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Methods for Management of Eutrophication 
in Freshwater Ecosystems in Vojvodina

Introduction
Eutrophication is generally understood to refer to enrich-
ment of water systems by nutrients, notably nitrogen and 
phosphorus, and to the enhanced production of algal and 
higher plant biomass that the added nutrient loads stimu-
late (Reynolds, 1992). Normally, the eutrophication is nat-
ural phenomenon, but during the last 2 decades, the word 
‘eutrophication’ has been frequently used to denote the ar-
tificial and undesirable addition of plant nutrients to water-
bodies (Ryding, Rast, 1989).

Eutrophication is a process whereby water bodies, such 
as lakes, estuaries, or slow-moving streams receive excess 
nutrients that stimulate excessive plant growth (algae, peri-
phyton attached algae, and nuisance plants weeds). This en-
hanced plant growth, often called an algal bloom, reduces 
dissolved oxygen in the water when dead plant material de-
composes and can frequently cause other water biota (fish 
in particular) to die. Nutrients can come from many sourc-
es, such as: fertilizers applied to agricultural fields, sub-
urban lawns, deposition of nitrogen from the atmosphere, 
erosion of soil containing nutrients and sewage treatment 
plant discharges. Eutrophication is “a kind of decreasing of 
the water quality” (Henry, 1993). 

Accelerated eutrophication of water ecosystems, as a di-
rect consequence of the rapid increase of human popula-
tion, urbanization and modern agriculture practice, has 
apparently intensified the occurence of the toxic cyano-
bacterial blooms as well. In that sense, stagnant water ec-
osystems are especially vulnerable, including the drinking 
water supply reservoirs. Therefore, many techniques have 
been developed for improvement of the water quality in res-
ervoirs. Some of them are listed in Table 1.

Hydrometeorological Department of Serbia is appointed 
instituion to monitor the water quality in 38 reservoirs, ac-
cording to Government Program, once per year. Compara-
tive analysis of the hitherto established hydrobiological in-
vestigations revealed that only a small number of reservoirs 
in Serbia have been covered by comlex investigations. Some 
of them include Đerdap, Gruža, Grošnica, Vlasina, Grlište, 
Barje, and some small reservoirs and lakes in Vojvodina 
(Borkovac, Zobnatica, Sot, Palić, and Ludoš). Hydromete-
orological Department of Serbia has been monitored the 
water quality in 143 water flows in Serbia, 61 belong to Vo-
jvodina region, according to Government Program, once 
per year. Nevertheless, even on these water bodies the in-
vestigations were mostly conducted in a specific and limit-
ed time period without comprehensive and continual mon-
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itoring system. Gained results on the other hand were also 
not used properly in the management or exploitation activ-
ities (Gajin et al., 2003).

Through systematic investigations on Borkovac reser-
voir, Svirčev and Marković (1996) confirm the trend of sig-
nificant water qaulity deterioration what resulted in a dras-
tic shrinking of the waterbody. Sanation measures were 
also proposed which have not ever been implemented. In 
the last 10 years, detected rapid eutrophication process-
es in this reservoir have led to successive changes typical 
for swamps, having cyanobacterial “water bloom” episodes 
every year with marked presence of cyanotoxins in the wa-
ter (Simeunović et al., 2005).

Water quality decreasing in Vojvodina has also been de-
tected not only in reservoirs but in natural lakes, rivers and 
Danube-Tisza-Danube (DTD) channel system. Very com-
prehensive review on rapid water deterioration in Palić and 
Ludoš lakes and proposed sanation methods can be found 
in studies published by Seleši (2000) and Dulić (2002). Large 
rivers The Danube, The Sava, The Tisza and The Tamiš, and 
their tributaries are also more or less eutrophic. A good ex-
ample is Ponjavica River in South Banat (now protected 
watercourse, Nature Park) which has lost a major portion 
of its flow to becoming a swamp, having frequent occur-
rence of small green algae in “water blooms” (Obušković, 
1991). Comprehensive water analysis of The Tamiš River 
(Marković and Svirčev, 1998) reveiled rapid eutrophication 
stage and the imperative need for immediate sanation ac-
tivities. 

“Water blooms”, or mass development of algae in the wa-
ter, are the visible evidence of eutrophication in water ec-
osystems. Episodes of “water blooms” are very frequent in 
stagnant waterbodies in Vojvodina, but are also increas-
ingly reported for our Planet as well. Most recent inves-
tigations (Svirčev et al., 2006) on 26 water ecosystems in 
Serbia point out the anxious fact that the water quality is 
rapidly deteriorating, what has been detected as the basic 
cause of Primary Liver Cancer (PLC) incresing in regions 
of Central Serbia where the drinking water supply systems 
are based on reservoirs with detected cyanobacterial “wa-
ter blooms” (Svirčev et al., in press). Gruža reservoir is also 
confirmed eutrophic waterbody in which, apart of frequent 

“water blooms” of Aphanizomenon flos-aque, massive devel-
opment of dinophytes (Pyrrophyta) have also been noticed 
(Ranković et al., 1994). Recent investigations by Svirčev et 
al. (2006) showed that the water quality in Ćelije, Bovan, 
Grliška, Gruža, Bukulja, Garaši, Borkovac, and Pavlovci 
reservoirs, and 20 other water ecosystms in Vojvodina were 
in such stage that accelerated eutrophication has been con-
firmed. 

These findings are in compliance also with the recent in-
vestigations by Simeunović et al. (2005) who postulate the 
basic cause for increased cyanobacterial “blooms” and cy-
anobacterial toxin release in examined waters in accelerat-
ed eutrophication pattern in Vojvodina. Detected rapid eu-
trophication and water quality deterioration in investigated 
freshwater ecosystems in Vojvodina evidently demand rap-
id implementation of revitalization measures. 

Table 1. Ecotechnological methods applied to reservoir watershed management and recovery (Straškraba, Tundisi, 1999)

PROBLEM TO BE SOLVED METHODS

ORGANIC POLLUTION
Clean production 
Diversion of effluents 
Purification plants

EXCESS NUTRIENTS AND EUTROPHICATION

Wetlands 
Diversion of wastes 
Tartiary treatment plants 
Progressive agriculture practices 
Meadow and riparian forest zones on the vegetated banks 
Natural and constructed wetlands 
Pre-impoundments at the inflows

EUTROPHICATION AND OXYGEN DEPLETION OF RIVERS 
RESERVOIRS SILTATION

Wahnbach P-reducton plant 
River restoration 
Re-oxygenation 
Erosion control 
Rehabilitation of river banks 
Reforestation 
Groundwater recharge 
Pre-impoundment of inflows

HEAVY METAL CONTAMINATION
Reduction of polluted effluents 
Wetlands

ACIDIFICATION
Liming 
Organic matter additions

SALINIZATION
Improved irrigation practices 
Decreased fertilizer applications 
Decreased road salting

DECREASED BIODIVERSITY DUE TO RESERVOIR CONSTRUCTION

Prohibit introduction of foreign species 
Reintroduction of native species 
Maintenance of wetlands as nursery grounds 
Maintenance of preserved areas for native species
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The principle aim of this paper is to present known res-
ervoir sanation methods and to describe in more details 
the ecoremediation metod (ERM), one of the most recent 
method in the world still not implemented in water ecosys-
tem sanation in Republic of Serbia. 

Management techniques  
for improving water quality in reservoirs
Reservoirs have been predominantly built with respect to 
water quantity and the guarantee of sufficient water quanti-
ty is still the basic requirement of reservoir operation. How-
ever, water quality aspects are of increasing concern, be-
cause a growing number of reservoirs are used for water 
supply purposes and consequently the water quality being 
of legislative concern as well (Table 3).

Mixing and oxygenation
The aim of artificial mixing procedures is oxidation of ei-
ther a deoxygeneted hypolimnion or the entire waterbody 
and/or inhibition of phytoplankton growth. 

Destratification is accomplished by injection of com-
pressed air from a diffuser into water at a reservoir bottom. 
These tree goals are simultaneously sought: 

destratification to prevent algae from remaining in the 1.	
illuminated layer and causing a decrease in phytoplank-
ton biomass formation;

circulation to decrease pH and cause a shift from blue-2.	
green to less noxious green algae;
aeration to oxidize the hypolimnion and consequently 3.	
seal the bottom to prevent release of phosphorus, iron 
and manganese.

Undesirable consequences may result in some cases. Ear-
ly examples of practical use of destratification are summa-
rized by Pastorak et al. (1981) who reported that from out of 
140 relatively full destratification attempts there was a sig-
nificant change in biomass in 65 of the cases, of which 70% 
underwent a biomass decrease and 30% experienced an in-
crease and were accompanied by changes in species com-
position. An air flow of oxygen has to surpass 0.09m3 ha-1, 
otherwise the mixing is inactive (Schladow, 1993). The ad-
vantages of destratification are as follows: hypolimnetic ox-
ygen increases; there is no phosphorus release from the sed-
iments; the amounts of iron and manganese remain low or 
absent; and the amount of algae decreases. Cost of the pro-
cedure is low.

Layer aeration is a relatively new approach that is based 
on detailed knowledge of stratification conditions in a giv-
en waterbody and the consequences of these in terms of wa-
ter quality (Kortmann et al., 1988). Under this strategy, heat 
and oxygen in a stratified reservoir are redistributed into 
discrete layers. Manipulation of the thermal structure can 
create desirable physical and chemical conditions. In this 

Figure 1 Natural ecoremediation in DTD channel Bezdan-Vrbas nearby the Sombor town (Vojvodina)
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way the negative effects previously mentioned that often ac-
company destratification are avoided.

Methods of treating sediments
Sediments accumulate phosphorus over long periods of 
time and the resulting concentrations of phosphorus in the 
upper few millimeters of the sediment can be much great-
er than the phosphorus content in the entire water col-
umn. The dissolved fraction of this large phosphorus store 
is constantly exchanged with the adjacent water. Because 
of the large phosphorus storage in the sediments, eutroph-
ic conditions may continue for several years after phospho-
rus supply to the reservoir is considerably reduced. Various 
procedures are used to decrease the release of phosphorus 
from the sediments.

Sediment removal consists of the removing the upper 
layers of sediment that contain high phosphorus levels. 
Methods of sediment removal and their respective cost-ef-
fectiveness were reviewed by Peterson (1982). The advantage 
of this method is that the result are long lasting. In lake 
Trummen in Sweden, phosphorus concentration dropped 
from peaks as high as 900 μg l-1 to a level less that 10 μg l-1 
and remained that low for the whole period of observations, 
which extended more than 9 years (Straškraba & Tundisi, 
1999; Seleši, 2000). The cost is high.

Biomanipulation
At the begining of the ‘60s, Hrbacek and co-workers (Hr-
bacek et al., 1961) drew attention to the existance of a top-
down control of the food chain, of equal importance to bot-
tom-up control (De Bernardi, Giussani, 1995).

A term “biomanipulation” was established by Shapiro et 
al. (1975). The principle of the method is food chain manip-
ulation by maintaining low feeding pressure on zooplank-

ton by fish, so that large species of zooplankton predomi-
nate, that are capable to keep phytoplankton under control. 
This is accomplished when the number of zooplankton feed-
ing fish is low. Development of fish populations that lead to 
control of zooplankton and phytoplankton can be achieved 
by the following three ways:

 temporary eradication of stunted fish populations by us-1.	
ing rotenone poisoning and predator stocking (rotenone 
is non toxic for invertebrates and phytoplankton);
continuous introduction of predatory fish and net-har-2.	
vesting of non-predatory fish; collaboration with local 
sport fishery and use of commercial fishery methods is 
needed;
reservoir drawdowns during reproduction periods of 3.	
undesirable fish species by exposing eggs on shore veg-
etation.

The advantages of this method, aside from very low cost, 
is that it is fully natural, with no chemicals or machinery 
required; the only means used is manpower. Costs are low 
if combined with organized fisheries efforts but increase 
when these efforts are not combined (Straškraba, Tundisi, 
1999). 

Biomanipulation is a form of biological engineering in 
which organisms are selectively removed or encouraged to 
alleviate the symptoms of eutrophication. Most examples 
involve fish and grazer zooplankton though mussels have 
also been used (Jorgensen, 1992).

Algicide use
The addition of algicide such as simazine or copper sul-
fate has long been used as an emergency measure to con-
trol excessive algal growths. The dosage of CuSO4 applica-
tion varies between 6 kg and 20 kg ha-1, depending on the 

Table 3. Management techniques for improving water quality in reservoirs (Straškraba & Tundisi, 1999)

MEASURE MEANS REFERENCES

ARTIFICIAL MIXING AND OXYGENATION

1. Destratification 
2. Hypolimnetic aeration 
3. Epilimnetic mixing 
4. Metalimnetic mixing 
5. Layer aeration 
6. Speece cone 
7. Propeller mixing

Symons et al., 1967 
Bernhardt, 1967 
Straškraba, 1986 
Stefan et al., 1987 
Kortmann et al., 1994 
Speece et al., 1982 
Fay, 1994

SEDIMENT REMOVAL Dredging the sediment Bjork, 1994

SEDIMENT AERATION Sediment injection Ripl, 1976

SEDIMENT COVERING Covering sediments with inert matter Peterson, 1982

PHOSPHORUS INACTIVATION Alum precipitation Cooke & Kennedy, 1988

BIOMANIPULATION (FISH MANAGEMENT)
Zooplankton control - phytoplankton 
reduction

Gulati et al., 1990

HYDRAULIC REGULATION
1. Selective offtake and withdrawal  
2. Hypolimnion siphoning 
3. Curtains

Straškraba, 1986

ALGICIDES
1. Copper poisoning 
2. Other algicides

Olszewski, 1967

LIGHT REDUCTION Shading, covering, suspensions, colors

MACROPHYTE CONTROL
1. Harvest 
2. Phytophagus fish 
3. Natural enemies



Methods for Management of Eutrophication  
in Freshwater Ecosystems in Vojvodina

8

Ge
og

rap
hic

a P
an

no
nic

a •
 Vo

lum
e 1

2, 
Iss

ue
 1,

 4–
11

 (2
00

8)

depth of the algal layer. A concentration of 1-2 mg l-1 must 
be reached in order for the application to be effective. The 
only advantage of the method is that it works rapidly. The 
limitations include the short duration of effects. The meth-
od is not advisable because of its negative environmental 
impacts. CuSO4 is toxic to fish, zooplankton and other or-
ganisms.

In the area where 500 kg ha-1 was applied, regrowth was 
not observed, indicating that this method is successful in 
eliminating benthic cyanobacteria. Copper sulphate not 
only had a great impact on the cyanobacteria, it appeared to 
be lethal for all living benthos at 500 kg ha-1 and killed more 
than 50% at 250 kg ha-1 (Gijsbert, Van Breemen, 1992).

Ecoremediations (ERM)
Ecoremediation is a system of utilizing the natural proc-
esses for revival, restoration and protection of the natu-
ral environment. ERM methods may reduce and avert the 
consequences of agricultural pollution, tourism, trans-
port, industry, landfills and (over)population. In its essence, 
ERM represents the ‘returning to nature’ approach aiming 
to preserve or re-establish the natural balance of the eco-
systems, but also a human endeavour that enables new jobs 
and by-side activities important for economic and social 
(sustainable) development of the human society. 

The knowledge on the use of ecoremediation methods for 
wastewater treatment spread quite slowly during the 1970s 
and the early 1980s both in Europe and North America. In 
Europe, the knowledge spread mostly through the individ-
ual efforts of individual persons in institutions such as Max 
Planck Institute in Plön, Germany, University of Aarhus in 
Denmark or Water Research Center in Swindon, UK (Vy-
mazal, 2006). 

Thirty years of the research on the use of constructed 
wetlands as the most common ERM method for various 
types of wastewater has proven that the great number of 
early worries and negative arguments has been successful-
ly denied. For example, it has been shown that construct-
ed wetlands may perform well under cold climatic condi-
tions (Mander, Jenssen, 2003). Also, constructed wetlands 
are commonly used in countries with high population den-
sities, such as Denmark, Belgium or the Netherlands. The 
use of constructed wetlands for various industrial effluents 
is now also quite common.

Ecoremediation method in broader sense is applied by 
Vrhovšek (Vovk Korže, Vrhovšek, 2006) more than 20 years. 
The efficiency and genuinity of this idea has forced us in a 
more scientific, but also phylosophical approach which, we 
hope, will speed-up the practical implementation of ERM 
in Serbia. 

Ecoremediation presents a sustainable use of natural and 
creation of artificial ecosystems for environmental pro-
tection and restoration with a special importance for the 
Mediterranean environment, due to its seasonal pollution 
patterns, and lack of fresh water (Vovk Korže, Vrhovšek, 
2006). 

Ecoremediation as a system for protection, sanation and 
remediation of the environment can be appreciated from 
very different stand points. Globaly, from the top, can be 
said that ERM is a buffer system that enables the re-estab-

lishing of the disturbed ecological balance in its original 
position. As an immune system of our planet, ERM is the 
preventive defence that protects against the system being in 
not desirable modified stage. In general, ERM is consist of 
abiotic and biotic elements and processes that have a role in 
balancing the ecosystems. 

If regarded as a method for imroving the quality of hu-
man lives, ERM means to give nature a chance to prevent 
and correct the human mistakes. In that sense, ERM is very 
close to the nature and humans, while technologicaly be-
ing quite a simple system. ERM is based on the principle 
of forcing the natural processes to most effectivelly revi-
talise the degraded parts of the environment. ERM is re-
alized through a comprehensive approach in solving the 
problems via recognizing the natural mechanisms which 
are selectivelly steered to meet human needs. It is actual-
ly realized through congenial help for nature (ecosystems) 
aiming to solve the pre-detected problems. Anthropocen-
trically speaking, ERM represents establishing the balance 
among the elements of the new working system, made by 
man, as a sub-system model in altered defined conditions 
with elements of a specific process design and the develop-
ment sustainability of the whole ecosystem. 

Why use ecoremediation?
Efficient in purification;1.	
It cost less (can be less than 10% to 75% of other ap-2.	
proaches);
Simple in concept, inexpensive and easy to place in op-3.	
eration;
It can be a permanent solution;4.	
No mechanical nor electrical equipment is needed;5.	
Even if a breakdown occurs, it can be rapidly repaired;6.	
High buffering capacity;7.	
Water retention;8.	
Plant materials are aesthetic pleasing and can actually 9.	
increase soil fertility;
The plant materials can actually modify the underlying 10.	
waste materials over time making the system environ-
mentally friendly;
ERM units built as a part of the local environment-hab-11.	
itat creation;
Biodiversity.12.	

Possible Utilization
Remedy of long-term consequences of harmful human •	
activities in the environment;
Enhancement of disburdening and self-protective capa-•	
bilities of habitats and running waters from non-point 
pollution sources; 
Remedy of seasonal pollution impacts, e.g. tourism;•	
Tertiary or supplementary treatment of communal, stock •	
farming, industrial and other harmful wastewaters; 
Conditioning of water for various uses (watering, irriga-•	
tion, drinking water, retention basins, etc.);
Protection of nature reserves;•	
Protection of ground water, water points and other sen-•	
sitive areas; 
Protection against polluted water discharges in lakes •	
and the sea.
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ERM is already established as perspective long-term ap-
proach, utilizing natural processes and such that imitate 
natural processes, and systems in favour of the remediation 
of degraded ecosystems and environmental protection. In 
practice ERM are used as: 

plant purification systems,•	
natural dumping sites sanation systems,•	
near shoreline plant buffer belts-alleviation areas, •	
side river water courses, •	
artificial swamps, •	
protective barriers aginst noise and dust, •	
phyto-remediation of polluted sediments, •	
constucting of rapids and cascades.•	

Constructed wetlands are widely regarded as low-cost 
alternatives for treating different types of wastewater. The 
usual applications of constructed wetlands are: secondary 
or polishing treatment of domestic sewage from rural com-
munities; treatment of urban and agricultural runoff; treat-
ment of agro food farm or industrial effluents and drying 
of sludge from sewage treatment plants. There are current-
ly thousands of constructed wetlands throughout the world, 
but the use of these systems for treating wastewater is a rel-
atively new technology in most countries.

Ecoremediation comprises systems and processes which 
function in natural and artificial ecosystems; it protects and 
restores the environment. It is comparatively inexpensive 

and highly efficient in protection of water resources, streams, 
rivers, lakes, groundwater and the sea. The basic character-
istics of ERM, which can be utilized and improved, are its 
high buffer and self-protective capacities, and preservation 
of natural habitats and biological diversity (Vovk Korže, 
Vrhovšek, 2006). ERM is used for multipurpose manage-
ment of watercourses, lakes and wetlands, which enables 
integrated development of particular areas and contributes 
to the coexistence of man and nature. Therefore, the ERM 
is among the most successful and sustainable methods of 
environmental protection, from the economic and ecologi-
cal point of view (Vovk Korže, Vrhovšek, 2006).

Conclusion
Healthy environment is rapidly becoming very important 
value in human life and a criterion of the quality of living. 
To achieve this target, many of us consider the ‘returning to 
nature’ and respecting the ancient laws of nature as the ul-
timate solution. 

Management techniques used for improving the wa-
ter quality in reservoirs include: artificial mixing and ox-
ygenation, sediment removal, sediment aeration, sediment 
covering, phosphorus inactivation, biomanipulation (fish 
management), hydraulic regulation, algicides, light reduc-
tion, macrophyte control and ecoremediation.

Ecoremediation is a system of utilizing the natural proc-
esses for revival and protection of the environment. ERM 

Figure 2 The utilization of macrophyte biomass in manufacture
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methods may reduce and avert the consequences of agri-
cultural pollution, tourism, transport, industry, landfills 
and (over)population. In its essence, ERM represents the 
‘returning to nature’ approach aiming to preserve or re-es-
tablish the natural balance of the ecosystems, but also a hu-
man endevour that enables new jobs and by-side activities 
important for economic and social (sustainable) develop-
ment of the human society. 
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