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1. INTRODUCTION 
 
The present assessment includes only part from the total investigations, carried out in 
the Bulgarian part of the Danube river basin in term of project “Nutrient Balances for 
Danube Countries” of the Applied Research Programme of the Danube 
Environmental Programme. Тhe above project was carried out from research 
consortium from ten riparian countries, with coordinator Prof. L.Somliody, as leaders 
of the consortium were the Institute for Water Quality and Waste Management from 
University of technology - Vienna and the Department of Water and Waste Water 
Engineering of Technical University of Budapest . 
 
The Bulgarian section of the Danube river begins from frontier river Timok – 845.3 km 
and ends at the town of Silistra – 374.5 km. The length of the river in this section is 
470.8 km. The runoff in Bulgaria is 154 m3/s, i.e. 3.8 % from the total runoff formed in 
all of the Danube’s countries. The long-term average annual runoff in the Bulgarian 
section increases from 5727 m3/s at Novo Selo to 6300 m3/s at Silistra. Bulgarian 
part of Danube River is 46 896.5 km2 – 42.3 % of  entire Bulgarian area. 
 
The catchment area of the Bulgarian part of  Danube River Basin includes almost the 
whole part of North Bulgaria and the Sofia region. The Bulgaria major tributaries from 
west to east are: Ogosta, Iskar, Vit, Osam, Yantra and Russenski Lom. They do not 
exert a significant influence on the Danube river, since they have low discharge 
capacity.  The Ogosta, Vit, Osam, Yantra and Russenski Lom flow mainly north and 
originate from various part of Stara Planina(Balkan) mountains. Only the Iskar river 
rises in the Rila mountains and cut the western Stara Planina pasts over the Danube 
plain. In the Danube catchment area is about one-third of the forest land, mainly 
located on the north slops of the Stara Planina and Rila Mountain where stem forests 
predominate. 
 
The total population in Bulgarian territory in Danube basin is 4 350 000 (for 1992),  
I.e. 52 % of the total  Bulgarian population. About 65 % of the population live in towns 
70,2 %. Sofia, the capital city, had a population of 1 250 000. Other large cities are 
Vidin (67000), Montana (56000), Vratza (84000), Gabrovo (80000), Pleven (138000), 
Lovetch (51000), Razgrad (58000), Ruse (193000), Dobrich (114000), Silistra 
(57000). 
 
Ninety-eight percent (1992) of the population uses central water supplies. 
Abstractions of groundwater sources are about 68 % and 32 % surface water. Water 
loses are very high – from 20 to 50 %. About 65,7 %(for 1992) and 65,0 % (for 1996) 
of the population in Danube River Basin is connected with public sewerage systems. 

                                                           
**   National Centre for Regional Development and Housing Policy, 
     16-22 Alabin Str., Sofia, Bulgaria 
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There are 8 constructed Waste Water Treatment Plants( WWTPs) in the Bulgarian 
part of the basin.  Non treated waste water in Danube basin is from 27% to 74,5 %  
and biological water treatment  is from 9 % about Osam River to 56,8 % for Iskar 
River. 
 
The common data for Bulgarian part of Danube basin are showed in Table 1. 
 
  municipalies industries 
  total settlements with population > 50,000 
   above 

100,000 
10,000- 
100,000 

2,000 - 
10,000 

below 
2,000 

pe 

Population in the Danube Basin mil.cap 3,9 1,5 0,94 0,5 0,96  

Population with public water supply mil.cap 3,8 1,5 0,94 0,5 0,96  

Population with public water supply % 97 100 100 100 90  

Total water supply without losses l/cap/d 294 348 210 20 80  

Domestic water supply l/cap/d 147 187 94 90 80  

Water losses % 34 40 30 15 15  

Population connected to sewer network mil.cap 2,4 1,4 0,9 0,1 0  

Population connected to sewer network % 62 93 96 20 0  

Waste water collected in sewer 
systems 

l/cap/d 413 524 503 274 0  

Population equivalent (1 pe=60gBOD/d) mil.pe 4,1 1,6 2,2 0,3 0 1,2 

BOD kt/a 89,6 35 48 8 0 26 

N kt/a 15,3 6 8 1 0 2 

P kt/a 3,5 1,4 1,8 0,3 0 0,1 

Level of treatment        

No connection to waste water 
treatment 

% of pe 51 17 71 90 0 29 

Connection to mechanical treatment % of pe 0 0 0 0 0 65 

Connection to biological treatment with 
C-removal 

% of pe 49 83 29 10 0 6 

Connection to higher level of treatment % of pe 0 0 0 0 0 0 

Point emissions        

BOD kt/a 54 9 38 8 0 20 

NH4-N kt/a 14 6 7 1 0 2 

TN kt/a 14 6 7 1 0 2 

TP kt/a 3,2 1,2 1,7 0,3 0 0,1 

 
Table 1:    Common  data  for  Bulgarian  part  of  Danube  River  Basin 
 
The objectives of the current assessment was: 
- to identify the main problems for water quality management due to nutrient fluxes 

in the Bulgarian part of the Danube River basin for two target years (1989 and 
1992); 

- to evaluate option the load reduction of nutrients (in shot term period-2005);  
- to give recommendationfor a programme to monitor nutrient loads. 
 
 
2. METHODOLOGY 
 
In this assessment, the methodology of material flux analysis (MFA) as developed by 
Baccini and Brunner (1991) has been applied. It is based on mass conservation. It 
distinguishes between goods as tradable entities (fertilizer, meat, sewerage etc.) and 
materials as chemical elements or compounds (e.g. nitrogen or nitrate). The “art” of 
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materials accounting consist of finding the most efficient ways to determinate 
materials flux  and stocks by measurements, literature values, expert advice, 
estimates etc. Often, national and regional  statistical data are used for this purpose. 
In principle, all material inputs, outputs and stocks of the investigation system must 
be in balance. In practice, due to problems of analyses and estimation, materials 
accounting hardly ever yields closed balances. However, the redundancy of 
information in a regional system usually allows to decrease the uncertainty of the 
balance. It may also lower the amount of observations needed. Hence, monitoring  by 
materials accounting techniques often yields more comprehensive information with 
less cost than direct monitoring, certainly depending on the type of the problem. 
 
The application of the MFA method incorporates important steps as the definition of 
objectives and of system boundaries (in space and time), materials considered, 
processes, goods and materials. 
 
The materials accounting technique is usually carried out in five steps: definition of 
the objectives and questions; system definition; data acquisition  and calculation; 
sensitivity analysis, presentation and documentation. System definition for the 
present issue is shown in Fig.1. Each box represents a “process” (transport, 
transformation or storage), each arrow stands for a “flow” (e.g. tones per year) of a 
“good”. The processes include internal nutrient “stocks” (e.g. nitrate in surface water). 
The system boundary is defined in space (national catchment area) and time (the 
years 1989 and 1992, respectively). 
 
For balancing the N and P – nutrient fluxes into the Danube Basin the following 
“processes” were considered: “surface water”, “groundwater”, “waste water 
management”, “agriculture” (including soil), “water supply”, “private household”, 
“industry”, “forestry (including soil)”, “other soil”, “waste management”, “troposphere” 
(See Fig.1). 
 
Three categories of data were used to develop material balances (I)primary data –
e.g. emmission and ambient water quality measurements, (II) secondary data- 
statistical information, administrative records,liteture etc.) and (III) tertiary information- 
such as expert knowledge. 
 
For evaluation of the future options the load reduction of nutrients in the Bulgarian 
part from the Danube basin were developed wastewater management strategies. The 
implementation of such strategies depends on many factors and principles such as 
social, economic and political issues, economic feasibility, equity etc. all expressed 
by legislation. Different scenarios were evaluated which includes costs and impacts 
on emission reductions, and ambient water quality. 
 
For the derivation of future scenarios was used the Guideline for the development of 
waste water management strategies (Kroiss et all. 1996) from University of 
technology of Vienna. In the paper an inventory for wastewater treatment alternatives 
are considered on the basis of Western European experiences which includes 
treatment efficiency and costs. The primary purpose of the analysis was to give 
approximate costs and relative comparison of alternatives. 
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As a first step, the most important point source emissions of nitrogen, phosphorus 
and organic matter were evaluated on the basis of comprehensive data collection. On 
national level this was done in detail for settlements  larger than         10 000 
inhabitants, while for smaller municipalities national aggregated data were gathered. 
Population clusters were < 2 000 inh., 2 000-10 000 inh., 10 000-100000 inh. and > 
100 000 inh. The survey also covered major industries (emission data from industries 
were estimated from monitoring data and  in some  cases on the basis of production 
specific values). 
 
By prepering the scenarious for water management strategy was used two main 
principles: precautionary principles (minimum requirements for pollution prevention) 
and ambient water quality standard principle. For this aim worked out the following 
two kind strategies for 2005 time level: 

⇒ sewerage development strategy 
⇒ waste water treatment development strategy. 

 
 
Sewerage Development Strategy: 
 
Scenario  A     Present situation (No development) 
Scenario B    Low effect on sewerage development / emphasis is put on the  
     upgrading and reconstruction of inadequate sewer systems. 
Scenario C    National requirements - used the National Programme for town’s 
      WWTP and sewerage for period to 2010. 
Scenario D    High effort on sewerage development according to the EU                         
                           directive. 
 
During the assessment of the reduction optiions of nutrients are used the Scenario C 
(National Requirements) as basis, which is more appropriate for concrete conditions. 

 
 

Waste Water Development Strategies: 
 
Scenario 0: No development. 
Scenario 1: Autonomous development - realistic development of waste water  
  treatment according to national requirements. 
Scenario 2: Precautionary principle (e.q. normal areas) - treatment all sewerage 
  water with emphasis of WWTP with C-removal (90 % BOD and COD 
  75 %). 
Scenario 3: Precautionary principle (p.g. sensitive areas) - treatment all   
  sewerage water with emphasis of WWTP with nutrient removal (60% 
  P and 70 % N) for load with more 10 000 p.e. and with C-removal  
  (90 % BOD and 70 % COD) for load less 10 000 p.e.  
Scenario 4: Main effort on ambient water quality improvement - waste water  
  treatment are chosen according to the ambient water quality  
  situation. 
Scenario 5: Main effort on ambient water quality with additional effort on P- 
  removal - the choose of treatment level is similar to scenario 4. 
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The cost for all consider scenarios are expressed as total annual costs (annualized 
investment cost and cost for operation.  The efficiency of a scenario is expressed as 
the total reduction of the emission of different parameters. 
 
3. RESULTS 
 
 NUTRIENTS  IN  SURFACE  WATERS 
 
In 1989 the greatest contribution to the total N input into surface waters was due to 
direct discharge from industry. Effluents from waste water treatment plants (including 
agricultural ones) and erosion/runoff from agriculture, were smaller but still 
substantial inputs. 
 
The pattern remained similar in 1992. 
 
Relative N contribution of 1989 1992 
different goods (%) N P N P 
Industry (direct discharge) 12,64 0,6 10,8 0,54 
Household (direct discharge) 4,68-6,4 1,01-1,7 4,4-6,07 0,96-1,63 
Storm water overflow 3,1-3,6 0,4-0,58 2,6-3 0,3-0,5 
WWTP effluents 2,73 0,50 2,6 0,48 
Base flow 2,6-5,2 0,33-0,65 2,6-5,2 0,3-0,6 
Erosion / runoff (agriculture) 10,7-12,6 0,8-1,6 10,7-12,6 0,8-1,6 
Manure (direct discharge) 9,2 2,4 7,1 1,8 
Forest (runoff) 1,05 0,86 0,39 0,5 
                               TOTAL :  (kt/year) 46,7 6,9 41 6 
 
Table 2:    Relative contribution of goods to the N and P input into surface water 
   
 
The contribution of erosion/runoff to the total input varied for target years between 
23-26 %. The range of the contribution of effluents from waste water treatment plants 
(including agricultural waste waters) was between 23-26 % (1989) and 20-24 % 
(1992). 
 
The importance of agriculture for N emissions (into surface waters) is evident: 41-43 
% about half of the input stems from agriculture (Table 2). The two main paths, runoff 
and manure direct discharge have the same importance. The contribution of private 
households to the input is about 10-13 % (effluents WWTPs account for more than 5-
6 % of the total N emissions from private household). Industry represent 23-27 %. 
 
Area specific N-emission into surface water for 1989 is 10,1 kgN / (ha.y) and 1992 - 
9,2 kgN / (ha.y). 
 
Out of the total land about 37 % (for both year) of the N stemmed from diffuse 
sources. The contribution of diffuse sources were defined as the ratio of base flows 
erosion / runoff + surface runoff from forests + storm weather overflow + N-fixation in 
surface waters divided by the total input. Point sources were defined as the ratio of 
effluents from waste water treatment plants + direct discharges from households + 
direct discharges from industry + direct discharge of manure (Table 3). 
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 N P 
 1989 1992 1989 1992 
Diffuse source in kt 17 15 2 2 
% of the total load 36 38 29 32 
point source in kt 30 26 5 4 
% of the total load 64 62 71 68 
 
Table 3:   N and P-emissions from diffuse and point sources into surface water 
 
 
In 1989 from manure discharge was the most important input into surface water in 
Bulgarian part of Danube Basin, as the situation remained unchanged in 1992 (See 
Table 2). 
 
The contribution of erosion / runoff to the total input of phosphorous is 13-20 % for 
1989 and 15-22 % for 1992, and part of WWTP effluents is 6-8 % for 1989 and 7-9% 
for 1992 (See Table 3). 
 
For phosphoros the importance of  agriculture is even greater than for N (48-33%). 
The assessment clearly showing that when developing future emission reduction 
strategies agriculture will play a key role. Herein, the paths erosion/runoff (about half 
of the agricultural emissions) and direct discharges of manure (about one third) 
should be underlined. Out of the total input, about 30 % (for both years) of P 
stemmed from diffuse sources. 
 
Private household contributed to about 17-21 % for 1989 and 19-23 % for 1992, and 
industry was about 7-10 % for 1989 and 8-17 % for 1992. 
 
For phosphorous the area specific P-input is 1,5 kgP/(ha.y) for 1989 and 1,35 
kgP/(ha.y). 
 
 
 GROUNDWATER 
 
Groundwater play an importance role from the view point of nitrogen balance. 
Denitrification in the process “ground-water” - considerably diminishes N-loads 
stemming from agriculture, private household and other processes. For Bulgarian 
part of Danube Basin, the ratio of denitrification to total input was estimated 6-10% 
for 1989 and 6-8 % for 1992. 
 
 
 OPTIONS  FOR  LOAD  REDUCTION  
 
There are 8 municipal WWTPs on the Bulgarian part of Danube River Basin. All of 
them need reconstruction and modernisation on different level. Since they operate in 
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the most industrialised settlements, their reconstruction is of high priority for the 
country. 
 
From data showed in Tables 4 and 5, which consider Sewerage Development and  
Waste Water Treatment scenarios can see that the scenario with lowest additional 
total annual cost is Scenario 1. This Scenario 1 in same time is more appropriate for 
recent socio-economic conditions in Bulgaria, where the state have a big debt and 
population is with one of the lowest incomes in the Danube River Basin. 
 
 Total annual costs 

(TAC) 
Connections* Reduction of non point 

emissions to surface 
waters 

Sewerage scenarios I = 3 % I = 10 % to sewer 
systems 

TN TP 

 mill. ECU/a mill. ECU/a % of cap. kt/a kt/a 
Scenario A 
(present situation) 

57 57 66 0,00 0,00 

Scenario B 101 169 68 0,2 0,0 
Scenario C 105 176 69 0,2 0,0 
Scenario D 170 312 77 1,0 0,0 
* Note:  The total annual cost was calculated with two interest 3 and 10 %. 
 
Table 4:   Comparison  between  Sewerage  Development  Strategies 
 
 
 
 TAC Estimated emissions to surface waters 
 mill. ECU/a BOD NH4-N TN TP 

 I = 3 % I = 10 % kt/a kt/a kt/a kt/a 
1992/95 total   74 16 16 3,2 
Scenario C0 total 53 71 82 18 18 3,5 
   - municipal WWTP 39 53 61 16 16 3,4 
   - industrial WWTP 13 18 20,9 2,0 2,0 0,1 
 Additional TAC Emission reduction in comparison to 

scenario C0 
 mill. ECU/a BOD NH4-N TN TP 
 I = 3 % I = 10 % kt/a kt/a kt/a kt/a 
Scenario C1 total 32 47 23,9 1,2 1,0 0,2 
Scenario C2 total 93 129 69,8 2,2 2,0 0,6 
Scenario C3 total 146 212 74,3 14,6 11,9 2,9 
Scenario C4 108 157 58,4 11,8 5,6 1,6 
high priority 70 105 33,4 10,3 5,1 1,3 
medium priority 11 15 5,7 1,1 0,1 0,1 
low  priority 27 37 18,6 0,3 0,3 0,1 
Scenario C5 total 124 175 64,4 11,9 5,6 2,9 
* Note:  The total annual cost was calculated with two interest 3 and 10 %. 
 
Table 5:    Comparison  between  Waste  Water  Development  Strategies 
 

 
After analysis of chosen scenario 1 was proposed the General strategy for Waste 
Water Management for Bulgarian part of the Danube Basin. This General strategy 
can be divided in three main measures: 
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High  priority  measures 
 - WWTP in town Samokov the discharge point,which lies within the 

catchment of drinking water reservoir - for the it is obvised to be builded 
by 2005. Now in WWTP Samokov exist only mechanical treatment. 

 - development of the sewerage systems to 100 % in this towns where 
has a WWTPs. 

 - to finish construction of this municipalities in which WWTP are in early 
stage of construction, as Trojan, Isperich and Borovetz. 

 
Medium  priority measures  
 - future WWTPs in towns  Vratza, Pavlikeni, Knega, Sevlievo,  Silistra, 

Vidin, Kozloduy, Lom, Belene, Svistov, Russe, Tutrkan, Bread Yeast 
Factory - Russe town, Sugar Factory-Russe town, Izoma Factory-
Russe town, Wood Processing Factory-Silistra town, Chemical Factory 
Sviloza-Svistov town, Popovo, Strajitza, Triavna, Paper Factory -Mizia 
town, Lukovit. 

 
Low priority measures   
 WWTPs in Teteven and Cerven Briag. 

 
 
 RECOMMENDATION  ON  FUTURE  MONITORING 
 
  1.  Ambient Water Quality Monitoring 
 
In relation to the stated above is recommended the following. 

• The measurments of surface and ground water quantity and quality should 
be carried out by one institution. 

• Still network density, observed indices, and frequency, as well as the level 
of automatisation of the measurment processes and laboratory analysis do 
not comply with the new requirements for reliability, representativeness, 
timeliness and accuracy of the gathered information. Improvement of the 
situation is needed but it is restricted by the financial difficulties of the 
country. 

• Maximum admissible level of concentration for the different substances in 
reservoir, lake and wetland waters should be established and 
implemented. 

• Coordination between terrestrial, satellite and remote control methods of 
monitoring should be realised. 

• Determination of the natural purification capacity of surface waters through 
corresponding observation activities. 

 
 
  2.  Emissions  control 
 
There are 8 constructed WWTPs in the basin. The observations on the disharged 
water qualities now are carried out without the necessary frequency especially for the 
nutrients. The measurments of the industrial emissions is much more difficult due to 
the large number of industrial enterprices situated in the region. Up to now water 
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quality has been observed once a year, which is absolutely insufficient. In this line, it 
is recommended that a higher frequency of the measurment is established for the 
discharged by industrial sources of pollution waters. These measurements should 
consider water quality as well as it quantity. The number of the measurments per 
year should vary between 2 and 12 according to the size and matter of pollution and 
should be regulated by the appropriate rules or legislation. 
 
 
  3.  Monitoring the Pathway of Nutrients 
 
It is recommended: 
• Determination of the pollution from non-point sources in Agriculture through 

collect statistical data base for nutrients, observation of water quality in 'purely' 
agriculture regions; using lizimeters or other tools. 

• Select carefully new monitoring site on more important border profile, 
confluences, upstream and downstream the important point sources. 

• Develop a program for monitoring the waste water quantity from industry and from 
sewerage system without WWTPs. 
 

 
  4.  Harmonisation Needs 
 
Uniform classification system for nutrient is necessary in order to evaluate water 
quality over the whole Danube Basin since national system in Bulgaria is differ 
significantly. Harmonisation of Bulgarian State Standard with that of European Union 
legislation for identification of different types of water quality. 
 
The following recommendations are in accordance to the stated above: 

• Adopt regulations governing the permission of waste water discharge 
including limits for nutrients into water cources and drainage systems. 

• Adopt emission limits for point sources, based on Best Available 
Technology and harmonised according to the provisions of the Convention. 

• Policies and economic and fiscal measures should be introduced to 
encourage water conservation, better water and waste management, and 
the shift to phosphate free detergents. 

 
 
                              
4. CONCLUSIONS  AND  RECOMMENDATIONS  
 
Nutrient emissions are one of main  local and regional water quality problem of 
Danube and its tributaries.The management of the transboundary pollution issue 
requires solid understanding of nutrient balances in catchment area in every country 
from the Danube river basin. 
 
In the Bulgaria condition the biggest roles play emissions from population, industry in 
urban areas and agriculture. From all 38 municipalities only in eight there is the 
WWTP but they no include all important point sources polluters. Future waste water 
treatment development should consider no only regional water quality goals, but and 
local, especially for some tributaries as Ogosta, Iskar, Yantra and Russensky Lom. 
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First should continue the construction of the WWTPs in Trojan, Samokov and Isperih. 
Second to continue preparatory works for another 12 WWTPs as use the priority list 
in contents for long term goals. 
 
For reduction of nutrient load from agriculture where the input is relatively high are 
recommended the following measures: 

1. Environmentally sound national agricultural policies should be introduced 
to control nutrients together with hazardous substances. 

2. Introduction of regulations for manure storage, handling and application. 
3. Demonstration of best environmental practice for the use of fertilizers, 

pesticides and other agrochemicals in agriculture. 
 
Currently produced and used detergents in Bulgaria have high content of phosphorus 
about 12 %.The content of phosphorus in the detergents could be decreased twice or 
even being eliminated if proper technologies and chemical components are 
introduced. The use of P free detergents should be encouraged through 
environmental information and education. 
 
The role of the environmentaly sound consumer choise should be promotede, making 
the general public aware of the impact of nutrients overload to the quality of Danube 
and Black Sea waters. 
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