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Preface
The National Reviews were designed to produce basic data and information for the elaboration of the
Pollution Reduction Programme (PRP), the Transboundary Analysis and the revision of the Strategic
Action Plan of the International Commission for the Protection of the Danube River (ICPDR).
Particular attention was also given to collect data and information for specific purposes concerning the
development of the Danube Water Quality Model, the identification and evaluation of hot spots, the
analysis of social and economic factors, the preparation of an investment portfolio and the development
of financing mechanisms for the implementation of the ICPDR Action Plan.

For the elaboration of the National Reviews, a team of national experts was recruited in each of the
participating countries for a period of one to four months covering the following positions:

� Socio-economist with knowledge in population studies,
� Financial expert (preferably from the Ministry of Finance),
� Water Quality Data expert/information specialist,
� Water Engineering expert with knowledge in project development.

Each of the experts had to organize his or her work under the supervision of the respective Country
Programme Coordinator and with the guidance of a team of International Consultants. The tasks were
laid out in specific Terms of Reference.

At a Regional Workshop in Budapest from 27 to 29 January 1998, the national teams and the group of
international consultants discussed in detail the methodological approach and the content of the
National Reviews to assure coherence of results. Practical work at the national level started in
March/April 1998 and results were submitted between May and October 1998. After revision by the
international expert team, the different reports have been finalized and are now presented in the
following volumes:

Volume 1: Summary Report
Volume 2: Project Files
Volume 3 and 4: Technical reports containing:

- Part A : Social and Economic Analysis
- Part B : Financing Mechanisms
- Part C : Water Quality
- Part D : Water Environmental Engineering

In the frame of national planning activities of the Pollution Reduction Programme, the results of the
National Reviews provided adequate documentation for the conducting of National Planning Workshops
and actually constitute a base of information for the national planning and decision making process.

Further, the basic data, as collected and analyzed in the frame of the National Reviews, will be
compiled and integrated into the ICPDR Information System, which should be operational by the end
of 1999. This will improve the ability to further update and access National Reviews data which are
expected to be collected periodically by the participating countries, thereby constituting a consistently
updated planning and decision making tool for the ICPDR.

UNDP/GEF provided technical and financial support to elaborate the National Reviews. Governments
of participating Countries in the Danube River basin have actively participated with professional
expertise, compiling and analyzing essential data and information, and by providing financial
contributions to reach the achieved results.



The National Reviews Reports were prepared under the guidance of the UNDP/GEF team of experts
and consultants of the Danube Programme Coordination Unit (DPCU) in Vienna, Austria. The
conceptual preparation and organization of activities was carried out by Mr. Joachim Bendow,
UNDP/GEF Project Manager, and special tasks were assigned to the following staff members:

- Social and Economic Analysis and
Financing Mechanisms: Reinhard Wanninger, Consultant

- Water Quality Data: Donald Graybill , Consultant,
- Water Engineering and Project Files: Rolf Niemeyer, Consultant
- Coordination and follow up: Andy Garner, UNDP/GEF Environmental 

Specialist

The Yugoslavian National Reviews were prepared under the supervision of the Country Programme
Coordinator, Mr. Zoran Cukic . The authors of the respective parts of the report are:

- Part A: Social and Economic Analysis:Mr. Miroslav Tanaskovic
- Part B: Financing Mechanisms: Mr. Milorad Filipovic
- Part C: Water Quality: Mr. Zoran Cukic
- Part D: Water Environmental Engineering:Mr. Milorad Miloradov

The findings, interpretation and conclusions expressed in this publication are entirely those of the
authors and should not be attributed in any manner to the UNDP/GEF and its affiliated organizations.
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The UNDP/GEF Danube Pollution Reduction Programme,
Danube Programme Coordination Unit (DPCU)
P.O.Box 500, 1400 Vienna – Austria
Tel: +43 1 26060 5610
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1. Summary
The National Report on the pollution and protection of the waters within the Danube River Basin
(DRB) in FR of Yugoslavia (FRY), is prepared in a specific political and economic circumstances,
which certainly exerts influence on the water sector.

Despite being open for the cooperation from the beginning of the UNDP/GEF DRB Pollution
Reduction Programme, the FRY was included in given the Programme only at the end of 1997 or,
more exactly, in their Phase II, thus lagging a few years behind the majority of the Danube
countries.

Above mentioned facts exerts influence on the analysis of actual and future pollution emission.
Namely, the greater part of reliable data and analyses stems from the period prior to 1992, when
industry was operating at almost full capacity, whereas in the period 1994-1997, productive
capacities are used only 25-40%. Also, available demographic data are those provided by the 1991
census (the next census is planned for 2001), although the period after 1991 was marked by
significant migrations and demographic changes. A large number of refugees came into the country
(500,000-750,000, according to the official data of the Committee for Refugees) from the former
Yugoslav republics. In addition, a part of the population immigrated from the country.

In order to provide as better as possible picture of the pollution emission in the given
circumstances, the analysis was done on the basis of the data collected up to 1992. This was done
for the reasons as follows:

1.  The data on pollution emission in this report was not seen as the balancing parameter for
the analyzed period (i.e.1994-97) but as the planning parameter needed for the projection
of Water Pollution Control measures for the coming 10 years period.

2.  The data on the pollution emission after 1992 are modest and unreliable, while the
emission itself is considerably reduced due to a significant fall in industrial production;

3.  It is expected that industrial production in the FRY will reach its 1991 level only about
2005, so that the data from the period up to 1992 reflect more realistically the situation
for the planning period covered by Phase II of the Strategic Action Plan for the Danube
River.

This approach seems to be much more correct than one based on the actual pollution emission,
which is estimated to be 45-55 % lower than it was before the year 1992 (as presented in this
Report). In other hand, the data on the ambient water quality are presented for the period 1994–
1997 as it was needed for the comparison with the data from other countries as well as for the
purposes of DRB Water Quality Analysis.

It has to be noted that the link between emission and imission is not strong due to above mentioned
approach in pollution emission analysis as well as for a number of other reasons:

� lack of the statistically reliable time series on water quality
(frequency of sampling was low because of budgetary limitation)

� lack of high-quality chemicals and reliable sophisticated equipment, which would ensure
a better labs performances and consequently better data.

� inadequate positioning of gauging stations
(the majority of gauging stations were established many years ago, in the period when
water pollution was not of interest, so that the basic criterion for selecting the sites for
these stations was measurement of flow on the suitable section of the rivers. Monitoring
of water quality began later on, but already established stations were not positioned as
required for the proper monitoring of water pollution).
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� unfavourable periods of sampling
(sampling frequency was not adjusted with occurrence of peak flow so periods of
flushing out of accumulated river sediments as well as the periods of large urban and
agricultural land run-off were missed).

� lack of the research needed for the analyses of the linkage between the pollution
emission, processes in the recipients and its observed water quality

1.1. Updating, Evaluation and Ranking of Hot Spots
Not updating but only the evaluation and ranking of hot spots was done because this is the first
time FR Yugoslavia got the opportunity to prepare the National Review.

In spite of the severe decreasing of industrial production (consequently the decreasing of pollution
discharge) in FRY after the year 1992, the evaluation was done on the basis of data related to the
period before this year. As it is mentioned above, this approach seems to be more correct than one
based on the actual pollution emission, which is estimated to be 45-55 % lower than it was before
the year 1992.

In ranking of priorities the focus was placed on the large cities because these are fixed permanent
pollution sources whose emission increases following the rules of urbanization. Also, the analysis
was focused onto several large abandoned industries and livestock farms.

 It is important to emphasize that in the consideration of national water pollution control (WPC)
strategy the attention has been given to the control of emission of toxic substances (i.e. heavy
metals, toxic organics, etc.), reduction of biodegradable organic load and reduction of microbial
pollution. Not strong attention was given to the nutrients (phosphorus and nitrogen) removal in
national water pollution control strategy so it is to be adjusted in accordance with regional
approach to the WPC.

The ranking of municipal hot spots stemmed from the analysis of the structure of settlements and
demographic analyzes within the Federal Republic of Yugoslavia (FRY). Namely, the largest part
(88%) of 6999 settlements (actual and potential point sources) within the Danube River watershed
in FRY are mostly of rural type, with population of less than 2000. The settlements with 2000 to
10000 inhabitants (mostly of rural or mixed type) make next 9.8% of the total number of
settlements. Only 15-20% of these settlements (mostly larger ones), have the public sewage
systems.

These above mentioned smaller settlements (besides several of its located in vicinity of sensitive
areas) are not the target group of priorities because of its “diffuse” character and large investment
needed for the sewage systems construction. Also, it is estimated in this horizon, that the benefit of
reduction of pollution emission from smaller settlements is low comparing with the high
investment for the construction of small wastewater treatment plants (WWTP) for the high specific
investment cost.

Settlements with over 10,000 inhabitants (including the largest ones) make only 2,2% of the total
number of all settlements within the Danube watershed in FRY, but these ones comprise more than
90% of total pollution load from municipal point sources. It has to be noted that most of the small
and medium industry (particularly foodstuff processing) are located in these settlements.

Considering all of above mentioned, the future Water Pollution Control activities planned for the
horizon 2010 are focused on settlements with more than 15,000 people, especially concerning the
construction of WWTPs. The exception are the settlements where construction of WWTPs is
forced by some other criteria (sensitivity of water recipient, proximity of sensitive water users or
recreation zone, proximity of drinking water resource, protection of reserve of nature, etc.).
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Regarding to the agricultural pollution the attention was given to the larger pig farms as the most
significant sources of agricultural pollution within the Country. In general, these are pig farms
breeding more than 10,000 porkers per cycle. Several of these farms causing serious degradation of
the environment are ranked as the top priorities.

Regarding to the “diffuse” agricultural pollution it is estimated it will not be a general but local
problem (i.e. in the areas of highly intensive agriculture). The average consumption of fertilizers
was less than 100 kg per ha of arable land for the last 10 years so the land in FRY is generally not
saturated by nutrients and still having large absorbing capacity of nutrients (particularly
phosphates). The area-specific nitrogen and phosphorous export was estimated to be 0.1 – 0.15
tN/km2 /y and 0.015 - 0.025 tP/km2 /y respectively.

Concerning the industrial pollution, the several large abandoned industries (wood and paper, food
processing, chemical and fertilizers industry), thermo-power plants (ash dump sites) and mining
(flotation dumps) are ranked as the priority hot spots.

1.2. Updating, Analysis and Validation of Water Quality Data
The Yugoslav part of the Danube River Basin, covers an area of about 89,000 km2, with about
9,000,000 inhabitants. The FRY comprises about 11% of DRB area and about 11% of population,
but its position in the DRB is significant since the confluences of main Danube’s tributaries,
draining an area of 360,000 km2 (about 45% of the total DRB area), lie along the part of Danube
River course crossing FRY.

It is important to note that the flow of the Danube increases 2.5 times along this part of its
watercourse but this water brings into FRY the large quantities of fresh or transformed pollutants
(or matters emanated from pollution such as algal biomass is) as well as the suspended sediments
generated by erosion. The large part of these pollutants and suspended sediments are retained into
Iron Gate I and Iron Gate II reservoirs, or are transformed along the Danube course and other
transboundary watercourses (20 in total) entering the territory of the FRY. It is estimated that each
year about 580-620,000 t of BOD5, about 380-450,000 t of nitrogen in various forms, about 25-
30,000 t of phosphorus enters the territory of the FRY. In addition, about 14 million tons of
sediments partly containing adsorbed nutrients, heavy metals, toxic organic matter, oil and oil
products, etc., enters the territory of the FRY. The conclusion can be made that over 95% of water
volume enters FRY from neighboring countries has the modest quality which are not in compliance
with national standards for ambient water quality. In other hand the water quality downstream of
Iron Gates is much more better than average one observed in transboundary rivers entering FRY
thanks to the self-purification processes in Iron Gates.

There is rather developed legislature in Water Sector (Federal Law on Water Regime, Law on
Waters of each Republic, etc.) but most of the regulations and standards emanated from it (the
categorization of watercourses, the classification of waters, etc.) are rather old and have to be
renovated.

The regulations and standards for ambient waters (recipients) are proposed for average monthly
low flow (return period of 20 years). Although the regulations and standards for ambient waters are
rather developed, there are no standards proscribed for effluents discharging into recipients. The
effluents criteria use to be established (by responsible water authority) for every given case
following the criteria proposed for the given section of recipient.

Wastewater and effluents can be tested by only laboratories, which meet the proscribed
requirements (premises, personnel, equipment) and have the license issued by the accredited body.
It has to be noted that the policy of issuing of permissions for the testing, which would contribute
to a better performance of labs, has not been formulated yet.
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The methods of water quality analysis are prescribed by JUS ISO standards, but there is no reliable
system of an external control of laboratory work and the checking of the accuracy of the data and
preciseness of the work done by using official secondary standards, especial “blind” samples, etc.
The laboratories themselves carry this out. It is important to point out that the labs are not obliged
to keep a part of the samples in a frozen state, so its can be subsequently checked out if needed.

The water quality data published in Hydrological Annuals (Part-Water Quality) for the years;
1994,1995,1996 and 1997 are used for the analyses of ambient water quality.

In order to extract as better as possible base for presentation of ambient water quality, more than
one third of among 168 gauging stations in Danube River Basin using for water quality monitoring,
were analyzed. The most relevant gauging stations are chosen for the analyzes, i.e. all existing
gauging stations at the Danube watercourse, all transboundary gauging stations as well as all
gauging stations at the mouth of relevant rivers and canals have been analyzed for nutrients,
oxygen related parameters as well as for several heavy metals and organics (i.e. phenols and
mineral oil).

It has to be pointed out that the ambient water quality profile during the period of 1994-97 does not
fully represent situation as it was before the large economic and political changes within Danube
River Basin started at the beginning of the last decade of this century. Slightly better water quality
than observed in the period before 1992 is supposed to be caused by decreasing of industrial and
agricultural production in the middle and lower part of Danube River Basin as well as by
decreasing of industrial and agricultural production in FRY.

Unfortunately, given the economic situation has been causing significant decreasing of research
funds to support serious field investigations needed; for the analysis of the processes in receiving
waters, for establishing and for clarifying the linkage among pollution emission, pollution
discharge and imission data observed trough routine ambient water quality monitoring. Additional
research is needed for the large tributaries (i.e. Sava, Tisa, and Velika Morava) and particularly for
the Danube River as a giant natural bio-reactor which corrects absence of serious pollution
reduction measures in upstream part of watershed as well as absence of these in the FRY. But the
price of pollution coming from large area of 560,000 km2, being paid in Iron Gate Reservoirs
which have been playing the role of the guard of Danube Delta and Black Sea ecosystem from
being degraded, for many years. In spite of a large self-purification capacity of Danube the
permanently increasing burden of pollution and sediments accumulating in Iron Gate Reservoirs
(particularly in Iron Gate I) has been causing the adverse changes of water quality and ecosystem in
Iron Gate Reservoirs. As observed, its occur slowly but permanently so a well established long
time monitoring of water, sediments and biota in Iron Gate Reservoirs as well as the research of the
processes occur is of great international and regional importance. It is to be supposed that the lack
of reliable data produced by this manner as well as the lack of research of the processes along in
the Yugoslav-Romanian sector of Danube (i.e. Iron Gates reservoirs) could disable the proper
regional action as well as the validation of Danube River Water Quality Model, which is under
consideration.



2. Updating of Hot Spots
There was no updating of hot spots because this was the first time FR Yugoslavia is included in
Danube River Basin Reduction Pollution Programme.

2.1. General Approach and Methodology
The general approach as well as the methodology is adjusted, as much as it was possible, following
the instructions given in the Danube River Reduction Pollution Programme.

There are many of hot spots of various priorities so an effort was done to extract the most relevant
ones regarding to the health and environmental risks as well as regarding to the Pollution of a
Regional importance.

In order to provide as much as correct picture of the pollution emission in the given circumstances,
the analysis was done on the basis of the data collected up to 1992. This was done for the reasons
as follows:

1.  The pollution emission in this report was not seen as the balancing parameter for the
analyzed period (i.e.1994-97) but as the planning parameter needed for the projection of
Water Pollution Control measures for the coming 10 years period.

2.  The data on the pollution emission after 1992 are modest and unreliable, while the
emission itself is considerably reduced due to a significant fall in industrial production;

3.  It is expected that industrial production in the FRY will reach its 1991 level only about
2005, so that the data from the period up to 1992 reflect more realistically the situation
for the planning period covered by Phase II of the Strategic Action Plan for the Danube
River.

This approach seems to be more correct than one based on the actual pollution emission which is
estimated to be 45-55 % lower than it was before the year 1992 (presented in this Report).

2.1.1. Evaluation of Existing Hot Spots

The evaluation of existing hot spots was done following the instructions given in the Danube River
Pollution Reduction Programme. The following criteria were used in analysis:

- Size of source of pollution
- Implication of the pollution emission on the sanitary and environmental situation in

sub-region
- Transboudary effects (direct or indirect)
- Vulnerability of nearby downstream users
- Environmental sensitivity of downstream river stretch
- Ratio; Wastewater / Receiving water discharge

It is important to point out that the settlements as well as the industries having suitable Wastewater
Treatment Plants are not considered as the hot spots.

2.1.2. Deletion of Existing Hot Spots

There was no deletion of hot spots because this was the first time FR Yugoslavia is included in
Danube River Basin Reduction Pollution Programme.
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2.1.3. Addition of Hot Spots

There was no addition of hot spots because this was the first time FR Yugoslavia is included in
Danube River Basin Reduction Pollution Programme.

2.1.4. Ranking of Hot Spots

In the ranking of existing hot spots the main effort was done how to compromise local, national and
transboundary level. The ranking of hot spots is done following given the instructions for preparing
of the National Review as it is mentioned above. The transboundary effects were primarily
analyzed but the national needs are also considered as an important element of the analysis
supposing that every large “hot spot” contributes in pollution on the regional level.

Among quiet a number of municipal hot spots, the importance was given to the large Cities,
particularly these ones whose pollution load overcomes 50,000 p.e. The importance was also given
to the settlements discharging pollution upstream of vulnerable zones (resources of drinking water,
recreation areas, protected reserve of nature, etc.) as well as to the vulnerable recipients (i.e. lakes,
reservoirs).

As it is mentioned above, the existing municipal WWTPs are not seen as the hot spots besides,
some of its which need reconstruction and upgrading. Concerning the Agricultural hot spots the
importance was given to the large pig farms located in vicinity of existing or potential water
resources as well as in vicinity of recipients. The pig farms where wet method of farm cleaning and
manure handling is practiced are seen as the hot spots of high priority.

Regarding to the Industrial hot spots the importance was given to the larger abandoned industries
(wood and paper, food processing, chemical industry and fertilizers production), thermo-power
plants (i.e. ash dump sites) and ores processing (flotation dumps). It is important to point out that
the strategy for Water Pollution Control of Industry has to be set flexibly due to the uncertainty
regarding the fate of a number of industries as well as due to real needs of restructuring of existing
industrial capacities and introduction of new advanced (environment friendly) technologies instead
of old ones.

 It is to be point out that the importance in transboundary consideration has to be given to the so
called “Hot Lines” i.e. heavily polluted rivers entering FRY from neighboring countries or leaving
FRY (e.g. Timok River) but there is no category of “hot line” presumed in instructions for
preparing of the National Review. Let us mentioned in that direction that 17 smaller rivers and
canals (3 from Hungary, 9 from Romania, 3 from Bulgaria, 2 from Croatia) besides the rivers;
Danube, Tisza, Sava and Drina directly enter FRY. Most of its are moderately to heavily polluted.
The most serious problems that need urgent action are Bega Old River and Bega Canal.

Also, Timok River (97% of watershed at FRY territory) that makes 19 km of FRY – Bulgaria State
border before it empties Danube can be treated as the “hot line” where urgent action is needed.

2.1.5 Map of Hot Spots

The Maps of Municipal, Agricultural and Industrial Hot Spots are given in Annex (Fig. 2.-1;  Fig.
2.-2  and Fig. 2.-3). Besides these maps representing all selected hot spots, the estimated total
amount of pollution within Danube Watershed in FRY is shown in the table 2.1.-1.

The map showing distribution of existing Municipal Wastewater Treatment Plants (total
treatment capacity 1,250,000 p.e.) is also presented (Fig. 2.-4) in order to give better insight in
existing situation as well as to mark the location of WWTPs where upgrading (or enlarging of
WWTP) is needed.
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2.2. Municipal Hot Spots
The Municipal Hot Spots were of the top interest in this analysis, as the municipalities are the main
permanent source of pollution of recipients increasing the waste load following the rules of
urbanisation.

There are 6999 Settlements and Communities within the Danube watershed in FRY. Its distribution
by size is shown in the table as follows:

Size of Settlement
Number of
settlements

% of
Total

Country
side

City of
Belgrade

< 2 000 6158 87.98 6051 107

2 000 -5 000 454 6.49 424 30

5 000 - 10 000 236 3.37 226 10

10 000 - 15 000 67 0.96 64 3

15 000 -50 000 54 0.77 47 7

50 000 - 100 000 19 0.27 16 3

> 100 000 11 0.16 5 6

The distribution of communities within the City of Belgrade metropolitan area is presented in
separate column since most of them are comprised (or will be comprised) by one of the four
existing (or planned) municipal sewage systems.

As it can be seen, the largest number (around 6158) of 6999 settlements (actual and potential point
sources) within the Danube River watershed in FRY are mostly of rural type, with population of
less than 2.000.

Settlements with 2.000 to 10.000 inhabitants (mostly of rural or mixed type) make next 9.8% of the
total number of settlements. Only 15 -20% of these settlements (mostly larger ones) have the
sewage systems.

These above mentioned smaller settlements (besides several of its located in vicinity of vulnerable
zones) are not the target group of National Pollution Control Programme because of its “diffuse”
character as well as because of the high specific investment cost for construction of smaller
WWTP.

Settlements with over 10 000 inhabitants (including the largest ones) make only 2.2% of the total
number of all settlements within the Countryside of Danube watershed in FRY, but these ones
discharge more than 95% of total municipal point sources pollution into recipients.

Just 1.2 % of total number of settlements in the Countryside is these with more than 15 000
inhabitants but participating more than 85% of total pollution load. Bearing this in mind as well as
the financing potential of the Country, the National Water Pollution Control Programme up to 2021
year is focused on this group of settlements. The priority is given to the larger settlements and also
to ones located within the vulnerable zones (e.g. upstream of impoundments of drinking water
resources, upstream of recreational zones, at the borders of protected nature areas, etc.) as well as
to the settlements discharging wastewater (or effluents) in tributaries of lakes or reservoirs.

The Ranking of Municipal Hot Spots that was carried out in preparing of the National Review was
balanced between the Regional Concept (protection of the Black Sea) where long term effects (i.e.
enrichment of nutrients, accumulation of heavy metals, etc.)  are the most important, but the
attention was also given to the National needs where immediate (short term) effects (i.e. oxygen
balance disturbing, microbial pollution, etc.) dominate.



8 Danube Pollution Reduction Programme – National Review, Federal Republic of Yugoslavia

In the identification, description, evaluation and ranking of the municipal hot spots the settlements
discharging the pollution load higher than 50,000 p.e. were generally seen as high-priority hot spots
but the settlements discharging the pollution load lower than 15,000 p.e. were not taken into
account besides a few ones located upstream of sensitive areas.

In estimating of pollution load of municipal hot spots household wastewater, sanitary wastewater
from public institutions, trade and restaurants as well as the industrial wastewater discharging (with
or without the treatment) in municipal sewage were taken into account. Note that most of medium
and small size industries are usually connected to the municipal sewage system.

In cases when the measured data were not available, using of the following criteria assessed the
pollution load:

BOD5 - 60 g/p.e./d; COD - 100  g/p.e./d;
Tot. N - 12 g/p.e./d; Tot. P - 3  g/p.e./d;

In assessing the WWTP capacities required, the following was taken into account:

� Previous (before the year 1992) pollution discharge
� The current degree of canalization of settlements;
� The planned enlarging of municipal sewage system
� Long-term trend of physical growth of population due to the general trend of population

concentration in the urban centers or owing to the advantages offered by the given
settlement,

� Natural population growth (birth rate) trend;

The basic data on a total of 53 municipal hot spots are presented in a tabular form (tables 2.2.-1;
2.2.-2;  2.2.-3) In column (3), in addition to the name of settlement (1) the wastewater recipient (2),
the values of minimum mean monthly flows (return period of 20 years) Q95, for given the recipient
were shown. In the column 4 the wastewater load based on the population equivalent is given. The
currently applied type of treatment (or discharge) is marked in columns 5,6 and 7.

The yearly hydraulic load for each hot spot is given in the column (9) Where it was available given
the value represent measured data but where it was not available the volume of wastewater was
assessed on the basis of the specific water consumption of 0.2 m3/p.e. / d.

The yearly loads of BOD5, total nitrogen, total phosphorus and suspended matters are presented in
the columns 10,11,12 and 13 respectively. It has to be point out that because of the large decreasing
of industrial production the real pollution load for the period 1994-97 is 45-55% of the values
presented in the tables.

In columns 14 and 15 the needed WWTP Capacities and the shortage of the treatment capacity
(important for the treatment plants to be enlarged) are given. At last, in column 16, the reasons for
WWTP construction proposal are briefly explained.

Summary data for all priority municipal hot spots are given in the table 2.2. As presented, 53
municipal hot spots have been chosen with total pollution emission of about 5,740,000 p.e.

2.2.1. High Priority

The Index of High Priority Municipal Hot Spots is given in Table 2.2.-1. The distribution of these
hot spots within the Country is shown on the Map (Fig. 2.-1).

A total 23 of hot spots (pollution load estimated 4,000,000 p.e.) are ranked as high priority ones.
The summary information for each high hot spot is given in separate tables.
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2.2.2. Medium Priority

The Index of Medium Priority Municipal Hot Spots is given in Table 2.2.-2 (Medium and Low
Priority). The distribution of these throughout the Country is shown on the Map (Fig. 2.-1).

A total 24 of hot spots (poll. load estimated 1,595,000 p.e.) are ranked as medium priority ones.

It has to be pointed out that some of the analyzed hot spots of medium priority could be put in the
category of hot spots of high priority if local and national approach would prevail in this analysis.

2.2.3. Low Priority

The Index of Low Priority Municipal Hot Spots is given in Table 2.2.-3. The distribution of these
hot spots within the Country is shown on the Map (Fig. 2.-1).

Just 6 of hot spots (pollution load estimated 167,000 p.e.) are ranked as low priority hot spots.

2.3. Agricultural Hot Spots
There are around 1,700,000 heads of cattle and beefs, 4,000,000 pigs, 2,000,000 sheeps and around
25,000,000 heads of poultry raising within Danube watershed in FRY. The largest part of its are
spread throughout of Country in small private households but smaller part of its are bred in the
farms.

A cattle and beef breeding is carried out mostly in the private sector. The larger cattle farms (with
more than 500 heads) are exclusively in state or so-called social ownership. In the Danube River
basin there are 100 larger cattle farms, each of them breeding 1,000 heads on the average. These
farms are less significant as point sources of water pollution as the dry method of farm cleaning
and manure disposal is used.

The similar conclusion can be driven analysing the poultry farming but not for the pig farming.

The pig farming is carried out mostly in the private sector but all large co-operative farms (with
more than 5,000 porkers per cycle) are exclusively in state or so-called social ownership. There are
130 larger pig farms within the Danube watershed in FRY, with around 1,200,000 porkers bred per
year. These farms use to be the main point sources of agricultural pollution within the Yugoslav
part of Danube watershed. There are a total of 43 pig farms with the capacity of 10,000 (or more)
porkers a year, mostly located in Vojvodina Province. Several large pig farms considered as the
priority hot spots are located in Velika Morava Valley and in the Eastern Serbia.

On the farms having the capacity of up to 20,000 porkers a year, the combination of dry and wet
method of farm cleaning and manure disposal is used, while on the farms having the capacity of
over 20,000 porkers a year, the wet method prevails. Those farms, which use wet method of farm
cleaning and manure disposal, are of the top interest concerning Water Pollution Control.

The organic load produced in larger pig farms within the Danube watershed in the FRY amounts
more than 2,000,000 p.e. but only a small portion of this load enters surface inland waters.
Nevertheless a part of pollution (or by-products originate from pollution) from pig farms penetrates
into the ground causing the contamination of groundwater, and indirectly, watercourses or drainage
canals. Unfortunately, there are no precise data on the quantities of pig farms pollution reaching
ground waters. Note that no direct discharging of wastewater and wastes from pig farms (or any
other type of farms) into the rivers and canals exist. It may occur only in accidents (when the
lagoons are overloaded or after the heavy rains). Liquid pig farm wastes usually discharge into
lagoons or natural low land areas and, after being stored, its are disposed onto agricultural land.
Unfortunately, there are several farms using “blind arms” of irrigation canals to dispose its wastes.
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Note that just several farms have facilities for the treatment of liquid wastes (anaerobic treatment
with biogas production, facultative lagoons, etc.).

Although every large pig farm is respectable source of pollution, the farms located in the vicinity of
watercourses, water supply resources, fishpond impoundments or recreational zones, pose a special
risk. These farms are seen as Agricultural Hot Spots of the high priority. Several pig farms located
not far from recipients are seen as the Agricultural Hot Spots of medium priority.

All other larger pig farms could be marked as the hot spots of low priority.

2.3.1. High Priority

The Index of High Priority Agricultural Hot Spots is given in Table 2.3.-1 (High Priority). The
distribution of these throughout the Country is shown on the Map (Fig. 2.-2). Among 13 pig farms
marked as hot spots, 6 are ranked as high priority ones.

2.3.2. Medium Priority

The Index of Medium Priority Agricultural Hot Spots is given in Table 2.3.-1 (Medium and Low
Priority). Among 13 pig farms marked as hot spots, 7 are ranked as medium priority ones. The
distribution of these throughout the Country is shown on the Map (Fig. 2.-2).

It has to be pointed out that some of the agricultural hot spots of medium priority could be moved
in the category of hot spots of high priority if local approach would prevail in this analysis

2.3.3. Low Priority

There is no need to analyze pig farms as the hot spots of low priority as its are located in the areas
far from current or potential water resources as well as from the recipients. These farms usually
have enough arable land so the total quantity of wastes produced is used for soil manuring.

2.4. Industrial Hot Spots
The analysis is focused on the several large abandoned industries (wood and paper, food
processing, chemical and fertilizers industry), thermo power plants (ash dumpsites) and mining
(flotation dumps). The largest part of them is located in the central and southern part of the
Country. The relevant data are presented in the table 2.4.-1 as well as on the Map 2.-3.

It has to be pointed out that the pollution load presented in the table 2.4.-1 relates to the conditions
of full operation of given industries. It is also important to emphasize that each industry has some
kind of simple structure (storage, retention basin, lagoon, etc.) for wastewater disposal so a part of
pollution (particularly suspended solids) is removed before discharging of overflow into recipients.
Besides the permanent discharge of pollution load remained, the risk of accidental pollution in
above mentioned structures is high because of the burden of pollution stored in its.

It is not easy to estimate the costs of the construction of WWTP (or other suitable technical
measures) in this moment because of uncertain fate of industries involved in this analyse. The
programes of water pollution reduction for this category of polluters ought to be set flexibly due to
the uncertainty regarding the fate of a number of industrial capacities, the real needs of
restructuring of existing industrial capacities and introduction of new advanced (environment
friendly) technologies instead of old ones. The reaching of this goal would give a great benefit in
protection of environment as well as a significant decreasing of the investment cost for the
construction of Wastewater Treatment Plants.
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2.4.1. High Priority

The Index of High Priority Industrial Hot Spots is given in Table 2.4.-1. ). Among 15 industries
marked as hot spots, 7 are ranked as high priority ones. The distribution of these hot spots
throughout the Country is shown on the Map (Fig. 2.-3).

2.4.2. Medium Priority

The Index of Medium Priority Industrial Hot Spots is given in Table 2.4.-1. Among 15 industries
marked as hot spots, 8 are ranked as medium priority ones. The distribution of these throughout the
Country is shown on the Map (Fig. 2.-3).

2.4.3. Low Priority

Low Priority Industrial Hot Spots are not analyzed as its are significant just on the national level.





3. Identification of Diffuse Sources of Agricultural Pollution

3.1. Land Under Cultivation
There are 63,190 km2 of so-called agricultural land (i.e. arable land, orchards, vineyards, pastures,
meadows, and wetlands) or 61.84% of total territory of FRY (see Fig. 3-1). Around 53.4 % of
agricultural land leis in hilly-mountainous region but the rest of 46.6 % lies at lowland. The largest
part of it (83% of total) is private property.

For some kind of agricultural production 4,902,000 ha of the agricultural land is used.

There is 55,587 km2 of agricultural land within Danube River Basin in FRY, of what 37,560 km2 is
arable land. As for information, the forests cover 25,210 km2, the pastures and meadows 17,280
km2, of DRB in FRY.

The average total biomass production within the Danube Watershed in FRY amounts 21,000,000
t/y. The structure of the production is given in the table as follows:
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The consumption of fertilizers

The specific consumption of mineral fertilizers within the territory of FRY was 250-285 kg/ha/y
during the period 1981-1988. After the year 1988 it was severely decreasing so during the period
1994-1997 it felt down below 100 kg/ha/y. The ratio of active components in artificial fertilizers
used are as follows; N – 55%, P2O5 – 23.5%, K2O – 21.5%.

Besides the mineral fertilizers the animal manure is widely used for soil fertilizing. The specific
consumption (by active components) is comparable with the one of artificial fertilizers.

The following table shows the consumption of the active components;

N (kg/ha/y)
P2O5

(kg/ha/y)
P (kg/ha/y)

K2O
(kg/ha/y)

K (kg/ha/y)

Artificial fertilizers 52 25 11 22 18.2

Animal manure 25 15 6.5 31 25.7

Total 77 40 17.5 53 43.9

It is estimated that the average plant uptake of N and P in general overcomes impute of nutrients by
fertilizers so the largest part of arable land under cultivation is not eutrophicated.

It is to be pointing out that the most intensive use of artificial fertilizers is practised at lowland
where vertical component of nutrients transport prevails. The largest part of nitrogen in excess is
transformed (or loss) but the phosphorous is adsorbed by unsaturated soil.

It is estimated that the average area specific nitrogen export for the FRY is in the range of 0.1-0.15
tN/km2/y and phosphorous in the range of 0.015-0.025 tP/km2/y.
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The consumption of Pesticides

The specific consumption of pesticides within the territory of FRY was the largest (3 kg/ha/y)
during the period 1983-1985. Than it was rapidly decreasing so during the period 1994-1997 it felt
down to 1 kg/ha/y. The concentrations of pesticides in excess are not observed in routine water
quality monitoring. In according with the data of Federal Health Institute, the contamination of
drinking water by pesticides was not observed.

Erosion and Land Loss

Total average production of deposits in the Danube River Basin on the territory of FRY makes
about 35-40 million m3/y. The erosion appears on 86% (about 77,000 km2 ) of total DRB in FRY.

The fluvial erosion is the dominating one, however, in the northern part (agricultural area) of the
Country there is a significant wind caused (eolic) erosion. The excessive erosion appears on only 4-
5% of the total territory (see Fig.3-1), whereas a weak erosion is predominant on 48% of the
territory, especially in Vojvodina Province and Posavina Region (Sava River riparian area). The
erosion rate ranges between 0,25-0,50 m3/km2, and on the average it is 0,45 m3/km2. In lowland
areas with the most intensive agricultural production the erosion rates are the smallest ranging from
0,25 - 0,275 m3/km2.

3.2. Grazing Areas
There are 1,361,000 ha of pastures within Danube River Basin in FRY suitable for grazing. The
largest grazing areas lie in hilly-mountainous regions at the south-west and south-east of the
Country. There is also quiet a number of smaller regions throughout the Country, which have been
using for grazing.

As estimated, there are 1,000,000 heads of cattle and beef and 1,200,000 sheep grazing on the
pastures in hilly-mountainous regions.

The largest part of pastures is used for extensive grazing but just 20% of total area of pastures are
used for intensive one.

It has to be pointing out that the practice of artificial fertilizing of pastures, even in areas of
intensive grazing, have not been practised.

There is no evidence on the export of nutrients from grazing areas but concerning the data on water
quality of streams receiving runoff from these regions, it can be concluded that the nutrient export
is not high (comparable with the natural one).



4. Updating and Validation of Water Quality Data
The transboundary issue of ambient water quality monitoring in Yugoslav part of Danube River
Basin is a very complex one as 21 rivers (Danube, Sava, Tisza, Drina, Bajski canal, Plazovic,
Keres, Zlatica, Bega Old, Bega Canal, Timis, Karas, Rojga, Moravica, Brzava, Nera, Nisava,
Jerma, Gaberska river, Studva, Bosut) flow in FRY and 6 rivers (Timok, Piva, Tara, Cehotina, Lim,
Rzav) flow out from FRY. In addition, several rivers empty into Danube (e.g. Drava, Vuka, Cerna,
etc.) along the stretches where it makes State border.

As it is pointed out above in the text, FR Yugoslavia was not included in DRB Pollution Reduction
Programme up to the end of 1997. As the consequence there is not ambient water quality data for
the previous period to be updated. Also, due to the political reasons the co-operation with
neighboring countries have been decreased (or interrupted). As the consequence, the data on water
quality of Danube River are not fully valid ones because the samples along the sections make the
Border were taken just at the Yugoslav side of the river.

Ambient Water Quality Data have been generating trough routine monitoring of surface inland
water and ground water quality. That was done by the State Institutions (i.e. Republican Institutes
of Hydrometheorology). As this activity is directly supported by Government budget, the budgetary
limitations had the large influence on the monitoring of water quality.

In spite of the troubles, the ambient WQ monitoring have been continuously doing but less
intensive than it was previously.

Analyzing the available data on water quality it can be registered a slight improvement of river
water quality (unfortunately there is no evidence on river sediments quality) during the period
1994-97 comparing with one from the period before 1992. Bearing on mind that there was not a
serious actions in Water Pollution Control within the Danube River Basin that slight improvement
of ambient water quality could be explained by significant decreasing of industrial and agricultural
production in upstream (particularly neighboring) Danube countries as well as in FR Yugoslavia.
Nevertheless, the water quality of the largest international rivers as well as water quality of largest
part of national rivers is far from being satisfactory. It is particularly truth for the river stretches
downstream of the settlements as the largest part of wastewater are discharged into recipients
without any treatment.

4.1. Index of Water Quality Monitoring Records
In order to give better insight of the position of FRY within the Danube River Basin the map on the
figure 4-1 is given in Annex.

The hydrological monitoring network of FRY (Figure 4-2) for the periodic or permanent
monitoring of the regime of surface and ground waters as well as for water quality, comprises 398
gauging  stations for the monitoring and measurement of water level, flow, water temperature,
suspended solids and the occurrence of  ice. Around 40% of its are also used for water quality
measurements (physical, chemical and biological parameters) with the monitoring frequency 4-12
times a year.

Of the above mentioned stations, 63 are so-called hydrological reporting stations. The data from 20
so – called hydrological reporting stations are transmitted for international exchange.

On the map (Fig. 4-2) showing the network of surface-water hydrological stations in the FRY, the
stations for the measurement of water level, water flow, sediment discharges, water temperature, as
well as the stations equipped for permanent record of water level are all designated with special
markings. The coordinates as well as some basic data for the relevant hydrological stations within
the Danube Basin in FRY are presented in the table 4.1.-1
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On the rivers within the Danube river basin there are 157 gauging stations where both (but not
simultaneously), the measurement of flow and water quality are carried out on the regular base.
Among these stations, a total of 62 are selected (see table 4.12-1) for the analyzis and presentation
of water quality relevant to this Review. The inex of water quality monitoring station relevant for
this Review is given in the table 4.1.-2.

4.2. Data Quality Control and Quality Assurance
The quality of data on ambient water quality depends on many factors; education, conscientious
and skills of personal, lab equipment available, procurement of good quality lab stuff, chemicals,
standards, etc., methodologies and methods in lab examinations used, quality of sampling
equipment and accessories, sampling procedures and conscientious of sampling personal, etc. All
this has to be certainly supported by finance. Many of above mentioned preconditions were not
satisfied (i.e. equipment, procurement of good quality lab chemicals, standards, sampling
equipment and accessories) during the analyzed period 1994-1997 so it had influenced the
reliability of data.

Additional problem has been created by excluding of FRY from international programmes which
give good opportunities for cooperation, exchanging of knowledge and information, comparison
with others, support from international funds, etc. All above mentioned, combined by lack of
finance from national sources had the strong influence on the quality of work on water quality
monitoring as well as on the quality of data produced in spite of the efforts of personal to retain
previously reached level of quality of work.

There is internal quality control and quality assurance in the laboratories of Institutes of
Hydrometheorology which are responsible for ambient water quality monitoring. It is done by
using of internal standards, spikes and “blind” samples. There isn’t external quality control and
quality assurance neither on the national level (secondary standards are not available in National
Bureau of Standards and Measures) nor on the international level (FRY is not included in
interlaboratory calibration programmes). Bearing all above mentioned on mind, the quality control
and quality assurance within the laboratories responsible for ambient WQ monitoring can be
marked as medium.

4.3. Data Consistency, Compatibility and Transparency

Data are consistent concerning methodology and methods used because they are regulated and
standardized. Therefore, all the data are produced by the same methodology (sampling, separation
of liquid and solid part of sample, conserving of samples, etc.) and methods (lab determinations) so
its are consistent concerning this part of the process of generating of data. Data are not fully
compatible in spite of the fact that sampling places are permanent ones. Unfortunately, the
principle of “sampling of the same volume of water” along the river is not practiced because of
lack of finance for doing that.

On the stretches of Danube river where it makes State Border (FRY – Croatia, FRY – Romania)
sampling from several points of river coarse (i.e. left, right bank and middle) could not be done
because of the Border regime. It is particularly important for the sections of Danube River
downstream of Drava river mouth (i.e GS “Bogojevo”), than along the Iron Gate Reservoirs and
upstream of the State Border of Yugoslavia-Romania-Bulgaria (i.e. GS “Radujevac”- GS “Gruja”)
where is the mixing zone of wastewater of IHP “Prahovo” Industry (located on the right bank).

Data are presented in the Annual reports on ambient water quality without any compilation or
statistical analysis. As its are presented as the row data its are transparent.

Also, its are transparent concerning the publicity as it is regulated by low.
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4.4. River Channel Characteristics
The area of 88,919 km2 e.g. 87% of the total territory of the FRY belongs to the Danube River
Basin (Fig. 4-3). About 81,660 km2 lies in the Republic of Serbia and about 7,260 km2 lies in the
Republic of Montenegro.

The main course of the Danube crossing the FRY is 588 km long, of which about 138 km
constitute the State border with Croatia and about 213 km constitute the State border with
Romania. Danube River receives its largest tributaries (i.e. Drava,Sava,Tisa) along this part of the
main watercourse, so that its flow increases 2.5 times.

Also, several not so large as Sava and Tisa are, but significant tributaries (i.e. Velika Morava,
Timis coming from Romania, Timok making a part of the Yugoslav-Bulgarian State border) as
well as several smaller ones (Mlava, Pek) empty into Danube along this part of the main
watercourse. All these tributaries drain territory of about 360,000 km2 so the watershed of Danube
River along this part of main watercourse increases approximately 2.5 times.

Some relevant hydrological data of the tributaries empty into Danube within the Yugoslav territory
are shown in the Table as follows;

River
Catchment
area at the

mouth (km2)

Catchment
area within FR

Yu (%)

Length of main
watercourse in
FR Yu (km)

Discharge
(m3/s)*

Status
of the River

Sava 95 132 32.6 207 1550 international

Tisa (Tisza) 158182 5.7 163 794 international

Velika Morava 38 345 97.2 whole 230 international

Tami{ (Timis) 10 280 7,3 120 37 international

Mlava 1886 100 whole 12 national

Pek 1233 100 whole 9 national

Timok 4215 93.5 ** 31 international

*   Average perennial discharge at the mouth
** About 19 km of the lowest part of watercourse makes the Yugoslav-Bulgarian  State border

It should be noted that the Drava river (Qav -571 m3/s), also the large tributary, empties into the
Danube on the part of its course which constitutes the Yugoslav-Croatian State border, but the
estuary of this river is in the territory of Croatia. Also, some of the tributaries which, in the territory
of the FRY, empty into the Sava river (e.g. Drina river, Qav -371 m3/s), into the Tisa river (e.g. Bega
Canal, Qav-29 m3/s) as well as into Velika Morava river (e.g. Ni�ava river, Qav -24 m3/s) are all
international rivers.

Bearing on mind the above mentioned, it can be rightfully concluded that the hydrological “navel”
of the Danube is sited along the part of main watercourse crossing the territory of the FRY.

In order to provide a better insight into the complex hydrological situation within this part of the
Danube, as well as to provide better understanding of cross section analysis given further within
this text, some characteristic points on the main Danube watercourse are shown in the table as
follows.
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Dunav (Danube) River:

Important point River km Remark
The entrance in FR Yugoslavia 1433 State border with Hungary & Croatia
HS “Bezdan” 1425.5 the first gaug. stat. downstr. of State

border
Impoundment “Bezdan” 1425 the beginning of DTD Canal (upper

arm)
Drava River mouth 1383 right  bank, mouth at Croatian

territory
Impoundment “Bogojevo” 1364 the beginning of DTD Canal (lower

arm)
Vuka River mouth 1333 right bank, mouth  at Croatian

territory
The end of border with Croatia 1295 length of reach shared 138 km
Mouth of Canal Novi Sad - S.Selo 1253 left bank, City of Novi Sad
Tisa River mouth 1215 left bank, International River
Sava River mouth 1170 right bank, Internat. River, City of

Belgarde
Timis River mouth 1155 left bank, river coming from

Romania
Velika Morava River 1105 right bank, 97.5% of watershed
FRY Mlava River mouth 1090 right bank, national river
DTD Canal mouth 1076 left bank, inetrsects rivers from

Romania
Nera River mouth 1075 left bank, the beginning of Yu–Ro

border
Pek River mouth 1058 right bank, national river
“Iron Gate I” Dam 943 power generat., navigation, Yu &Ro

share
“Iron Gate II” Dam 863 power generat., navigation, Yu&Ro

share
Timok River mouth 845 state border with Bulgaria (19 km)
The end of State border with
Romania

845 length of reach shared 213 km

As it is mentioned above, the complex international issue can also be seen on the large tributaries
empty into Danube in FRY. In order to provide a better insight and better understanding of at
whole issue, the characteristic points on the main tributaries of the Danube (e.g. Sava and Tisa),
otherwise international rivers, are given in the tables as follows;
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Sava River:

Important point River km Remark
The entrance in FR Yugoslavia 207 State border with Bosnia &

Hercegovina (Srpska Republic) and
Croatia

Drina River mouth 174 right bank, the end of border by
Bosnia & Hercegovina (Drina River
constitutes about 180 km of State
border)

Kolubara River mouth 27 right bank, national river

Length of Sava river watercourse trough the territory of FR Yugoslavia - 207 km

Length of reach shared with Bosnia & Hercegovina (Srpska Republic) - 33 km

Tisa (Tisza) River:

Important point River km Remark
The entrance in FRY territory 163 State border with Hungary, length of

reach shared - 3 km
HS “Martonos” 159 the first gauging station downstream

of State border
Inlet of DTD Canal 73 right bank
Impoundment “Padej” 105 the beginning of Kikindski Canal
Impoundment “Novi Be~ej” 65 the extension of DTD Canal
“Be~ej” Gate 63.5 Gate for irrigation and navigation

purposes
Begej (Bega) River mouth 10 left bank, river coming from

Romania

Length of Tisa River watercourse trough territory of FR Yugoslavia - 163 km

Length of reach shared with Hungary - 3 km

4.4.1.   Network

In order to provide a better insight in the Danube watershed within FRY as well as the insight in
the hydrological network, the map (Figure 4-3) showing sub-watersheds is given in Annexe.

The length of all permanent watercourses within FRY is 72,858 km so the average density of the
river network is 713 m/km2.. Although the average density of river network is rather high, its
territorial distribution is uneven and ranges from 75 m/km2 in the flat north part of the Country
(Vojvodina Province) to 3,500 m/km2 in the south-western, mountainous part of the Country.

Although the density of the natural river network in Vojvodina Province is low, this part of the
FRY is intersected by numerous canals (the total length of canals is about 100,000 km), whose
“back-bone” is the Danube-Tisa-Danube (DTD) Main Canal. This large, 250 km long, navigable
canal, begins at Bezdan (Danube river km 1425), where the upper water intake is located, then
intersects the Tisa river upstream from the Be�ej Gate (Tisa river km 63.5) and ends near Banatska
Palanka (Danube river km 1076), just one km upstream from the State border with the Romania.
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Instead of network diagram in the graphical form, the relevant data on the area of watershed, as
well as data on discharges at characteristic points, are shown at the table as follows:

Location River km
Watershed

(km2)
Discharge*

(m3/s)
Remark

State border 1433
GS Bezdan 1425.5 210 250 2280
GS Bogojevo 1367 251 533 2760Drava river mouth at river km 1381
GS Slankamen 1215 411 961 3585Tisa river mouth at river km 1215
GS Pan~evo 1149 525 009 5200Sava river mouth at river km 1170

Tamis river mouth at riv. km 1155
GS V.Gradi{te 1059 570 375 5500Velika Morava river mouth at river

km 1105
State border   845 ~ 585 000 ~ 5670Timok  river mouth at river km 845

* Average perennial discharge

The data presented in the table can be used for making the network diagram in graphical form.

4.4.2. Channel Cross Sections

Within the EU/AR/303/91 project “Danube Basin Alarm Model”, the Federal Institute of
Hidrometheorology has, in co-operation with the Republic of Serbia Institute of
Hidrometheorology and the Faculty of Civil Engineering of Belgrade University, made an analysis
of the characteristics of the main course of the Danube through the FRY. These data are presented
in further text in an abbreviated form. In accordance with the hydraulic and hydrologic conditions
prevailing in specified parts (see Fig. 4.4.2.-1) of the Danube river watershed, the main course has
been divided into two parts:

� the first, more upstream part (e.g. from the Yugoslav State border - river km 1433.0, up
to the Belgrade - river km 1170.0), where the natural flow regime prevails during most of
the year,
and

� the second, downstream part (e.g. from Belgrade to the State border at the mouth of
Timok - river km 845) where the backwater effect of the Iron Gate Dams exists.

The first part was further divided into 5 sections, two of which have two subsections each, as
shown in the table as follows:

No Mark of Reach/Section
(see Fig. 4.4.2.-1)

Length (km) Control point
Control point at

river km
1 D - 1-1 16 HS Bezdan 1425.5
2 D - 1-2 36 HS Apatin 1401.5
3 D – 2 49 HS Bogojevo 1367.0
4 D – 3 52 HS Ba~ka Palanka** 1301.5
5 D - 4-1 47 HS Novi Sad 1255.5
6 D - 4-2 20 HS Slankamen 1215.5
7 D - 5 45 HS Zemun 1174.0

** Name of station in international network is Ilok (right bank at territory of Croatia)

The basic hydraulic data for this stretch of Danube River are shown in the tables 4.4.2.-1; 4.4.2.-2;
4.4.2.-3; 4.4.2.-4; 4.4.2.-5; 4.4.2.-6 and 4.4.2.-7 (see Annexes).
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The second part of Danube main watercourse was further divided into 11 sections as shown in the
table as follows:

No Name of section
Section mark

(see Fig. 4.4.2.-1)
Upstream node

at river km
Downstream node

at river km
Length of section

(km)

1 Pan~evo D - 6-1 1170.0 1149.30 20.70

2 Morava D - 6-2 1149.0 1105.50 43.50

3 Nera D - 6-3 1105.0 1075.50 29.50

4 Golubac D - 6-4 1075.0 1043.50 31.50

5 Dobra D - 6-5 1043.0 1017.20 25.80

6 Milanovac D - 6-6 1017.0 990.50 26.50

7 Dam I D - 6-7 990.0 944.25 45.75

8 Kladovo D - 6-8 944.0 933.50 10.50

9 Milutinovac D - 6-9 933.0 900.50 33.50

10 Dam II D - 6-10 900.0 863.50 36.50

11 Timok D - 6-11 863.0 845.80 17.20

The relation: cross section area versus altitude (water level) for several relevant profiles along this
stretch of Danube River are shown  at  Figures;  4.4.2.-2;  4.4.2.-3;  4.4.2.-4;  4.4.2.-5;  4.4.2.-6 and
4.4.2.-7. Also, the data on flow and average section velocity for the sections D-6-1 to D-6-11 are
given at the table 4.4.2.-8.

The relevant hydraulic data for the rivers Sava and Tisa are given in the tables 4.4.2.-9 to 4.4.2.-15.

As it is mentioned above, Water Regime along the downstream part of Danube course in FRY is
under the influence of backwater effect of the Iron Gate I Dam that is built under the joint project
of Yugoslavia and Romania. Besides the generation of electricity the construction of the Dam was
greatly improved the navigation.

The Dam (put in operation at 1973) has been constructed to operate at a maximum water level of
69.5 m. above sea level. However, the maximum water level at which the dam has been operated
during the first few years was kept at the level of 68.00 m in order to evaluate and control complex
impacts of the reservoir upon the flood plain. The water level at the dam is a function of the water
flow at the mouth of river Nera (GS “Banatska Palanaka” - river km 1076+650).

Since the dam and the power station have been constructed the following operating water level
regimes have been implemented: 68/63 up to the end of 1977, 69.5/63 from 1977 to 1984 as an
experimental regime, and, 69.5 and more since 1984. The basic characteristics of these water
regimes are:

Regime 68/63 - For river water flows up to 7350 m3/s water level at the dam is controlled so that
the water level at the mouth of the river Nera is kept constant at 68 m above the sea. For river water
flows in excess of 7350 m3/s the water level at the dam is kept constant at 63 m above the sea and
the water level at the mouth of the river Nera is allowed to form naturally.

Regime 69.5/63 - For river water flows up to 10000 m3/s water level at the dam is controlled so that
the water level at the mouth of the river Nera is kept constant at 69.5 m above the sea. For river
water flows in excess of 10000 m3/s the water level at the dam is kept constant at 63 m above the
sea and the water level at the mouth of the river Nera is allowed to form naturally.
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Regime 69.5 and more - For the first phase which is experimental for river water flows up to 11000
m3/s water level at the dam is controlled so that the water level at the mouth of the river Nera is
kept constant at 69.5 m above the sea. For river water flows in excess of 11000 m3/s the water level
at the dam is kept constant at 63 m above the sea and the water level at the mouth of the river Nera
is allowed to form naturally. In the final phase which will be put into operation once experimental
phase is completed for river water flows up to 13000 m3/s water level at the dam is controlled so
that the water level at the mouth of river Nera is kept constant at 63.00 m above the sea. For river
water flows in excess of 13000 m3/s water level at the dam is kept constant at 63.00 m above the
sea and water level at the mouth of river Nera is allowed to form naturally.

Figure 4.4.3.-1 shows the bed line of the Danube, the longitudinal water level profile for natural
conditions as well as for the backwater effect conditions for high river water discharges occurring
once in 100 years (Q1%). Also shown are the longitudinal profiles for the water regimes 68/63 and
69.5/63.

For the water regime of 68/63 the reservoir extends up to the mouth of river Nera for all flows in
excess of 7350 m3/s while for flows around 2000 m3/s the reservoir extends all the way to the
mouth of river Tisa. For water regime of 69.5/63 the reservoir extends up to the mouth of river
Nera for all flows in excess of 10000 m3/s while for flows around 2000 m3/s the reservoir extends
all the way to the HS “Novi Sad”- Danube river km 1255.5, up to the HS “[abac”- Sava river km
102.6 and up to the Be~ej Gate-Tisa river km 63.5. The volume of in- stream reservoir changes
from 1.5-3.0 billion m3 depending of water regime.

The modified water flow regime along the reservoir results in a number of other significant
changes in the morphology of the river-reservoir channel, transport and sedimentation of
particulate matters and sediments, oxygen transfer, phyto-plankton population structure and its
dynamics and a series of other physico-chemical characteristics and processes all of which have a
profound effect upon the water quality of the river Danube, both upstream and downstream of the
Dam.

All above mentioned makes this reach of Danube extremely important as well as interesting to be
investigated on the permanent base.

Downstream of the Iron Gate I the next, 85 km long, in stream reservoir (volume around 870
million m3) is formed by Iron Gate II Dam that is built under the joint project of SFR Yugoslavia
and Romania. This Dam (put in operation at 1985) consists of two separate structures: a dam on the
main river channel and the overflow dam on the side arm of the Danube on Romanian side of the
river. The second overflow is constructed on Yugoslav bank in 1994.

The two Iron Gate power stations operate as one system and the operation of the Iron Gate II plant
is controlled by the operation of the Iron Gate I plant. In accordance with the design, the Iron Gate
II plant operates at a variable water level (from 39.4 m to 41.0 m). The water levels are controlled
so that the water level at Kladovo does not exceed 42.0 m for flows in excess of 10.000 m3/s and
does not exceed a level of 43.6 m at flows in excess of 16 350 m3/s. The backwater effect of the
Iron Gate II Dam is therefore felt all the way to the Iron Gate I dam.

4.4.3. Gradients

Gradients (slopes of water level) between the hydrological stations can be calculated on the basis of
the data on water levels at given hydrological stations and the length between these stations.

The daily water levels at relevant hydrological stations along the Danube watercourse in FRY are
reported every day in 12 o`clock over the Radio Belgrade on Serbian, Russian and Franch
language. It could be also found on the Web Site (www.meteo.yu) of Federal
Hydrometheorological Institute.
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All hydrological data for the Danube river watercourse are published every year in the annual
report of Republic Hydrometheorological Institute of Serbia.

Before the construction of the Iron Gate I and Iron Gate II hydro-electric power and navigation
system, the hydraulic gradient on both, the Yugoslav and Yugoslav-Romanian sections of the
Danube, was about 0.05 o /oo in average, on the section from Bezdan to the entrance into the
Djerdap Gorge (river km 974), while in the gorge itself it was even over 0.3 o /oo. A graphical
presentation of the change in the hydraulic gradient along the course of the Danube prior to the
construction of the Djerdap (Iron Gate) Hydro-electric Power and Navigation System is shown in
Figure 4.4.3.-1.

After the construction of the Iron Gate I and Iron Gate II system, when the backwater extends to
the HS “Novi Sad” at some specific conditions, the gradient became a variable depending on the
modes of operation of the Iron Gate I Hydro-electric Power Plant as it is shown schematically at
Figure 4.4.3.-1.

It should be noted that the information system on the hydrological parameters has been established
on the main course of the Danube and on its direct tributaries. At any moment, it can provide the
data on the water levels and, thus, on the hydraulic gradient. For a greater number of such
hydrological stations on the Danube and its tributaries, the data are exchanged with the Danube
countries on a daily basis, as stipulated by the provisions of the Convention on the Navigation
Regime on the Danube (the Danube Commission).

4.4.4. Flood Plains

Figure 4-4 shows potentially flooded areas by the flood flow of return period of 100 years.

The potentially flooded areas are located mostly at the territory of the Republic of Serbia, because
the rivers within the Danube river basin in the Republic of Montenegro are mostly gorge ones.

The largest potentially flooded areas lie around the rivers; Danube, Sava, Tisa and Velika Morava
and, to a smaller extent, in the lower parts of the watercourses of the Drina, Kolubara, West and
South Morava and Timok river. The total potentially flooded area is about 16 000 km2, of which
about 12 900 km2  is lowland in Vojvodina Province. About 80% of potentially flooded area is
arable land, but within it there are more than 500 settlements and more than 500 important
industrial plants.

Along the Danube and its main tributaries (Sava, Tisa, Velika Morava) there are embankments
(Fig. 4-6) for the flood defence (flow of the return period of 100 years). These embankments are
mostly placed at relatively small distances from the banks of the natural main bed, so that the
inundation area between them is limited. Note that numerous smaller watercourses are not
regulated for flood defence yet.

Besides the potentially flooded plains which are defended by the embankments, there are quiet a
number of frequently flooded zones (small icelands, bankarms, etc.) which are sited along the
reaches where the width between the embankments is larger. These zones so-called inundations,
are usually covered by the vegetation so they have potential to retain a part of pollution as well as
the nutrients.
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The characteristic stretches along the Danube as well as its locations are given in the table as
follows:

River (km) River (km)Name
of Location* from to

Name
of Location* from to

Apatin 1382 1410 Beljarica 1178 1183

Ba~ko Novo Selo 1306 1316 Beograd 1170 1172

Susek 1282 1291 Pan~evo 1149 1158

Cerevic 1272 1276 Ivanovo 1136 1140

Beo~in 1263 1271 Grocka 1127 1132

Kovilj 1242 1244 Smederevo 1112 1118.5

Kr~edin 1226 1231 Dubovac 1098 1100

Slankamen 1213 1218 Ram 1078 1083

Belegis 1194 1200 Mihajlovac 860 876
* See also Fig. 4-5

Although the analyses of flooded plains for the flow of 100-years return period have been made in
detail, there are still no detailed analyses of flooded plains (i.e. inundations) for the flows having
the lower probability of occurrence (the return period of 5, 10, 30, 50 years) which could be of
interest for the Danube River Basin Pollution Reduction Programme.

In order to get more information on the role of above mentioned inundations in retention of
pollutants as well as of nutrients, serious investigation has to be done.

4.4.5. Wetlands

There are several large wetlands (see Fig. 4-5) sited behind the embankments along the Danube
(e.g. Mono�torski Rit, Sige-Kazuk Area, the zone near Apatin town, area upstream of City of
Belgrade, a long stretch under the influence of backwater of Iron Gate I, as well as the stretch under
the influence of backwater of Iron Gate II.

There are also several significant wetlands along the Sava River (the marsh “Obedska Bara”, an
area protected by Ramsar Convention, the marsh “Zasavica”, etc.) as well as along the Tisa River
(e.g. near Senta town, near Be�ej town.) which has to be fully protected or could be rehabilitated.

Besides above mentioned, there are several wetlands (e.g. Ludo� lake near City of Subotica and the
marsh “Carska bara” near City of Zrenjanin, both protected under Ramsar Convention as the bird
reserves) within the Danube watershed in FRY.  Every of these wetlands is a unique part of Nature
to be saved for the future generations.

4.4.6. Erosion and Degradation

The erosion of riverbanks occurs at unprotected sites by the action of runing water in the river
curves and by the action of waves generated by wind. The largest bank erosion is noticed at the left
bank of Danube just at the mouth of DTD cannel.

When discussing the erosion in general, the total average erosion production within the Danube
Basin in FRY reaches about 17 million t/y, but only 20% of this quantity is transported by the
rivers. It comes from the balance of average yearly sediment flow (see Fig.4-9) in the river network
of the Danube Basin at the territory of FRY. The data are related to the period 1981-90, as for after
1991 the measurements of suspended sediment discharges have been largely reduced.
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As estimated, about 80% of total annual sediments load which is transported by the Danube and
tributaries enters FRY from foreign territory (Danube- 6,7 million t/y, Tisa- 4,4 million t/y and
Sava - 3,0 million t/y). This quantity is almost equal to one that is trapped in the Iron Gate I
reservoir.

It is also important to emphasise that during the past 50 years, thanks to anti-erosion works
(afforesting, land-reclamation, irrigation of pastures and forests, etc.), constructing of structures for
retaining of sediments, etc., the erosion production as well as sediments discharge within the
Country has been substantially reduced. As the consequence, the impute of sediments originating
from FRY territory in Iron Gate I Reservoir have been reduced for 50%.

4.5. Dams and Reservoirs
There are 60 reservoirs (about 20 of them being larger than 10 million m3) and about 100 so-called
micro reservoirs within the DRB in FRY. The total retention volume of all of its is about 6.5 billion
m3. Several relevant reservoirs could be seen at the Fig. 4 -7.

The largest reservoirs are Iron Gate I and Iron Gate II serving for electric power generation as well
as for the improvement of navigation. As it is mentioned above both of its are formed along the
sector of the Danube which is shared between the FR of Yugoslavia and Romania.

The existing reservoirs are mostly multy-purpose ones (flow equalising, increasing of low flow,
irrigation, power generation, sediments retention, domestic and industrial water supply). The basic
data as well as trapping efficiency for sediments (where available) on the existing in-stream
reservoirs relevant for this report are given in the table as follows:

Name of Reservoir River
Location
(river km)

Volume
(000 m3)

Purpose
Trapping
effic. (%)

Djerdap  I (Iron Gate I) Danube 943 2 550 000 PG, N 80

Djerdap  II (Iron Gate II) Danube 865 868 000 PG, N 35

Tisa-Be~ej Tisa 63.5 160 000 N, FP, IR *

Bajina Ba{ta** Drina 340 000 PG 60

Zvornik** Drina 89 000 PG 50
* No trapping of sediments on the annual base. When Gate is partly closed (April to November) trapping efficiency is

around 50%
** Border with Bosna & Hercegovina (Srpska Republic)

PG - Power generation ;  IR - Irrigation ;  FP - Flood protection ;  N - Navigation
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4.6. Other Major Structures and Encroachments
In the FR of Yugoslavia, there are about 3,550 km of flood-defense embankments (Figure 4-5). The
length of embankments along given the river as well as within given the watershed is shown in the
table as follows:

River or watershed Length of embankments (km)

River Danube 414.17

River Tisa 268.99

River Tamis 118.80

Remaining rivers in Vojvodina 367.64

Channels of DTD system 231.00

Mlava and Pek watershed 108.90

Timok watershed 87.88

Sava watershed 771.00

Velika Morava watershed 1,181.96

TOTAL 3,550.34

Besides these embankments, on the rivers of the FR of Yugoslavia there are about 486 km of bank
revetments, 32 km of groins and other river regulation structures. On the Danube River itself, there
is about 1256 km of bank revetments, on the Sava River about 37 km, on the Tisa River about 45
km and on the Velika Morava River about 78 km.

The dredging

The river sediments (gravel, sand) are dredged for the purposes of construction industry (sand and
gravel) and the maintenance of the navigable waterways. The largest quantities are dredged in the
area of Belgrade, Novi Sad, Slankamen, the confluence of the Velika Morava and Danube and the
confluence of the Drina River and Sava River.

During the period 1977-1997 an average amount of 10 million tons per year was dredged.
Approximately 70% of this amount were dredged from Danube, 15% from Tisa River, 10% from
Sava River (mouth of Drina River) and 5% from Velika Morava River.

The largest amounts of the river sediments were dredging along the stretch of Danube from river
km 1050-1090 as it is shown in the table as follows:

Location (river km) Dredged volume In average (m3/ y)

1050 - 1052 2.0 - 2.5

1055 - 1069 3.5 - 4.2

1075 - 1077 1.0 - 1.2

1083 - 1089 1.5 - 2.0

1112 - 1113 0.2 - 0.3

1172 - 1174 0.9 - 1.2

1268 - 1269 0.04 - 0.07

1398 - 1399 0.15 - 0.25

1401 - 1402 0.03 - 0.05

Remark : Most of the dredged section are not permanently used
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After the year 1992 amount of sand and gravel dredged has been rapidly decreasing due to
decreasing of civil works. An average amount of 6.5-7.5 million m3/y has been dredged for the
period 1994-97.

The dredging of sludge from irrigation channels has been doing for many years on the regular
annual base. This sludge is not polluted by heavy metals so it safely disposes on the surrounding
soil. An exemption is the sludge of Bega Cannel dredging (approx. 100 000 t/y) near Klek town.
This sludge, originating from Romanian territory, is very polluted so especial dumpsites are formed
to scavenge it.

4.7. Major Water Transfers
The major water transfers exist on the Danube and Tisa river (see Fig. 4-6) where the largest water
impoundments are constructed. Abstracted water is used for irrigation and industrial supply, as well
as for the supply of other consumers in the regions Backa and Banat. It is also used in keeping of
cannel network waterways navigable for the vessels up to 1000 DWT.

The Danube water is abstracted (by gravity and by pumping) at two locations (Bezdan and
Bogojevo) and is conveyed through Backa Region. The upper branch of this cannel ends into the
Tisa River, 3 km upstream of Becej Gate and the lower one ends into the Danube River at City of
Novi Sad.

The total capacity of the existing intake structures on the Danube amounts to 90 m3/s (by gravity
about 72 m3/s and by pumping about 18 m3/s) but the abstraction of water depends on river water
level. The total abstraction of water makes 4% of minimal, mean monthly flow of Danube River at
impoundment locations. There is the plan to increase the total intake capacity by additional 18
m3/s.

The water of the Tisa is abstracted by gravity at Padej village (river km 105) and at Novi Becej
(immediately upstream of Becej Gate). Gravity water intake is possible owing to the Becej Gate
(63.5 river km, which also serves for navigation control along the Tisa river.

The impounded water makes an artificial river (i.e. DTD Main Canal) crossing Banat Region. It
intersects all (except Nera river) watercourses coming from Romania. This canal ends near the
settlement of Banatska Palanka just one km upstream of Yugoslav-Romanian State border.

In addition to irrigation and industrial supply, water from this cannel has an important role in
dilution of heavily polluted rivers (Zlatica, Bega Old, Bega Canal, etc.), which flow from the
Romanian territory. Without the dilution of these polluted rivers ecological conditions in Yugoslav
part of the Banat Region would be unbearable.

At present, the total intake capacity on the Tisa River amounts to about 40 m3/s, e.g. 30 % of
minimal, mean monthly flow of Tisa River. The capacity of the upper impoundment at Padej is 8 –
12 m3/s but the lower one located at Novi Becej is 30 m3/s.

4.8. Preferred Sampling Stations and Data Sets
Among existing 178 water quality monitoring stations a total of 64 are selected for the analysis and
presentation of water quality relevant to this Review. The distribution and positions of selected
water quality monitoring stations are shown at the Figure 4-7. The selected stations represent
boundary cross-sections, river stretches forming State border, stretches located downstream from
hot spots and the nearest locations upstream of the river mouths. In the table 4.12.-1 (Annexes) the
transboundary stations are labeled by symbols TBS (i.e. the stations most upstream or downstream
of the State border) or BS (i.e. the stations on the river stretch constitutes State border).
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The values given in the table are compiled from all data on water quality available for the period
1994-97.  Series of 40 – 48 observed values are used for statistical analysis.

The simultaneous measurement of water quality parameters and flow have not been practiced at all.
The data on flow are use to be computed backward from Q-H curves. At the tables 4.9.-1 to 4.9.-24
the average daily flows for the period 1994-97 are presented.

Responsible for the maintenance of the hydrological network as well as for all the measurements of
hydrological and water quality parameters are:

Federal Institute of Hydrometheoriology - Belgrade

Republic of Serbia Institute of Hydrometheoriology - Belgrade

Republic of Montenegro Institute of Hydrometheoriology -  Podgorica

4.9. Water Discharges
The Water Budget for the Danube River watershed in FRY based on statistical analysis of the long
time series is shown at the Fig. 4-8. In the period 1994-97, systematic measurements of flow on the
Danube and its main tributaries i.e. Tisa River, Sava River and Velika Morava River were carried
out at the following hydrological (gauging) stations:

Danube: Bezdan, Bogojevo, Novi Sad;
Sava: Sremska Mitrovica;
Tisa: Senta;
Velika Morava: Ljubi�evski most.

The numerical values of mean daily flows for every year of the mentioned period, as well as the
characteristic statistical values (maximum, mean, minimum) are given in Tables 4.9.-1 to 4.9.-24
(Annex). On the basis of these values flow fluctuations at the given stations were graphically
presented (Figures 4.9.-1 to 4.9.-6) in the form of a hydrograph. They also depict the water flow
duration curves for the observed period 1994-97 as well as for the longer periods. The presented
duration curves enable a water flow analysis of the observed periods in different flow ranges. The
numerical values of these curves are also given in the table 4.9.-25.

4.10. Sediment Disharges
During the period (1994-1997) measurements of suspended sediments discharges were
considerably reduced due to the lack of funds for the realisation of the planned activities.
Measurements of the bed sediments have not been done at all. A systematic sampling of suspended
sediments was carried out at four hydrological stations on the Danube (HS Bezdan) and its
tributaries Tisa (HS Senta), Sava (HS ), Velika Morava (HS Ljubi�evski most).

The mean daily flows of suspended sediments were calculated by multiplying of the mean cross
section concentration of suspended mater by the mean water flow for the given day. The data are
presented in the tables 4.10.- 1 to 4.10.- 15 (Annexes). In order to give better insight in sediment
discharges within the Danube River watershed in FRY, the average perennial sediments discharge
flow diagram is given in Fig. 4-9. The data relates to the period 1980-1991.

As it can be seen at the diagram (Fig. 4-9) the amount of about 14 million t/y of suspended solids is
brought by the Danube, Tisa, Sava and Drava from other territories, while at the territory of the FR
of Yugoslavia about 4 million t/y of suspended solids is produced. Of the total quantity, about 80%
(i.e. about 14 million t/y is trapped in the Iron Gate I and Iron Gate II reservoirs.
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4.11. Suspended Sediment Concentrations
On the basis of the known water discharges (given in tables 4.9.-1 to 4.9-24) and sediment
discharges (given in tables 4.10.-1 to 4.10.-15) the average concentration can easily be calculated
using the relation Cav = G/Q, where Q – water discharge, G – suspended sediments discharge.

4.12. Water Quality Data
Generally speaking, the FRY is a water (and pollution) receiving country. Around 87% of water
flowing throughout the Danube Basin at territory of FRY originates from upstream Danube
countries but 13% of it is the internal run-off. It is interesting to note that the large part of runoff
from Romania enters FRY directly (Zlatica, Bega Old, Bega Canal, Timis, Brzava, Karas, Nera) or
indirectly (by Tisa River) although Romania accounts as FRY downstream country following
Danube main watercourse.

The water quality of largest rivers crossing FRY highly depends on the Water Pollution Control at
upstream Danube countries. In general, no any river enters FRY can be safely used for water
supply without the advanced treatment (i.e. ozone - activated carbon). Some of the rivers (i.e.
Zlatica, Bega Old, Bega Canal) are heavily polluted so its water can not be used even for irrigation.

It is important to note that not only fresh pollution (e.g. from Szeged, Temisoara, Vinkovci) but
also nutrients, resistant organics and heavy metals (dissolved or adsorbed onto sediments) from
remote pollution sources enters FRY. It is estimated that each year over 550-600,000 t of BOD5,
about 300-350,000 t of Nitrogen in various forms, about 20-30,000 t of phosphorus and about 14
million tons of sediments enter the territory of the FRY.

Besides of the above mentioned pollution, the large algal biomass (the concentrations of
chlorophyll-a over 150 mg/m3 into Tisa and Danube River have been regularly observed during
summer time) generated upstream of FRY is brought by Danube and its tributaries. The decay of
this biomass causes additional disturbances of oxygen regime as well as the forming of various by-
products in river water that have adverse effects onto aquatic environment and biota. This
phenomenon would have to be analysed in the process of validation of Danube Water Quality
Model.

Danube River is a large recipient having large dilution as well as self-purification capacity. The
national rivers are not large ones so its dilution capacity is small, particularly during low flow
conditions (July-October) when discharges are 8-15 times lower than average ones. In spite of its
good self-purification capacity (shallow streams, rocky beds, existing of reefs and pools, etc.) the
receiving capacity of national rivers is not large. Bearing this on mind, as well as lack of sufficient
and efficient wastewater treatment within FRY, it cannot be concluded that ambient running waters
quality is good. There are numerous disturbances of running waters quality, particularly
downstream of wastewater discharges, but most of its are not properly detected (water quality
monitoring stations are not located just immediate downstream of point sources, low frequency of
measurement, etc.) by routine monitoring of water quality.

Unfortunately, the monitoring of river sediments quality on the regular base is not established yet,
so the effects of pollution cannot be analysed properly.  The lack of data on sediments could be the
reason of large discrepancies observed between emission estimated and imission measured.
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4.12.1. Nitrogen

Statistical data on inorganic nitrogen components (e.g. ammonia, nitrates, and nitrites) for the
relevant selected gauging stations are shown in the table 4.12.-1. Data series of 40 – 48
observations are analysed. Data are also analysed for organic nitrogen but it has to be pointed out
that there is no statistically relevant data series on this parameter for the largest number of gauging
stations because of low frequency of measurements.

In accordance with available data on water quality monitoring and water discharges, about 300-
350,000 t/y (on average) of nitrogen in various forms enters the territory of the FRY. As estimated,
a mass of 350-420,000 t/y (on average) of nitrogen, flows out downstream of Iron Gate II Dam
(river profile about 16 km upstream of the State border).

4.12.2. Phosphorus

Statistical data on total phosphorous and orthophosphates for the relevant selected gauging stations
are shown in the table 4.12.-1. Data series of 40 – 48 observations are analysed.

In accordance with available data on water quality monitoring and water discharges, about 20-
30,000 t/y (on average) of phosphorus enters the territory of the FRY. As estimated, a mass of 25-
35,000 t/y (on average) of phosphorus, flows out downstream of Iron Gate II Dam (river profile
about 16 km upstream of the State border). It is roughly estimated that 6-10,000 tP/y being trapped
in Iron Gates.

4.12.3. COD

Statistical data on COD for the relevant selected gauging stations are shown in the table 4.12.-1. It
has to be noted that the method used for the COD determination is based on KMnO4 oxidation as it
was widely practised within the middle and lower Danube Basin countries.

In order to give insight in oxygen related parameters as COD is, let us mention that about 550-
600,000 t/y (on average) of BOD5 enters the territory of the FRY but a mass of 400-480,000 t/y (on
average) of BOD5 flows out downstream of Iron Gate II Dam (river profile about 16 km upstream
of the State border). Bearing on mind this data as well as the additional BOD load discharging in
FRY, it can be concluded that the large mass of organics (around 300-350,000 t/y of BOD5) being
degraded (or retained) along the Danube River section crossing FRY.

4.12.4. Heavy Metals

Frequency of sampling for heavy metals determination was 4 times a year so available data cannot
be used as the base for serious statistical analysis. Nevertheless statistical data based on the 16
observations on given heavy metals concentration are presented in the table 4.12-1.

It has to be point out that non-filtered samples conserved on-site are used for determination on
heavy metals. Also, determination on mercury was not fully developed so data produced are not
reliable.

It is important to emphasize that about 14 million tons of sediments partly containing adsorbed
heavy metals, enters the territory of the FRY but no proper data on the content of heavy metals in
suspended solids entering FRY territory.
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4.12.5. Oil and Other Hazardous Chemicals

The concentrations of mineral oil and phenols recorded during the period 1994-1997 are shown in
the table 4.12.-1. In general, observed concentrations of mineral oil have not been above the
proposed limits but it has to be emphasized that the frequency of measurements was low to provide
proper and reliable detection of the content of oil and hazardous chemicals.

Regarding to the oil discharge it is important to note that both Yugoslav refineries have the waste
treatment plants operating properly.

Therefore, there were a several accidental oil spills on the Sava River (from the territory of Bosna
& Herzegovina, 1986, 1987) the Tisa River (1992) as well as on the Danube River (accidents of
foreign tankers 1987, 1997) in the past. Also, there is the evidence on the discharge of used oil
from boats in transit.

Bearing all this on mind it could be supposed that the oil found in the Iron Gate I sediments
(Cousteau expedition, 1992) do not originate just from the sources located on the Yugoslav
territory but also from other sources (upstream countries, foreign tankers and boats navigating
along Danube, etc.)

For the evidence of origin of mineral oil spills into the Danube River (water and sediments) it is
very important the Danube Basin Alarm System as well as the record of oil spills to be well
developed.

4.12.6. Special Linkages

It is not possible to make linkages of concentration of some specific substances with its quantity
sold on the market during the analysed period.

Also, there were not proper researches to investigate linkages between heavy storms and non-point
sources, or fertilisers sold and N and P concentration in rivers, or air pollution and water quality.

There were some researches done on establishing of linkage between land use and export of
nitrogen and phosphorous in hilly-mountainous regions. The total nitrogen and phosphorous export
was found to be 0.1 – 0.15 tN/km2 /y and  0.015 - 0.025 tP/km2 /y respectively.

In general, soil within the Danube watershed in FRY is not saturated with Phosphorous and
Nitrogen because of low rate of fertilisers consumption for a long period.

It is important to point out the good linkage of some seasonal activities and water quality. For
example, every year in the summer time, when pumping of water from irrigation canals upstream
of the FRY state border begins, hundred tons of aquatic duck-weeds (e.g. lemna) float along Tisa
River reaching also Danube River. The 1/4 to 1/3 of water table is usually covered by floating
weeds disturbing oxygen transfer and light penetration in water. There is no proper evidence about
the fate of this large quantity of organic matters but it is clear that the largest part of it is
biodegraded disturbing oxygen regime as well as increasing nutrient content in water body.

Among numerous water quality disturbances it is to be point out that every year (late in November)
the gates along Bega Canal have to be put down because of ice season and spring high flow
periods. During 3-4 days (the lasting of operation) hundred tons of accumulated heavily polluted
anaerobic sediments from Romanian territory enter Yugoslav territory flowing about 100 km to the
mouth of Tisa River than to Danube River, finally be trapped in the Iron Gate reservoir.

In the past, farm liquid wastes from Romanian part of Tami� river watershed were often discharged
into the river (or its tributaries) causing heavy damages of river ecosystem (fish kills, etc.) as well
as fish kills into the fishponds using river water for supplying. In the period 1994-97 the occurrence
of such accidents was much less frequent but still observed.





5. Brief Overview of Legal and Institutional Framework for 
Water Quality Control

In FRY, the legislation on measurements and water quality control is fairly developed. There is a
large number of by-laws (statutes, regulations, instructions, standards etc.) regulating this issue.
The competencies within the governmental infrastructure and other participants in this field are
regulated as well. Nevertheless, there is the need to renovate the legislative for water quality
control and to harmonize it in accordance with requirements of international cooperation.

The basic legal regulations, which stipulate by-laws related to the issues of measurement and water
quality control, are as follows:

Federal Level:

� Decree on the Classification of Waters of the Inter-Republic Watercourses, Inter-State
Waters and Coastal Sea Waters (Federal Government Gazette, No. 6/78);

� Regulation on the Classification and Categorisation of Ground-Water Reserves and
Relevant Recording Keeping (Federal Government Gazette, No. 34/79);

� The instructions for the procedures and modes of water quality monitoring within the
Yugoslav network of hydrological stations (Federal Government Gazette No. 72/93)

� Law on the Fundaments of Environmental Protection (Federal Government Gazette,
No. 24/98);

� Regulations on the Sampling Method and Methods of Laboratory Drinking Water
Analysis (Federal Government Gazette, No. 55/78 and 55/85);

� Low on Water Regime (Federal Government Gazette No. 59/98)
� Low on Standardisation (Federal Government Gazette, No. 30/96);
� Regulations on the Yugoslav Standards (JUS) for Water to be used in Analytical

Laboratory Determination – JUS ISO 3696 (Federal Government Gazette, No. 54/94);
� Regulations on the JUS for Testing of Industrial Waste Waters – JUS ISO 3696 (Federal

Government Gazette, No. 19/88);
� Regulations on the JUS for Testing of Industrial Waste Waters – JUS H.31.111; JUS

H.31.117; JUS H.31.145; JUS H.31.149; JUS H.31.152; JUS H.31.160; JUS H.31.195;
JUS H.31.196 (Federal Government Gazette, No. 84/97, 12/82);

� Regulations on the JUS for Testing of Industrial Waste Waters – JUS H 31.113; JUS H.
31.136; JUS H 31.137; JUS H. 31.165; JUS H.31.173; JUS H. 31.175 (Federal
Government Gazette, No. 48/85);

� Regulations on the JUS for Testing of Industrial Waste Waters – JUS.H.31.135; JUS
H.31.177; JUS H.31.178; JUS H.31.179; JUS H.31.180; JUS H.31.181 (Federal
Government Gazette, No. 47/85);

� Regulations on the JUS for Testing of Industrial Waste Waters – JUS H.31.114;
JUS.H.31.115; JUS.H.31.138; JUS H.31.139; JUS H.31.140; JUS H.31.141; JUS
H.31.142; JUS H.31.144; JUS H.31.163; JUS H.31.190 (Federal Government Gazette,
No. 47/85);

� Regulations on the JUS for Testing of Industrial Waste Waters – JUS H.31.100; JUS
H.31.101; JUS H.31.102; JUS H.31.103; JUS H.31.104; JUS H.31.170; JUS H.31.171
(Federal Government Gazette, No. 55/83);

� Regulations on the JUS for Water Quality – JUS ISO 5813; JUS ISO 5814; JUS ISO
5815; JUS ISO 6060; JUS ISO 7890-1; JUS ISO 7890-2; JUS ISO 8245; JUS ISO 8466-1
(Federal Government Gazette, No. 56/84);
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� Regulations on the JUS for Water Quality – JUS ISO 5664; JUS ISO 6595; JUS ISO
6778; JUS ISO 7150-1; JUS ISO 7150-2 (Federal Government Gazette, No. 56/84);

� Regulations on the JUS for Water Flow Measurement in Open Courses – JUS U.C5.080;
JUS U.C5.090; JUS U.C5.092; JUS U.C5.094 (Federal Government Gazette, No. 54/94);

� Regulations on the JUS for Waste Waters – JUS H.31.200; JUS H.31.201 (Federal
Government Gazette, No. 1/92);

� Law on the Protection Against Ionizing Radiation (Federal Government Gazette, No.
46/90);

� Decree on Maximum Concentrations of Radionuclides and Hazardous Matter in Inter-
Republic Watercourses, Inter-State Waters and Waters of the Coastal Sea of Yugoslavia
(Federal Government Gazette, No. 8/78);

� Regulations on the Sites and Time Intervals of Systematic Testing of the Content of
Radionuclides in the Environment, Early Detection and Reporting on Radioactive
Contamination of the Environment (Federal Government Gazette, No. 84/91);

� Law on Hydrometeorological Affairs of National Concern (Federal Government
Gazette, No. 18/88, 63/90)

� Decision on the establishing of Yu standards for the environmental protection (Fed.
Government Gazette No. 11/98)

� Decree on Drinking Water Standards (Federal Government Gazette No. 41/98)

Regulations of the Republic of Serbia:

� Law on Waters (Republic of Serbia Government Gazette, No. 46/91, 53/93, 48/94,
54/96)

� Decree on Water Classification (Republic of Serbia Government Gazette, No. 5/68);
� Decree on the Categorisation of Watercourses (Republic of Serbia Gov. Gazette, No.

5/68);
� Regulations on the Contents of Technical Documentation to be submitted in the

Procedure for Obtaining Water Management Consent and the Water Management
Licence (Republic of Serbia Government Gazette, No. 3/78);

� Regulations on MPL of Hazardous Matters in Waters (Republic of Serbia Gov. Gaz., No.
31/82);

� Regulations on the method and minimum number of waste water quality examination
(Republic of Serbia Government Gazette, No. 47/83, 13/84);

� Regulations on the Conditions to be satisfied by enterprises and other legal entities
carrying out specific examinations on surface and ground water quality as well as on
waste water examination (Republic of Serbia Government Gazette, No. 41/94, 47/94);

� Regulations on the method and procedure for determining the degree of purification of
discharged waste water (Republic of Serbia Government Gazette, No. 9/67);

� Law on the Use and Protection of Water Supply Sources (Republic of Serbia Government
Gazette, No. 27/77, 29/88);

� Low on Agricultural Land (Republic of Serbia Government Gazette, No. 49/92, 53/93,
67/93)

� Regulations on the MPL of hazardous and toxic matter in soil and irrigation water and the
methods of their examination (Republic of Serbia Government Gazette, No. 23/94);

� Low on the Environment Protection (Republic of Serbia Government Gazette No.
65/91)

� Decree on the Assessment of Impacts on the Environment (Republic of Serbia
Government Gazette No. 41/93);
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Regulations of the Republic of Crna Gora (Montenegro)

� Law on Waters (Republic of Crna Gora Government Gazette, No. 6/95);
� Decree on Water Classification and Categorization (Republic of Crna Gora Government

Gazette Government Gazette, No. 14/96);
� Regulations on the Contents and Methods of Keeping the Water Register and the Register

of Surface and Ground Waters, Consumers and Pollutants, Torrents and Erosion-prone
Regions and Water Structures and Plants (Republic of Crna Gora Government Gazette,
Nos. 5/96 and 19/96);

� Decision on the Criteria, Amount and Mode of Payment of Compensation for Water
Protection Against Pollution, Compensation for Material Extracted from the Watercourse
and Compensation for the Utilization of Water Structures (Republic of Crna Gora
Government Gazette, No. 15/96);

� Program of Systematic Testing of the Quantity and Quality of Surface and Ground
Waters for 1996 (Republic of Crna Gora Government Gazette, No. 30/96);

� Program of Systematic Testing of Water Quality of Water at Water Structures (Sanitary
Protection Zones) and Public Bathing-Places (Republic of Crna Gora Gov. Gazette, No.
22/96);

� Regulations on the wastewater quality and the manner of its discharge in sewage systems
and recipients (Republic of Crna Gora Government Gazette, No. 10/97);

� Law on the Environment (Republic of Crna Gora Government Gazette, No. 12/96);
� Decree on the Assessment of Impacts on the Environment (Republic of Crna Gora

Government Gazette, No. 14/97);

The monitoring of quality of water directly related to the public health (drinking water, water
resources used for the production of drinking water, water in recreation zones) is under jurisdiction
of the Federal and Republic Ministries responsible for Health.

Measurements, processing, publishing and distribution of data on drinking water is responsibility of
Republic Institutions for Health, i.e., of specialized regional laboratories of these Institutions.

The data on drinking water quality are published in bulletins on the local and regional level,
whereas the Republic Ministries submit separate annual (or more frequent when needed) reports to
the Governments.

The Federal Ministry for Labor, Health and Social Affairs, i.e., the Federal Health Institute, each
year submits to the World Health Organization the report on the drinking water quality within the
territory of the FRY.

The Monitoring of ambient water quality (except of water impounding for the production of
drinking water or water along the river stretches assigned for recreation) falls within the
competence Republic of Serbia Institute of Hydrometheorology (RHMZS) and Republic of
Montenegro Institute of Hydrometheorology (RHMZCG). The Federal Hydrometheorological
Institute (SHMZ) is in charge of international issue, whereas RHMZS as well as RHMZCG, which
perform measurements at hydrologic stations, have competencies on the territory of each respective
republic.

The results of measurements done during the current year are published in the following year by
the Republic Institutes of Hydrometheorology in separate publications (Hydrologic Annuals) which
are presented to the responsible government, as well as to the relevant institutions and agencies
(Public Water Authorities, Water Management Companies, Research Institutes, etc.). All data are
open to the publicity, and its are available to any individual upon personal request.
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The irrigation water is under competence of the Republic Ministries of Agriculture, Forestry and
Water Management. The control of water quality in irrigation canals is performed by specialized
laboratories which use to make separate contracts with the Ministries, Water Authorities or Water
Management Companies delivering water for this purpose.

Licensed laboratories perform the official measurements of wastewater and effluents from the
wastewater treatment plants. The Republican Ministries of Agriculture, Forestry and Water
Management, are in charge to issue the licenses according with the proposed procedure.

The legislative regulates the Quality Standards for the following: drinking water (including bottled
water) which is also used by food processing industry, water using for irrigation and ambient
waters.

The Criteria and Standards for drinking water are fully coordinated with the European Union ones.

The Criteria and Standards for ambient water quality are prescribed by the Regulations on water
categorization and classification.

The criteria for inter-republic and interstate watercourses are regulated by federal by-laws (Federal
Government Gazette no. 8/78), whereas the criteria for the ambient waters within republics are
regulated by republican by-lows.

All watercourses, i.e. its sections, in the FRY, are categorized depending on the planned purpose
along each relevant river stretch. It is important to underline that the criteria for ambient water
quality are regulated according to the average monthly low flow for the return period of 20 years
(Q95%).

The table shows maximum permissible level (MPL) for the basic parameters of water quality for
surface inland waters as proposed by the Federal Government (Gazette no. 8/78).

PARAMETAR unit Class I Class II Class III Class IV

SSM* (dry whether) g/m3 10 30 80 100

TS** (dry whether) g/m3 350 1000 1500 1500

pH 6,8 - 8,5 6,8 - 8,5 6,0 - 9,0 6,0 - 9,0

Dissolved oxygen g/m3 8 6 4 3

Oxygen Saturation
   - under-saturation
   - super-saturation

% 90 -105
-

75 - 90
105 - 115

50 -75
115 - 125

30 - 50
125 - 130

BOD5 (20°C) gO2/m
3 2 4 7 20

CODMn gO2/m
3 10 12 20 40

Saprobity index (Liebman) oligo � mezo ��� mezo � �mezo

MPN Colli 1/100 ml 2000 100000 200000 -

Visible Colour (VC) none none -

Odour none none -
* SSM - Suspended solids,
** TS - Total Solids

Class I - Water can be used for water supply in natural state or after disinfection, as well as for the supply of 
salmon fishponds

Class II - Water can be used for water supply after classical water treatment (e.g. coagulation, filtration,    
disinfection), as well as for supply of  cyprinide fish ponds and recreational purposes

Class III - Water can be used for irrigation as well as for industrial water supply

Class IV - Water can not be used for any purpose except for the navigation



Technical Reports – Part C: Water Quality 37

The criteria and standards for the surface water on the territory of the republics are defined by
Republic regulations. In the Republic of Serbia, the ambient waters are categorized into four
categories. In Republic of Crna Gora, in order to meet particular criteria of an declared Ecological
State, the ambient waters are categorized into three categories.

The table shows MPL of basic parameters for surface inland waters as proscribed by the
Government of the Republic of Serbia (Gazette No. 5/68).

PARAMETER unit Class I Class IIa Class IIb Class III Class IV

SSM (dry whether) g/m3 10 30 40 80 -

TS (dry whether)
    - surface water
    - groundwater

g/m3 300
800

1000
1000

1000
1000

1500
1500 -

-

pH 6,8 - 8,5 6,8 - 8,5 6,5 - 8,5 6,0 - 9,0 -

Dissolved oxigen g/m3 8 6 5 4 0,5

BOD5 (20°C) gO2/m3 2 4 6 7

Saprob. index (Liebman) oligo � �mezo ��� mezo � �mezo -

MPN Colli 1/100 ml 200 6000 10000 - -

Visible colour (VC) none none none - -

Odour none none none - -
Class I Water can be used for water supply in natural state or after disinfection as well as to be used for supply of 

salmon fishponds

Class II Water can be used for water supply after classical water treatment (eg coagulation, filtration, desinfection) 
as well as to be used for supply of cyprinid fishponds and for recreation

Class III Water can be used for irrigation as well as for industrial water supply

Class IV Water can not be used for any purpose except for the navigation

As mentioned above, in the Republic of Montenegro the standards are adjusted to the specific
demands to meet particular criteria of an declared Ecological State. The following table shows
MPL for the basic water quality parameters established for surface inland waters (Government
Gazette No. 14/96).
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PARAMETER unit Class A1 Class A2 Class A3

SSM (dry whether) g/m3 10 20 50

Water temp. (changes) °C 1-3 °C 1-3 °C 1-3 °C

Conductivity (20°C) ����	 400 600 1000

pH - 6,8 - 8,5 6,5 - 9,0 5,5 - 9,0

Color  ( °Pt - Co) g/m3 5 10 20

Odor (dilut. factor at25°C) 0 3 10

Oxigen Saturation % > 80 > 70 > 50

BOD5 (20°C) gO2/m3 < 3 < 5 < 7

COD gO2/m3 8 10 30

Amon. Nitroog. (as NH4) g/m3 0,05 0,5 1

Nitrate Nitrog. (as NO3) g/m3 20 25 50

Nitrite Nitrog. (as NO2) g/m3 0,03 0,1 0,2

Phosphates (as P) g/m3 0,08 0,15 0,15

MPN Coli  (37°C) 1/100 ml 50 5000 50000

Fecal Coliforms 1/100 ml 20 1000 10000


�� � ������������� Bq/L 0,1 0,1 0,1
Class A1 Water can be used for water supply in natural state or after desinfection
Class A2 Water can be used for water supply after classical water treatment (eg. coagulation, filtration, desinfection)

Class A3 Water can be used for water supply after advanced treatment (eg. coagulation, filtration, ozonation, GAC 
filtration, desinfection)

The standards for supply of salmon and cyrpinide fish ponds are regulated by separate by-laws.

The standards for the content of heavy metals in water used for irrigation are set only in the
Republic of Serbia, because here lie the largest agricultural areas. The regulation on permissible
concentrations of dangerous and harmful substances in land and irrigation water, as well as the
methods of testing are published in Government Gazette No. 23/94. The following table shows
regulated MPL value for given the elements�

Parameter
MPL in Soil

(mg/kg)
MPL in Water for Irrigation

(mg/L)

Cadmium 3 0.01

Lead 100 0.10

Mercury 2 0.001

Arsenic 25 0.05

Chromium 100 0.50

Nickel 50 0.10

Fluorine 300 1.50

Copper 100 0.10

Zinc 300 1.00

Boron 50 1.00
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It is important to note that according to the FRY legislative there are no standards set for the
effluents (except of the local municipal standards for discharge of waste water and effluents into
municipal sewage systems). Its use to be indirectly determined for each particular case via
recipient’s standard for the given river section. These effluent standards proscribes responsible
Water Authority on request of investors but its have to be certified by Ministry in the process of
issuing of the so-called waterworks consent.

It has to be pointed out that there are not standards for river or lake sediments, nor do provisions of
law regulate this issue.

As observed in the practice, there are certain weaknesses in the legislature related to monitoring of
water quality and control. The regulations and standards have been imposed in various periods and
in conditions of changes of state organization, so there are discrepancies, which should be
eliminated and rectified. Nevertheless, the significant improvement might be done by the stricter
implementation of existing regulations and standards.

Generally speaking, there is a need for the regulations related to the issue of water quality control
to be renovated in accordance with new findings and experiences, as well as to be coordinated
within the country and with related European regulations.

Relevant international agreements and International Co-operation

Following the disintegration of the Socialistic Federal Republic of Yugoslavia (SFRY), the FRY
carried on, among other actions, the implementation of multilateral and bilateral agreements on
waters with its neighbouring Danube Basin countries. These agreements were entered into because
of mutual interests (flood and ice control, water resource management, protection of waters, etc.)
and close hydrographical linkage.

Particularly striking is the hydrographical linkage with Romania, because many water courses from
this country flow into the territory of the FRY, including: Zlatica (Aranka), Stari Begej (Bega Old),
Tamis (Timis), Brzava, Moravica, Rojga, Karas and Nera, as well as the channels Plovni Begej
(Bega Canal), Topolja Gaj, Stamora Gaj, etc. There is also quite a number of irrigation systems on
both sides of the border  making up entities (Galacka, Medja, Tamisac, Itebej, Keca-Zombolia,
Dolina Birda, Dolina Lijaka, Konak, Banlok-Tolvadija, Partos, Miletic). An entity is also the
underground water-bearing unit of Banat, which is used on the Yugoslav side for water supply
purposes.

The joint sector of the Danube which makes a part of the border (about 213 km) between the two
countries is another indicator of the close hydrographical linkage between the FRY and Romania.
In order to corroborate the latter, let us also mention the fact that the quality of water in that sector
of the Danube is substantially affected by the pollutants carried by the Romanian water courses
within the Banat region.

The hydrographical linkage between the FRY and Hungary is also a close one, since the rivers
Danube and Tisa, two streams (Plazovic, Keres) and Bajski channel flow into FRY from there. The
two countries are also hydrographicaly linked by groundwater, since the deep water-bearing layer
used for water supply purposes makes up an entity spreading in the southern part of Hungary and
northern part of the FRY.

With reference to water quality control, particular importance is attached to the river Tisa, since it
is the sole larger water resource for the Eastern Ba�ka region as well as for the Banat region, where
around 500,000 people live.
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The hydrographical linkage between the FRY and Bulgaria is not as big as the ones in case of
Hungary and Romania. The following are the rivers whose watersheds are in the FRY and
Bulgaria: Timok whose the lowest streach makes up the border between the two States, Visocica,
Nisava, Jerma and the stream Gaberska, belonging to the Grand Morava, Danube and Black Sea
watershed, as well as the steam Dragovistica which flows from FRY to Bulgaria but belongs to the
Aegean watershed.

When consideration is given to international co-operation in the water sector, it should be borne in
mind that with the disintegration of the former SFRY, several new states were established in its
territory (Slovenia, Croatia and Bosnia and Herzegovina), which are hydrographically linked up by
the river Sava. Full diplomatic relations have not been established between the FRY and all these
states yet, so that despite a good knowledge of the mutual hydrological and hydraulic
circumstances stemming from the earlier inter-republic co-operation within the former SFRY,
direct co-operation relating to water utilisation and control has not been established yet.

Before 1991, the co-operation between the former SFRY and the Danube Basin countries in its
neighbourhood concerning water management was an intensive one, but with its disintegration, this
intensity decreased and with the introduction of the UN sanctions against the FRY in 1992, it was
reduced to minimum not by volition of  FRY.

With the alleviation of the UN sanctions from the FRY in 1996, the co-operation intensified (with
Romania and Hungary) and showed a tendency to increase.

Hereinafter a summary of the international water management co-operation based on bilateral and
multilateral agreements signed by, or succeeded to by the FRY, will be presented.

Bilateral Agreements with the Danube Countries

Romania:

Official co-operation between Yugoslavia and Romania in the field of water management has been
going on for 67 years now (Convention on Navigation and Water Control Systems on Channels and
River Plovni Begej, 1932). After the Second World War, co-operation was made official by the
signature of the Agreement on River Engineering Matters Relating to Water Control Systems and
Water Courses making up the State Border or cutting It, by the that time governments of the
Federal People’s Republic of Yugoslavia (FPRY) and the People’s Republic of Romania, in 1955.
That agreement covered all water sector matters relating to minor watercourses. However, it also
applies to the river Danube concerning matters not regulated by the 1948 Convention on the
Regime of Navigation on the Danube.

Several important documents defining this problem area in greater detail and allowing action were
signed on the basis of that agreement. Among other things, the Mixed Yugoslav-Romanian Water
Management Commission was established and it plays an important role in the implementation of
co-operation.

The FRY and Romania co-operate the most in connection with the joint exploitation of
hydroelectric plants (Iron Gate I and Iron Gate II) and the Danube as a waterway. Several
important documents have been signed in that context, including:

� Agreement between the former SFRY and the PR of Rumania on the Construction and
Exploitation of the Iron Gate Hydroelectric and Navigational System on the River
Danube, 1963,

� Convention on the Exploitation of the Iron Gate Hydroelectric and Navigational System
on the River Danube, 1963,
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� Statute of the Mixed Yugoslav-Romanian Djerdap Commission, 1963, and
� Convention on the Exploitation and Maintenance of the Djerdap I and Djerdap II

Hydroelectric and Navigational Systems (the Yugoslav-Rumanian Djerdap joint
commission was formed on the basis of this convention and it works on matters of mutual
concern).

Despite intensive and friendly co-operation, many tasks and duties stemming from the agreements
made by the two countries have been performed to date, but not all. In that context, a special long-
lived problem is posed by the heavily polluted rivers flowing from Romania, so that its water
cannot be used even for irrigation purposes. It is obvious that water pollution control in Romanian
part of Danube River Watershed is not on the needed level. It should be noted that a similar
situation also exists in the FRY, so that a joint efforts to advance river water quality as well as the
environment, particularly pursuant to the Danube Watershed Pollution Control Programme, would
be of great benefit to the both countries.

Hungary:

The Agreement on Water Management Co-operation between FRY and Hungary was signed in
1955. This co-operation is conducted by the Yugoslav-Hungarian Water Management Commission
dealing with matters of common concern, directs co-operation, reconciles the results of joint
researches, etc.

Although many tasks and duties laid down in the agreements made by the two countries have been
performed so far, quite a few of them are still outstanding (joint consideration and reconciliation of
water control projects and construction of new facilities affecting the regime of waters, their quality
and state of the ecosystems in the territory of the both countries, reconciliation of the operating
rules for the Kiskere Dam and Becej Gate during medium and low flow conditions of Tisa River as
well as the water regime and water quality control of the Plazovic stream and Keres stream (it
empties into the Ludosko lake - the natural bird resort protected under the Ramsar Convention),
both entering teritorry of FRY from the Hungary.

One of the most important tasks in the co-operation between the two countries is the start up and
implementation of the Agreement on the Tisa Water Control, because the waters of this currently
quite polluted river, are an important resource for the northern Banat region, as well as for the
central and northern Backa region in the FRY, the population of which is about 600,000.

A matter of particular interest and concern in the FR of Yugoslavia is also the potential effect of the
Paksz Nuclear Power Station off the Danube (about 100 km upstream from the state border).

Bulgaria:

The beginning of water management co-operation between Yugoslavia and Bulgaria is associated
with the issue of training the river Timok. The water management co-operation between the two
countries began with the signature of the Agreement on Water Management Matters between the
Governments of the FPRY and the Peoples Republic of Bulgaria, 1958, but it was not an intensive
one because of the small hydrographical linkage between the two countries. Anyway, there is the
interest for improving cooperation in Water Resources Management.

Croatia and Bosna & Herzegovina

In hydrographical terms, the FRY is directly connected with Croatia and Bosnia and Herzegovina.
A stretch of the Danube (about 138 km long) makes up the State border between the FRY and
Croatia, and the rivers Bosut and Studva flow into Yugoslavia from Croatia. The Croatian rivers
Drava and Vuka flow into the stretch of the Danube constituting the border between the two
countries and indirectly affect the Danube water regime as well as its water quality in FRY.
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Diplomatic relations have been established with Croatia, so that an inter-state legal frame exists for
bilateral co-operation also in the field of water management and protection. The watershed of the
river Drina (a major tributary of the river Sava) is in the territories of the FRY and Bosnia &
Herzegovina (B & H), and the river itself makes up the border between the two states. Also, a
stretch of Sava river makes up the border between the FRY and Bosnia & Herzegovina.

The diplomatic relations have not been established with B & H, so that there are no legal grounds
for official co-operation. However, conditions exist for co-operation, particularly with the Srpska
Republic, as the constitutive part of B & H, which has special relations with the FRY.

Multilateral Agreements

The FRY is the signatory of many multilateral agreements dealing with the protection of the
Danube waters directly or indirectly, including:

1.  The Convention on the Regime of Navigation on the Danube, signed in Belgrade in 1948
by: the USSR, People’s Republic of Bulgaria, Republic of Hungary, People’s Republic of
Rumania, Republic of Ukraine, Czech Republic and Federal People`s Republic of
Yugoslavia (as these countries were officialy called then). This Convention has been
amended several times (latest amendments were made in 1998) and expanded to cover
also other Danube Basin countries in the meanwhile.
The mentioned Convention deals with matters relating to navigation and training and
maintenance of the navigable stretch of the Danube, from Ulm in Germany to the Black
Sea, and it produced a very favourable impact on the Danube training and organisation of
co-operation between its signatories, the Danube Basin countries. The water pollution
control was not covered by the original version of the Convention, but in 1986, the
Danube Commission, the operating body of the Convention, determined measures for the
prevention of pollution of the Danube by the vessels sailing on it. In that context, it was
made necessary for all new vessels and the refitted or modernised ones to be provided
with suitable devices for the collection and treatment of their own wastewater.

2.  The Agreement on the Protection of Waters within the Tisa River Watershed, signed in
1988 under the auspices of COMECON by: SFRY, FR of Czechoslovakia, PR of
Hungary, PR of Rumania and USSR, pursuant to the Final Act of the Conference on
Security and Co-operation in Europe and UN Conference on Environmental Protection
(Stockholm, 1971).
The signatories of this Agreement assumed a number of commitments concerning the
regulation of the river Tisa watershed, including the duty to apply measures towards
preventing and reducing pollution, in accordance with their financial capacity and
national laws and regulations. The SFRY ratified this Agreement, but it was never
implemented because of the disintegration of the “Eastern Bloc” and the establishment of
new states in the Tisa watershed.

3.  Convention on Co-operation in the Protection and Sustainable use of the River Danube,
signed in Sofia in 1994 by: Germany, Austria, Slovenia, Czech Republic, Slovakian
Republic, Hungary, Romania, Bulgaria, Ukraine and Moldavia, and by Croatia and
Bosnia and Herzegovina subsequently. The FRY actively participated in the drafting of
this Convention (Sofia, 1991), but although it was very much open to and interested in
co-operation, it was excluded from its further drafting and signature.

4.  The FRY also signed the Convention on the Cross-border Movement of Hazardous
Material and its Storage (Basle, 1989) and ratified the Convention on the Protection of
Wetlands and Wetland Ecosystems (Ramsar, 1986).  It also signed the Agenda 21 (Rio,
1991).
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