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SUMMARY

In this pilot study, we measured carbon (C), nitrogen (N) and phosphorus (P) compound
concentrations in sediment profiles at five sites in the Dniester Delta, quantifying their
storage.

Bile Lake (BL) showed significant nutrient sedimentation due to annual debris accumulation,
while Karaholskyi Bay (KB) accumulated elements from wastewater discharge. Total
nutrient content remained stable below 7 cm, indicating consistent sediment conditions. High
N compound mineralization was observed across the entire study area, with the greatest
ammonium formation at a 4 cm depth in BL, driven by plant deposits. Nitrite consumption
prevailed in the upper 5 cm sediments, while nitrite formation dominated deeper, especially
in BL, potentially leading to N gas losses. KB's surface sediment layers were heavily
contaminated with P and toxic metals, posing environmental and health risks from untreated
wastewater and runoff. Surface sediments (top 10 cm) represent significant nutrient pools
(4.4-18.5 Mg C ha’!, 0.2-1.7 Mg N ha!, and 0.07-0.27 Mg P ha™'), acting as both nutrient
sinks and sources.

Our pilot study emphasizes the importance of long-term sediment monitoring for
understanding nutrient and toxic compound accumulation in the Dniester Delta, addressing
secondary water pollution, and evaluating ecosystem health impacts and services. This
supports region-specific mitigation measures.
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Introduction

The accumulation rates of nutrients in the bottom sediments of various water bodies exhibit
significant variability, influenced by factors like trophic status, hydromorphological features,
geolandscape, flood intensity, ecological water releases, among others. One critical and unresolved
issue is nitrogen (N) and phosphorus (P) pollution in water bodies (OECD, 2017; Teshager et al.,
2017; Medinets et al. 2020a), which poses risks of eutrophication in estuarine and coastal areas
(Kovalova et al., 2010). The spatiotemporal variability of nutrient compound concentrations in
surface waters can lead to the sedimentation of N and P, primarily in organic forms. In specific hydro-
climatic conditions, sediment re-mineralization may occur, resulting in secondary water pollution
through the release of readily available mineral forms of N and P (Hu ez al., 2016; Tong et al., 2019).
This issue is particularly significant in deltaic areas, where a substantial flux of particulate matter
settles in river-estuary or river-sea transition zones, and in low-stream water bodies such as lakes,
ponds, and poorly flushed estuarine areas, leading to increased siltation and decreased water quality
(Teshager et al., 2017; Vinten et al., 2017; Constantinescu et al., 2023).

Given the dual role of bottom sediments as both sinks and sources of nutrients, a more
comprehensive investigation is necessary to understand their contribution to the N and P
biogeochemical cycling and budgets of river catchments (Carey et al., 2022; Yang et al., 2022).

In this pilot study, we measured carbon (C), N, and P compound concentrations in bottom sediment
profiles at five representative sites within the Dniester Delta area and quantified their storage.

Methods

This field pilot study was conducted in the Dniester Delta areca. The region has a temperate
continental climate with an annual mean temperature of 10.5°C and precipitation of 464 mm
(Bilanchyn et al., 2021). Atmospheric nitrogen deposition ranges from 10-20 kg N ha'! yr!' (Medinets
et al., 2020b), with a significant organic component, similar to coastal Black Sea areas (Medinets,
2014). We used a custom-made sediment core sampler with an 8.1 cm diameter to collect undisturbed
sediment cores at a depth of 10 cm. These cores were then accurately divided into 3-5 sediment
layers, each with a depth of 1.5-2 cm. Sampling was carried out in August 2018 at five distinct
locations (Fig. 1): i) Bile lake (BL), a highly productive natural site within Lower Dniester National
Park, ii) the mouth of the Dniester river (DN), iii) the mouth of the Deep Turunchuk (DT), iv)
Karaholskyi bay (KB), an area characterized by a high anthropogenic load due to wastewater
discharges, and v) Dniester estuary (DE), located near Ovidiopol city. All areas except DE were
surrounded by aquatic vegetation. All samples were collected in triplicate to ensure data reliability.
The sediment texture and physicochemical properties were analysed at the soil laboratory of Odesa
National I.I. Mechnikov University (ONU), following the standardised ISO methodologies (Bilanchyn
et al., 2021 and references therein). Field moisture content and the concentrations of dissolved NH4",
NO; and NO," were determined in wet samples, with subsequent adjustment to dry matter using the
hydroscopic factor. Concentrations of total C, N and P were analysed in the dry sediment samples
according to the standard ISO methods.

Results and Discussion

The highest levels of total C (TC) content were recorded in the sediments collected from the Bile
lake (BL). Carbon concentration decreased along the sediment profile from 95.0 to 54.7 mg C g! (Fig.
2a). Karaholskyi bay (KB) had the second-highest total C content, with concentrations ranging from
49.3 (in the surface 0-1.5 cm layer) to 35.0 mg C g-1 (at a depth of 7-9.5 cm). In other study areas
(DT, DN, DE) with stronger currents and more intense mixing, the C content varied within narrower
ranges (15-27 mg C g!) and did not significantly change along the profile (Fig. 2a). Similar to total C,
the highest concentrations of total N (TN) were observed in the sediments collected from BL, where
the peak in TN content was not in the surface layer (0-2 cm) but in the sub-surface layer (8.8 mg N g!
at a depth of 2-4 cm), decreasing to 5.0 mg N g-1 at a depth of 4-10 cm. The TN content in the surface
layer of KB sediments was 1.8 times lower than in BL and amounted 4.5 mg N g'!, decreasing to 1.2
mg N g! down the profile (Figure 2b).
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Figure 2 Mean concentrations of total C (a), total N (b), total P (c), NO2- (d), NO3- (e) and NH4+ (f) in
bottom sediment profiles in study areas (BL: Bile lake; DT: Deep Turunchuk mouth; KB: Karaholskyi bay;,
DN: Dniester mouth; DE: Dniester Estuary; standard errors were not shown on graphs to avoid figure
overcrowding and misreading)
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Total P (TP) concentration in KB sediments was excessively high in the surface layer (3.7 mg P g!),
reaching ‘average’ values in the sub-surface horizon (1.5-3.0 cm) across the entire study area (Fig.
2¢). BL deposits showed moderate TP concentrations, ranging from 1.2-1.3 mg P ¢! down to 4 cm
depth. Additionally, moderate TP content was recorded in the surface 2 cm layer of DN sediments,
while in other areas, its concentration did not exceed 0.5 mg P g'!. In all areas, there was a decrease in
TP content down the profile to levels >0.3 mg P g'! in the lower horizon (Fig. 2c¢).

The distribution of TC, TN and TP in sediment profiles revealed their significant sedimentation in
Bile lake (BL) due to an annual accumulation of plant and phyto/ zooplankton debris. In contrast,
Karaholskyi bay (KB) primarily accumulated these elements from industrial and domestic wastewater
discharge, harming the bay ecosystem over time. In sediment layers below 7 cm, total nutrient content
(C, N, P) remained stable across study areas. This indicates either i) similar nutrient loading
conditions during sediment formation or ii) a long-term nutrient balance with a narrow C/N/P = 50-
88/3-4/1 ratio at deeper layers, maintaining stability while excess N and P may cause secondary water
pollution.

Our research showed high N compound mineralization in sediment layers across the study area. The
highest NH4* formation occurred in BL’s 4 cm sediment horizon, driven by plant debris. NH4* levels
generally increased in subsurface layers, except in KB, where surface contamination from NH4"-rich
wastewater led to higher levels. NO,  consumption was prevalent in the upper 5 cm sediments, while
NO; formation dominated down profile. BL sediments exhibited faster anaerobic processes, including
denitrification, resulting in significant NO," formation, which often oxidized to NOj". These processes
accompanied to N losses to the atmosphere (Shreiber et al., 2014; Devol, 2015).

KB's surface sediment layers were excessively contaminated with P, with concentrations exceeding
others by 3-12 times. This pollution results from untreated/ partially treated wastewater discharge
containing P-containing compounds (e.g., PO4>* and phosphonates) and runoff from agricultural lands
(OSCE, 2019; Medinets et al., 2020a). This pollution poses environmental problems and health risks
(OSCE, 2019). BL sediments contained moderate TP levels due to lower N/P ratio in plant and
phytoplankton debris, while Dniester mouth (DN) most likely received primary pollution from KB
(this requires further investigations).

Additionally, we quantitatively assessed that surface sediment (top 10 cm) represent significant
pools of 4.4-18.5 Mg C ha!, 0.2-1.7 Mg N ha! and 0.07-0.27 Mg P ha!. They can serve as both sinks
(accumulating excess through sedimentation) and sources (releasing excess via re-mineralization) of
nutrients.

Longer-term high-frequency monitoring are vital for tracking nutrient compound trends in bottom
sediments, assessing initial pollution in the Dniester Delta, understanding secondary surface water
pollution from organic matter decay, and gauging impacts on ecosystem health and services. These
studies will guide region-specific strategies to counter and then mitigate nutrient pollution risks.

Conclusions

Our study found significant nutrient sedimentation in Bile lake (BL) due to annual debris
accumulation, while Karaholskyi bay (KB) accumulated elements mainly from wastewater discharge.
Total nutrient content remained stable below 7 cm, suggesting consistent conditions during sediment
formation or a long-term nutrient balance. We revealed high N compound mineralization, with the
highest NH4" formation in BL's 4 cm sediment layer driven by plant deposits. NO,~ consumption
prevailed in the upper 5 cm sediments, while NO,™ formation dominated down the profile, especially
in BL, leading to potential N gas losses. KB's surface sediment layers were heavily contaminated with
P and toxic metals, posing environmental and health risks from untreated wastewater and runoff. We
quantified surface sediments (top 10 cm) as significant nutrient pools, acting as both sink and source.

Based on our pilot study, long-term sediment monitoring is essential for understanding seasonal and
inter-annual nutrient and toxic compound accumulation in the Dniester Delta, secondary water
pollution, ecosystem health impacts and the quality of ecosystem services for the population,
supporting region-specific mitigation measures.
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