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Modeling enables to count diffuse source nutrient pollution as well as investigate pathways of
nitrogen and phosphorus emissions. This study aims to estimate background concentrations of
total nitrogen (TN) and total phosphorus (TP) compounds in the Desna river basin and separate
the impact of diffuse and point sources. We used the process-based SWAT model to simulate
natural conditions of the Desna river basin, which means zero fertilization, tillage, and point
emissions. The modeling shows that diffuse and point source emissions are split as 76% and
24%, respectively, both for TN and TP. The highest diffuse pollution comes from agriculture,
the highest point source — from municipal waste-water plants. Nitrogen loads from agricultural
lands equal 53% in the Desna basin (involve 22% background and 78% anthropogenic parts)
and phosphorus — 75% (background — 7% and anthropogenic — 93%). For the tributaries, TN
and TP background concentrations average 1.3 mgN dm-3 and 0.1 mgP dm-3, respectively.
For the Desna river, background concentrations equal 0.16 mgN dm-3 and 0.01 mgP dm-3 for
TN and TP, respectively. To reduce nutrient enrichment, erosion-protective measures and
smart-fertilization farming should be applied in agriculture along with proper treatment at
municipal waste-water plants.
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Introduction

How to count human influence on water resources? This is a key question for water management because
observed values should be evaluated versus background concentrations that represent the near-natural
state of a water body.

For nutrient pollution, diffuse pathways associated with intensive agriculture prevail in most river basins
[European Environment Agency, 2018]. Nutrient emissions cause eutrophication that may impair
aquatic biodiversity, change water composition, and interfere with drinking water use.

Modeling is the most convenient way to count diffuse source nutrient pollution because it could not be
directly measured like point source [Malag6 et al., 2015]. Moreover, modeling makes it possible to
calculate background concentrations and set apart anthropogenic emissions [Liu and Lu, 2015;
Makarewicz et al., 2015]. Alternatively, concentrations in pristine water bodies could be used as
background ones, but the number of such water bodies is limited on the Ukrainian extensively farmed
lands.

This study aimed (1) to estimate background concentrations of total nitrogen (TN) and total phosphorus
(TP) compounds in the Desna river basin and (2) separate impact of diffuse and point sources.

Methods

The SWAT (Soil and Water Assessment Tool) model is a semi-distributed process-based eco-
hydrological river basin model that simulates water cycle, nutrient and sediment transport, and
agricultural practices [Arnold et al., 2012].

The SWAT model was previously calibrated and validated for the whole Desna river basin for the period
2007-2014 [Osypov et al., 2018]. The model input data includes climate, geospatial datasets
(topography, land cover, and soils), crop rotations, agricultural practices (fertilization and tillage), and
nitrate and ammonium concentrations in precipitation.

The state pollutant release register 2-TP Vodhosp of 2017 served as an information source concerning
the dumping of the contaminants into the surface water bodies. The register contains data on the volumes
of dumped waste-waters and particular substances from 17 municipal and 8 industrial water users [ State
Water Resources Agency of Ukraine, 2017].

The model was calibrated versus observed daily discharge and 5-day snow cover depth as well as
statistical data about start-end of growing season and crop yield.

To simulate background concentrations of nitrogen and phosphorus, we replaced croplands with
grasslands and removed fertilization and loads from point sources.

To calculate background concentrations in the Desna river, we abstracted modelled anthropogenic parts
of TN and TP loads from the long-term Kyivvodokanal observations at the Desna outlet.

Results and discussion
The model results show that diffuse sources dominate for nitrogen and phosphorus loads, but point

sources are concentrated only in five subbasins (Figure 1). The greater part of diffuse pollution is caused
by agricultural practices like fertilization and tillage. The highest point source pollution comes from
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municipal waste-water plants — the waste-water treatment is not carried out in Shostka, and only 17%
undergoes biological treatment in Chernihiv.

Nitrogen loads from agricultural lands equal 53% in the Desna basin (involve 22% background and 78%
anthropogenic parts). Nitrogen is mainly washed out in the soluble form as nitrate and nitrite — 82%, the
insoluble organic compounds are deposited in sediments — 18%. The highest diffuse emission in the
Desna basin occurs from peat-swamp soils because they contain a high percentage of organic substances.
Such soils are widespread in the Rogozna and Ubid’ subbasins.
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Figure 1 a) Nitrogen loads from the Desna and the Upstream Dnipro basins. TN point sources — total
nitrogen loads from point sources, TN agriculture — total nitrogen loads from diffuse sources of
agricultural lands, TN forest — total nitrogen loads from forest lands, TN meadows — total nitrogen loads
from grasslands, TN residential — total nitrogen loads residential medium-density territories.
b) Phosphorus loads from the Desna and the Upstream Dnipro basins. TP point sources — total
phosphorus loads from point sources, TP_agriculture — total phosphorus loads from diffuse sources of
agricultural lands, TP other — total phosphorus loads from other sources.

1 — Torkna, 2 — Sudost’, 3 — Svyga, 4 — Smyach, 5 — Roma, 6 — Ivotka, 7 — Shostka, 8 — Malotechka,
9 — Laska, 10 — Yesman’, 11 — Stryzhen’, 12 — Seym, 13 — Ubid’, 14 — Doch, 15 — Mena, 16 — Bereza,
17 — Veresoch, 18 — Snov, 19 — Zamglay, 20 — Stryzhen’ (2), 21 — Bilous, 22 — Vzdvizh, 23 — Staruha,
24 — Smolyanka, 25 — Oster, 26 — Znobivka, 27 — Rogozna, 28 — Golovesnya, 29 — Osota,
30 — Smolyanka (2), 31-39 — Desna, 40-41 — Upper Dnipro.

Phosphorus loads from agricultural lands equal 75% in the Desna basin (involve 7% background and
93% anthropogenic parts). Unlike nitrogen, phosphorus is almost completely transported by sediments
(94%) because phosphorus organic and mineral compounds are insoluble or low-soluble; 6% of
phosphorus is washed out as soluble phosphates. There is a dependence of increasing phosphorus runoff
with increasing share of agricultural lands. This is due to the impact of tillage on the erosive component
of runoff. The highest loads are in the Doch and Osota subbasins.

According to SWAT results, the annual background concentrations vary from 0.2 to 7 mgN dm= for TN
and from 0.01 to 1.05 mgP dm- for TP (Figure 2). Agriculture raises concentrations by 2.8 (1.5-7) and
12.3 (2-30) times for TN and TP, respectively. Point sources make the highest pressure on the Bilous
river basin, followed by Shostka, Doch, and Oster.

For the Desna river main stream, the estimated background concentrations equal 0.16 mgN dm- and
0.01 mgP dm= for TN and TP, respectively.
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To reduce nutrient enrichment, erosion-protective measures and smart-fertilization farming should be
applied in agriculture along with proper treatment at municipal waste-water plants. Due to such
measures, average levels of nitrate concentration declined by 20% in European rivers between 1992 and
2015, while by 2011, groundwater nitrate concentrations had almost returned to the levels in 1992

[European Environment Agency, 2018].
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Figure 2 Contribution of point and diffuse sources to the formation of concentrations of (a) total
nitrogen (TN) and (b) phosphorus (TP) in the first-order tributaries of the Desna river basin.

Conclusions

We implemented the process-based eco-hydrological SWAT model to calculate in-stream
concentrations of TN and TP at the first-order tributaries of the Desna river basin. TN and TP
background concentrations varies from 0.2 to 7 mgN dm* (mean — 1.3 mgN dm>, median — 0.76 mgN
dm-) and from 0.01 to 1.05 mgP dm* (mean — 0.1 mgP dm=, median — 0.08 mgP dm=), respectively. For
the Desna river, the estimated background concentrations equal 0.16 mgN dm* and
0.01 mgP dm= for TN and TP, respectively.

We found that agricultural lands contribute 53% of TN loads (involve 22% background and 78%
anthropogenic parts) and 75% of TP loads (background — 7% and anthropogenic — 93%), point sources
—24% both for TN and TP loads.
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