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process of photosynthesis, they can use the whole spectrum (from 400 till 700nm'
photosynthetically active radiation, which enables its active presence even in dea
(Micheletti et a1., 1998). Contrary to the majority of cyanob acteria, Planktothrics
use phosphorus of organic and inorganic origin. This gives a great adaptabiliry-m
cyanobacteria, and hard time to remove from the reserwoir. It is characteristic for cold
lakes pnd resel'r,'oirs at higher altitudes, like Alpine lakes (Geneva Lake, Lake Garda n
Lake Bled in Slovenia, Lac du Bourget in France etc.). In Serbia it was detected h
reservoirs on Uvac fuver (BlaZeniic eia1., 1990; Svirdev et a1.,2007), and very recen{
was a cyanobacteria bloom in the Vrutci Reservoir. Experiences ffom similar cases
they do not exist in lakes where concentrations of total phosphoms are below 10
per liter (Jacquet et a1., 2005).

The results of toxicological analyses performed abroad were negative for the
cyanotoxins in drinking water. In the meantime, the altemative water source "Su5idka
was acivated and connected to the raw water pipeline. After several days of intensil'e
of raw water pipeline and secondary water supply network, and several consecutive
biofilm deposits and cyanobacteria that found their way through sand filters in the
treatment plant, were removed and inactivated, the ban on use of water was finally lifted

2 Methodology
2.1 Water Reservoir Vrutci and Djetinja River
Multipurpose reser"'zoir Vnitci (43" 50' 34" N, 19' 4I'36'E) was formed in 1

damming river Djetinja with an arch concrete dam with the height of 77 meters.
place is located 12 kilometers upstream from Uzice, at the entrance of Djetinja
Medium oerennial flow of Dietinia at that section is 1.87 m'ls. The l)ietinia watershMedium perennial flow of Djetinja at that section is 1.87 mr/s. The Djetinja watershec
(160 km1, is rarely populated without significant economic activity. Up to the top or
overflow (627 m asl), the resewoir has a maximum capacity of 54 million nt', and the r,-r
of 40.2 million m' , at a normal operation level, 621.3 m asl. Reservoir Vrutci is the
source of the Uzice PWSU, and also has roles in flood control, sediment control and enri
the low flows in the Western Morava basin (KRO Bioktos, 1984). Since the year 2r,ri
mini hydropower plant (MIIP) was connected to the raw water pipeline, and
environmentally required minimum flow was diverted through that connection. Like
other reservoirs in Serbia, Vrutci is a popular summer swimming and picnic area, and aL* r
part of the fishing area. In its nominal morphometric characteristics, and the surface of r
table of 1.92 krn", the mean depth of 20.8 m, Vrutci is expected to be an oligotrophic
with trophic index below 40 (Grabii, 2013). Djetinja River is a merger of several tri
some of which bring organic pollution, like untreated wastewater form villages Kremn"
Bioska, small solid waste 1andfil1s etc.

2.2 Field, measurements of water quality
Field measurements conducted by the team of I-INESCO Chair in Water, on

28, was the first detailed surwey in the thirty years long history ofthe Vrutci reservoir.
that, monitodng by the relevant state agency was not systematic, and with long
without any data. In the present measurement campain, water quality indicators
temperatue, dissolved oxygen concentration, dissolved oxygen saturation 1evel, chl
a, pH, specific conductivity and total mineralization, were measured by a multi
probe at 156 points. Measurhg points are arranged in six verticals (Vl,V2, V3, V4, V5-
V6), evenly distributed over the longitudinal axis of the reser-voir, 1}om the dam tr-'
confluence of tributaries (Figure 1a). The multi-parameter probe, type 6600 V2 -2 (Figure
belongs to the latest generation of producers YSI Inc. (Yellow Spring
http://www.ysi.com), which has optical sensors for measuring the concentrations of disso
oxygen and chlorophyll a. The quality of water is measured out of the boat, and the probe
lowered from the surface to the bottom in depth increments of aooroximatelv 1m. A
similar methodology and the same measuring equipment has been used within the
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deterrnine TDS is eravimetric, it is possible to le1ate it with the electro conductivity. Dr

the almost complete mixing of the lake water in that period, the standard deviations of a*

measured parameters are small. Total dissolved solids range in the narrow band of220 t.'

mg,{L (Figure 2d), which is smaller than the concentration of 1000 mg/L, or natural lele-

boundary between the first and second classes of ecological status. Increased concentradm
dissolved solids were observed just above the sediments at the location of Vl, where

temperafure is increased and concentration of oxygen is 1ow, which indicate the
process of degradation ofthe organic substances.

At the time of measurement the Vrutci Reservoir was relatively rich in

oxygen. In over 80 % of measured points in the concentration ranged between 8 and 10
(Figure 3a). For given water temperature and the conesponding height of the water
this concentration range conesponds to the degree of saturation between 60 and 80 % tF:
3b). The presence of significant amounts of oxygen up to the depth of 20 meters is

due to convective mixing of the water column and the cuffent cyanobacterial
(cyanobacteria produce oxygen though photosynthesis), but it cannot be
confirmed, as there are no data measurements of water quality in summer, when the
was thermally stratified. For depths greater than 20 meters, oxygen decreases slightll--
for depths greater than 32 meters, there is a rapid drop. In the profile of Vl, at the dam-
the bottom, nearly anoxic conditions are detected as a result of bacterial decompositi.u
organically precipitated matter. It is very imporlant that water is evacuated from the
bottom outlet because it contains the largest amount of phosphorus, whose presence
prerequisite for development of cyanobacteria and other algae. Analyses of PWSU
(Gra5ii,2013) indicate that the total phosphorus concentration in the bottom layer is -:
times greater than the average value for the whole of the reservoir. Significant amotdm
dissolved oxygen and the absence of cyanotoxin in the water are the main reasons I lh-r

was no dead aquatic organisms spoted.
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Figure 2. Vertical dktribution of: q) water temperature; b) spectfc e. conductiyity;
c) electric conductivity and d) Total Di"solved Solidt
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3.2 Visual observations
On the December 28, the day of measurements, the reservoir was covered with r

fog, and visibility was reduced. The next visit to the reservoir and tributary was organi
Januaty 2, on a clear day. Elevation of the water level was at 614 m above sea level, thi
m lowgr than the design water level. The low water levels provided an insight into the
littoral zone. Larse amounts of sediment from torrential tributaries into the reservoir i
urgent need for the conStruction of torrential erosion control structures in the
Jokic meadows the dog was spotted while drfuking water from the reservoir, and near rbc
an allegedly vital otter (Lutra lutra), dived and appeared out of the water, in a place
was a thick layer formed fiom dead cyanobacteria (Figure 4).

The upstream paft of the reserwoir is now without water, which provides insight i
bottom covered with sediment deposits (Figure 5), brought by river Detinja frm
watershed. Organic forms of nitrogen and phosphorus compounds are oxidized in ai
transformed into inorganic forms, which are then available to all primary producers, i
the cyanobacteria. During the period of high water, tributaries wash these layers,
them directly into the reservoir. It is therefore necessary to maintain the elevation of the
level as close to the nornal elevation as possibie. to allow establishine of
submersed macrophytes (aquatic plants) by biotechnical measures, or naturally.
will assimilate nitrogen and phosphorus compounds more efficiently, provide shelter ia
and help the restoration of a disturbed ecological balance. In the case of pro
macrophy'tes, their biomass is simply regulated by underwater harwesting, a practice thar
excellent results on the Sava Lake in Be1$ade that despite the huse number of visi
summer, manage to retain first-class ecological status. The most important objeoi
reservoir management is to avoid unnecessary changes of the elevation of the water
below the design level, which will provide storage for flood waves of 50 years retum
without overflowins.

Figure 4. A dog drinking (reddish) waterfrom resemctir Vrutci (lefi), and an otter (Lutra lutrq) swimEq
upstreau of the dam ift q zo e of tick ldyer o;f cyanobacteria.
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to handle cyanobacteria breaches, and to increase the capacity and number of
sources of water supply.
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