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Abstract  
 
Microplastics are considered emerging pollutants of growing concern due to their ubiquitous presence and toxic potential 
in the aquatic ecosystem. However, there are few studies assessing the occurrence of microplastics in freshwaters, most 
articles are focused rather on the marine environment. Due to the lack of standardized protocols for separating and 
analyzing microplastics, different methods are described in the literature data. In this paper, FT-IR spectrometry coupled 
with microscopy (micro-FT-IR) was applied to identify the presence of microplastics in the Predeltaic sector of the 
Danube River. Based on the morphological classification, the microplastics collected were fragments, films, and fibers. 
The results of micro-FT-IR analysis confirmed the majority presence of polyethylene and polypropylene-based 
microplastic particles in water.  
. 
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INTRODUCTION  
 
Microplastics (MPs) are plastic fragments 
smaller than 5 mm classified based on their 
origin into primary and secondary microplastics 
(Eerkes-Medrano et al., 2015; Li et al., 2018; 
Wagner et al., 2014).  
Primary MPs are manufactured at the microscale 
for use in various industrial applications such as 
personal care products and plastic pre-
production pellets.  
Secondary MPs result from the degradation of 
larger plastic waste (meso and macro) under the 
influence of environmental conditions (e.g. UV 
radiation, high temperatures, mechanical and 
biological factors) (Cera et al., 2020; Horton et 
al., 2017).  
Due to their ubiquity and toxicity in the aquatic 
ecosystem, MPs are considered to be emerging 
contaminants (Lambert and Wagner, 2018). 
According to Ding et al., 2021, the toxic 
potential of microplastics in freshwater is given 
by the following two behaviours: 
a) Size and shape of MPs can cause physical 

and histophysiological injury; 
b) MPs are transport vectors for other types of 

organic and inorganic pollutants. MPs in 

combination with these contaminants cause 
synergistic effects in organisms. 

Regarding the microplastics assessment 
protocol in freshwaters, there are no 
standardized methods of sampling, isolation, 
identification, and quantification of 
microplastics. To this end, it is required to 
develop a standardized protocol that allows an 
objective comparison and evaluation of the 
results from various places and times (Rios 
Mendoza & Balcer, 2019; Razeghi et al., 2022).  
Although the first studies on the presence of 
microplastics in marine environments were 
published in the 1970s, research on microplastic 
occurrence in freshwaters began about 15 years 
ago (Talbot & Chang, 2022). This subject 
should not be ignored given that rivers are now 
known to play a crucial role in microplastic 
transport in marine ecosystems (Sarijan et al., 
2021). 
The main aim of this paper is to evaluate the 
occurrence of microplastics in the second 
longest river in Europe, namely the Danube 
River. More specifically, the Predeltaic sector of 
the Danube, which is the transport pathway of 
microplastics into the Black Sea, was 
investigated. 
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MATERIALS AND METHODS  
 
The microplastics were taken from the following 
three stations located on the Romanian Lower 
Danube sector (Figure 1): 

• P1 - the confluence of the Siret River 
with the Danube; 

• P2 - the confluence of the Prut River 
with the Danube; 

• P3 - the riverside sector of the city of 
Isaccea. 

 

 
Figure 1. Microplastic sampling stations 

 
The samples were collected from the surface 
layer of the water (0-15 cm) using a sampling 
equipment consisting of a pump with a flow rate 
of 5 litres/second and a net with 125 μm mesh 
(Figure 2). The total volume of filtered water 
was 10 m3. The main advantages of this type of 
sampling equipment are that samples can be 
taken from different depths of the water column 
and the filtered water volume is known. 
 

 
Figure 2. Microplastics sampling equipment  

(A - pump and B - net) 

After the samples were taken, they were 
transported to the laboratory to isolate the 
microplastics. The organic matter was removed 
using KOH 10M and H2O2 30%. The separation 
from the other impurities was carried out in the 
separation funnel with zinc chloride (ZnCl2) 60-
70% (Pojar et al., 2021; Călmuc et al., 2022). 
The microplastic supernatant was filtered using 
a vacuum pump filtration system on a glass fibre 
filter paper with a diameter of 47 mm and pore 
size of 2 µm (Figure 3).  

 

 
Figure 3. Collection of microplastics on filter paper 

 
In order to identify and confirm the occurrence 
of the microplastics, the Spotlight 400 FT-IR 
Imaging System (micro-FT-IR), PerkinElmer 
from the Spectrometry laboratory of the 
REXDAN Research Infrastructure, "Dunarea de 
Jos" University of Galati, Romania was used 
(Figure 4).  
The parameters of the micro-FT-IR analysis 
method applied in this study were as follows:  
 Spectral range: 4000 -750 cm-1; 
 Resolution: 16 cm-1; 
 Scans per pixel: 2; 
 Interferometer speed:1 cm/s; 
 Pixel size: 25 µm. 

 

 
Figure 4. Micro-FT-IR analysis of microplastics 
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RESULTS AND DISCUSSIONS  
 
Figures 5, 6, and 7 illustrate the microplastics 
isolated from the three samples collected. The 
abundance of microplastics in station P1 was 9 
particles per 10 m3 of which, based on the 
morphological characteristics (Rosal, 2021; Xu 
et al., 2021), 8 were fragments and one fiber 
(Figure 8).  
 

 
Figure 5. Microplastics collected from P1 sampling 

station 
 

Most microplastics were collected from site P2, 
respectively 20 microplastics per 10 m3 were 
extracted, the majority being fragments (15), 
and the rest fibers (3) and films (2). This 
sampling station is located at the confluence of 
the Prut River with the Danube, which has an 
important contribution to the Danube quality as 
it crosses many urban agglomerations on both 
the Romanian and Moldavian territory. 

 

 
Figure 6. Microplastics collected from P2 sampling 

station 
 

From station P3, 12 microplastics were sampled 
including 10 fragments, one film and one fiber. 
Information on the shape of microplastics is 
essential since they can suggest their origin, 
implicitly the sources of pollution. For example, 
the fragments are produced by the breakage of 
plastic waste in the presence of UV radiation and 
mechanical forces. The films are the result of the 
fragmentation of plastic bags and vinyl used in 
agriculture. Also, the fibers can be originated 
from de fishery field (nets and ropes) and 
municipal sewage discharge (laundry washing) 
(Kye et al., 2023).  
 

 
Figure 7. Microplastics collected from P3 sampling 

station 
 

 
Figure 8. Abundance and morphological classification of 

MPs 
 

Regarding the colour of the microplastics, they 
had different colours such as: blue, red, black, 
yellow, green, transparent. Also, the colour of 
microplastics can be an important indicator in 
terms of  establishing pollution sources (Li et al., 
2021). 
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Figure 9. Micro-FT-IR microplastics analysis results (A - P1 microplastic sample, B1 and B2 - Visible images of MP, 
C - micro FT- IR spectral image of the sample, D - FT-IR spectrum of MP) 

 
Figure 9 shows the diagram regarding the stages 
of microplastics analysis using the micro-FT-IR 
equipment.  the filter paper with microplastics 
(A) was placed on microscope stage and was 
preliminarily investigated in the visible 
spectrum.  
Visible images of MPs (B1 and B2) were 
analysed to establish the morphological 
characteristics such as shape, colour, size of the 
MP. Then, the sample was scanned in the IR 
range to confirm the presence of microplastics 
and to determine their composition. At the end 
of the analysis, the spectral image of the sample 
was obtained (C) and the IR spectra were 
extracted (D) for the areas where changes in 
absorbance were detected.  
IR spectra were compared with Spectra 
Databases for polymers - S.T. Japan Europe 
GmbH to identify the type of polymers in the 
MPs composition (Figure 11). 
Polypropylene (PE) and polyethylene (PP) 
polymers were mostly found in all three 

sampling stations (Figure 10). Sporadically, 
polystyrene (PS) was also identified.  
The PE, PP and PS polymers are commonly 
used to manufacture different packaging 
materials (bags, bottles), films, building 
materials, and coatings (Andrady, 2011; 
Uurasjärvi et al., 2020). 
 

 
Figure 10. The type of polymers identified 
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Figure 11. IR spectra of polystyrene  

 
CONCLUSIONS  
 
The microplastics occurrence in the Predeltaic 
sector of the Lower Danube was studied in this 
paper. A pump-type equipment was used to 
collect the microplastics from the surface of the 
water in three sampling stations. 
Regarding the abundance of microplastics, most 
were taken from the P2 site (20 microplastic per 
10 m3), which was located at the confluence of 
the Prut River with the Danube River. Based on 
the morphological criteria, most MPs were 
fragments.  
Micro-FT-IR spectroscopy was applied in this 
study to confirm the presence of microplastics 
and identify the type of polymers in their 
composition. The most identified polymers were 
polyethylene and polypropylene. 
According to the results obtained in this study, it 
can be concluded that the methods applied were 
suitable in assessing the occurrence of 
microplastics in the investigated Danube sector. 
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