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Abstract: Nutrient pollution, a growing problem for most European river basins, is a priority
challenge in the Danube River Basin, a river that interconnects freshwater with the marine
environment. The nutrient content of the Lower Danube waters in a river area where hydro-technical
works to improve navigation conditions were carried out, respectively between km 375 and km 175,
was evaluated in conection with other water quality parameters and with the hydrological regime.
This paper is based on the data obtained during the period 2011-2017 on water samples taken from 10
sampling sections, and the following parameters were investigated: pH, ammonia nitrogen - NHs-N,
nitrites - NO2-N, nitrates - NOs-N, total nitrogen - TN, orthophosphates - PO4-P, total phosphorus -
TP, Chlorophyll a - Chl "a’, all of which are correlated with water flow - Q. The results showed a
significant correlation between the nutrients content, Chl ’a’, and water flow, taking into account both
the anthropic and climatic pressures on the aquatic ecosystem and the impact of the water body loads
on the Black Sea coastal zone.
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1.Introduction

Rivers pollution with nutrients is one of the most widespread human impacts on water resources, the
water quality being affected both by the magnitude and the impact of anthropogenic activities and by
the climate change [1-5].

Waste water resulting from urban, industrial and agricultural activities is the source of most
nutrients that stimulate excessive algal growth [6-9]. The development of algae can physically change
the structure of habitats, can lower oxygen concentration and may increase the pH of water, causing a
negative impact on aquatic ecosystems [10-12]. Over time, high levels of nutrients have reduced the
number of sensitive species of fishis, algae developed under high nutrient conditions, typically
producing toxins that affect drinking water as well as aquatic biodiversity [13-17].

In recent decades, studies have increasingly been focusing on the nutrients from rivers that cause
major problems that seriously affect ecosystem services and human wellbeing, nutrient pollution being
a priority challenge also in the Danube River Basin [18-20]. According to the management plan
developed by the ICPDR, about 65% of the length of the Danube River was classified at risk due to
nutrient pollution [21, 22]. In addition, nitrogen and phosphorus causes eutrophication in the North-
West Black Sea area, and it is known that the Black Sea is one of the largest semi-enclosed marine
basins on earth where rivers discharge can be evaluated [23-25].

The Danube River Basin is recognized as the world's largest hydrographic basin, with borders with
19 industrialized countries, the Danube River being the second longest river in Europe after the Volga
[26, 27]. The lower course of the Danube River represents about 30% of its length and crosses
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Romania from Bazias to Sulina on a length of 1075 km, being the most important surface water in
Romania and one of the most important rivers that flow into the Black Sea [21, 28]. More than 80
million people live in this basin, many of them depending on the Danube for potable water, energy
production, agriculture and transport. Its ecological diversity, ranging from plant and animal species to
critical habitats, is also highly valued.

Hence, in this study, the content of nutrients in the Lower Danube, Calarasi-Braila section (km 375
- km 175), was evaluated during the period 2011-2017, during which time there were works to
improve the navigation conditions, being applied the statistical evaluation methods.

2.Materials and methods

The monitoring sites are located along the lower area of the Danube River (fig. 1), between
Calarasi (km 375) and Braila (km 175), where hydro-technical works were carried out to meet the
recommendations of the Danube Commission to maintain minimum navigation water depths during
dry seasons [29]. Hydro-technical works included dredging, embankments and construction of bottom
sills.

For environmental protection purposes, during the entire construction period, as well as before and
after it, National Institute for Research and Development in Environmental Protection (INCDPM)
performed the evolution of the environmental factors state in the intensive monitoring program.
Innovative integrated monitoring systems were designed and used for identifying the possible impact
of the constructions and to develop timely alternative solutions to intervene for reducing and
controlling the foreseen risks.
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Figure 1. Sampling locations on the Lower Danube section [30]

For this purpose, the water samples were collected about 1500 of from 10 sampling locations
situated in the Lower Danube River area (Table 1 and Figure 1), and the following indicators were
monitored: pH, ammonia nitrogen - NHs-N, nitrites - NO2-N, nitrates - NOs-N, total nitrogen - TN,
orthophosphates - POs-P, total phosphorus - TP, Chlorophyll a - Chl ’a’ and water flow - Q.
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Table 1
Water sampling locations
N . Length Geographical coordinates
Monitoring area Location (km) longitude latitude
L1 347
MA-1 L2 345 S i e
(Bala Area) 3 344 27°34'9.549 44°11'24.35
L4 343
L5 340
(Epur';iﬁ-lzsland) L6 341 27°37'2.349" 44°11'59.10"
L7 334
L8 197
(Lu ,\fﬁ:;fand) L9 196 27°54'27.93" 45°4'0.316"
P L10 195

The water samples were taken monthly during the hydro-technical construction period (September
2011 - September 2015) and half-yearly in the post-construction period (December 2015 - December
2017), at three water depths (0.5, 1.5 and 3 m) from 3 zones (left bank, right bank and river course).
During the sampling campaigns, each water sample was collected directly from the river into a
polyethylene container of 5 liters, and was transported directly to the laboratory of analysis, and stored
at 4 °C. All reagents used in this study were of analytical quality, solutions were prepared with double
distilled water, and the determinations were performed according to standards in force. The acuracy of
experimental data was ensured by periodical testing with references materials for water. All indicators
were analyzed in accordance with European standards, and water flow was calculated in base of the
level measurements on site.

Further information regarding the sampling areas and the quality indicators may be accessed on the
monitoring project homepage http://www.afdj.ro/en/content/romomed.

At the complex database obtained from the integrated monitoring program, statistical evaluation
methods were applied using the principal component analysis (PCA) and cluster analysis (CA),
methods that facilitate the problem of interpreting the large number of data, generating useful and
reliable information on the state of water quality. Also, has been achieved a spatial-temporal
evaluation of monitored indicators, and their distribution and their clasification into quality classes
according to M.O. 161/2006 and WFD (Water Framework Directive) [31, 32].

3. Results and discussions

To obtain information regarding the central tendency and distribution of each elements in the
studied area, multivariate statistical analysis methods were applied to the data obtained during the
monitoring program using the statistical software package JMP 10.

Table 2 presents a descriptive analysis of the elements concentration using several variables:
minimum, median, maximum, mean, standard deviation, standard error mean and reference values
according to the applicable legislation.

The results showed that the all parameters have recorded values over the normal values from the
national legislation in force.

Principal Component Analysis method was performed to reduce the dimensionality of the data set
using a matrix composed of the concentrations obtained for each element.

Table 2
STATISTICAL ANALYSIS OF PARAMETERS IN WATER

Variab -
/F’mlteei’/ pH NHiN  NO»N  NOssN TN POsP TP  Chl'a Q

Min 7.16 0.01 0.001 0.02 0.13 0.007 0.02 0 5
Median 8.19 0.05 0.017 0.78 1.63 0.05 0.10 3.27 2613
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Max 8.64 0.68 0.06 1.88 3.42 0.21 0.68 49.75 11200
Mean 8.09 0.09 0.02 0.77 1.59 0.05 0.10 5.09 2905
St Dev 0.25 0.11 0.01 0.32 0.51 0.02 0.05 5.07 2002
St Err Mean 0.006 0.002 0.0002 0.008 0.012 0.0004 0.001 0.125 49
90 % 8.35 0.29 0.036 1.18 2.16 0.07 0.13 11.85 5734
10% 7.69 0.02 0.010 0.36 0.87 0.03 0.07 1.18 453
Normal values* 6.5-8.5 0.4 0.01 1 15 0.1 0.15 25 -

*Normal values according to M.O. 161/2006 [31]

Table 3 shows the Pearson correlation coefficients between the concentrations of parameters.
Pearson correlation coefficients for concentrations of nutrients from the water samples showed a direct
relationship between elements. As it can be seen, the group of nutrients is strongly interrelated with
Pearson factors predominantly greater than 0.5. The Chl ‘a’, pH and Q for the monitored section,
appear to be uncorrelated with the evolution of nutrients concentrations. Between the nutrients linear
correlations were established. The increase of the nutrients content with the water flow leads to a
cumulative effect of the share of diffuse pollution (increases with water flow) with dilution. There is a
lack of linear correlations of Chl ‘a’ with the nutrients (NH4-N, NO2-N, NOs-N, TN, POs-P, TP) can
be attributed to the gap between increased nutrient concentrations and algal growth. Also, the annual
evolution of Chl ‘a’ concentrations is strongly influenced by seasonal changes and local hydrological
conditions, while nutrient levels are largely dependent on rainfall (due to soil leaching phenomena),
anthropic discharge rate versus flow rate (eg. sewage treatment plants of municipal wastewater)
between abiotic and biotic forms (eg. sediment intake and absorption).

Table 3. Pearson correlation coefficients among the water parameters
NH:N |NO»-N |NO:N |[IN PO.P |TP Cil.a” [pH Q

NH-N |1.0000

NO-N  |03834 (10000

NO-N  |-0.3613  -0.0808  1.0000

™ -0.4070 101044 10.T664 (10000

POF  |-0.4439 02040 (04326 05337 L0000

TP -0.2860 -0.1445 102019 (04030  (0.6089  1.0000

Chl,a® |0.1800 102570 -0.1101 -00040 -00846 i0ogope  |10000

pH 05960 03156 (03088 04015 |0.4800 02062 |-1333 10000

0.0608 0.0637 10000

Q -0.1240  1-0.0165 102851 02991 (01936 [0.1939

Table 4 contains selected significant loading values for the first 3 Principal Components (PC). The
results of the loading matrix on the principal components showed that the first component comprised
the variability of nutrients from data sets, the second component took over the variability of NO2-N,
the third component was associated with Chl ’a’ and Q as main constituents.
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Table 4

LOADING MATRIX
Parameters PC1 PC2 c3 PC4
N 0.8023
PO4-P 0.7883
NOs-N 0.7178
pH 0.6767
TP 0.6159 0.6722
NO2-N 0.6446 0.5266
Q 0.7419
NHz-N -0.7155
Chla’ -0.6621  0.5338

Figure 2 shows the eigenvalues associated with the principal components and the percentage of
variability accounted by each PC.

Number Eigenvalue Percent 20 40 60 80 Cum Percent ChiSguare DF Prob=ChiSq
1 J4116  37.907 37.907 5058321 35471 =000
2 14953 16.620 54 526 233312 32271 =0001*
3 1.0031  11.145 b 65671 1531.03 254974 =0001*
4 0.8801 97748 75.451 1163.01 18770 =000
A 06742 7492 02.942 784439 14504 =000
G 06256 G.951 89.893 550.884 9.531 =000
T 04116 4 574 94 467 188.794 HT3T =000
& 02894 3.216 g7 682 44 042 1.941 =.0001*
4 0.2086 2.318 100.000 0.000

Figure 2. Eigenvalues and percentage of data variability accounted by each PC

The first principal component represents 37.91 % from the variability of the entire data set, the
second principal component supplemented by 16.62 % the coverage of the original variance, the third
principal component contributed with 11.15 % and fourth principal component contributed with
9.78 %. This fact indicated that the first component collected much of the information from the
samples, which contained elements from the common source of the river. All the fourth principle
components accounted for approximately 75.46 % of the entire variability of the data set, highlighting
the major trends of the monitored ecosystem. The relative slow decay rate of the variability
contribution of each individual PC may be another indication of the mostly uncorrelated evolutions of
the monitored indicators caused by a high degree of heterogeneity.

For a more detailed assessment of the relationship between parameters, Cluster Analysis (CA) has
been used. The results are illustrated by a hierarchical dendrogram as shown in figure 3. It is known
that as value on the group of distances is lower, the more important the association is.

Depending on the degree of association between parameters, three distinct clusters could be
identified (fig. 3), as follows: in the first group an association of nutrients can be observed, both in
reduced and higher oxidation forms, the second group formed by Chl ‘a’ and pH, and the third group
shows the overall association of the monitored indicators with the water flow.
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Figure 3. Dendrogram of parameters in CA method

From the comparison of the average values with the limits prescribed in M.O. 161/2006 [26]
(fig. 4 and figure 5), the following quality items result: NH4-N, NOs-N and TN fall into classes I-11,
NO2-N fall in class I-11l, POs-P and TP fall in class I, Chl ‘a’ fall into class | and pH also fall into class
I. Regarding sources, agriculture and urban water management are responsible for most nutrient
emissions, for nitrogen, underground water (base flow) is the most important diffuse way, and for
phosphorus, urban flow and soil erosion generate the highest emissions
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Figure 4. Spatio-temporal variations of monitored parameters:
a) NH4-N; b) NO2-N; c) NOs-N; d) TN; e) POs-P; f) TP
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The loading with nutrients of Danube River is influenced mainly in spring and early summer due to
high variations in flow, which are influenced by snow melt and high precipitation fall, respectively. In
section MA-2 there were practically the works for improvement of the navigation conditions, also
were influenced the value of Chl ‘a’ and pH which have slightly higher values in this section than in
the other monitored sections (figure 5-a). TN/TP report shows values greater than 10, which indicates
a favourable growth potential of eutrophication. Higher values of TN/TP report are in MA-1 and MA-2
areas, where it is probably due to higher water flow that favours the erosion process and the nitrogen
and phosphorus forms results from leaching phenomena from soil (figure 5-c). From figure 5-d, the
results show that in the monitored areas the hydrological regime of the Danube is relatively uniform,
with the exception of section MA-2 where very low values for water flow are observed.
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Figure 5. Spatio-temporal variations of monitored parameters:a) Chl ‘a’; b) pH; ¢) TN/TP; d) Q

For to establish the distribution of monitored parameters, the statistical distribution of the data was
compared to an equivalent normal distribution, with an average confidence level of 95 %. Histograms
for concentration of parameters are shown in figure 6.
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Figure 6. Histograms of elements concentrations

The assessment of histogram confirmed that the original data sets for the analysed parameters are
normally distributed. Over all, the assessed ecosystem is not severely affected by the presence of
nutrients in water, resulting also in the heterogeneous distribution of the elements represented in
histograms.

From the temporal evolution, the monitored indicators show higher values over the period 2013-
2015, which is probably due to upstream nutrient loads and the more abundant rainfall that occurred
during from that period.

The application of multivariate statistical methods can provide logistical support for the detection
of pollution in case of accidental contaminations.

4.Conclusions

The eutrophication status of the Lower Danube waters, evaluated during the period 2011-2017 in
the Calarasi-Braila area (km 375 - km 175), where works were done to improve navigation conditions,
is presented in this paper. The nutrients content was corelated with other water quality parameters,
taking also into account the waters hydrological regime. Using statistical methods for the monitored
water parameters it was possible to reveal that there have been exceedances of normal values
according to the national legislation in force. Moreover, multivariate statistics allowed to identify the
main factors that underlies the variability of water quality data and to provide a new insight in
interpreting environmental quality based on large database of measurement results. By applying PCA
method, 4 principal components were identified with a combine share of approximately 76 % of the
original variability, and the statistical distribution of parameters represented by histograms confirmed
that the original data sets are normally distributed. Three main groups were identified from the cluster
analysis, highlighting the correlation between nutrients, Chl ‘a’ and water flow. Three main groups
were identified from the cluster analysis, highlighting the correlation between nutrients, Chl ‘a’ and
water flow.

From the spatio-temporal representation of the monitored parameters, the following quality items
result: NHs-N, NO3-N and TN fall into classes I-11, NO2-N fall in class I-111, PO4-P and TP fall in class
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I, Chl “a’ fall into class I and pH also fall into class 1. Lower water flow rates have been recorded in the
section MA-2 where navigation conditions have been improved throughout the monitored period.

The obtained results can be useful as a comparison base for authorities with competences in
environmental protection for identifying environmental pollution and acting accordingly to decrease it.
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