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SUMMARY 

Purpose of the work. This study was performed to estimate heavy metal (HM) contents in 
aquatic plants of the Lower Dniester area and quantify their accumulation in vegetation of the 
Bile Lake. Methods. Vegetation, water and sediment samples were collected from the Bile 
Lake and the Dniester Estuary north-eastern part to further determine HMs by atomic 
adsorption spectrophotometry. The vegetation cover was quantified using aerial 
orthophotomosaics processed in QGIS/ ArcGIS. The results of study. The lake was covered 
with Nuphar lutea > Trapa natans > Nymphaea alba > Ceratophyllum demersum. 
Microelements (Mn, Zn, Cu) were more actively absorbed by lake plants (21-29%, 27-36%, 
30-37% more respectively), while toxic HMs (Pb, Co, Cd) were more intensively 
accumulated by estuarine plants (50-100%, 13-80%, 100% more respectively). Emergent 
species Phragmites australis and Typha angustifolia accumulated largest HM amounts per 
m2. Among floating vegetation, Nymphaea took less HMs compared to Trapa and Nuphar. 
Overall, lake plants stored ca. 57 kg Mn, 28 kg Zn, 3.7 kg Cu, 1.5 kg Co, 0.012 kg Pb and 
Cd. Conclusions. Nuphar and Phragmites species were the main bioaccumulators playing an 
active role in lake self-purification. The phytocenosis of the Bile Lake serves as a powerful 
biofilter maintaining the normal functioning of the lake biocenosis. 
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Introduction 
Under growing anthropogenic pressure on the natural environment a lot of studies are focused on 
assessing the state and resilience of certain ecosystems taking into account their structural and 
functional peculiarities, as well as potential ability for self-renewal and self-organization (Ruelas-
Inzunza and Paez-Osuna, 2008). In this regard, the deltaic water bodies (lakes and estuarine part) 
comprising in the Lower Dniester National Nature Park (Odesa region, Ukraine) are of particular 
interest. For example, the Bile Lake, unlike the adjacent areas of the Dniester Estuary, is subject to 
indirect anthropogenic influence via water discharge and atmospheric deposition (Medinets et al., 
2020a,b). In early stages of its development, the Bile reached 2,000 ha at a 5 m depth (Dubyna, 1984), 
while currently the area is halved and the depth reduced to one-third (Rusev, 2003). That was caused 
by the suspended matter brought by the Turunchuk, the left branch of the Dniester River; the siltation 
process was further aggravated as the flow was highly regulated upstream (Medinets et al., 2020a), 
which resulted in time at a water mineralization increase, frequent hypoxia events and substantial 
nutrient accumulation in bottom sediments. Similar issues but to a lesser extent due to better flushing 
with water are also common for the estuarine areas in the vicinity of the Dniester River mouths. Both 
areas are often subjected to overgrowth of aquatic vegetation over last decades leading inter alia to 
complications of navigation and fishing, increased rate of sedimentation, hypoxia, shading, decreased 
water quality. However, at the same time both areas covered with floating vegetation, including the 
Red Book species, are the nesting grounds for many bird species. Also, aquatic-vegetation-rich 
ecosystems are suggested to have a high potential for water self-purification, specifically in terms of 
heavy metals (HM) immobilization (Engina, 2015). 
The aim of this study was to estimate the HM content in aquatic vascular plants of the Lower Dniester 
area and quantify their annual accumulation in dominant plants species of the Bile Lake. 
 
Methods 
The study was performed in the Bile Lake and north-east part of the Dniester Estuary close to the 
Dniester River mouth (Fig. 1a). This area is known to be exposed to atmospheric N deposition of 10-
20 kg N ha-1 yr-1 (Medinets et al., 2020b) with a large share of organic constituents similar to that 
observed in the coastal areas of the Black Sea (Medinets and Medinets, 2010; Medinets, 2014); 
wildfires are often registered there (Medinets et al., 2020c). Aquatic vegetation was sampled using a 
50x50 cm frame in three replicas from three sampling sites per each target area over July-August 
2021 at their maximal development stage. Water was collected using the HydroBios water sampler 
and bottom sediments with a custom-made core sampler (Kovalova et al., 2010, 2021). HM 
concentrations in all samples were determined by atomic absorption spectrophotometry. The 
accumulation of HMs in certain aquatic plants was calculated of a HM concentration in dry plant 
biomass, a plant biomass weight (dry matter) per area covered. The areas covered by different plant 
species and open water were quantified by using high resolution orthophotomosaics derived from an 
unmanned aerial vehicle (UAV) mapping and processed in QGIS and ArcGIS software (Fig. 1b). 
 
Results and Discussion 
Gradual impoverishment of the phytodiversity of vascular floating and emergent aquatic plants of the 
Bile Lake has been recorded since 1920s (Klimentov, 1928). The number of species has decreased 
almost 3-fold, upon this research we detected 11 species belonging to 6 families only. According to 
our results ca. 62% of the lake was covered by floating vegetation on July 26th, 2021 (Fig. 1b). The 
largest area was occupied by Nuphar lutea (L.) Smith (56.0%), next was Trapa natans L. (2.5%), 
followed by Nymphaea alba L. (1.7%) and (semi-)submerged Ceratophyllum demersum L. (1.4%). 
Phragmites australis (Cav.) Trin. ex Steud. was dominant emergent vegetation species on the banks 
of the lake, while the narrow-leaved rush Typha angustifolia L. was 10-fold less presented. 
The HM content in water samples from the Dniester Estuary was higher by 73.7% for Zn, by 50 % for 
Co and Cd, by 47.8% for Mn, by 40% for Pb and by 34.8% for Cu compared to those from the Bile 
Lake (Table 1), whilst the opposite pattern was found for bottom sediments, where the lake samples 
had higher HM contents by 82.8% for Cd, by 79.5% for Pb, by 76.6% for Co, by 62.9% for Zn, by 
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Figure 1 Location of sampling sites in the Bile Lake and Dniester Estuary (a) and the detailed UAV-
derived vegetation cover map of the Bile Lake on July 26th, 2021 (b) 
 
34.9% for Mn and by 30.3% for Cu compared to those from the estuary (Table 1). This could be 
explained by a biogenic origin (plant detritus) of the Bile sediments, while estuarine ones formed 
mainly from terrigenous sources (Karpenko, 2009). Being microelements, Mn, Zn and Cu were 
respectively 21-29%, 27-36% and 30-37% more actively absorbed by lake plants. However, toxic 
HMs, such as Pb, Co and Cd were found to be more intensively accumulated by estuarine plants: 50-
100%, 13-80% and up to 100%, respectively. Concentrations of HMs in most of the studied plants 
exceeded the background values in surface waters, but were not above the minimum allowable 
concentration (MAC) thresholds. 
 
Table 1 The content of heavy metals (mg kg-1) in aquatic plants, surface water and bottom sediments 
sampled from the Bile Lake (BL) and the Dniester Estuary (DE) [the exceedance of MAC marked in 
bold according to Gygevich (2001) for vegetation, SN (1990) for water, Harikumar (2010) for 
sediments] 

Sample Site Mn Zn Cu Pb Co Cd 

Water BL  0.012±0.003* 0.005±0.002* 0.0015±0.005* 0.003±0.001 0.003±0.001 0.002±0.001* 
DE 0.023±0.003 0.019±0.002 0.0023±0.0004 0.005±0.001 0.006±0.001 0.004±0.001 

P. australis 
(Cav.)  

Trin. Ex Steud 

BL  41.4±2.32* 32.2±2.3 4.72±0.41* 0.016±0.006* 1.54±0.33* 0.015±0.004* 

DE 33.1±3.51 29.3±2.6 3.51±0.32 0.032±0.011 3.22±0.24 0.028±0.003 
T.angustifolia 

L. 
BL  46.6±2.71* 37.1±3.5* 5.22±0.51 0.028±0.012 2.22±0.18 0.006±0.002 
DE 38.2±1.82 29.5±2.8 5.31±0.33 0.033±0.007 2.54±0.21 0.008±0.002 

N. lutea (L.) 
Smith 

BL  208±23.5* 61.7±4.1* 6.26±0.22 0.018±0.006* 3.44±0.55* 0.024±0.005* 
DE 112±17.4 46.6±3.9 6.74±0.32 0.028±0.003 6.21±0.47 0.043±0.006 

N. alba L. BL  132±21.2* 38.2±3.7 4.11±0.12* 0.033±0.005 4.96±0.26 0.008±0.002 
DE 75.2±15.6 32.3±3.5 3.02±0.15 0.039±0.003 5.22±0.33 0.010±0.002 

T. natans L. BL  155±9.8* 72.5±4.6 10.3±0.11* 0.025±0.004 5.22±0.15* 0.032±0.005 
DE 120±10.4* 61.3±5.2 7.02±1.21 0.038±0.005 6.38±0.21 0.025±0.003 

C. demersum 
L. 

BL  104±5.6* 48.6±2.7* 6.73±0.46* 0.035±0.011* 5.88±0.33* 0.058±0.003 
DE 80.4±7.11 35.8±1.8 5.21±0.32 0.057±0.009 6.67±0.26 0.052±0.003 

Bottom 
sediments 

BL  875±232 152±22 29.4±1.4 104±15 79.2±13.4 9.47±2.52 
DE 570±133 56.4±16 20.5±2.7 21.3±7.5 18.5±6.3 1.63±0.52 

* statistically significant difference (p<0.05) between BL and DE 
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The largest amounts of HMs accumulated in biomass per square area were found for emergent aquatic 
species P. australis (Cav.) Trin. ex Steud.  and T. angustifolia L. (Fig. 2). Strong well-developed root 
systems together with high biomass of those plants could explain their higher accumulation potential 
for HMs. As the Bile Lake does not have a firm littoral bank and its shore is formed by emergent 
vegetation, mainly presented by P. australis (Cav.) Trin. ex Steud., this species is suggested to 
contribute the purification processes the most on the boundary interface. Among studied floating 
vegetation, Nymphaea alba L. was observed to accumulate less amounts of HMs compared to two 
other species, T. natans L. and N. lutea (L.) Smith (Fig. 2). Moreover, in the Bile biocenosis N. lutea 
(L.) Smith formed the largest carpet (56% of the lake area) with producing a high amount of biomass 
(>150 Mg dry matter as of July 2021), thus accumulating a significant amount of micronutrients (32 
kg Mn, 9.5 kg Zn, 0.95 kg Cu) and toxic metals (500 g Co, 4 g Cd, 3 g Pb). We found that (semi-
)submerged species C. demersum L. took up more toxic metals than the floating species. Despite the 
small coverage of C. demersum L. (1.4% coverage) was detected from the UAV-derived RGB-mosaic 
on July, 2021, we assume that (i) its amount was underestimated due to complexity of detection from 
the air and partially shadiness under large leaves of floating vegetation, (ii) its detection should be 
made from multispectral mosaics at the stage of its maximum development in late August – 
September. Overall, higher vascular aquatic plants of the Bile cumulatively stored around 57 kg Mn, 
28 kg Zn, 3.7 kg Cu, 1.5 kg Co, 0.012 kg Pb and Cd.  
 

 

Figure 2 Accumulation of heavy metals per area (mg m-2) covered with different aquatic plants of the 
Bile lake 
 
Conclusions 
Floating plant Nuphar lutea (L.) Smith. (within the Bile lake area) and emergent plant Phragmites 
australis (Cav.) Trin. ex Steud. (within the surroundings of the lake) were found to be the main 
bioaccumulators for both low-toxicity trace metals (serving as micronutrients) and highly toxic HMs. 
Both vegetation species likely play an active role in the water body self-purification by maintaining 
water filtration, accumulation of HMs with further immobilization (storage) in bottom sediments. The 
phytocenosis of the Bile lake serves as a powerful biofilter, which sustains the normal functioning of 
the lake biocenosis under ‘normal’ water regime (at optimal amounts of water flushing), however 
under ‘disturbed’ water regime the vegetation overgrowth leads to intensive lake swamping. Further 
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researches covered the entire year are urgently needed to quantify annual rate of HMs (and nutrients) 
accumulation by plants and storage in bottom sediments to better understand HMs (and nutrients) 
cycling and to develop mitigation measures and purification practices. 
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