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INTRODUCTION

ABSTRACT

When analyzing the symptoms of eutrophication and water quality in a small reten-
tion reservoir Bachmaty, an attempt to assess changes in its trophic condition before
and after modernization, was undertaken. The study upon changes in water trophic
level was carried out on a small retention reservoir Bachmaty located in Podlasie
region on the Orlanka river in the municipality of Dubicze Cerkiewne. Tests of water
samples collected from the surface layer of the coastal zone were performed once a
month, and the time of the research was divided into two periods. The first period was
conducted since April 2007 to March 2008 and since April 2009 to March 2010. The
second research period included the time immediately after the reservoir reclamation,
which ended in May 2011. The study was conducted since May 2011 to March 2012
and since April 2013 to March 2014. The trophic level of Bachmaty reservoir was also
assessed according to the concentration criteria and based on the trophic status indices
(TSI) calculated after Carlson’s as well as Kratzer and Brezonik’s. Reclamation of the
reservoir, which consisted mainly in removing the sediments, caused a reduction in all
TSI values. Analysing the overall trophic level index, i.e. the average of TSI (TP), TSI
(TN), and TSI (Chl), water of the Bachmaty reservoir may be classified as eutrophic
in individual years of the research, although a gradual decline in the TSI value could
be observed directly after the reservoir modernizing. After testing it was found that
the formation of the trophic level of Bachmaty reservoir was largely affected by the
amount of total phosphorus supplied to the water. Water quality in the reservoirs, and
also the content of phosphorus compounds is largely determined by external supply.
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vegetation. The plant production is affected by
many factors: light, temperature, nutrient levels,

Small retention is the accumulation of water
in small reservoirs by stopping or slowing the
water run-off, while maintaining the natural land-
scape. This applies mainly to small objects of lo-
cal significance and impact. Most of these bodies
receive contaminants delivered primarily through
water courses from mostly agricultural areas.
These reservoirs have different surface areas, are
usually shallow, and thermally not-stratified for
greater part of the year.

A process that mainly threatens the water
of small retention reservoirs, is eutrophication,
which affects the quality of their water. The most
spectacular manifestation of eutrophication are
blooms of water, caused by increased growth of

as well as morphological, hydrodynamic, and
hydro-biological properties of waterways and
reservoirs. However, the factors necessary for
the development of aquatic vegetation are bio-
genic elements. These include hydrogen, carbon,
nitrogen, oxygen, phosphorus, sulphur, sodium,
magnesium, potassium, calcium, iron, manga-
nese, zinc and tin [1]. Eutrophication processes
are accelerated as a result of draining the exces-
sive amounts of nitrogen and phosphorus to the
surface water from anthropogenic sources. The
sources of nitrogen and phosphorus as well as
other components are primarily the large-scale
used organic fertilizers, such as liquid and solid
manure and also mineral fertilizers. One of the
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most dangerous sources biogenic substances sup-
ply to the waters is municipal wastewater, both
treated and untreated [2, 3]. Eutrophication pro-
cess is stimulated by phosphorus compounds
present in municipal wastewater, which are de-
rived from detergents.

The most visible effect of eutrophication is
increased turbidity of water. It primarily depends
on the presence of various insoluble inorganic or
organic compounds of natural and anthropogenic
origin, such as particles of rocks and soils, iron,
manganese, calcium and phosphorus compounds,
humic substances, plankton, higher microorgan-
isms [4].

Eutrophication leads to a significant deterio-
ration in the performance of water, especially in
terms of organoleptic indicators, such as smell,
taste, colour, turbidity [5]. One of the methods to
improve the quality of water in small reservoirs is
their modernization.

Analyzing the symptoms of eutrophication
and water quality in small retention Bachmaty
reservoir, an attempt to identify changes in its
trophic level before and after modernization, was
undertaken.

METHODS

Studies of the trophic level changes in water
and its quality were carried out in small retention
reservoir Bachmaty located in the Podlasie region
on the river Orlanka in the municipality of Dubic-
ze Cerkiewne. The Bachmaty reservoir was built
on the 44+795 km of the river Orlanka in 1985
by water damming with earthen dam. The area of
the reservoir is 5.5 ha and volume of accumulated
water is 75 000 m®. Hydrological catchment of
the reservoir occupies the area of 22.8 km?, its
width is 60-90 m, and length 760 m. Normal stor-
age level (NPP) reaches the height of 3.25 m, and
mean depth at NPP is 1.5 m. The reservoir is sup-
plied with water from the river Orlanka, rainwa-
ter, and from the surface runoff [6].

The priority task of Bachmaty reservoir is
water retention which helps maintain the stability
of the natural environment. Accumulated water
increases the water capacity of soils on surround-
ing areas. The reservoir also fulfills the func-
tions of flood control, environmental protection,
extensive fish farming (every year the reservoir
is stocked with precious species of fish), and in-
creased value of rural landscape, as well as rest
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and recreation. Bachmaty reservoir is located on
an almost flat plain. In this area, there are only
slight hills, and the reservoir is an element en-
riching the existing natural landscape. Wooded
areas are situated near the reservoir. Surround-
ing the reservoir is a recreational area with sandy
beaches, next to which there are accommodation
places with cottages and campsites. There is also
a swimming equipment rental, e.g. water-bicycles
or canoes [6]. Further of the reservoir, there are
agricultural areas used for grassland, meadows,
and pastures. The long life of exploitation led to
silting the bottom of the reservoir and the river.
This contributed to the deterioration of reservoir
water quality and environmental imbalance. The
shallowness and the presence of cyanobacteria
was associated with the need to limit the use of
the reservoir for recreational purposes. This con-
tributed to a reduction in the landscape value of
the area and reduction in the number of tourists
[6]. In order to maintain the good condition of the
reservoir, as well as the environmental sustain-
ability, it was modernized in 2011. The reclama-
tion works included, among others, draining the
water from the reservoir, de-silting the bottom of
the river, and cleaning the damming buildings.
General modernization of the Bachmaty reservoir
was completed on May 26, 2011.

In order to assess the quality of reservoir wa-
ter, three measurement and control points were
selected, which were situated within the inflow
(point No 1) and outflow (point No 3) to the river
Orlanka, as well as in the central part of the reser-
voir (point No 2). The selection and placement of
measurement and control points in the reservoir
was dictated by the ability to capture the changes
occurring in the object under study. The collected
waters were subject to determine the following
items: total nitrogen, total phosphorus, chloro-
phyll “a”, and turbidity. Tests of water samples
collected from the surface layer of the coastal
zone, were carried out once a month, and the time
of the research was divided into two periods. The
first period was conducted since April 2007 to
March 2008 and since April 2009 to March 2010.
The second research period included the time im-
mediately after the reservoir reclamation, which
ended in May 2011. The study was conducted
since May 2011 to March 2012 and since April
2013 to March 2014. All the tests were performed
in accordance with the current methodology [7].

The level of significance and power of the test
assumed in the calculations as a measure of the
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Table 1. The results of the power of the tests in the Bachmaty reservoir

Bachmaty reservoir
Parameters TN TP Chlorophyll Turbidity
The average value of the null hypothesis (Mi0) 0,00 0,00 0,00 0,00
The average value in the population (Mi) 2,02 0,43 3,30 19,14
Population standard deviation (Sigma) 2,53 0,36 1,79 11,05
Standardized effect (Es) 0,80 1,19 1,85 1,73
Probability of the | type error (Alfa) 0,05 0,05 0,05 0,05
Target power 0,80 0,80 0,80 0,80
The power of required numerical force of sample N 0,82 0,82 0,86 0,82
Required numerical force of sample (N) 15,00 8,00 5,00 5,00

reliability of the test results. The procedure uses
a method of mathematical statistics regarding
power analysis tests. The results of calculations
are given in Table 1.

The trophic level of Bachmaty reservoir was
also assessed according to the concentration cri-
teria and based on the trophic status indices (TSI)
calculated after Carlson’s as well as Kratzer
and Brezonik’s. The trophic indices were calcu-
lated according to Carlson TSI (Chl) in pg/dm?,
TSI (TP) in pg/dm’, according to Kratzer and
Brezonik TSI (TN) in mg/dm?® and general trophic
level of the reservoir TSI was assessed using the
achieved mean value from the three calculated
indices TSI(Chl), TSI(TP), TSI(TN). Water trans-
parency measured by Secchi disc was skipped,
because it is of little importance in the dam res-
ervoirs, when assessing the trophic status. Water
inflowing during the heavy rainfall supply large
amounts of suspensions that cause turbidity of re-
tained water. The reduction in water transparency
due to this fact is not related to the growth of phy-
toplankton [8, 9]. The values of the trophic sta-
tus indicators by Carlson are as follows: TSI<40
oligotrophy, 40—-50 mesotrophy, 50-70 eutrophy,
>70 hypertrophy [10]. Assessment of the eutro-
phication degree is made on the basis of average

annual values of biogenic indicators for flowing
waters [11].

RESULTS AND DISCUSSION

Analyses of total nitrogen concentration in
water during the research showed its remarkable
variability. The mean concentration of total ni-
trogen before modernization of the reservoir, i.e.
in 2007/2008 and 2009/2010 ranged from 2.19
to 2.42 mg N/dm’. After reservoir cleaning, these
values decreased to the average annual ones
from 1.1 to 1.52 mg N/dm®in 2011/2012 and
2013/2014 (Table 2). Factor causing such high
values of total nitrogen in the water is probably
the residual sludge at the bottom of the reservoir,
that got into the reservoir water in the form of
humic substances along with waters of the river
Orlanka, the catchment of which is located in
the agro-forestry area. Regardless of the date of
the study, seasonal changes in this element were
monitored. Lower levels of total nitrogen were
recorded in the spring and summer, while higher
in autumn and winter. At the same time, larger
values of this element were found before reser-
voir reclamation.

Table 2. Results for waters from the Bachmaty reservoir before and after reclamation

Before_ reclamation After_reclamation
Parameter Unit rr:ce—rangzx n:ce—rargzx
IV 2007 — 111 2008 | IV 2009 — 1112010 | V2011 —1112012 | IV 2013 1112014
Total nitrogen (TN) mg N/dm? —0'52__14%25 —0'53_1%33 —0'1;‘}]'38 —0'1172298
Total phosphorus (TP) mg P/dm? —0'23;11'36 —0'3(?%17'46 —0'0(]__215'56 —0'03_1%'23
Chlorophyll ,a” ug/dm® 1.9:?;%07 2.21.?571.15 1.022535.21 0.928;.54
Turbidity NTU % 222);43;’ % 181_—12
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Similar trends were observed for certain con-
centrations of the total phosphorus, the values
of which before modernization of the reservoir
ranged from 0.64 to 0.67 mg P/dm’. Penetra-
tion of phosphorus from bottom sediments into
the water is a problem that significantly compli-
cates the reclamation treatments in reservoirs,
especially small and shallow ones [12]. Reten-
tion of phosphorus in bottom sediments includes
three main processes: deposition on sediments,
transformation of organic phosphorus and its re-
straining and hiding in sediments or movement of
phosphorus to the deeper layers. If the deposition
is faster than the other two processes — then the
excess of phosphorus remaining in constant con-
tact with the water of the reservoir is observed. In
this case, sediment becomes an important internal
source of phosphorus and maintains the eutrophi-
cation process, even after the reduction of exter-
nal phosphorus sources [12,13]. The average con-
centration of the biogenic agent determined after
cleaning the reservoir is smaller and amounts to
0.13-0.23 mg P/dm’. Also in this case, its sea-
sonal occurrence was observed. Like in the case
of the total nitrogen, the lowest concentrations of
phosphorus were recorded during the spring and
summer, whilst higher in the autumn-winter sea-
son. The high content of total phosphorus can be
affected by re-suspending the sediments depos-
ited on the bottom of the reservoir, which were
produced, among others, as a result of the surface
runoff and contaminants sedimentation. Water,
during the contact with the soil surface, dissolves
phosphates contained therein and lifts light and
loose material in a form of plant residues, resi-
dues of natural and mineral fertilizers [14]. The
first stage of the surface runoff is dissolution,
desorption, and extraction of phosphorus com-
pounds from the soil by rainwater, and the sec-
ond - actual transport [15]. Despite of the small
phosphorus migration within the soil, its content
in surface waters can be quite substantial.

The tests of chlorophyll “a” in waters of the
Bachmaty reservoir, regardless of the time of
study, revealed seasonal fluctuations in its con-
tent. Increased concentrations of chlorophyll “a”
were determined in spring, summer and autumn,
while its levels were reduced in winter reach-
ing the minimum. The average concentration of
chlorophyll “a” in water of Bachmaty reservoir
ranged from 3.89 to 4.61 pg/dm? during the study
before reservoir reclamation, while after modern-
ization — from 2.51 to 2.59 pg/dm?.
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The analyses showed a considerable variation
in water turbidity values in individual years of the
research. Before works associated with the reser-
voir de-silting, the annual average turbidity value
ranged 28.08-29.42 NTU, while after reservoir
reclamation, it decreased to 7.83-11.42 NTU.
There were no seasonal incidence of turbidity.
The change in this parameter could be influenced
by many factors dependent on both technological
and structural conditions of the reservoir. These
include, among others, time of water retaining in
reservoir, frequency and extent of fluctuations in
water level, season and weather conditions, con-
dition of the reservoir bottom and walls being in
contact with water, method of reservoir operation,
water flow through the reservoir ensuring perfect
mixing and full exchange, as well as the depth of
water in the reservoir [16].

The study revealed that the average TSI
(TP) in 2007/2008 and 2009/2010 ranged within
96.88-97.31, allowing to classify the reservoir as
hypertrophic (Figure 1). Despite of a significant
decline in the TSI (TP) after reservoir moderniza-
tion, determined values of 73.04—75.71 still qual-
ify it as hypertrophic. Average annual TSI (TN)
prior to reclamation was within 63.06-64.89
qualifying the reservoir to eutrophic (Figure 2).
After the reclamation of reservoir, the trophy
level indicator decreased to 46.4-57.59 borders
indicating that the water in the first year was me-
sotrophic, and as early as the following research
year - eutrophic. When determining the trophic
status based on the content of chlorophyll “a”,
water in the Bachmaty reservoir was classified as
mesotrophic and oligotrophic. The average annu-
al TSI (Chl) was in the range 42.94-44.75 during
the research before reclamation and 37.16-38.54
after the removal of silt (Figure 3).

Comparing the analyses made in 2007/2008
and 2009/2010, a slight, although increasing
trend in average trophic levels, was observed.
Reclamation of the reservoir, which consisted
mainly in removing the sediments, caused a re-
duction in all TSI values. Analyzing the over-
all trophic index, i.e. the average of TSI (TP),
TSI (TN), and TSI (Chl) (Figure 4), water of the
Bachmaty reservoir in individual years of study
were classified as eutrophic, although a gradual
decline in the value of TSI directly after mod-
ernization of the reservoir, was recorded. It was
found that formation of the trophic status of the
Bachmaty reservoir was largely affected by the
amount of total phosphorus supplied to its wa-
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Figure 1. Average trophic level TSI(TP) of the Bachmaty reservoir in individual seasons and research years

90

2007/2008

2009/2010

2011/2012

2013/2014

B TSI(TN)Spring

B TSI(TN)Summer

H TSI(TN)Autumn
B TSI(TN)Winter
B TSI(TN)yearly

Figure 2. Average trophic level TSI(TN) of the Bachmaty reservoir in individual seasons and research years
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Figure 4. Annual average trophic level of the Bachmaty reservoir in individual research years

ters. The quality of water in reservoirs, mainly
the concentration of phosphorus compounds, is
largely determined by the external supply. Phos-
phorus compounds enter the water of reservoirs
through different routes: with inflow of the river,
rarely with the area runoff, mainly with point
discharges of contaminants in wastewater, as
well as from the atmosphere etc. [17]. Advanced
eutrophic processes occurring in the Bachmaty
reservoir occur probably due to the inflow of
large amounts of humus and biogenic substances
from the catchment area, because forests and ag-
ricultural areas are a large part of this area. Or-
ganic compounds flowing into the reservoir can
be biodegradable and decomposed, and some
of them can float in the water, while some falls
at the bottom forming sediments. Long opera-
tion life of the reservoir led to its siltation and
shallowing. This contributed to the deteriora-
tion of water quality in the Bachmaty reservoir,
increased trophic level, and often presence of
cyanobacteria. Similar situation is observed in
other small retention reservoirs located in the
Podlasie region, where significant percentage of
river catchments that supply water to reservoirs,
are the forest areas and farmlands. Supplying the
water reservoirs with phosphorus and nitrogen
compounds accelerates the natural aging, and in
extreme cases, rapid degradation [18].

CONCLUSIONS

1. Reclamation of the reservoir caused reduction
in nitrogen and phosphorus concentration in
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water by more than 50% and significant reduc-
tion in turbidity.

2. The concentration of biogenic substances in
water was subject to seasonal variations, and
in the case of water turbidity, such dependence
was not confirmed.

3. Due to the index of the overall trophic level,
water in the Bachmaty reservoir during the
years of study was classified as eutrophic,
even though there was a decrease in TSI value
immediately after reservoir modernization.

4. The trophic status of the reservoir water is de-
termined mainly by the supply of phosphorus
from external sources and as a result of its mo-
bilization from bottom sediments.
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