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Abstract  
 
Microplastics represent one of the most important concerns of the actual society. With a long environmental 
persistence, these plastic based particles are transported by the flow and deposited in sedimentary systems. This paper 
describes the distribution of microplastics in fluvial and lacustrine environments of the Danube Delta. Taking into 
account that the River Danube and its main distributaries (Kilia, Sulina and St. George) are the primary pathways 
along which MPs are transferred to the Black Sea, the superficial sedimentary material could testify the pollution 
degree. Microplastic concentrations identified previously by Pojar et al. (2021a) and the data of flow velocities and 
fluxes at different hydrological regimes were considered to characterise the MPs distribution, as their abundance and 
morphology change due to the discharge and currents speed. Our results show that moderate to higher concentrations 
have been found in the first and second rank locations, related closely with the main distributaries. Complementary, we 
discuss how hydrodynamics can elucidate the spatial distribution of MPs in the Danube Delta, as well as their path and 
behaviour in a regional-scale aquatic environment. 
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INTRODUCTION  
 
A considerable number of studies has 
approached microplastic particles (MPs) 
presence and behaviour in aquatic and 
terrestrial environments. The increasing trend 
of studies regarding MPs from terrestrial and 
freshwater (Ballent et al., 2016; Siegfried et al., 
2017; Luo et al., 2019; Stock et al., 2019; 
Campanale et al., 2019, 2020) has been noticed 
due to the questions around the marine and 
fluvial MPs sources. Therefore, different 
studies respond with estimated riverine fluxes 
to the global ocean (1.15 to 2.41 x 106 t/year, 
Lebreton et al., 2017; Lin et al., 2018; 0.41-4 x 
106 t/year, Schmidt et al., 2017). On the other 
hand, few studies have detailed MPs abundance 
and characteristics in deltas, where the 
distribution of MPs is paternalized by a 
multitude of natural and anthropic factors 
(Pojar et al., 2021a).  
The Danube River is considered to be under a 
significant pollution risk, especially in its 
Lower Segment (Gati et al., 2016), having an 
important input from several major effluents 
and numerous sources of contaminants derived 
from highly urbanised areas. Moreover, the 

Danube Delta Biosphere Reserve (DDBR), 
which is considered a buffer zone by filtrating 
and improving the water quality discharged 
into the Black Sea (Popescu et al., 2015), is 
under a high impact of incoming pollutants, 
especially Persistent Organic Pollutants (POPs) 
and Toxic Organic Micro Pollutants (TOMPs), 
from anthropogenic activities located upstream 
(Dobrinas et al., 2004).  
As expected, multiple types of pollution such 
as heavy metals and POPs (Catianis et al., 
2013, 2018; Stănescu et al., 2013; Tiron Duțu 
et al., 2019) have been observed as 
accumulation in water, sediments and biota, 
with different concentrations, depending on a 
multitude of natural and human-induced 
factors. As source of pollution, it can be 
considered industrial, household and 
agricultural waste that is entering into Danube 
River hydrological system upstream its delta 
(Kyle, 2006). 
Due to MPs diverse morphology (pellets; 
micro-beads; fibres; fragments; flakes) and 
different physical and chemical properties that 
vary according to polymer-type and the 
presence of absorbed pollutants (e.g. TOMPs) 
inside the plastic microstructure (Guzzetti et 

AgroLife Scientific Journal - Volume 10, Number 2, 2021
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



143

 

al., 2018) it is difficult to determine the fully 
impact over the environment. From what it is 
acknowledged, the MP extent and distribution 
is recognized in each and every environment 
from terrestrial to marine (Xiong et al., 2019; 
Luo et al., 2019; Yan et al., 2019), although a 
clear concept regarding their accumulation in 
specific areas, known as ‘hotspots’, is still a 
debatable issue.  
MPs abundances in freshwater environments 
are found with variable concentrations, from 
10s to 100s of p·kg-1 (particles per kg) (Sagawa 
et al., 2018; Saliu et al., 2018). However, 
higher concentrations are identified in heavily 
urbanised catchment headwaters (Hurley et al., 
2018; Xiong et al., 2019), and in areas with 
high sedimentation rate such as freshwater-
marine transition areas (Yan et al., 2019). 
As it is little available information on MPs 
accumulation on deltas and estuaries, there is 
an acknowledged need to link terrestrial 
sources and transport of plastic particles, their 
stack in freshwater-marine transitional 
sediments, as well their impact in these areas. 
Concerning MPs behaviour and path in 
freshwater, recent surveys of the Rhine and 
Danube have focussed on low density particles 
(Siegfried et al., 2017; Mani et al., 2019; Prata 
et al., 2019), concluding their tendency to be 

transported long distances downstream to the 
North Sea and Black Sea basins.  
Taking into account that the River Danube and 
its main distributaries (Kilia, Sulina and St. 
George) are the primary pathways along which 
MPs are transferred to the Black Sea basin; it is 
needed to sink the MPs distribution to the flow 
distribution within the Danube Delta area. 
Seeking to advance in clarifying the fate of 
MPs in freshwater accumulations such as lakes 
and channels, this study aims to describe MPs 
concentrations and distribution in the 
hydrological context of the area. This study 
expands the previously researches on the MPs 
distribution (Pojar et al., 2021a) with a 
correlation with the water circulation inside the 
Danube Delta. The authors describe the 
distribution of MPs in fluvial and lacustrine 
environments of the Danube Delta. 
 
STUDY AREA 
 
Located in the south-eastern Romania, DDBR 
has a surface of arround 580,000 ha and a very 
complex network of canals and lakes (Panin, 
2003; Driga, 2004). The Danube input of 
freshwater is supplying the natural lakes and 
channels through its main distributaries (Kilia, 
Sulina and St. George). 

 

Figure 1. Danube Delta with the marked sampling points and the ADCP profiles position 
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In the Danube Delta the present hydro-
morphological and sedimentological processes 
are the result of a multiple series of anthropic 
works located in the Danube Basin but also 
inside the delta. Two most important dams 
influencing the downstream part of the Danube 
River are situated in the upper sector of the 
lower Danube section, at 942 km and 864 km 
from the Black Sea (Iron Gates I and Iron Gates 
II, built respectively in 1970 and 1984). 
Combined with the hydro-technical regulation 
works along the Danube tributaries, 
abovementioned dams have dramatically 
decreased the sediment discharge measured at 
the mouths of the Danube (within 25-30%); 
approximately 30 million t/year of sediments 
which are trapped in the barrage lake upstream 
the Iron Gates I (Panin & Jipa, 2002; Panin, 
2003, Panin et al., 2016).   
Additionally, in the last 200 years, the cut-offs 
programme of the Sulina and St. George 
branches brought a redistribution of water and 
sediment discharge among the delta 
distributaries (Panin, 1999). 
 
MATERIALS AND METHODS 
 
Hydrodynamic data have been used to 
characterise the water circulation in the Danube 
Delta. The water flow was measured in 
September 2016, May and September 2019, 
and September 2020, using a powered boat 
mounted acoustic Doppler current profiler 
(ADCP, RiverRay 600 kHz, manufactured by 
Teledyne) (Table 1).  
On the Sulina Channel, 12 transverse ADCP 
profiles were completed and, on the St. George 
branch, other 22 transverse ADCP profiles 
were measured, to assure an overall 
understanding of the flow distribution within 
the delta area (Figure 1).  
The measured discharges for Sulina and St. 
George branches are presented below: 
 

Table 1. Water discharge of the Sulina and St. George 
branches, measured with ADCP equipment 

 Sept 
2016 

May 
2019 

Sept 
2019 

Sept 
2020 

Water discharge (m3·s-1) 
Sulina Channel - 1511.00 698.00 891.00 

St. George 
Branch 

1264.00 2469.00 1107.00 1382.00 

 
 

For MPs evaluation and distribution, it was 
sampled sediments from 15 locations 
comprising distributaries, lakes and channel 
deposits from the Danube Delta and from 2 
lagoon beach deposits on the Danube Delta 
coast, nearby to the mouths of Sulina and St. 
George branches (Figure 1, Table 2). Sampling 
areas comprise channels and lakes selected to 
include a hierarchy of locations situated at 
progressively increasing distances from the 
three distributaries:   

- 1st order lakes are connected to a 
distributary via a single channel;  

- 2nd order lakes are connected to a 
distributary via a channel, an 
intermediate lake and a second channel;  

- 3rd order lakes are connected to a 
distributary via two intermediate lakes 
and three channels. 

Sampling procedures have been performed 
during a field campaign from April 2016. The 
research vessel R.V. ISTROS (NIRD 
GeoEcoMar) was used for measurements and 
sampling the selected sites. Technical 
approaches about the MPs determination 
methods have been developed by Pojar et al. 
(2021a). 
 
Table 2. Locations of sites sampled in the Danube delta; 

Mm - maritime mile 

Sample 
no. 

Sample location System 
type 

Order/ 
Rank 

DD1 Ceatal St. George; Mm. 
32 

fluvial - 

DD2 Fortuna Lake deltaic 1 
DD3 Sontea channel 

 (towards Fortuna L.) 
deltaic 1 

DD4 Lopatna channel 
 (towards Matita L.) 

deltaic 2 

DD5 Matita Lake deltaic 2 
DD6 Sulina distributary; Mm 

13 
fluvial - 

DD7 Sulina distributary; Mm 
0.1 

coastal; 
fluvial 

- 

DD8 Rosulet Lake deltaic 3 
DD9 Rosu Lake deltaic 3 
DD10 Rosu Lake deltaic 3 
DD11 Magistral Canal  

(towards Rosulet L.) 
deltaic 3 

DD12 Sahalin Coastal Lagoon brackish 
water 

- 

DD13 Dunavat Channel deltaic 4 
DD14 Razim Lake deltaic 4 
DD15 St. George distributary; 

Km 0.4 
fluvial - 
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RESULTS AND DISCUSSIONS  
 
The water circulation between distributaries 
and the delta territory can be analysed only at 
the global level of the entire deltaic space. Most 
of the flow of the three arms of the Danube is 
transported directly into the Black Sea and only 
a small part is transited to the depressions 
through a very complex network of canals, 
(between 100 - 450 m3·s-1), approximately 2.2 -
7% of the Danube flow at the entrance to the 
delta (Driga, 2004). During high waters, when 
the flow of the Danube at the entrance to the 
delta exceeds the value of approximately 9000 
m3.s-1, the water passes over the levees towards 
the interdistributary depressions. After filling 
them, the flow at the mouths became equal to 
the flow at the entrance of the delta, producing 
a hydrological balance.  
At the delta apex (Ceatal Ismail) the flow is 
distributed almost equally between the Tulcea 
(44%) and Kilia (56%) branches (Bondar & 
Panin, 2000). Downstream, at the hydrological 
knot of Ceatal St. George the flow distribution 
between Sulina and St. George branches is 
unequal; the Sulina distributary represents 
around 38-39% of the Tulcea distributary 
discharge (Figure 2) and play an important role 
in supplying the interdistributary depressions.  
The most dynamic sector of the Sulina Channel 
is the upstream sector, due to the steep slope, 
the narrowing of the channel and the presence 
of the concrete dikes. Few adjacent channels 
are making the connection with the 
interdistributary depressions from the North, 
such as Gârla Păpădia (at Mile 30.5). 
Downstream, the channels of the “Big M” 
former meander (Dunărea Veche canals at 
Miles 14 and 8.5) take a very small part of the 
main flow (between 3 and 7%) and make the 
connection with the northern interdistributary 
area mainly through the Eracle and Şontea 
canals. At Mile 8.5, reverse currents have been 
observed in September 2019 (at a discharge of 
698.00 m3·s-1).  To the South, the Caraorman 
canal (at Mile 14) takes a small part of the 
discharge towards Puiu Lake. Starting from 
Mile 10, going downstream to the Sulina 
Channel mouth, a single connection with the 
southern interdistributary area is made by the 
Busurca Canal (at Mile 2).  

On the St. George branch, the main liquid flow 
is unequally distributed between the artificial 
canals and the cutoff meanders. Previous 
studies (Tiron Duțu et al., 2014 and Tiron Duțu 
& Duţu, 2019) argued that the flow to the cut-
off channels was progressively diminished in 
the last 40 years, as effect of the meander 
rectification works. Furthermore, our results 
have showed that the water volumes 
transported by the cuttofs are continuously 
reduced (the cutoff channels of Mahmudia, 
Dunavăţ de Jos and Dranov de Jos meanders 
receives only 5-10% of the upstream flow). 
Thus, the interdistributary depressions are less 
supplied with water. The connection with the 
interdistributary areas from North and South is 
made through many canals, such as the Litcov 
Canal (towards the Gorgova lake), Uzlina 
Canal (towards the Uzlina Lake), Murighiol 
Canal, Dunavat Canal (towards the Razim 
Sinoe), Perivolovca Canal, Dranov Canal 
(towards Dranov Lake), Erenciuc Canal, Tataru 
Canal and Gârla Turcească.  
Bondar & Panin (2000) have shown that during 
small waters (flows below the multiannual 
average of the Danube), the volume of water 
flowing into the Black Sea through the Danube 
above mentioned distributaries is higher than 
the volume of water of the distributaries at the 
bifurcation area of Ceatal St. George (the 
balance is positive, IN < OUT). The situation is 
reversed at high water levels, when the water 
supply from the discharge is lower than the 
volume of water taken over by the Danube 
branches in the bifurcation area (the balance is 
negative, IN > OUT).  
The MPs distribution is relationship with the 
flow circulation inside the delta. Few MPs (< 
100 p·kg-1) were found in the middle part of the 
St. George branch, at the exit of the Mahmudia 
meander (on DD15, 16 p·kg-1), and in Rosu 
Lake (on DD09, 24 p·kg-1 and on DD10, 24 
p·kg-1). MP concentrations were also low in the 
Sulina Channel, at the middle of “Big M” 
meander (on DD06, 59 p·kg-1) and, in the 
mouth area (on DD07, 76 p·kg-1) (Pojar et al., 
2021a). 
Lower to moderate concentrations were found 
in the transitional waters (Sulina Branch mouth 
and Sahalin Lagoon), although Pojar et al. 
(2021b) consider these areas hotspots for MPs 
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abundance in water surface layer, with up to 19 
particles per m3. 
Moderate MP concentrations, up to 150 p·kg-1, 
have been observed at the bifurcation of the 
Sulina and St. George branches, at Ceatal St. 
George knot (~165 p·kg-1, on DD01), located 
downstream the city of Tulcea (Figure 2). 
MP concentrations were slightly higher in 
deltaic lake sediments sampled north of the 
Sulina Channel (148 p·kg-1 on DD02) and 
higher in the Magistral canal (381 p·kg-1, on 
DD11) (Table 3) (Pojar et al., 2021a). We 
consider that the higher values founded in the 
Magistral canal are explained by the water 
supply from two sources (Busurca and Tătaru 
channels). 
Moderate to higher concentrations have been 
found in the first and second rank (i.e., DD02, 
DD08, DD11) related closely with the main 
distributaries. The samples collected from the 
third rank are considerably lower (e.g., DD09, 
DD10, DD03). 
While MPs were found at all our sampled sites, 
some isolated sites in the Danube Delta had 
negligible concentrations and these areas could 
be considered in relatively pristine condition.  
Without any developed industrialization and 
high urbanised areas, the DDBR is affected 

mainly by MPs derived from upstream fluvial 
transport. Although by definition the MPs 
(particles <5 mm in size, Thompson et al., 
2004; Arthur et al., 2009) are a complex 
contaminant, abundant, ubiquitous and 
environmentally persistent, their concentrations 
found in Danube Delta area are considerable 
lower than in the transitional waters located at 
the Danube mouths at the Black Sea (Pojar et 
al., 2021b), correlating MPs abundance in 
sediments and surface water.  
The MPs concentrations found in the 
investigated stations during the field campaign 
from April 2016 in the Danube sediments are 
noticeably lower in comparison with data 
recorded in the world major rivers. For the 
Rhine and Main rivers (Germany) Klein et al. 
(2015) reported values up to 4,000 p·kg-1. A 
study of Qin River (Zhang et al., 2020) 
indicated values up to 97 p·kg-1.  
The low MP concentrations in the lakes of the 
Danube Delta suggest the high filtration of the 
flow exchanged with the distributaries of the 
Danube, as there are few local sources of MPs 
in the Danube Delta apart from scattered tourist 
lodges, with the nearest city of Tulcea (78 km 
W of the Black Sea).   

 

 
Figure 2. Microplastic particle abundance in Danube Delta sediments (after Pojar et al., 2021a) 
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Table 3. MPs abundances expressed in particles per weight and volume of sediment (after Pojar et al., 2021a) 

Sample Location of the sample Order/ 
Rank 

Water depth 
(m) Sediment type MP/kg MP/0.5L 

DD1 Ceatal Ismail (Mm 32) - 4.5 Sandy mud 165.17 92 
DD2 Fortuna Lake 1 1.1 Mud 148.99 50 
DD3 Șontea Channel 1 0.5 Mud 39.08 18 
DD4 Lopatna Channel 2 0.5 Mud 125.44 40 
DD5 Matița Lake 2 2.6 Mud 80.97 52 
DD6 Sulina Branch (Mm 13) - 0.5 Mud 59.17 38 
DD7 Sulina Branch (Mm 0.1) - 1.3 Mud 76.05 38 
DD8 Roșuleț Lake 3 0.5 Mud 213.90 54 
DD9 Roșu Lake 3 0.5 Mud 24.49 8 
DD10 Roșu Lake 3 0.5 Mud 20.93 6 
DD11 Magistral Canal 3 0.5 Mud 381.46 100 
DD12 Sahalin Lagoon - 0.5 Sand 178.24 110 
DD13 Dunavat Chanell 4 0.5 Sand 100.46 62 
DD14 Razelm Lake 4 0.5 Sandy mud 106.94 58 
DD15 St. George Branch (Km 0.4) - 0.5 Sand 16.06 8 

 
In term of MPs structure and morphology, 
contrary to other rivers (e.g., the Rhine River, 
Germany, Mani et al., 2019), the MPs in 
sediments sampled along the Danube Delta 
through to the Romanian Black Sea are 
predominantly fibres (Figure 3), which also 
represent the majority in tidal flat sediments in 
Shanghai (Peng et al., 2018).  
 

 
Figure 3. Observed MPs morphology 

 
Furthermore, particles morphology might 
influence their floating time period as de Haan 
et al. (2019) confirmed during laboratory 
analyses. Same results of fibers having longer 
settling velocities (from 0.39 to 0.5 cms-1 for 
polyamide fibers and different fishing line 
pieces) than other plastic forms (12.7-31.4 
cm·s-1 for expanded polystyrene pellets and 
polycaprolactone spheres) were confirmed in 
direct observations for freshwater 

(Waldschläger & Schüttrumpf, 2019; 
Khatmullina & Isachenko, 2017) and marine 
environment (Bagaev et al., 2017). 
In our sediment samples, the most encountered 
particles were fibers (>90%) (Figure 3), 
assuming that primary objects generating MPs 
are fishing nets and, possibly different clothing 
and textile items. In the case of fishing nets, it 
is well known the fact of intensive fishing 
activities on almost the entire deltaic area, 
including lakes, channels and branches, 
however, clothing litter is not frequently 
encountered. Other particles than fibers could 
be associated with high depth locations (e.g., 
DD1 and DD5 samples), having a high settling 
velocity that can compensate with current 
speed. 
 
CONCLUSIONS 
 
The study provides recent data on the 
importance of the water circulation on the MPs 
distribution on a large deltaic environment. It is 
certain that the determining role in the water 
circulation in the Danube Delta is represented 
by the canals adjacent to the main distributary 
and interruptions of the dikes, which connect 
them with the depression areas, closely related 
to upstream water levels. However, the effects 
of the upstream dams and the hydrotechnical 
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works inside the delta must be considered; 
these anthropic interventions have produced the 
change of the water circulation on the delta 
territory.  
Besides the considerations brought for 
estimating MPs paths and sources, the 
identified concentration patterns could arise 
due to variations in the buoyancy, density and 
shape of MPs leading to preferential 
accumulation of certain particle types 
depending upon local hydrodynamic 
conditions.  
Therefore, in terms of the European Water 
Framework Directive criteria, integrating 
measurements, data and results obtained within 
this study may improve the existing knowledge 
database, which is useful to identify trends in 
evolution, further environmental assessments, 
as well as the behaviour of MPs in 
unidirectional currents. 
 
ACKNOWLEDGEMENTS  
 
This study was financially supported by the 
Romanian Ministry of Research in the 
framework of the National CORE Programme 
projects: PN16450503 (Contract no. 
37N/2016), PN19200401, PN19200302 
(Contract no.  13N/2019) and DANUBIUS PP 
(Preparatory Phase for the pan-European 
Research Infrastructure DANUBIUS-RI - EC 
Grant no. 739562). 
 
REFERENCES  
 
Arthur, C., Baker, J., Bamford, H. (2009). Proceedings of 

the international research workshop on the 
occurrence, effects and fate of microplastic marine 
debris. September 9-11, 2008: NOAA Technical 
Memorandum NOS-OR&R30. 

Bagaev, A., Mizyuk, A., Khatmullina, L., Isachenko, I. 
& Chubarenko, I. (2017). Anthropogenic fibres in the 
Baltic Sea water column: Field data, laboratory and 
numerical testing of their motion. Science of the total 
environment, 599, 560-571. 

Ballent, A., Corcoran, P.L., Madden, O., Helm, P.A., 
Longstaffe, F.J. (2016). Sources and sinks of 
microplastics in Canadian Lake Ontario nearshore, 
tributary and beach sediments. Mar. Pollut. Bull. 110. 

Bondar, C. & Panin, N. (2000). The Danube Delta 
Hydrologic Database and Modeling. GEO-ECO-
MARINA, 5-6, 5-53. 

Campanale, C., Bagnuolo, G., Dierkes, G., Massarelli, 
C., Uricchio, V.F. (2019). Qualitative and 
Quantitative Screening of Organic Pollutants 
Associated on Microplastics from Ofanto River 

(South Italy). In International Conference on 
Microplastic Pollution in the Mediterranean Sea, 
175-182, Springer, Cham. 

Campanale, C., Stock, F., Massarelli, C., Kochleus, C., 
Bagnuolo, G., Reifferscheid, G., Uricchio, V.F. 
(2020). Microplastics and their possible sources: The 
example of Ofanto river in southeast 
Italy. Environmental Pollution, 258, 113284. 

Catianis, I., Rădan, S., Grosu, D. (2013). Distribution of 
lithological components of recent sediments from 
some lakes in the Danube Delta; Environmental 
significance. Carpathian Journal of Earth and 
Environmental Sciences, 8, 2, 55-68. 

Catianis, I., Secrieru, D., Pojar, I., Grosu, D., Scrieciu, 
A., Pavel, A.B., Vasiliu, D. (2018). Water Quality, 
Sediment Characteristics and Benthic Status of the 
Razim-Sinoie Lagoon System, Romania. Open 
Geosciences De Gruyter 10, 12-33. 

de Haan, W.P., Sanchez-Vidal, A., Canals, M. (2019). 
Floating microplastics and aggregate formation in the 
western Mediterranean Sea. Mar. Pollut. Bull. 140, 
523-535. 

Dobrinas, S., Socaenu, A., Birghila, S., Popescu, V., 
Matei, N., Coatu, V. (2004). Content of organic 
pollutants (PAHs and POPs) in surface waters from 
Danube Delta and Plitvice lakes. Environmental 
Engineering & Management Journal (EEMJ), 3(3). 

Driga, B.V. (2004). Delta Dunării - Sistemul circulaţiei 
apei. Casa Cărţii de Stiinţă Cluj-Napoca, 256 p. 

Gati, G., Pop, C., Brudaşcă, F., Gurzău, A.E., Spînu, M. 
(2016). The ecological risk of heavy metals in 
sediment from the Danube Delta. Ecotoxicology, 
25(4), 688-696. 

Guzzetti, E., Sureda, A., Tejada, S., Faggio, C. (2018). 
Microplastic in marine organism: Environmental and 
toxicological effects. Environmental toxicology and 
pharmacology, 64, 164-171. 

Hurley, R., Woodward, J., Rothwell, J.J. (2018). 
Microplastic contamination of river beds significantly 
reduced by catchment-wide flooding. Nature 
Geoscience, 11(4), 251-257.  

Khatmullina, L., Isachenko, I. (2017). Settling velocity 
of microplastic particles of regular shapes. Mar. 
Pollut. Bull. 114, 871-880. 

Klein, S., Worch, E., Knepper, T.P. (2015). Occurrence 
and spatial distribution of microplastics in river shore 
sediments of the Rhine-Main area in Germany. 
Environ. Sci. Technol. 49 (10), 6070-6076. 

Kyle, J. (2006). Romania: The Fragile Danube Delta is 
Under Increasing Threat, 2006. on line at: 
http://www.dw.com/en/romania-thefragile-danube-
delta-is-under-increasing-threat/a-2143418 
(accessed on 18.08.2020). 

Lebreton, L.C.M., van der Zwet, J., Damsteeg, J.-W., 
Slat, B., Andrady, A., Reisser, J. (2017). River plastic 
emissions to the world's oceans. Nat. Commun. 8, 
15611. 

Lin, L., Zuo, L.Z., Peng, J.P., Cai, L.Q., Fok, L., Yan, 
Y., Li, H-X., Xu, X.R. (2018). Occurrence and 
distribution of microplastics in an urban river: a case 
study in the Pearl River along Guangzhou City, 
China. Science of the total environment, 644, 375-
381. 



149

 
Luo, W., Su, L., Craig, N.J., Du, F., Wu, C., Shi, H. 

(2019). Comparison of microplastic pollution in 
different water bodies from urban creeks to coastal 
waters. Environ. Pollut. 246, 174-182. 

Mani, T., Blarer, P., Storck, F.R., Pittroff, M., Wernicke, 
T., Burkhardt-Holm, P. (2019). Repeated detection of 
polystyrene microbeads in the Lower Rhine River. 
Environmental Pollution, 245, 634-641. 

Panin, N., (1999). Danube Delta: Geology, 
Sedimentology, Evolution. Association des 
Sédimentologistes Français, Maison de la Géologie, 
Paris, 66 p. 

Panin N. & Jipa, D. (2002). Danube River Sediment 
Input and its Interaction with the North-western 
Black Sea. Estuarine, Coastal and Shelf Science, 54, 
2, 551-562. 

Panin, N. (2003). The Danube Delta. Geomorphology 
and Holocene evolution: a Synthesis. 
Geomorphologie: relief, processus, environnement, 4, 
247-262. 

Panin, N., Tiron Duţu, L., Duţu, F. (2016). The Danube 
Delta - an overview of its Holocene evolution. 
Mediterranee, 126, 37-54. 

Peng, G., Xu, P., Zhu, B., Bai, M., Li, D. (2018). 
Microplastics in freshwater river sediments in 
Shanghai, China: a case study of risk assessment in 
mega-cities. Environmental Pollution, 234, 448-456. 

Pojar, I., Stănică, A., Stock, F., Kochleus, C., Schultz, 
M., Bradley, C. (2021a). Sedimentary microplastic 
concentrations from the Romanian Danube River to 
the Black Sea. Scientific reports, 11(1), 1-9. 

Pojar, I., Kochleus, C., Dierkes, G., Ehlers, S.M., 
Reifferscheid, G., Stock, F. (2021b). Quantitative and 
qualitative evaluation of plastic particles in surface 
waters of the Western Black Sea. Environmental 
Pollution, 268, 115724. 

Popescu, I., Cioaca, E., Pan, Q., Jonoski, A., Hanganu, J. 
(2015). Use of hydrodynamic models for the 
management of the Danube Delta wetlands: The case 
study of Sontea-Fortuna ecosystem. Environmental 
Science & Policy, 46, 48-56. 

Prata, J.C., da Costa, J.P., Duarte, A.C., Rocha-Santos, 
T. (2019). Methods for sampling and detection of 
microplastics in water and sediment: A critical 
review. Trends Anal. Chem., 110, 150-159. 

Sagawa, N., Kawaai, K., Hinata, H. (2018). Abundance 
and size of microplastics in a coastal sea: comparison 
among bottom sediment, beach sediment, and surface 
water. Marine pollution bulletin, 133, 532-542. 

Saliu, F., Montano, S., Garavaglia, M. G., Lasagni, M., 
Seveso, D., Galli, P. (2018). Microplastic and charred 
microplastic in the Faafu Atoll, Maldives. Marine 
pollution bulletin, 136, 464-471. 

Schmidt, C., Krauth, T., Wagner, S. (2017). Export of 
plastic debris by rivers into the sea. Environmental 
science & technology, 51(21), 12246-12253. 

Siegfried, M., Koelmans, A.A., Besseling, E., Kroeze, C. 
(2017). Export of microplastics from land to sea. A 
modelling approach. Water Resources, 127, 249-257. 

Stanescu, E., Stoica, C., Vasile, G., Petre, J., George, S., 
Paun, I., Lucaciu, I., Nicolau, M., Vosniakos, F., 
Vosniakos, K., Golumbeanu, M. (2013). Structural 
changes of biological compartments in Danube Delta 
systems due to persistent organic pollutants and toxic 
metals. In Environmental Security Assessment and 
Management of Obsolete Pesticides in Southeast 
Europe, 229-248, Springer, Dordrecht. 

Stock, F., Kochleus, C., Bansch-Baltruschat, B., 
Brennholt, N., Reifferscheid, G. (2019). Sampling 
techniques and preparation methods for microplastic 
analyses in the aquatic environment - a review. 
Trends Anal. Chem. 113, 84-92. 

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., 
Rowland, S.J., John, A.W.G., McGonigle, D., 
Russell, A.E. (2004). Supporting online material to: 
lost at sea: where is all the plastic? Science, 304, 838, 
https://doi.org/10.1126/science.1094559. 

Tiron Duţu, L., Provansal, M., Le Coz, J., Duţu, F. 
(2014). Contrasted sediment processes and 
morphological adjustments in three successive cut off 
meanders of the Danube Delta. Geomorphology, 204, 
154-164. 

Tiron Dutu, L. & Dutu, F. (2019). Recent hydro-
morphological and sedimentological processes in the 
Danube Delta, Saint George branch. SGEM 2019, 19, 
456-472. 

Tiron Duţu, L., Duţu, F., Secrieru, D., Opreanu, G. 
(2019). Sediments grain size and geo-chemical 
interpretation of three successive cutoff meanders of 
the Danube Delta, Romania. Geochemistry, 79, 399-
407. 

Waldschläger, K. & Schüttrumpf, H. (2019). Effects of 
particle properties on the settling and rise velocities 
of microplastics in freshwater under laboratory 
conditions. Environ. Sci. Technol., 53, 1958-1966. 

Xiong, X., Wu, C., Elser, J.J., Mei, Z., Hao, Y. (2019). 
Occurrence and fate of microplastic debris in middle 
and lower reaches of the Yangtze River-From inland 
to the sea. Science of the Total Environment, 659, 66-
73. 

Yan, M., Nie, H., Xu, K., He, Y., Hu, Y., Huang, Y., 
Wang, J. (2019). Microplastic abundance, 
distribution and composition in the Pearl River along 
Guangzhou city and Pearl River estuary, 
China. Chemosphere, 217, 879-886. 

Zhang, L., Liu, J., Xie, Y., Zhong, S., Yang, B., Lu, D., 
Zhong, Q. (2020). Distribution of microplastics in 
surface water and sediments of Qin river in Beibu 
Gulf. Science of the Total Environment, 708, 135176. 

***The European Water Framework Directive 
https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32000L0060.  

 
 

 


