and 
solubility of oxygen in water [16]. According to the results obtained following the experimental 
determination of the Chemical Oxygen Demand (COD), the water quality was classified in classes I, 
II, and rarely III (Fig. 4 c). An increased level of COD suggests that biologically resistant organic 
substances are present in the water [17]. 

 

(a) (b) 

 
(c) 

 
Fig. 4 Temporal and spatial variation of DO (a), BOD5 (b) and COD (c) levels 

 
In this study, the correlation relations between the analyzed physicochemical indicators were 

also studied. From the correlation matrix represented in Table 2, it can be observed a positive 
correlation between N-NH4

+ and N-NO2
-,TN, and P-PO4

3- probably due to the presence of the same 
source of pollution, namely the agricultural activities carried out near the monitored area [4]. A 
negative correlation was obtained between DO and BOD suggesting that a high level of BOD and at 
the same time a low value of DO may be due to the organic matter present in the water [18-19]. 
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Tab. 2 Correlation matrix for the analyzed indicators 
 

 
 

4. CONCLUSIONS 
 

In order to assess the nutrient and oxygen regime of the Lower Danube water in accordance 
with M.O.161/2006, eight physicochemical indicators were monthly analyzed during the period of 
March-July 2019. The monitored indicators recorded values corresponding to quality classes I-IV. 
BOD5 and DO parameters recorded significant temporal variations, perhaps due to the temperature 
differences from spring to summer. Regarding the nutrients values, high concentrations were obtained 
in the sampling stations located at the confluence of the Siret and Prut rivers with the Danube, 
especially in the spring season. These results highlight the contribution of the two tributaries on the 
level of nutrients in the Danube water. According to the correlation matrix, positive correlations 
between N-NH4

+ and N-NO2
- ,TN and P-PO4

3-, TN-DO were obtained, while between DO and BOD 
negative correlation was noticed. 
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