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Abstract: Twenty-six water bodies and 10 ponds were selected for this research. Anthropogenic loads
were assessed according to pollution sources in individual water catchment basins. It was determined
that 50% of the tested water bodies had Ny, values that did not correspond to the good and very
good ecological status classes, and 20% of the tested water bodies had Py, values that did not
correspond to the good and very good ecological status classes. The lake basins and ponds received
the largest amounts of pollution from agricultural sources with total nitrogen at 1554.13 t/year and
phosphorus at 1.94 t/year, and from meadows and pastures with total nitrogen at 9.50 t/year and
phosphorus at 0.20 t/year. The highest annual load of total nitrogen for lake basins on average per
year was from agricultural pollution from arable land (98.85%), and the highest total phosphorus load
was also from agricultural pollution from arable land (60%).

Keywords: pollution; ecological status indicators; water quality

1. Introduction

To protect people and ecosystems, the European Commission has adopted a zero
pollution action plan to prevent air, water and soil pollution. The European Commission
encourages sustainability in agriculture and rural areas across the EU through the common
agricultural policy, by which agriculture is environmentally sustainable, protects natural
resources and enhances biodiversity. Despite the introduction of legislation such as the EU
Nitrates and Water Framework Directives [1,2], agricultural practices are often still regarded
as a major influencing factor on poor water quality across many EU member states [3],
and agricultural systems and activities will put pressure on freshwater resources [4]. A
scientific evaluation of the suitability and cost-effectiveness of options to reduce nutrient
loss from rural areas to surface waters at the catchment scale, including the feasibility of the
options under different climatic and geographical conditions, was conducted in different EU
countries [5]. Agricultural catchments are where farm and landscape management interact
with policy and science, especially with regard to the implementation and evaluation of
agro-environmental regulation [6]. The increasing rate of water resource usage results in
its contamination by wastewater from domestic, industrial and agricultural sectors. The
opinions of different researchers confirm that agricultural pollution poses a considerable
challenge to grain security and human health, especially in economically developed ar-
eas [7]. Various studies show that the excessive use of chemical fertilizers and pesticides has
caused serious nonpoint-source water pollution [8]. Diffuse water pollution and other water
pollution problems are a major problem in many agroecosystems, especially in irrigated
areas linked to ecosystems of high ecological value [9]. Requirements for high-quality water
bodies are different, but identifying the spatiotemporal characteristics of water quality and
related driving factors is essential for lake water quality management [10]. The quality of
water and nature is determined for ground and surface water by first measuring their N
and P contents and, for natural areas, by measuring N deposition [11]. Lakes are one of the
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most important water resources and are used as a source of water for human consumption,
and, in general, they account for approximately 0.3% of total surface water body sources.
The quality of lake water (or other surface sources) is evaluated using various physico-
chemical and biological parameters selected based on the designated best use (DBU) of
the water body (lake) for various purposes [12]. The quality of lake water is dependent
on the geological structure of the earth and on the anthropogenic activities surrounding
it, such as construction, waste disposal, agriculture and other associated activities [13].
Modern agriculture has become increasingly dependent on chemical fertilizers, especially in
developing countries [14]. Fertilizers and manure applied to croplands to increase yields are
often lost via surface erosion, soil leaching, and runoff, increasing nutrient loads in surface
and subsurface waters and degrading water quality [15]. Mineral exploitation, chemical
enterprise operation, pesticide and fertilizer application, sewage discharge and vehicle
emissions are sources of pollution on agricultural land [7]. The use of large quantities of
inorganic fertilizers to meet the N demand of crops, in combination with the return flow
associated with irrigation, has increased NOs-concentrations in surface water bodies and
the groundwater of agricultural areas in particular [16]. Phosphorus (P) loading in lakes
degrades the quality and usability of water globally [17]. Dissolved reactive phosphorus
losses from agricultural fields promote algal growth in water bodies and may increase the
risk of harmful algal blooms [18]. High concentrations of bioavailable P have also been
found in high-intensity agricultural systems [19]. Current strategies for reducing the loads
and concentrations of P from agricultural land to surface waters have been presented in
many studies [20]. Many studies also have indicated that submerged macrophytes play an
important role in ecological restoration owing to their ecological function, which includes
controlling sediment resuspension [21]. Submerged phytoremediation technology has been
widely accepted by researchers and government departments to improve water quality and
aquatic ecosystems. Reversing the emergence of phytoplankton-dominated lakes, returning
to lakes to being dominated by submerged macrophytes, and simultaneously achieving pos-
itive circulation and self-regulation are important [22]. Various legal instruments regulate
groundwater quality, and evaluating groundwater quality is the main approach to ensuring
groundwater security and implementing effective management of groundwater [23]. In
agriculture, it is important to reduce water scarcity problems to increase food and envi-
ronmental security; to avoid direct pollution of rivers, canals, and surface water; and to
conserve water and nutrients [24]. Wastewater treatment currently focuses on removing
phosphorus (P) and nitrogen (IN) due to their potential to cause eutrophication of water
bodies, and eutrophication has become a problem in surface water [25,26]. In terms of
analytical methods, it is necessary to understand the speed of pollutant diffusion processes
and the concentrations of pollution sources [27]. NOj3 pollution of upper groundwater
occurs almost everywhere in sandy and loamy soils [28]. Nitrate (NO3) is a ubiquitous
environmental pollutant that not only occurs naturally but also is released by human ac-
tivities. These activities include the production and use of fertilizers, the combustion of
fossil fuels (resulting in atmospheric deposition, hereafter AD), leakage and discharge from
both industrial and domestic sewage systems, and the alteration of natural vegetation with
nitrogen (N)-fixing crops [29]. The identification of nitrate (NO3 ™) sources and biogeochem-
ical transformations is critical for understanding the different nitrogen (N) pathways and
thus, for controlling diffuse pollution in groundwater affected by livestock and agricultural
activities. This approach can help a newly established in-stream constructed wetland treat-
ing diffuse agricultural pollution be efficient [30]. Diffuse agricultural pollution, especially
from intensively managed agricultural land, is a major cause of eutrophication; therefore,
it is important to reduce the diffuse load to surface water. Constructed wetlands (CWs)
are an effective measure for improving water quality and reducing nutrient runoff from
agriculture by using natural water treatment mechanisms. Diffuse pollution is transferred
from agricultural land to drainage ditches and larger water bodies, which causes significant
degradation of water quality in rivers and lakes [31]. Diffuse pollution causes serious
problems due to its large scale and diffuse nature. Diffuse water pollution is a major prob-
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lem in many agroecosystems, especially in irrigated areas linked to ecosystems of high
ecological value [9]. Pollution abatement policies imply the modification of agricultural
measures and are usually rejected by farmers because their impact on farm profitability
in the environment is more difficult to control than point-source pollution [32]. Another
opportunity in many countries to reduce surface water pollution is organic farming. For
example, conventional intensive agricultural practices have led to serious nonpoint-source
pollution in China and have caused severe ecological threats to agroecosystems, especially
in ecologically sensitive areas [33]. Evaluating the relationship between the use of water
resources and investment in environmental protection, as well as establishing a reasonable
model of ecological compensation, has become an imperative issue [34]. The benefits of
using more environmentally friendly practices outweigh other issues when evaluating the
environmental impact [35].

The aim of this research is to evaluate the impact of anthropogenic load on indicators
of the ecological status of water bodies.

2. Materials and Methods
2.1. Study Area

The ecological status of water bodies at risk was assessed in accordance with the
Procedure for Assessing the Ecological Status of Surface Water Bodies [36].

To determine the risk of water bodies in good condition not complying with water
quality standards, 26 lakes and 10 ponds were studied. The investigated lakes and ponds
are shown in Figure 1.

&
Waieikiai ) s . ]
> o ':‘:'::E:’s Sablauskai pound s
B e Oleniinis v it
i . &
- m
24 Tausalas lake poTy iy 20 Skaiste lake
16 Mastis lake wien T e -l ]
e ki Fp ) ¥ 23 Talksa lake™ ° __ e g - @
1 ¥ .1 Alsedziai lake 19 Rekyvos lake" " b :
retn ot ) 1 3 Deits
== 3 Birzulis lake R ™ o @5 Dviragis lake g 1 adas lake
| goonan L ; s A = 29 Ekrano gamyklos'pound  uce. ‘,o(
e o g ] 7 Gaustvinis lake LAY P
{ P 34 Stepanioniai pound - visngicadil
| S Oxeime onem il = |
] o rd 35 Vaitiekunai pound % ;A sy
. Goilie narmyn, e é Lrema <
/ smoge T - g 12 Kemesys lake
/ fois 5 Draudeniai lake %_ 27 AngiFi_ai pound ‘731 Kadrenai pound Jomana
> . K ainion B
Sy a waio ®
ey 2 — Ukmeige’s n"d"‘
1 rerid oreflal
32 Krivenai pound s
o = ~rr
- S 28 Bartkuskis pound 21 Spera lake e
)
T kaunae 7 36/Bubliai pound Hemeniine
: % w5 D ST T
- e b S B e 4 Didziulis lake
=E PaeZeriy lake jikas VIRIUS
o & Kb, gV Prien. al

b @ &
Siree 5% s

11 Kavalys lake
81_S‘Iluksr!tznlai lake = g

Sakininkai g

17 Orijalake
euhu iia S

Lawiijal ( Tt

Eifiikis

e
26 Zapsys lake ) r
10 Juodas Kaiiknoris lake 25 Vaisies lake
& .14 Latezeris lake

1 Lyda
©HNITBALTIC; GDR1OLT ©, Nacionaliné 2emés tamyba prie 20M, 2015, LR Adresy registras € V] Registry centras, 2011
duomenys &, Valstybiné saugomy) tertoriy tarnyba prie AM. 2015,

Figure 1. Research locations.

2.2. Sample Preparation (Collection)

Surveys of physicochemical quality indicators and suspended solids were performed
in January-December 2015-2019, while benthic macroinvertebrate and fish studies were
performed in August-September 2015-2019.

Studies on physicochemical quality elemental indicators were performed in a labo-
ratory at Vytautas Magnus University. Water samples were taken according to EN ISO
standards: LST EN ISO 5667-14:2016—water quality—Sampling—Part 14. Total nitrogen
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(total N) was tested according to the method of LST EN 13342-2002. The determination
of nitrogen and bound nitrogen (total N) following oxidation to nitrogen oxides was de-
termined based on EN 12260:2003. Total phosphorus (total P) analyses were performed
according to LST EN ISO 6878:2004.

Benthic macroinvertebrate research was carried out in accordance with the 2003
Regulations of the Minister of Environment of the Republic of Lithuania (24 December
by order no. 708, approved methodology LAND 57-2003, “Benthic macroinvertebrates
research methodology in surface water bodies”).

The fish research was carried out in accordance with order no. D1-501 from the Min-
ister of Environment of the Republic of Lithuania 20 October, approved by the Research
Method of Fish Resources and the Minister of Environment of the Republic of Lithuania on
4 April 2007, by order no. D1-197. The Lithuanian environmental protection normative
document, LAND 85-2007, “Methodology for calculating the Lithuanian fish index” (ap-
proved by D1-197), was used to evaluate the species composition, abundance, biomass and
age structures of the fish.

Chlorophyll “a” was determined by the spectrophotometric method (LAND 69-2005).
The EQR (ecological quality ratio) for chlorophyll “a” was calculated in accordance with
the environmental protection normative document of the Republic of Lithuania approved
by the Minister of Environment of the Republic of Lithuania on 28 December 2005 by order
no. D1-648 (2006, No. 53-123).

2.3. Assessment of Pollution Sources

Sources of diffuse pollution include loads of manure and mineral fertilizers generated
in agriculture and loads from the residents whose households are not connected to sewage
collection systems.

Sources of concentrated pollution include discharges from cities, settlements, indus-
trial enterprises and surface water, as well as from storm water runoff from urban areas.

Concentrated pollution can enter water bodies directly or through tributaries.

The following factors were assessed:

e  Domestic and industrial wastewater dischargers and their pollution loads and the
impacts on the status of the water body and the average total N and total P values of
wastewater discharged in 2015-2019. Environmental Protection Agency (EPA) data
on wastewater dischargers, measured pollutant concentrations and annual wastewater
volumes are assessed by dividing their values into the feeding basins of the water bodies.

e  Number of people connected to the sewage collection systems and sewage manage-
ment (i.e., central, individual or no management (statistics)). The contamination loads
in the environment released by the residents whose wastewater was not collected
were assessed according to HELCOM recommendations, which specified that one
resident generates 4.4 kg according to total N; and 0.9 kg according to total P

e  Current number of organic farms, percent; current area of organic farms, ha; we used
data from the national ecological agricultural production certification body, ECOAGROS.

e To determine the nutrient loads from residential and commercial areas, SWAT (soil and
water assessment tool) model data were used to calculate pollution loads. The SWAT
model is a basin-scale, continuous time model that operates on a daily time step and
evaluates the impact of management practices on water, sediment and agricultural
chemical yields in ungauged basins [37]. The model includes weather, hydrology,
erosion, soil temperature, plant growth, nutrients, land management, channels and
reservoir routing.

e  To determine the effect of the transformation of biogenic materials in soil and water
body contamination, a SWAT model was used to calculate the average total nitrogen
(total N) and total phosphorus (total P) washout.
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2.4. Statistical Analyses

To assess statistically significant impacts on quality factors related to the ecological
status of water bodies, the impacts of anthropogenic load indicators (P and N from arable
land, t/year; P and N from meadows, t/year; P and N from cities, t/year; P and N from
forests, t/year; P and N from households not connected to sewage networks, t/year; P and
N from municipal wastewater, t/year; P and N from surface wastewater t/year; P and
N from organic farms, t/year; current number of organic farms, percent; current area of
organic farms, ha; basin area, ha; conditional number of livestock; agricultural land, ha;
arable land area, ha; and number of farms in the basin, units) on water quality indicators
(Y) for the water in lakes and ponds were determined. The multiple linear regression model
was as follows:

Y=a+b1x1+b2x2+...+bkxk (1)

The coefficient bj shows how much the value of Y increases (decreases) by one unit as
xj increases when the remaining xk are fixed. t is the Student’s criterion, according to which
we determine whether the coefficients bj differ statistically significantly from zero, and
according to this, we decide whether the predicted values depend on xj. The standardized
coefficients beta are used to determine the relative influence of independent variables on
the predicted Y. In absolute terms, a higher Beta coefficient indicates a greater dependence
of Y on xj.

The regression model is appropriate because:

o The Levene test was used for endogeneity test; R code was used to generate the
analyses in this section, R? > 0.20.

e ANOVAp <0.05.

e  Significance shows t tests p < 0.05.

e  All variance inflation factors (VIF) < 4 (no multicollinearity problems).
e All Cook measure values < 1.

3. Results

3.1. Lake and Pond Condition Evaluation According to Total Nitrogen and Total Phosphorus Values

Nitrogen (N) pollution from agriculture is considered a major issue and will remain
an issue for the foreseeable future [38]. Concentrations of total nitrogen (total N) and
phosphorus (total P) in lakes and ponds are shown in Figure 2.

It was found that the total N values in 50% of the surveyed water bodies did not
correspond to the good and very good ecological status class values: 7.5% corresponded to
the moderate ecological status class value, 22.5% to the poor status class value and 17.5%
to the very poor status class value. Twenty percent of the tested water bodies had Ptotal
values that did not correspond to the good and very good ecological status class values.
Of these, 7.5% corresponded to the moderate ecological status class value, 5% to the poor
status class value and 7.5% to the very poor status class value.
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Figure 2. Total concentrations of nitrogen and phosphorus in lakes and ponds, 2015-2019.
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3.2. Assessment of Nutrient Loads in Lakes and Ponds

Nutrient loads in lake and pond basins were calculated using SWAT model data.
Calculations were performed in tonnes per year for the inflows into the lakes for total
nitrogen and for total phosphorus. Total nitrogen and phosphorus loads in lake basins
(t/year) are presented in Figure 3.
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Figure 3. Total nitrogen and phosphorus load in lake basins (t/year).

Lake and pond basins received the largest amounts of pollution from agricultural
sources: arable land-total nitrogen 1554.13 t/year and 1.94 t/year phosphorus and grass-
land pastures-total nitrogen 9.50 t/year and 0.20 t/year phosphorus. Residents whose
sewage was not discharged into sewage treatment systems generated 2.38 t/year of total
nitrogen and 0.55/year of phosphorus.

Percentage distribution of total nitrogen and phosphorus loads in lake basins (t/year)
are presented in Figure 4.

The highest annual total nitrogen load for lake basins on average per year was from
agricultural pollution from arable land (98.85%), background pollution from forests (0.94%),
background pollution from urban areas (0.39%), pollution from meadows and pastures
(60%), pollution from residents who were not connected to sewage systems (0.15%), surface
water (0.05%) and municipal wastewater (0.03%).

The highest annual load of total phosphorus in lake basins was from agricultural
pollution from arable land (60%), populations not connected to sewage networks (17.04%),
agricultural pollution from meadows and pastures (6.26%), background pollution from
urban areas (5.81%), background pollution from forests (5.67%), municipal wastewater
(3.78%) and surface wastewater (1.33%).
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Figure 4. Percentage distribution of total nitrogen and phosphorus loads in lake basins (t/year).

u_

Chlorophyll “a” EQS Values, Taxonomic Composition and the Abundance of Macrophytes,

3.3. Effects of Anthropogenic Loading on Total Phosphorus, Total Nitrogen Concentration,
Zoobenthos and Ichthyofauna

The effect of anthropogenic loading on total phosphorus concentration total P (Y) was

calculated by multiple regression analysis. The results are presented in Table 1.
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Table 1. The influence of anthropogenic loads in basins on the total phosphorus concentration in the water.

Unstandardized Coefficients Standardized Coefficients Significance Level

Environmental Factor B Std. Exror Beta t p <0.05
Constant 0.076 0.016 4.625 0.000
P from arable land, t/years 0.016 0.024 0.908 0.663 0.515
P from meadows, t/year 0.208 0.174 1.565 1.200 0.245
P from cities, t/year 0.063 0.071 0.459 0.896 0.381
P from forest, t/year —0.094 0.268 —0.595 —0.352 0.729
P from households not connected to 0.074 0113 1.444 0.659 0518

sewage networks, t/year

* P from municipal wastewater, t/year 0.133 0.085 1.248 1.561 0.035
* P from surface wastewater t/year 0.179 0.128 1.163 1.352 0.045
P from organic farms, t/year 1.184 x 1072 0.000 0.169 0.338 0.739
Current number of organic farms, % —0.006 0.007 —0.247 —0.959 0.350
* Current area of organic farms, ha —0.149 0.098 —1.800 —1.523 0.044
Basin area, ha 0.001 0.001 2.995 0.741 0.468
Conditional number of livestock 2426 x 1075 0.000 2.238 1.286 0.214
Agricultural land, ha 1.299 x 107> 0.000 3.036 0.403 0.692
Arable land area, ha 2518 x 107 0.000 4.983 0.868 0.396
Number of farms in the basin, units 0.000 0.000 2.910 0.852 0.405

Dependent Variable: total P. * Significance factor, p < 0.05.

A multiple regression analysis of the influence of anthropogenic loads in basins on the
concentration of total phosphorus in the water showed that the total P value was influenced
by the discharge of municipal and surface wastewater and the existing area of organic
farms (p < 0.05). The higher the total P concentration in municipal and surface wastewater
was, the higher the total P value was in the water (positive function), and the larger the
area of organic farms in the lake feeding basins was, the lower the total P concentration
was in the water (negative function). No statistically significant effect of other studied
factors on total phosphorus concentration in water was found.

The effect of anthropogenic loads on the total nitrogen concentration, total N (Y), was
calculated by multiple regression analysis. The results are presented in Table 2.

Multiple regression analysis of the influence of anthropogenic loads on the total nitro-
gen concentration in the water showed that the total N value was affected by agricultural
land, and that the total N amount was generated from arable land and meadows, house-
holds that were not connected to sewage networks, discharged municipal wastewater,
water body feeding area and the existing area of organic farms (p < 0.05). The higher
the concentration of total N from arable land not connected to the sewerage network,
households and municipal wastewater and the larger the areas of the water body basin
and agricultural land were, the higher the value of total N in the water (positive function),
and the higher the total N concentration from grassland pastures and the larger the area
of organic farms in feeding basins were, the lower the total N concentration in the water
(negative function).

The effect of anthropogenic loads on the EQR (Y) values of chlorophyll “a” was
calculated by multiple regression analysis. The results are presented in Table 3.

A multiple regression analysis of the influence of anthropogenic loads in basins on the
EQS values of chlorophyll “a” in the water showed that the EQF values were influenced by
the relative number of animals in the basin (p < 0.05). The higher the relative number of
animals in the basin was, the lower the EQS value of chlorophyll “a” in the water and the
worse the water status (negative function).
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Table 2. The influence of anthropogenic loads in basins on the total nitrogen concentration in the water.

Unstandardized Coefficients Standardized Coefficients Significance Level

Environmental Factor B Std. Exror Beta t p <0.05
Constant 2.251 0.282 7.988 0.000
* N from arable land, t/year 0.300 0.080 2.628 2171 0.046
* N from meadows, t/year —0.307 0.081 —3.438 —3.806 0.001
N from cities, t/year 0.074 0.066 0.705 1.121 0.276
N from forest, t/years —0.063 0.124 —-1.073 —0.511 0.615
* N from households not connected to 0.886 0212 2956 4174 0.001

sewage networks, t/year
* N from municipal wastewater, 0.541 0.220 0.384 2455 0.024
t/year

N from surface wastewater t/year 0.140 0.120 0.180 1.166 0.258
N from organic farms, t/year 0.001 0.014 0.223 0.092 0.927
Current number of organic farms, % 0.000 0.001 —0.131 —0.315 0.756
* Current area of organic farms, ha —1.158 0.122 —1.181 —2.295 0.011
* Basin area, ha 0.001 0.000 2.865 2.656 0.016
Conditional number of livestock 0.001 0.001 3.865 0.847 0.408
* Agricultural land, ha 0.001 0.001 4.718 1476 0.046
Arable land area, ha 0.002 0.005 0.767 0.470 0.644
Number of farms in the basin, units 0.001 0.003 0.564 0.834 0.584

a. Dependent Variable: total N; * Significance factor, p < 0.05.

Table 3. Influence of anthropogenic loads in basins on the EQR (ecological quality ratio) values of chlorophyll “a” in the water.

Unstandardized Coefficients Standardized Coefficients Significance Level

Environmental Factor B Std. Error Heta p <0.05
Constant 0.186 0.037 5.078 0.000
Current number of organic farms, % 0.015 0.013 0.234 1.163 0.261
Current area of organic farms, ha 6.595 x 1073 0.000 0.097 0.342 0.736
Basin area, ha 0.001 0.001 0.372 0.642 0.529
* Conditional number of livestock —0.000 0.000 —1.244 —2.365 0.030
Agricultural land area, ha —4.660 x 107° 0.000 —0.604 —0.461 0.651
Arable land area, ha —4.970 x 1073 0.000 —0.397 —0.777 0.448
Number of farms in the basin, units 0.000 0.001 —0.220 —0.283 0.781

a. Dependent Variable: EQR; * Significance factor, p < 0.05.

The effect of anthropogenic loading on macrophyte taxonomic composition and abun-
dance, MEI (Y), was calculated by multiple regression analysis. The results are presented
in Table 4.

Multiple regression analysis of the influence of anthropogenic loads in basins on the
taxonomic composition and abundance of macrophytes, MEI, in the water showed that
MEI values were influenced by the relative number of animals and the area of agricultural
land in the basin (p < 0.05). The higher the relative number of animals was, the larger the
area of agricultural land in the basin. When the taxonomic composition and abundance of
macrophytes in the water were lower, the water status was worse (negative function).

The effect of anthropogenic loads on the taxonomic composition, abundance and age
of ichthyofauna, LFI (lake fish index) (Y), was calculated by multiple regression analysis.
The results are presented in Table 5.

A multiple regression analysis of the influence of anthropogenic loads in basins on
the taxonomic composition, abundance and age of ichthyofauna, LFI, in the water showed
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that the LFI values were affected by the current percentage of organic farms in the basin
(p < 0.05). The higher the percentage of organic farms in the basin was, the higher the
taxonomic composition, abundance and age of ichthyofauna in the water and the better
the water status (positive function).

The effect of anthropogenic loads on the taxonomic composition and abundance (Y) of zoo
benthos was calculated by multiple regression analysis. The results are presented in Table 6.

Multiple regression analysis of the influence of anthropogenic loads in basins on the
taxonomic composition and abundance of zoo benthos in the water showed that the zoo
benthos values were influenced by the current percentage of organic farms in the basin,
basin area and arable land area (p < 0.05). The higher the percentage of organic farms in the
basin was, the higher the taxonomic composition and abundance values of zoobenthos in
the water and the better the water status (positive function). The greater the basin area and
the arable land area in the basin were, the lower the taxonomic composition and abundance
values of zoobenthos in the water and the poorer the water status (negative function).

Table 4. Influence of anthropogenic loads in basins on the taxonomic composition and abundance of macrophytes, MEL in the water.

Unstandardized Coefficients Standardized Coefficients Significance Level
Environmental Factor B Std. Exror Beta t p <0.05

Constant 0.414 0.056 7.431 0.000
Current number of organic farms, % 0.004 0.020 0.047 0.195 0.847
Current area of organic farms, ha 0.000 0.000 0.220 0.664 0.515
Basin area, ha —0.002 0.002 —0.611 —0.999 0.331
* Conditional number of livestock —0.000 0.000 —1.084 —1.944 0.068
* Agricultural land area, ha —0.000 0.000 —2.281 —1.533 0.043
Arable land area, ha —3.838 x 107° 0.000 —0.237 —0.395 0.697
Number of farms in the basin, units —0.001 0.001 —0.583 —0.618 0.545

a. Dependent Variable: Macrophytes; * Significance factor, p < 0.05.

Table 5. Influence of anthropogenic loads in basins on the taxonomic composition, abundance and age of ichthyofauna, LFI

(lake fish index), in the water.

Unstandardized Coefficients

Standardized Coefficients

Significance Level

Environmental Factor B Std. Exror Beta t p <0.05
Constant 0.540 0.056 9.586 0.000
* Current number of organic farms % 0.044 0.020 0.531 2.250 0.047
Current area of organic farms, ha 0.000 0.000 0.317 0.979 0.341
Basin area, ha 0.002 0.002 0.676 1.130 0.273
Conditional number of livestock —1.558 x 107 0.000 —0.093 —0.171 0.867
Agricultural land area, ha —3.697 x 107° —0.000 —0.362 —0.248 0.807
Arable land area, ha —8.631 x 107° 0.000 —0.052 —0.088 0.931
Number of farms in the basin, units 0.000 0.001 0.094 0.101 0.920

a. Dependent Variable: LFI (lake fish index); * Significance factor, p < 0.05.
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Table 6. Influence of anthropogenic loads in basins on taxonomic composition and abundance of EPT (Ephemeroptera

(mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies) taxa in the water.

Unstandardized Coefficients Standardized Coefficients Significance Level

Environmental Factor B std. Error Beta t p <0.05
Constant 0.514 0.047 10.959 0.000
* Current number of organic farms, % 0.032 0.016 0.492 1.998 0.043
Current area of organic farms, ha —4.159 x 1075 0.000 —0.098 —0.260 0.804
* Basin area, ha —0.006 0.003 —2.346 —2.211 0.048
Conditional number of livestock 0.000 0.000 1.118 1.255 0.256
Agricultural land area, ha 0.000 0.000 1.685 1.050 0.334
* Arable land area, ha —0.000 0.000 —1.242 —2.098 0.049
Number of farms in the basin, units 0.001 0.001 0.785 0.508 0.630

a. Dependent Variable: Zoobenthos; * Significance factor, p < 0.05.

4. Discussion

With the relatively high discharges of N and P from agriculture, industry and wastew-
ater treatment plants, this study found that 50% of the water bodies surveyed did not
meet the good and very good ecological status values for total N, and 20% of the studied
water bodies did not meet the good and very good ecological status values for total P [38].
Agricultural nitrogen flows in a reservoir watershed have implications for water pollution
mitigation [39]. The study found that the highest total nitrogen load in lake basins per
year on average is from agricultural pollution from arable land (98.85%), and the highest
total phosphorus load is also from agricultural pollution from arable land (60%). Similar
results were obtained during the simulation. It was established that, on average, 90% of all
nitrogen got to the MaiSa subcatchment from the scattered pollution sources. It included
87% of the arable land and just a little more than 3% of the forest territory and pastures.
10% of all nitrogen of the subcatchment came from the point-pollution sources. The highest
amounts of all phosphor of the Masa subcatchment got to the subcatchment from the
point-pollution sources (about 49%), ploughed 18 land —(36%) and just a little more than
15% from the forestall territory and pastures [40].

Pollution loads are divided into groups according to their sources: diffuse pollution
from agricultural lands (arable land, meadows and pastures); minimal pollution from
organic farms [41]; background pollution from natural habitats (forests) not connected
to the sewage system; and pollution from household wastewater, urban wastewater [42],
municipal and industrial wastewater [43,44] and surface (rain) wastewater that are not
connected to treatment plants. Climate change might have profound effects on nitrogen
(N) dynamics in the cultivated landscape as well as on N transport in streams and the
eutrophication of lakes [45].

A multiple regression analysis of the influence of anthropogenic loads in basins on the
concentration of total phosphorus in water showed that the total P value was influenced
by the discharge of municipal and surface wastewater and the existing area of organic
farms. This result is consistent with the results obtained by another author [46,47]. The
decrease in total phosphorus and nitrogen concentrations in the water was due to the
increase in the area of organic farms using nitrogen (N), phosphorus (P) and potassium
(K) preparations [48]. Multiple regression analysis of the influence of anthropogenic loads
in basins on the taxonomic composition, abundance and age of ichthyofauna, LF], in the
water showed that the LFI values were influenced by the current percentage of organic
farms in the basin, and such trends have been evaluated by other researchers [49]. It should
be noted that this variable is also influenced by seasonality, water body structure [50] and
anaerobic substances [51]. Research shows that organic farming can improve surface water
quality [33].
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5. Conclusions

1.  The total N values did not correspond to the good and very good ecological status
classes in 50% of the tested water bodies, and the total P values did not correspond to
the good and very good ecological status classes in 20% of the tested water bodies.

2. Lakes and pond basins generate the largest amounts of pollution from agricultural
sources: arable land-total nitrogen 1554.13 t/year and 1.94 t/year phosphorus and
meadow pastures-total nitrogen 9.50 t/year and 0.20 t/year phosphorus.

3. The highest total nitrogen load in lake basins per year on average is from agricultural
pollution from arable land (98.85%), and the highest total phosphorus load is also
from agricultural pollution from arable land (60%).

4. Multiple regression analysis of the influence of anthropogenic loads in basins on
the total phosphorus concentration in the water showed that the higher the total P
concentration in municipal and surface wastewater was, the higher the total P value
in the water, and the larger the area of organic farms in lake feeding basins was, the
lower the total P value in the water (p < 0.05). The higher the concentrations of total N
from arable land not connected to the sewerage network, households and municipal
wastewater and the larger the area of the water body basin and area of agricultural
land were, the higher the value of the total N in the water (p < 0.05). The higher the
total N concentration from meadow pastures and the larger the area of organic farms
in the lakes feeding the basins were, the lower the total N concentration in the water
(p < 0.05). The higher the relative number of animals in the basin and the larger the
area of agricultural land in the basin were, the higher the chlorophyll “a” LFI value
(p < 0.05). The lower the macrophyte taxonomic composition and abundance MEI
values and the lower the taxonomic composition and abundance values of zoobenthos
in the water were, the poorer the water status (p < 0.05). The higher the percentage
of organic farms in the basin; the higher the taxonomic composition, abundance and
age of the ichthyofauna in the water; and the higher the taxonomic composition and
abundance values of the zoobenthos in the water were, the better the water status
(p <0.05).
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