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Abstract

The study aims to assess the trophic state of Danube River and the main tributaries in
the Southern part of Romania through chlorophyll ,a” (Chl a) dynamics during 2015.
The samples were collected with a seasonally frequency. Several environmental
variables such as water temperature, pH, salinity, dissolved oxygen, nutrients were
considered. In addition, the qualitative analysis of phytoplankton community was
performed.

The integrative approach, which included both in-situ and laboratory analysis,
highlighted positive correlation between abiotic and biotic parameters.

The chlorophyll ,a” dynamics showed a close dependence with the sampling sites
characteristics, the point sources of pollution, phytoplankton community and specific
changes of chemical parameters.
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1. Introduction

The development of socio-economic systems is considered to be the most important
event at international level and it is corroborated with the industrialization process in
Romania, started in the second half of the nineteenth century [1], [2]. This has resulted
in the environmental accumulation of a variety of chemical compounds, accumulation
concentrated mainly at the river basins level, as it is the case of Danube River [3].
This fact induced significant changes at local and regional ecological systems [4], due
to floodplains conversion into agricultural lands and to an extensive use of fertilizers.
Moreover, dams were constructed and soils were drained to cut off floodplain areas
from the river channel as well as canals were dug to drain water in wet periods or to
water the field during dry periods of time. In particular, these large ‘land amelioration’
works have deprived floodplains of their wetland properties in many parts of the world,
particularly in the temperate areas, for example the Rhine [5], Danube and Mississippi
basins [6].

Recently, the Millennium Ecosystem Assessment has shown that global food
production doubled in the past 40 years, and it has been able to keep up with the
increasing human population [7]. However, the assessment also showed that this
population increase is taking a toll on the environment causing major biodiversity
losses, disruption of biogeochemical cycles, eutrophication and degradation of
freshwater resources, as well as loss of regulating ecosystem functions [8].
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Although, in the last two decades in the Danube River Basin the nutrients concentration
decreased considerably due to development of urban wastewater treatment facilities,
the pressures aforementioned (pollution from agriculture, industry and human
agglomeration) lead to modification in oxygen budget, composition of aquatic species,
and consequently trophic status. Many water quality variables have been described for
the assessment of trophic status. At the European level the nutrient status, dissolved
oxygen, ammonium, total phosphorus and total nitrogen were recommended as
indicators for trophic status assessment [9]. Additionally, phytoplankton composition
and chlorophyll a as an additional measure of biomass are necessary to assess the
trophic level correctly [10].

The paper aims to assess the trophic status of Danube River — Romanian sector and
its tributaries considering the relationship between Chlorophyll a (Chl a) content and
the main water quality variables (nutrients, oxygen budget, organic load, salinity,
hydrogen ion concentration and water temperature).

2. Materials and Methods

Danube River Basin - Romanian sector and its three main tributaries represented the
study area. Sixteen sampling sites were selected along Danube River and its
tributaries, as follows: nine on Danube River, two on Jiu River, two on Olt River and
three on Arges River (Figure 1). The sampling sites were chosen considering the main
points (human agglomerations, industrial and agricultural units, wastewater
discharges) and/or nonpoint/diffuse sources of water pollution (pesticides, fertilisers,
animal manure, rainfall run-off, etc).
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Figure 1. Location of sampling sites along Danube River and its tributaries (Jiu, Olt, Arges
Rivers): S1. Bazias (Danube River); S2. Gura Vaii (Danube River); S3. Calafat (Danube
River); S4. Filiasi (Jiu River); S5. Podari (Jiu River). S6. Rast (Danube River); S7. Bechet

(Danube River); S8. Slatina Bridge (Olt River); S9. Izbiceni (Olt River); S10. Islaz (Danube

River); S11. Turnu Magurele (Danube River); S12. km 36 (Arges River); S13. Giurgiu
(Danube River); S14. Chirnogi (Arges River); S15. Oltenita (Arges River); S16. Calarasi
(Danube River).
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The samples were collected with a seasonally frequency (in spring, summer and
autumn of 2015).

T°C, pH, DO and conductivity were measured in-situ using 350i Multi-parameter Sentix
41-3, ConOx-3 (WTW, Germany). Nutrients were determined using Romanian
standard methods, such as: ISO 7150/1 [11] for N-NHa, ISO 7890/3 [12] for N-NOs, EN
26777 [13] for N-NO2, EN 12260 [14] for TN, EN ISO 6878 [15] for P-PO4 and TP.
Moreover, COD and BOD were analyzed according to ISO 6060 [16] and EN 1899 [17]
methods.

Chl a concentration was determined following 1ISO 10260 [18] standard method: the
water samples were filtered after collection. 0,5 L water sample was vaccum filtered
through 47 mm GF/F Whatman filters. Then, Chl a was extracted with 90% ethylic
alcohol and spectrometrical measured (Specord BU 205, Analytik Jena Germany).
After eight hours, the extract absorbance was measured before and after acidification
(with HCI 3mol*L1) at 665 nm and 750 nm. Qualitative analysis of phytoplankton was
made using Leica Dmi8 inverted microscope (Leica Microsystems Inc., USA).
Moreover, the total nitrogen to total phosphorus ratio (TN:TP) was used as a measure
of the tendency of a water body to support an algal bloom. TN:TP ratio ranging
between 25 to 40:1 correspond to un-impacted rivers whereas TN:TP ratio of less than
10:1 correspond to most impacted rivers [19].

3. Results and Discussion

The Chl a content as well as the environmental variables: water temperature (T°C),
hydrogen ion concentration (pH), dissolved oxygen (DO), organic content (measured
as: chemical oxygen demand (COD) and biochemical oxygen demand (BOD)), salinity
(conductivity) and nutrients (N-NHa4, N-NOs, N-NO2, total nitrogen (TN), P-POs,
total phosphorus (TP)) were strongly related to sampling sites, associated
anthropogenic pressures and seasonal variations.

Water quality variables characterization
The water temperature showed in 2015 a seasonal dynamics, the lowest value was
measured in spring 5,3°C (Danube River) and the highest water temperature was
recorded 24,6°C in summer along Jiu River. In terms of acidification, the pH values
measured during 2015 ranged between 6,2 in spring (Danube River) and 8,7 in
summer (Olt River).
DO concentration measured along Danube and its tributaries during the three studied
seasons of 2015 did not significantly fluctuated. According to US Environmental
Protection Agency [20], DO is not a necessary variable to be measured in lotic
systems. The organic load (expressed as COD and BOD) was greater at Arges River
(12,9 mgO2*L't COD and 4,17 mgO2*L"1 BOD) and Olt River (12,4 mgO2*L* COD and
3,64 mgO2*L1 BOD), than Danube River (6,65 mgO2*L* COD and 2,26 mgO2*L " BOD)
(Table 1).
Salinity (measured as conductivity) had seasonal and spatial related patterns. Along
Danube River, the conductivity values ranged between 326 uS*cm-t at S13 (Giurgiu)
in autumn and 468 uS*cm™ at S10 (Islaz) during summer. The highest conductivity
values were measured along Olt River, mainly at S8 (Slatina Bridge), 674 puS*cm-?
during spring and 696 uS*cm-* during summer. These values may be explained by the
wastewater discharges resulted from industrial activities of SC Oltchim S.A and USG
Ciech Chemical Group Govora, dowstream Ramnicu-Valcea county. A negative
correlation was observed between Chl a content and conductivity values along Olt
River (Table 1).
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Table 1. The main environmental variables detected along Danube River and its tributaries
during 2015 (the standard deviation was applied to the average values calculated from the

values seasonally detected

Environmental UM Danube River Jiu River Olt River Arges River
Variables ' Avg * std Avg * std Avg * std Avg * std
Temperature °C 15.2 + 5,53 175+ 3.93 16.8 +4.12 14.4 + 4.65

pH pH units 7.15+0.51 7.47 £ 0.56 7.87+0.81 7.04 £ 0.56
DO mgO2*L*? 6.10+1.14 6.46 £ 0.88 6.56 + 0.88 5.89 + 1.66
CcCocCr mgOz*L*? 6.65 £ 3.16 9.71+7.01 12.4 + 4.63 12.9+5.84
CBOs mgO2*L*? 2.26 £ 1.06 3.36+2.21 3.64 £ 0.96 417 +1.78
Conductivity puS*cm-t 395 +39.8 356 +71.1 535+ 123 409 +41.8
N-NH,* mg*Lt 0.09 + 0.07 0.19+0.14 0.18 +0.153 0.21 +0.27
N-NOs mg*L? 1.64 +0.42 2.17 + 0.56 1.61+0.94 1.68 +0.41
N-NOy mg*Lt 0.004 £ 0.001  0.005 + 0.001 0.005 + 0.001 0.005 + 0.001
TN mg*Lt 2.53+0.49 3.48 + 0.69 2.86 + 0.39 2.75+0.46
P-PO* mg*Lt 0.05+0.01 0.08 +0.08 0.04 + 0.01 0.07 £ 0.03
TP mg*L?! 0.068 + 0.01 0.12+0.15 0.065 + 0.02 0.082 + 0.04
Chlorophyll a ug* L1t 8.24 +7.05 15.1+24.7 42+ 251 9.21+4.76

This lotic system also exhibited the most alkaline water, the average value of pH was
of 7,87 pH units.

Nutrients concentration varied over a wide range of concentrations showing different
peaks at particular lotic ecosystems: N-NHs4 concentrations reached its maximum
along Arges River (0,84 mg*L* at S12 (km 36) in autumn); the greater values of
N-NOz (2,74 mg*Lt) at S4 (Filiasi) and TN (4,62 mg*L*) at S5 (Podari) during summer,
P-PO4 (0,24 mg*L?) and TP (0,42 mg*L') at S4 (Filiasi) during spring were detected
along Jiu River.

Chlorphyll a variation

In terms of spatial distribution, Chl a content increased from upstream to downstream
Danube River sampling sites; the highest Chl a values were recorded at S13 (Giurgiu)
(13,9 pg/L) and S16 (Calarasi) (16,8 pg/L).
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Figure 2. Spatial variation of Chl a durirrlg 2015 along Danube River and its tributaries
I Jiu River i Olt River LArges River 1

rﬁﬁ&.
S4 S5 S6 sS7

Sampling sites

Danube River

Legend:

99



INCD ECOIND — INTERNATIONAL SYMPOSIUM - SIMI 2016
“THE ENVIRONMENT AND THE INDUSTRY”, PROCEEDINGS BOOK

Moreover, along Danube’s tributaries, it was observed that the annual concentration
of Chl a on Jiu River (26,7 pg/L at S4 (Filiasi)) was greater than Chl a values obtained
on Olt River and Arges River. During 2015, the average Chl a concentration ranged
from 1,47 ug/L at S8 (Slatina Bridge) to 2,90 ug/L at S9 (Izbiceni) along Olt River.
Along Arges River, Chl a content varied from 6,88 pg/L at S12 (km 36) to 10,8ug/L at
S14 (Chirnogi) (Figure 2).

The seasonal pattern of surface Chl a distribution emphasized high variability, which
was related to both anthropogenic pressures and meteorological conditions. Chl a
showed a spring maximum linked mainly with the Danube discharges and nutrients
inputs (Figure 3).
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Figure 3. Temporal variation of Chl a during 2015 along Danube River
High Chl a content was detected in spring (21,6 pg*L* at S13 and 25,2 ug*L* at S16)
and summer (17, 7 pg*Lt at S13 and 23 pg*L* at S16) downstream Danube River
sampling sites, S13 (Giurgiu) and S16 (Calarasi), due to Arges water discharges as
well as anthropogenic point souces from the aforementioned cites (Giurgiu and
Calarasi).
Moreover, the qualitative analysis of phytoplankton community along Danube River
sampling sites showed predominantly, the presence of diatoms (Baccilarophycae) and
green algae (Chlorophycace). Among diatoms, Aulacoseira granulata, Skeletonema
potamus and Melosira varians were previously reported along Danube River [10].
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development during spring and / or
wastewater discharges from
agriculture units. The phytoplankton
community along Jiu River was
dominated by the diatoms (Cymbella
ventricosa, Navicula gracilis,
Gomphonema acuminatum) and less
frequently  Clorophycae  (Ulothrix
zonata) (data not shown).

As for Olt and Arges Rivers, during
2015, the temporal variation of Chl a
was positive correlated with the TP
and P-POg4 concentration. The highest
Chl a concentration measured along
Arges River at S14 (Chirnogi) during
spring was of 17,3 pug*Lt. As in the
case of Danube River and Jiu River
ecosystems, along Olt River in terms
of phytoplankton dominated the
diatoms (Synedra acus, Nitzchia
sigmoidea, Gyrosigma acuminatum)
and Chlorophyceae (Pediastrum
duplex) (data not shown).

Figure 4. Temporal variation of Chl a during 2015 along Danube’s tributaries

Trophic status assessment
For the assessment of trophic status, total nitrogen to total phosphorus ratio (TN:TP)
was used [19]. Thus, the TN:TP ratio was applied on the values detected along Danube

River and its tributaries during 2015 (Table 2).

(Jiu-A, Olt-B, Arges-C)

Table 2. TN:TP ratio calculated along Danube River and its main tributaries
(Jiu, Olt and Arges)

TN:TP ratio /

. Danube River Jiu River Olt River Arges River
lotic systems
TN:TP 38:1 54:1 47:1 38:1
Legend:

TN:TP ratio - 25 to 40:1 un-impacted rivers;
TN:TP ratio - < 10:1 most impacted rivers.

The TN:TP values calculated for Danube River and its tributaries emphasized that
during the study period, the values were above or in range of the TN:TP ratio
corresponding for un-impacted rivers.
Additionally, according with the Romanian Norm 161/2006 [21] for the classification of
surface water quality, the average values of Chl a measured during 2015 along Danube
River and its tributaries framed the studied ecosystems into quality Class | (Table 3).
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Table 3. Chlorophyll a content along Danube River and its main tributaries
(Jiu, Olt and Arges)

| U.M  Danube River Jiu River Olt River Arges River
Chlorophylla | pg* L 8.24 15.1 4.2 9.21
1
Romanian
Norm 161/2006 | pg* L o5
for Quality !
Class |

The dissolved oxigen, ammonium, total phosphorus, total nitrogen alongside
chlorophyll a and phytoplankton composition were considered the main water quality
indicators for the assessment of trophic status.

In this study, Chl a had a positive relationship more with TP and P-PO4 concentration
than with TN, N-NHas, N-NOs, N-NO2, although previous studies found no significant
correlation between Chl a and P-PO4 and TP, mainly due to phosphorus consumption
linked to growth of diatoms [22].

Furthermore, the absorption of nitrate by the phytoplankton community has been
widely disscused, in particular during the daylight conditions [23]. The negative
relationship between nitrate and Chl a corroborated the idea of modulating the nitrate
concentration by phytoplankton [24].

Dissolved oxygen variation influenced Chl a content along Danube river and its
tributaries during high water levels, when allochthonous inputs increased and thus
decreasing the oxygen concentration in the water column which in turn could affect
aquatic biota [25].

Although, the health of water bodies improved in the last few years, due to wastewater
treatment plants construction, Romanian economical transitions (decreasing the
industrial production), interruption of agriculture plans, yet, important steps forward
must be done to meet the European requirements.

4. Conclusions

The study was done using data collected in 2015 along Danube River — Romanian
sector and three of its main tributaries (Jiu, Olt, Arges). It emphasised the spatial and
seasonal variation of Chl a as well as of various water quality variables used to assess
the trophic status.

The higher ranges encountered in the present study, either of Chl a or nutrient
concentrations, indicated changes in water quality. The environmental variables
dynamics suggested that phosphorus and nitrogen were the most important nutrients
regulating autotrophic state along the studied lotic systems. It was observed that along
Danube River sampling sites as well as its tributaries, Chl a dynamics was more related
to the increase TP and P-POasthan of TN, N-NH4, N-NO3s, N-NO2 variation.

The TN:TP ratio calculated for Danube River and its tributaries during 2015 indicated
a trophic status linked to un-impacted rivers. Moreover, the average values of Chl a
measured during 2015 along Danube River and its tributaries framed the studied
ecosystems into quality Class I.
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