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PREFACE TO VOLUME III, COUNTRY TECHNICAL REPORTS 

Preface 

The five technical reports in this volume have been prepared by subcontractors retained by the 
WASH Team. The subcontractors are consulting firms located and operating in the countries 
that are the subjects of the respective reports. 

The reports were Drepared in a language not the authors' own, and have not been edited for 
style or English grammatical correctness. They contain valuable information and insights, and 
have been drawn on extensively in the preparation of the main text of the WASH Team's 
report. 

The reports were prepared with the support and assistance, particularly in the area of data 
provision, of the pollution control agencies of the four governments. However, the views 
included are the responsibility of the e?thors and do not necessarily reflect those of their 
governments nor those of the WASH Team or of the Government of the United States. 
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Country Technical Report 

BULGARIA 

I .Assessment of the Water Pollution in the Bulgarian Part of the
 
Danube River Basin.
 

1.1. Desription of the River and its Tributaries. 

1.1.1. Danube River 

The Bulgarian reach of Danube river is 471 km. It stretches from the Timok river ­
km 845+300 up to the eastern part of the town of Silistra - km 375+500 . The mean annual 
water discharge of this part of the river increases from 5 727 cu.m/sec. at the village Novo 
Selo up to 6 300 cu.m/sec. at the town of Silistra. In some seasons the mean annual water 
quantities vary from 1700 cu.m/sec. up to 16 000 cu.m/sec. The catchment area of the 
river includes almost the whole part of North Bulgaria and the Sofia region. 
Directly from the river are utilized about I x 109 cu.m. water for irrigation, industrial 
needs and energy producing sources. 

The turbidity of the river water decreased after the construction of Iron Gate dams I and II. 
This has activated the erosion and abrasion processes of the river bed and of the Bulgarian 
bank of the river. The frequent changes of the water levels and the daily variation of the 
water quantities with several thousand cubic meters caused a quick worsening of the 
biological cycles of the bottom flora and fauna and the fish population considerably 
decreased. That leads to degradation of the wet lands along the river banks and increases the 
duration of the minimal water levels. 

For industrial needs are used annually 260 x 106 m3 river water by direct river intakes and 
by wells from the river terrace. For potable water supply are used 6 m3/s only. Along the 
river are constructed 330 km dikes and many draining systems. The industrial fishing is 
decreasing from 1200 tons during the year 1960 to 300-350 tons in 1990. 

The forests along the river banks and -on the islands are 11 137 ha. The vegetation has 
important protective, recreative and ecological functions. 



The annual run-off of the Bulgarian part of the Danube river is 170 x 109 m3 . The 

contribution of the tributaries from this part is 154 m3/s - 3.8% of the mean water quantity. 
After the construction of Iron Gate dams I and II some problems for Bulgaria arose due to 
the disturbance of the natural flow of Danube river. Iron Gate I dam is 100 km up stream 
the Bulgarian border. Its total dam lake capacity is 2.4 x 109 m3 and the power station 
operates with a water quantity up to 10 000 m3/sec. Iron Gate IIdam is 17 km upstream the 
Bulgarian border only. Its total dam lake capacity is 0.8 x 109 m3 and the power station 
operates with a water quantity up to 8 500 m3/s. 

The operation of the power station creates the following problems: 

- strongly is disturbed the natural river flow; 
- during autumn and winter the daily water levels vary up to 100 cm and the daily water 

quantities up to several thousands cubic meters; 
- the duration of the minimal water levels is increased which causes serious problems to 

the navigation; 
- the solid river flow is detained; 

- the sand and gravel river deposits are not restored; 

- the erosion and the abrasion processes are activated and Bulgarian territory is washed 

out. The abrasion processes are observed on a length of about 130 km along the 

Bulgarian bank and 55 km along the islands. 

At accidental discharges from Iron Gate I power station, the river flow may reach up to 
20 000 m3/s. This could flood some lowlands, settlements and industrial factories. 

1.1.2. Small Tributaries from North-Western Part of Bulgaria. 

The following small tributaries cross the regions of Vidin and Michailovgrad: 

- Topolovets iiver - length - 63 km and catchment area - 934 sq.km; 

- Voinishka river - length - 50 km and catchment area - 276 sq.km; 

- Archar river - length - 55 km and catchment area - 365 sq.km; 
- Skomlia river - length - 36 km and catchment area - 162 sq.km; 

- Vidbol river - length - 58 km and catchment area - 330 sq.km; 

- Lon river - length - 93 km and catchment area - 1 123 sq.km; 

- Tsibritsa river - length - 64 km and catchment area - 934 sq.km. 

The total catchment area of the rivers mentioned above is 3 858 sq.km and the total mean 
annual water flow is 566 x 106 cu.meters and 350.0 x 106 cu.m. in dry (75%) year. The 
region is mainly agricultural, without big settlements and industries. 
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1.1.3. Ogosta River 

Ogosta is the main river in the north-western part of Bulgaria. Its source is in the northern 
slope of the Balkan mountain. The river flows across Michailovgrad and Vratsa regions and 
disgorges into the Danube at the town of Oriahovo. Its length is 144 kin, the catchment area 
is 4 231 sq.km and the mean inclination of the river bed is 13O/I. The river mean annual 
water flow is 813 x 106 cu.m. and 529.0 x 106 in dry year. Ogosta has about 40 nos 
tributaries. The more important are: Barzia - length - 35 km and catchment area - 241 

sq.km; Botunia - length - 61 km and catchment area - 731 sq. kn; Skat - length - 161 krn 
and catchmnent area - 1074 sq.km. Control of the water quality is ensured on the waters of 
Ogosta, Botunia and Skat only. 

1.1.4. Iskar River 

Iskar river is the longest Bulgarian river which flows entirely across Bulgarian territory. Its 
source is in Rila mountain. Its length is 363.4 km and the catchment area includes part of 
the regions of Sofia, Vratsa, Lovetch and Pleven, with a total area of 8 641 sq.km. The 
river mean annual water flow is 1 763 x 106 cu.m. and 1 356 x 106 cu.m. in dry (75%) 
year. The mean inclination of the river bed is 19 /. 

1.1.5. Vit River 

Its source is in the Balkan mountain in the vicinity of the town of Teteven. The river flows 
into the Danube at the town of Somovit. Its length is 189 km, the catchment area is 3 225 
sq.km and the mean inclination of the river bed is 9.6 0/%. The mean annual water flow of 
the river is 486 x 106 cu.m. and 333 x 106 cu.m. in dry year. 

1.1.6. Osam River 

The river takes its name after the feeders Beli and Tchemi Osam flow together. Its length is 
314 kin, the catchment area is 2 824 sq.km and the mean inclination of the river bed is 
5.7 o/oo. The mean annual water flow is533 x 106 cu.m. and 361 x 106 cu.m. in dry year. 

1.1.7. lantra River 

Its source is in the Balkan mountain in the vicinity of Hadji Dimiter peak. It flows across 
the regions of Gabrovo, Veliko Tarnovo and Russe till it reaches the Danube river. Its 
length is 285 km, the catchment area is 7 862 sq.km and the mean annual water flow is 
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1506 x 106 cu.m. and 973 x 106 cu.m. in dry year. The mean inclination of the river bed
 
is 5o/.. The main feeders of lantra river are:
 
- Rositsa river - length - 164 km and catchment area - 2 265 sq.km;
 

- Lefedja river - length - 92 km and catchment a.ra - 2 424 sq.km and
 
- Djuliunitsa river - length - 85 km and catchment area - 892 sq.km;
 

1.1.8. Russenski Lon River 

The river takes its name after the feeders Beli and Tcherni Loin flow together. It flows 
across the north-eastern part of Bulgaria through the regi3ns of Targovishte, Razgrad and 
Russe and disgorges in the Danube river at the town of Russe. Its length is 197 kin, the 
catchment area is 2 947 sq.km. The mean annual water flow is 222 x 106 cu.m. and 
117 x 106 cu.m. in dry (75%) year. 

River Catchment Area Length Annual Discharge 
km2 km x 106 m3 

Ogosta 4231 144 813
 
Iskar 8641 364 1763
 
Vit 3225 189 486
 
Osam 2824 314 533
 
lantra 7862 285 1506
 
Russenski Lom 2947 197 222
 

1.2. Water Quality of Danube River 

Danube river is of great importance for Bulgaria in ecological aspect. The constructed
 
irrigation areas up to the year 1986 are 212 000 ha, which represents 37% from all irrigated
 
areas in the region. The total water quantity used for irrigation is about 100 m3/sec. - about
 
2%of the mean annual flow of the river.
 

In the near future it is envisaged to be constructed additionally 22 400 ha so that the total
 
irrigated area from the Danube river will increase up to 234 400 ha.
 

To study the pollution load in the Bulgarian reach of the Danube river, data were collected
 
from 96% of the polluters which discharge waste waters in the fiver and its tributaries.
 
They were classified in two groups:
 

- directly discharging in the Danube river - about 90 nos enterprises;
 
- discharging industrial waste waters through the sewage networks of the settlemets;
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The water quality is checked at 11 points since the year 1978. The study of the analyses
 
results shows:
 

- the basic components of the water quality are formed up to the Bulgarian reach of the
 
river.
 

- due to the small inflow from the tWibutaries and the directly discharged waste waters in
 
the Bulgarian reach of the river, the influence on the pollution is small and stretches near
 
the river bank only.
 

- the maximum pollution by biogenic elements is during the spring due to the melting
 
snow waters washing down the fertilized areas.
 

- pollution due to oil products is a result of the river traffic and is found after bigger
 
towns. Accidental pollution is observed frequently.
 

The water quality analyses of the Bulgarian part of the Danube river - from Novo Selo up 
to the town of Silistra show that the water quality is fairly constant. Slight tendency of 
increasing the organic pollution (phenols and COD) and heavy metals is observed up to the 
town of Silistra. Manganese is found periodically in high concentration near Silistra. In the 
Bulgarian part of the Danube river frequent deviations are observed in the following 
parameters: 

- dissolved solids (TDS) - at the towns Nikopol , Svishtov and Russe;
 
- cyanides - after Iskar river;
 
- iron - downstream after the towns Nikopol, Svishtov and Russe;
 
- H2 S - downstream after the towns Loin and Silistra;
 
- ammonia - after the town of Russe;
 
- nitrates - downstream the towns Russe, Tutrakan and Silistra;
 
- organic pollution - after Iskar river up to the town of Svishtov;
 
- oil - after the town of Russe.
 

A tendency exists, that the total pollution increases downstream the town of Nikopol and 
this of nitrates and oil products - downstream of the town of Russe. On Table 1.2.1. are 
indicated the main annual values of some parameters for the years 1988/1989 measured at 
Novo Selo and at Silistra. 

Based on the results of the water quality analyses performed from the year 1978 up to the 
year 1990 the following conclusions can be made: 

- the results of ic water quality analyses from Novo Selo and Silistra show that the main 
components of the water quality in the Bulgarian part of the Danube river is formed 
upstream the Bulgarian border; 
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- due to the big water quantities in the Bulgarian part of the Danube river, the flow of the 
tributaries and the directly discharged waste waters influences slightly tht degree of the 
pollution mainly near the river bank. 

- besides the pollution from the tributaries, the water quality of the Danube river is 
additionally worsened mainly by the municipal and industrial waste waters of the towns 
Vidin and Rusit and of the feed lots. 

- the contents of oxygen, mineralization, biogenic and specific toxic substances from time 
to time exceed the standards. The same problem creates the accidental oil pollution. 

- the maximal rates of pollution with biogenic elements occur during the spring high 
waters - April and May. This can be explained by the washing down of the fertilized 
areas. 

- pollution with oil, solid wastes and sewage waste water caused by ships is observed also. 
there is a substantial difference in the degree of water pollution along the Bulgarian river 
bank at the midstream and Romanian river bank as they are polluted from waste waters 
discharged from Rumania. 

- the Iron Gate I and II dams and power stations lead to a considerable reduction of the 
water turbidity. In comparison to the year 1971, at present the turbidity at the town of 
Svishtov is reduced to 40%. 

- the Kozlodui Nuclear Power Station uses for cooling 150 m3/sec. recycling water from 
the Danube river. This water is discharged back in the river with about 7 to 10 degrees 
higher temperature. 

The balance shows that a considerable part of the pollution load of the Danube river is due 
to its tributaries. The maximal pollution load is that of Iskar river, followed by the rivers 
Vit, Ogosta, lantra, Russenski Lom, Osam, etc. 

The BOD5 load is indicated on a diagram for each river (Annex 16). For the Iskar river it 
is - 52 318.7 kg/d, for the Vit river - 33 951.0 kg/d, for the Ogosta river - 26 293.5 kg/d, 
for the lantra river - 23 919.7 kg/d znd for the Russenski Lom river - 17 365.04 kg/d. 

The suspended solids load (SSM) is indicated on a diagram (Annex 17). For the Iskar river 
it is 114 941.0 kg/d, for the Ogosta river - 50 964.1 kg/d, for the lantra river - 40 383.8 
kg/d, for the Osam river - 26 261.8 kg/d and for the Russenski Lom river - 25 273.9 kg/d. 

The total pollution load of the Bulgarian part of the Danube river is indicated on a diagram 
- Annex 8. Relatively the maximal percentage belongs to the dissolved solids (TDS) ­
52.92%, suspended solids (SSM) - 21.03%, BOD5 - 12.52% and COD - 9.34%. 
The relative contribution to the pollution load of different sources is indicated on Table 
1.2.2. 
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Table 1.2.2. Pollution loading from different sources 

Pollution sources BOD5 SSM COD TDS 

1. Municipal discharges 39.17 36.33 10.69 21.53 

2. Feed lots 30.25 24.72 19.88 9.82 

3. Sugar industry 12.08 8.06 33.36 25.72 

4. Food industry 5.96 3.87 14.24 8.04 

5. Others 12.54 27.02 21.83 34.89 

1.. Water Quality of the Tributaries 

About 900 nos industrial factories discharge their waste waters in the tributaries of the 
Danube river. This is taken into account in the pollution load balance of the particular 
rivers. The study includes 13 Nos tributaries. 

1.3.1. Small Tributaries from North-Western Part of Bulgaria. 

The pollution of the small tributaries from the north-western part of Bulgaria is a diffuse 
one, caused mainly by the agricultural activities and the water quality of these rivers does 
not arise problems. 

1.3.2. Ogosta River /Annex 9/ 

Because of the considerable inclination of the river bed the water quality of the upper 
section of Ogosta river is good up to Michailovgrad dam. The dam is polluted by the waste 
waters of the mines located in the region. The main source of pollution down stream are the 
waste waters of the town of Michailovgrad. After the village Kobiliak the main pollution 
sources are the waste waters of the Chemical Factories near the town of Vratsa, containing 
ammonia. Other pollution sources are the domestic and industrial waste waters of the towns 
Berkovitsa, Boichinovtsi, Biala Slatina and Mizia. 

The distribution of the pollution load by parameters is as follows: 
- dissolved solids (TDS) - 44.67% 
- suspended solids (SSM) - 24.90%
 
- BOD5 - 12.85 %
 
- COD - 6.09%
 
- NH3 - 11.09% 

For this river the relative maximal load is of ammonia (11.09%). 
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1.3.3. Iskar River /Annex 10/ 

According to the degree of pollution of the water the river can be divided into several
 
sections :
 

- upper section, up to Iskar dam which is the main potable water source of Sofia and its 
region. 
The water pollution of this section represents about 3%of the total river water pollution. 
The main pollution source is the waste waters discharge of the town of Samokov. 

- Sofia region section 

In this section the discharges from Sofia agglomeration and Iskar's feeders, Blato and 
Lesnovska form about 78% of the total river pollution. Thirty percent of it is eliminated 
by the Sofia sewage treatment plant. 

- Iskar gorge up to the town of Roman 

In this section 8%of the total river water pollution is accumulated. The main pollution 
source is the feeder Malak Iskar the waters of which are polluted by the waste waters of 
the town of Botevgrad and its region. 

- from the town of Roman up to the Danube river - the longest section. 

This section accumulates 11 % of the total river pollution caused mainly from domestic 
and industrial waste waters of the towns Kneja, Lukovit, Tcherven Briag and Koinare. 

The distribution of the pollution load by parameters is as follows: 

- dissolved solids (TDS) - 62.78% 
- suspended solids (SSM) - 20.64% 

- BOD5 - 9.40%
 
- COD- 3.19%
 
- NH3 - 1.41 %
 

1.3.4. Vit River /Annex 11/ 

Up to the village lasen the river water quality isgood although the influence of the domestic 
and industrial waste waters of the town of Teteven is traced. The main pollution sources of 
the river waters are the waste waters of the town of Dolna Mitropolia with its industries as 
well as the Food factories located in the region which worsen the water quality up to the 
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- for Drianovska river - the waste waters of the town of Drianovo and the other towns in 
the upper section: Triavna, Elena, Omurtag and some smaller settlements as Suhindol, 
Polski Trambesh, Strajitsa, Voneshta Voda etc. 

The distribution of the pollution load by parameters is as follows: 

- dissolved solids (TDS) - 36.56% 
- suspended solids (SSM) - 26.83% 
- BOD5 - 15.89%
 
- COD- 9.41%
 
- NH3 - 1.30%
 

For this river the relative maximal pollution load is of heavy metals and oil products; 

The pollution load of the rivers Lom and Russenski Lom are indicated on the diagrams -

Annexes 14 and 15, respectively.
 

The waters of Beli Lom are highly polluted by the waste waters of the town of Razgrad and
 
the Pharmaceutic Factory, while the waters of Tcherni Lom are the waste
polluted by 

waters of the town of Popovo which has no sewage treatment plant but highly developed
 
industry.
 

1.4. Groundwater 

'1iie river terrace of the Bulgarian part of the Danube River is rich in ground water. The
 
width of the terrace is from 3 to 5 km. The depth of the gravel layer is 5 - 20 m and of the
 
loess 8 - 10 metres. 
The water holding layers are of compacted clay or limestone. The ground waters are fed by 
Danube River and wells type "Raney" are constructed as water intakes. Ground waters are 
fed rarely by drained slope waters mainly in the northern part of Bulgaria and around 
Silistra town. The water quality of the ground waters is almost the same all along the river 
with the exception at Svishtov, Riahovo and Aidemir in the Dobritch region. There are 
some problems with the content of nitrates in the ground water around village Popina 
caused by agricultural activities. It was found that by a long period of operation of the 
intake facilities the nitrate content falls down and there is no need for construction of 
treatment plant. Treatment plants in the Danube River Basin, with the exception of Svishtov 
treatment plant, have not been constructed. Treatment plants are designed for the Batan and 
Riahovo water supply systems and that of Aidemir in the Dobritch region is already under 
construction. The treatment plant shall eliminate turbidity, nitrates, manganese and ferrous. 
The ground waters of the whole terrace are considered as suitable for drinking water after 
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proper treatment. The capacity of the constructed water intakes are constructed taking into 

consideration the varying water level of the river during different seasons of the year. Some 

intakes are constructed in proximity of the river like those at Vidin - east, Popina and 

Aidemir. During operation silting up of some water facilities was observed. 

The total water quantity of Danube waters utilized to cover the potable water demand of 

settlements and the industries is Qt= 19.5 m3/sec 

1.5. Impacts of Water Quality on Uses 

Danube River because of its big water capacity offers unlimited possibilities to be used as 

water source as follows: 

- to cover the water demand of settlements;
 

- for industrial needs;
 

- for irrigation;
 

- for water transport;
 

- for power production;
 

Because of the water quality this enormous water source can't be utilized neither by 

constructing river intakes nor by ground water intakes. Almost all water supply systems 

utilizing ground waters from Danube River terrace have problems to eliminate ammonia, 

manganese, ferrous and other pollters which need the introduction of new complicated 

technologies, considerable capital investments and the operation needs great maintenance 

costs. 

1.S.I. Uran Use. 

Most of the settlements along the right bank of the Danube River in the Bulgarian part of 

the river have designed and constructed water supply facilities on the Danube River terrace, 

using the ground waters as water source. These settlements are water supplied by the 

following facilities: 

- Kula - 8 nos drainage wells Qt- 90 /s, constructed near Bregovo. 

From constructed "Raney" type wells are water supplied: 

- Vidin (west) - 4 nos, Qt= 1000 /s depth 18 m, constructex on west of the town. The 
water quality meets the requirements of WHO's recommendations; 

(
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. Vidin (east) - 6 nos, Qt= 1100 l/s, depth 16 m; The water quality meets WHO's 
recommerdations for potable water; 

- Dunavtsi - 2 nos, Qt= 400 /s, depth 18 m, part of the Kula water supply system; The 
water quality meets WHO's recommendations for drinking water; designed but not 
reconstructed up to now; 

- Lom - 2 nos, Qt= 700 1/s, depth 22 m, constructed near village Dobri Dol; the water 
quality meets WHO's-recommendations for drinking water; 

- Vratsa and Michaelovgrad - 10 nos to be constructed, Qt= 2000 /s, depth 20 m; poor 
water quality. It is envisaged a treatment plant to be constructed to eliminate manganese 
and ferrous. At present only the preliminary design is available. The "Raney" type wells 
are envisaged to be construcU'd at the village Sitanevo; 

- Kozlodui - 4 nos, Qt= 800 I/s, depth 20 m are constructed; the water quality meets 
WHO's recommendations for drinking water. It shall cover the water demand of 
drinking water of the Nuclear Power Station also; 

- Oriahovo - 1 no, Qt= 120 I/s, depth 14 m and 4 nos boreholes Qt= 160 /s, constructed 
near the village Silanovtsi. The water quality meets WHO's recommendations for 
drinking water. 

- Belene - 4 nos, Qt= 1000 I/s, depth 22 m, the intake facilities are constructed only. It is 
envisaged a treatment plant to be constructed to eliminate manganese and ferrous. 

- Svishtov - 4 nos, Qt= 100 l/s, depth 22 m. A treatment plant to eliminate mang?.nese 
and ferrous is constructed and operates properly. 

= - Bardim - 2 nos, Qt 400 I/s, depth 22 m., the water intake facilities are constructed 
only. It is envisaged a treatment plant to be constructed to eliminate manganese and 
ferrous; 

- Svishtov - 2 nos, Qt= 400 /s, depth 20 m, constructed as part of Batin water supply 
system, meeting the water demand also of some settlements in Svishtov, Veliko Turnovo 
and Russe districts. 

- Russe - 8 nos, Qt= 1800 /s, depth 20 m, constructed near thO village Slivo Pole. The 
water quality meets WHO's recommendations for potable water. 

- Riahovo water supply system - 15 nos, Qt= 3200 /s, depth 21 m; 1600 /s of the total 
water quantity meet WHO's recommendations for drinking water. The rest has to be 
treated to eliminate Mn and Fe. Stage Iof the system is co-astrucIed. The towns Razgrad, 
Popovo, Turgovishte, Shumen, Kubrat as well as the villages Along the main pipelines 
are water supplied already. At stage II a treatment plant to (liminate Mn and Fe is 
envisaged to be constructed. 

- Tutrakan - 3 nos, Qt= 480 U/s, depth 18 m. The water quality meets the WHO's 
recommendations. It is envisaged an additional water intake to ibe constructed and thus 

Qt to reach up to 600 I/s in order to meet the water demand f the settlements up to 
Nova Tcherna. 
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= - Popina water supply group - 2 nos, Qt 600 i/s, depth 22 m. The water qir'iity meets
 

WHO's recommendations for potable water. The water supply system is constructed up
 

to Shumen district at the village Velino.
 
- Dobritch water supply system - 10 nos, Qt= 1600 L/s, depth 23 m, constructed at the
 

village Aidomir, Silistra district. It shall water supply also all villages located along the
 

main pipelines. 
- Silistra - 9 nos, Qt= 2000 /s, depth ':2 m. The water quality meets WHO's
 

recommendations fo" potable water. The swirce shall water supply the towns Silistra,
 
Alfatar and Dulovo as well as the settlemenits vlong the main pipelines.
 

- Silistra Wood Processing Factory, an indivi&dal water source, 5 nos Qt= 1200 /s,
 
depth 20 m, water quality meets requirements for industrial needs only.
 

Summary of the constructed and investigated water intakes and water 
supply systems along the Bulgarian Part of Danube River 

Raney type wells constructed 84 nos Qt= 17.4 m3/sec 
Qt =Raney type wells investigated 10 nos 2.0 m3 /sec 

Wells constructed 9 nos Qt= 0.1 m3/sec 

Qt= 19.5 m3 /sec 

Water Supply Systems - 19 nos 
designed - 19 nos 
constructed- 16 nos 

Treatment Plants - 7 nos (mainly to eliminate Mn and Fe) 
designed - 7 nos 
constructed - 1no 
under construction - 2 nos 

1.5.2. Ecosystems and Fisheries 

Danube fisheries had a great economic significance in the past. From ancient times 
settlements on Danube River as Vidin, Svi-htov, Tutrakan and Oriahovo were well known 
fishing centers. From Danube River and the adjacent marshes in 1897 the fish draught was 
197 tons. In the same year the fish draught 4t Svishtov has been 529 tons and at Tutrakan 
319 tons. Due to economic reasons as well as to the worsening of the conditions caused by 
pollution of the waters fishing started to fall. There was fishing at the periods of shoals 
only. In the year 1925 the fish draught at the town of Svishtov was 126 tons and in the year 
1929 - 117 tons only. After the annexation of South Dobrudja to Bulgaria in the year of 
1940, the fish draught at Tutrakan and Silistra reached its maximum - 1820 tons in the year 

of 1941. 
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After the Second World War and the draining of the marshes along the Danube River 
substantial changes took place. Consequently sand and coarse aggregates began to be drawn 
out which destroyed the fishing areas. The pollution intensity of Danube River by industrial 
wastes, containing poisonous substances was increasing constantly. The water transport has 
increased several times which caused additional pollution and hindrances to fishing. 

The industrial fish draught from 1200 tons during 1960 fall down up to 300-350 tons at the 
eighties. 

All above said disturbed the ecological balance of Danube River and have a negative 
influence for its environment. As a result the fishery fall down and some fish species even 
died out. 

There is not any industrial fishing along the tributaries of Danube River. 
Exceptioaally from time to time there is on a large scale fishing for economic needs in some 
dam lakes. The problems with the toxic metals contained in the waters of Michailovgrad 
dam at present don't influence the fish resources. Prior to each fishing season, the fish is 
tested wether it contains toxic substances. With some exceptions in the upper and middle 
waters of the Danube River tributaries fish sporting is practiced. 

The total forest area of the river banks and the islands is 11 136.8 ha. The flora has 
important protection, recreational, ecological and other functions. 

Along the river-sides of the Danube River are biotopes of a number of endemic species of 
the European flora and fauna, and the wetlands are the habitat of rare species of the 
ornitofauna. The combination of water, sand, forest, historical and cultural monuments, 
reserves and other sites on the river and the islands makes the Danube attractive for the 
domestic and international tourism. 

1.5.3. Other Uses 

Danube River waters are used for: 

- irrigation purposes - 70% of the irrigated areas of North Bulgaria use Danube River 

water; 
- industrial nLds. The Nuclear Power Station at Belene is water supplied from the Danube 

River also; 
- water transport; 
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2.Emissions and Discharges 

2.1 Overview 

The trends of the urban development are as follows: 
- construction of sewage systems shall continue 

- operating conditions of the water supply facilities shall be substantially improved. 
Special efforts shall be made to minimize the leakage in the water supply pipelines. 

- people shall be educated to economize drinking water 
- the real price of water shall be determined, the state should not subsidize the cost of 

water any more. The higher price shall lessen the water consumption. 

- up-to-date technologies with small consumption of water shall be implemented in the 
industries 

- in agriculture biological preparation shall be used against pests 
- by cattle breeding the manure shall not be biologically treated but used mainly as 

fertilizer. This shall lead to lower costs and increase of income. 

On Table 2.1.1 are indicated pollution loads from some main industries. 
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2.2 Municipal Discharges and Operating Treatment Plants 

Taking into consideration the waste waters the settlements are classified as follows: 
- settlements with operating waste water treatment plants. 
- settlements with designed but not yet constructed treatment plants 
- settlements with not yet designed treatment plants 

On Table 2.2.1 are indicated the constructed utilities of the settlements and the pollution 
loads. 

In the Danube river basin 12 nos waste water treatment plants are in operation. Their 
technology is a classic one and the duration of their construction was from 5 to 15 years. 
Most of them are with an out-of-date equipment and some are largely overloaded as those in 
Vratsa, Varshetz. Some are underloaded as those in Sofia, Gabrovo, Razgrad due to the 
insufficient sewage networks. In all of them the problem is the treatment of the sludges and 
their use after drying. The sludges of the big towns have a considerable amount of heavy 
metals and can not be used as a fertilizer. Others create a secondary pollution being 
accumulated on the municipal solid waste deposition site. 

One of the first priority objective of the Management Program is to reach the designed 
efficiency of all treatment plants in operation. 

The main characteristics of the waste water treatment plants in the Danube river basin are 
shown on Table 2.2.2. 
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Pollution Loads from Main Indusries 

Table 2.. -. 
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WASTE WATERS OF SETTLEMENTS
 
in the Bulgarian Part of the Danube River Basin
 

Table 2.2.1. 

Constructed Inhabitants Pollution 

e 

RIVER BASIN 

SETTLEMENT 

Population 

number 

Utilitiy 

Streets Sewers 

Constructed 
Sewers/ 
Streets 

serviced by 
Bowers 

number 

concentration 

Sump. 
BOD 5 Solids 

m inhabitants Ratio (SSM) 

1 23 
x 10 3 

km 
4 

km 
S 

% 
6 

% 
7 

x 10 3 

a 
kgld 

9 
kgld 
10 

1. Small river of N/W Bulgaria 
tributaries of Danube river - Total 212.40 

1.1. Topolovetz river ­total 25.00 

1.2. 

1.3. 

Vil!eaes 
Voinishka river - total 

Villages 
Kulle town 

Vidbol river - total 
Villages 

25.00 
17.00 
12.00 
5.00 

14.50 
14.50 

33.0 8 24.2 

3.0 

3.0 
44.0 

3.0 

0.750 

0.360 
2.200 

0.435 

1 
40.50 

19.44 
118.80 

23.49 

48.75 

23.40 
143.00 

28.28 
1.4. Archer and Skomiie rivers - total 

Villages 
24.90 
15.50 3.0 0.465 25.1T 30.23 

1.5. 

Belogredchik town 
Dimovo town 

Losn river total 
Villages 

7.30 
2.10 

75.00 
40.70 

17.0 
16.0 

9 52.9 68.0 
10.0 

3.0 

4.964 
0.210 

I 
1.221 

268.06 
11.34 

65.93 

322.66 
13.65 

79.37 

1.6 

Lorn town 
Brusa"tsi town 

Tsibritse river - total 

32.20 
2.10 

56.00 

97.0 
25.0 

11 11.3 21.5 
10.0 

6.923 
0.210 

373.84 
11.34 

450.00 
13.65 

Villages 

Valchedrum town 
49.50 

6.50 60.0 
3.0 

10.0 
1.435 
0.650 

80.19 
35.10 

96.53 
42.25 

2. 29oeta - Sket river basin ­total 313.00 
2.1. 
2.2. 
2.3. 
2.4. 
2.5. 
2.6. 
2.7. 

Tchiprovtsi town 
G. Dernisnovo villelp 
Berkovites town 
Mchailovgred town 
Vretsm town - waste waters treatmentplant 
Krivodol town 
Varshetz town ­waste w. treatment plant 

3.30 
0.95 

16.45 
52.26 
75.5 
4.3 
7.59 

20.0 
7.5 

75.0 
94.0 

43.0 

30 
53 

40.0 
56.4 

10.0 
10.0 
60.0 
72.0 

5.0 
"%0 

10.0 

0.330 
0.095 
9.870 

37.627 
3.775 
0.925 
0.760 

17.82 
5.13 

532.98 
2031.86 

203.85 
49.95 
41.04 

21.45 
6.18 

641.55 
2445.76 

245.38 
60.13 
49.40 

2.8. 
2.9.1 

| Gwchinovtui town 
Heiredin village 

2.55 
9.09 

28.0 
41.0 3 8.0 

10.0 
16.0 

0.260 
1.454 

14.04 
78.52 

16.90 
94.51 



Table 2.2.1. (contd) 
1 2 3 4 5 6 7 a 9 10 

2.10. Butan village 4.00 76.0 5 6.50 13.0 0.520 28.08 33.80 
2.11. Biela Slatina town 16.10 56.0 23 41.10 60.0 9.660 521.64 627.90 
2.12. Borovan village 3.60 62.0 10.0 0.360 19.44 23.40 
2.13. Minie town 5.20 33.0 3.0 0.260 14.04 16.90 
2.14. Villages 112.11 3.0 3.363 181.60 218.60 

3. Oskar river basin - total 1600.00 
3.1. Boroveta ­waste waters treatrnent plant 6.00 20.0 6 30.00 50.0 3.000 162.00 195.00 
3.2. Sarnokov town - waste w. treatment plant 47.12 71.0 52 78.80 4'.O 18.850 1017.90 
3.3. Sofia town - waste waters treatment plant 1201.49 2461.0 1557 77.40 16.0 192.27 10382.6 12437.6 
3.4. Gorna Malina village 8.36 18.0 4 22.20 40.0 3.340 180.36 
3.5. Elin Pelin town 0.84 40.0 12 37.50 55.0 0.460 24.84 
3.6. Elin Plin Railway Station- waste w. tr. pI. 1.56 22.0 4 22.70 5.0 0.080 4.32 5.20 
3.7. 
2.8. 

Dragomen town 
Slivnitsa town 

4.1 
8.75 

32.0 
39.0 

9 
28 

31.25 
71.80 

50.0 
80.0 

2.050 
7.000 

110.70 
378.00 

3.9 Kostinbrod town 12.60 62.0 5 9.67 25.0 3.150 170.10 
3.10. Bankia town 7.85 8.80 25.0 1.960 105.84 
3.11. Novi laker town 14.30 8.80 25.0 3.575 193.05 
3.12. Svoge town 8.40 40.0 8 22.50 42.0 3.530 190.62 
3.13. Mezdra town 13.70 27.0 9 44.40 64.0 8.770 473.58 
3.14. Roman town- waste w. treaterant plant 4.30 20.0 1 5.00 10.0 0.430 23.22 
3.13. Etropole town 11.60 49.0 19 44.89 65.0 7.540 407.16 
3.16. Pravetz town - waste w. treatment plant 4.00 60.0 16 26.60 5.0 0.200 10.80 
3.17. lablanitma town 3.40 25.0 3.0 0.102 5.51 
3.18. Botevgrad town - waste w. treatment plant 22.50 42.0 36 95.20 50.0 11.250 607.50 
3.19. Tcherven Briag town 18.20 66.0 26 40.90 61.0 11.100 599.40 
3.20. Lukovit town 10.35 43.0 10.0 1.040 56.16 
3.21. Koinare village 6.15 65.0 6 9.23 20.0 1.230 66.42 
3.22. Pelovo town 5.00 30.0 10.0 0.500 27.00 
3.23. Kneis town 14.00 85.0 1 1.17 15.0 2.210 113.94 
3.24. Villages 164.74 3.0 4.940 266.76 

4. VIt river basin - total 258.00 
4.1. Teteven town 12.80 53.0 10.0 1.280 69.12 33.20 
4.2. Ugartchn town 4.20 36.0 3 8.33 16.0 0.672 36.18 43.68 
4.3. Dolai Dabnik town 6.00 38.0 3.0 0.180 9.72 11.70 
4.4. Plaven town - waste waters treatment plant 130.00 170.0 146 85.88 5.0 6.500 351.00 422.50 
4.5. Done Pitropoli, town 4.00 24.0 1 3.0 0.120 6.48 7.80 
4.6. Treastenik town 5.80 43.0 1 3.0 0.174 9.40 11.31 
4.7. Guliantai town 4.50 31.0 5.0 0.225 12.15 14.63 
4.8. Villages 90.70 3.0 2.720 146.78 176.80 



Table 2.2.1. 
1 

(cont'd 
2 3 4 5 7 8 9 10 

5. 
5.1. 
5.2. 
5.3. 
5.4. 
5.5. 
5.6. 
5.7. 
5.8. 

Osam river basin ­ total 
Troian town 
Lovatch town 
Letnitso town 
Pordim town 
Levski town 
Slavi-novo town 
Villages 

Berate river ­total 
Villeaes 

192.50 
26.10 
49.00 

4.70 
2.50 

13.50 
5.60 

90.80 

64.00 
64.00 

57.0 
88.0 
32.0 
31.0 
49.0 
44.0 

17 
44 
31 

39 

29.82 
50.00 
96.67 

79.59 

49.0 
65.0 
98.0 

3.0 
85.0 

3.0 
3.0 

3.0 

12.790 
31.850 
4.610 
0.084 

11.480 
0.168 
2.720 

1.920 

690.76 
1719.90 
248.94 

4.54 
639.92 

9.07 
146.82 

103.68 

831.35 
2070.25 

299.65 
5.76 

746.20 
10.92 

176.80 

124.80 

6. 
6.1. 
6.2. 
6.3. 
6.4. 
6.5. 
6.6. 
6.7. 
6.8. 
6.9. 
6.10. 

6.11. 
6.12. 

6.13. 
6.14. 
6.15. 
6.16. 
6.17. 
6.18. 
6.19. 
6.20. 
6.21. 

lantra river basin ­total 
Gobrovo town - waste w. trsatment plant 
Platchkovtsi town 
Trievne town 
Drianovo town 
Kilifarevo town 
Oebeletz 
Veliko Temovo town ­waste w. tr. plant 
Gorne Oriehovitea town 
Uaskovetz town 
Dolna Oriahovitse town 
Elene town 
Zletaritea town 

Omurteg town 
Straitma town 
Sevlievo town 
Suhindol town 
Pavljkeni ,own 
Biala Tcherkva town 
Polski Trembesh town 
Biala town ­waste water. treatment plant 
Viflages 

541.00 
81.50 

,.10 
13.00 
10.30 
3.00 
4.70 

70.00 
40.70 

9.80 
4.40 

7.60 
3.20 

10.00 
5.40 

26.60 
2.80 

14.20 
3.50 
6.80 

11.00 
209.40 

183.0 
28.0 
53.0 
37.0 
24.0 
19.0 

106.0 
78.0 
31.0 
42.0 

31.0 
35.0 

31.0 
47.0 
36.0 
41.0 
28.0 
46.0 
47.0 

74 
1 

20 
17 

73 
64 

17 

13 

4 
37 

34 

8 
11 

1 

48.10 
1.40 

43.40 
48.60 

81.00 
88.50 
67.70 

41.90 

16.10 
87.20 

90.20 

21.70 
25.50 

10.0 
10.0 
60.0 
65.0 
10.0 
5.0 

30.0 
90.0 
75.0 

3.0 
55.0 
10.0 

5.0 
26.0 
90.0 

5.0 
93.0 

3.0 
40.0 

5.0 
3.0 

8.150 
0.310 
7.800 
6.700 
0.300 
0.240 

21.000 
36.630 

7.350 
0.130 
4.180 
0.320 
0.500 
1.400 

23.940 
0.140 

13.210 
0.105 
2.720 
0.550 
6.282 

410.10 
16.74 

421.20 
361.80 

16.20 
12.96 

1134.00 
1978.00 
396.90 

7.02 
225.70 

17.28 
27.00 
75.60 

1293.00 
7.56 

713.34 
5.67 

146.88 
29.70 

339.23 

7. 
7.1. 
7.2. 
7.3. 
7.4. 
7.5. 
7.6. 
7.7. 

Rus.ne kl Lon river basi - total 
Popovo town 
Opkee village 
Razgrad town­ waste w. treatment plant 
Senovo town 
Vetovo town 
Hlebarovo town 
Villages 

210.00 
21.00 

3.90 
49.50 

3.40 
5.53 
5.45 

117.22 

64.0 
31.0 

126.0 
42.0 
60.0 
30.0 

34 

51 

4 
9 

59.40 

48.40 

6.00 
30.00 

70.0 
10.0 
5.0 

10.0 
15.0 
50.0 

3.0 

14.700 
0.390 
2 'k75 
C.,40 
0.830 
2.725 
0.586 

793.80 
21.06 

133.65 
18.36 
44.82 

147.15 
31.64 -



Table 2.2.1. (contd) 
2 3 4 5 6 7 8 9 10 

a. Darmbe river ­direct intfiow - total 507.80 
8.1. Vidin town 62.70 80.0 39 66.20 80.0 50.160 2708.64 
8.2. Dunavtsi town 3.60 36.0 25.0 0.900 78.60 
8.3. Lore town 32.20 97.0 6 11.30 20.0 6.440 347.76 
8.4. Kozlodui town 12.70 67.0 4 5.90 25.0 3.180 171.72 
8.5 
8.6. 
8.7. 

Oriahovo town 
Nokopol town 
Selene town 

7.40 
5.30 
9.20 

44.0 
22.0 
39.0 

6 

1 

20.4 

5.10 

45.0 
25.0 
25.0 

3.330 
1.330 
2.300 

179.72 
71.82 

124.20 
8.8. Svishtov town 32.00 47.0 34 76.60 85.0 27.200 1468.80 
8.9. Ruse town 164.00 311.0 143 59.80 78.0 143.52 7750.08 
8.10. Tutraken town 12.10 49.0 26 71.40 85.0 10.290 555.66 
8.11. Silistra town 53.60 66.0 44 93.90 95.0 50.920 2749.68 
8.12. Villages 94.40 5.0 4.720 254.88 



TREATMENT PLANTS IN OPERATION
 
of Towns inthe Bulgarian Part of the Danube River Bas;n

Table 2.2.2. 

I 
t 
* 
m 

River basin 

Towne with 
Treatment 

Plants 

Population 
number 

osneus 
1986 

x,0 3 
inh. 

Waste 

water 

quantities 

x10 3 
m 3 

d 

Waste water quntlty 
Total Munici- Inckmr. 

treated pal and 
water water others 
0 m/d 

x10 3 x,0 3 x,0 3 

m 3 lday m 
3 
/dsy m 3 

1day 

Tpeatment Plant Characteristice 
Designed Infiuant 
capacity sus-

of 3D5 pended 
Treatment solids 

plant 183M) 

xO 3 

m 3 /d@y kglday kglday 

_----_C 

Effluent 
ue-

9e05 pended 
solds 
488Ml 

kglday kgfday 

Methods 
of 

waste 
wuter 

treatment 

Streets 
length 

km 

tructed Fa--ts. 

Constnucted 
Saws- Sewersl 
rage Streets 

length Ratio 

km % 

Ihabl­
tents 
Ser­
viced 
by 
So­

ware 
% 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1. Smallrive of 
N/W Bulgara 
incl. Ogota and 
Skat river basins 

1.1 Vratsa 75.526 89.12 41.47 22.72 18.75 43.2 9580 8565 995 1804 mechanical 107 79.7 74.48 94.68 
and biological 
methentank, 

1.2 Varaheto 11.576 8.64 5.62 4.66 0.96 3.8 776 731 
I 

343 326 
gasholder 

mechanicd 53 34.3 65.0 80.0 
and biological 
methantanks, 
rapid sand 
filter and

drying ereas 

2 hshwriver basin 
2.1 Borovetz 8.000 1.48 1.8 1.8 1.48 270 216 27 27 mechanical 20 6.0 30.00 35.0 

2.2 Sanokov 47.117 17.97 12.54 5.52 7.02 13.0 1487 784 203 209 
and biological 
mechanical 71 68.0 96.0 85.0 

2.3 Sofia 1-Z01.479 520.0 511.14 306.69 204.45 SOO.0 61337 51117 21468 30668 
and biological
mechanical 2461 1818. 73.88 88.0 

I_ and biological
methantanks 

1 

2.4 

2.5 

Elmn Palin 
(incl.Leenovaka 
river basin.) 

Pravetz 

4.300 

4.000 

4.29 

1.242 

0.518 0.345 0.173 0.69 

-

109.7 1766 20.1 26.5 mechanical 
and biological. 
drying beds 
mechanical 

22 

60 

15.7 

16.0 

71.36 

26.60 

75.0 

and biological 
filters 

2.6 Botavgred 22.500 16.0 6.9 2.3 4.6 6.9 mechanical 42 36 95.2 



Table 2.2.2. (cont'd) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15i 16 17 

3. 
3.1 

Vit river basin 
PIeven 140 60.9 28.084 11.77 16.254 108.0 10590 7400 535 2539 mechanical 170 147.9 87.0 90.0 

and biologicalmethantanks 

4. 
4.1 

4.2 

lentre river basin 
Gabrovo 

Veliko Ternovo 

89.994 

93.679 

39.573 

47.520 

29.722 

21.701 

12.48 

16.49 

17.24 

5.21 

79.229 

45.619 

4756 

4080 

5291 

6337 

305 

464 

432 

770 

rmechanical 
and biological 
_methentanka 

mechanical 
and biological

I methantanka 

183 

__ 

106 

96.6 

72.5 

52.80 

75.00 

80.0 

3.0 

5. 

5.1 

Ruesenkl Lom 
river basin 
Razgred 49.45 25.92 25.92 13.48 12.44 43.2 5215 8735 4789 3566 mechanical 

and biological
methentank 

126 

_ 

61.74 49.0 80.0 



Annex to Table 2.2.2 

Problems Of The Operating Treatment Plants 

Note:The item numbers correspond to the numbers in the table. 

.1. 	 Vrtsa flatment Plant 
Te spillway infront ofthe biobasincan let to pass 470 U. Water quantity above that figureoverflows 
in the pass channel. By normal watersupply of the town in the treatmentplant enter Q=80 lls. It is 
eWdent that the treatmentplantshould be etended to assureeffecive treatmentofmean daily quantity 
ofa= 330 I/s. 

1.2. 	 Varshees Treatment Plant 
The treatmentplant is overloaded. There Is an urgent needfor reconstruction, extension andimplement 
an up-to-datetechnologicalscheme. 

2.1. 	 Borovets TreatmentPlant 
The operating treatmentplant is with a capacityfor 360 equivalent inhabitants.At present a new 
treatmentplant isdesignedfor 7000 equivalent inhabitantswhich shall be constructedin the region of 
laitseto. Afier the second treatmentplant is put into operation the upper waters of Iskar river shall be 
pure. 

2.2. 	 Samoko, Treatment Plant 
The operating treatment plant is overloaded. Its capacity is Q d=150 i/s. 7he extension which is 
designedat the moment shallhave a capacity of Omd= 5 10 1/s. fijer its constructionthe problems shall 
be solved. 

2.3. 	 Sofia Treatment Plant 
7he treatment plant is overloaded;2 nos tanksfor active sediments, 2 nosfor decomposed sediments, 
the mechanicalsectionfor water drainingof the sediments and the steam boilerare out of operation.
The above said causes s.e worsening of the indices for BOD5 and SSM. Tere is urgent need for 

reconstructionand expansion of the station and implementation of up-to-date technology. Enormous 
capitalinvestments areneeded. 

2.4. 	 Elin Pelin Treatment Plant 
7he station is overloaded. The possibilityfor an extension to be constructed and including the waste 
waters ofsome nearbysettlements is studiedbut the neededfundsfor designing andcapitalinvestments 
for the construction are not available. At presentfrom the town of Elin Pelin only waste waters, 
Q=359 m3/day, aredischargedwithout treatment. 

2.5. 	 Prayets Treatnt Plant 
The stationis equipped with Italianequipment but is not yet put in operation. 

2.6. 	 BotevgradTreatment Plant 
7he operatingplant has the capacity to trea 40% ofthe waste watersof the town. Extension is urgently 
needed as well as additionalconstrucion ofsewers to complete the sewage network. 

3.1. 	 Pleven TreatmentPlant 
At the moment tests areperformed to put the plant in operation. Now the plantshall treat 22.5 %ofthe 
designed capacitywaste water only. The reasonfor the above said is that 6 nos main collectorsare not 
yet constructed. The controlover the local treatmentplantsofihefacorieshas to be improved. 

4.1. 	 Gabravo Treatment Plant 
The plant which is in operationis loaded with 50% of the designed capacity. The constructionof the 
sedimentationand gassections should befinishedandput in operation. When the treatmentplant starts 
operating with its designed capacity the overflow drain in front of the biobasins should be 
reconstructed. 

4.2. 	 Veliko Turnovo TreatmentPlant 
Since 1983 theplant is in operutionwith 50% of its designed capacity. The pre.sedimentationis not in 
operation and the mineralizationand the feeding of the drying beds with the active sediments is not 
operating withfull capacity. Mhe partialuse of the drying beds puts the limit to treat up to Q=200-220 
I/s waste waters. 7he waste waters over this limitflow into an open channel. 

5.1. 	 Razgrad Treatment Plant 
The main troublefor the operatingplant is caused by the highly polluted biologically and chemically 
waste waters of antibioticfactory. At present the local treatment plant of the factory is under 
construction. The design for the extension and reconstruction of the town treatmentplant is ready but 
the needed capitalinvestments are not available. 
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2.3. Industrial Dischargers 

The implementation of new up-to-date technologies in the industry shall change the quantity 
and quality of the discharged waters. 

The trend in the industry is to construct small and middle size factories with up-to-date 
technologies which diminish the influence of the old big factories which discharge highly 
polluted waste waters. 

On Table 2.3.1 are indicated the industrial waste water dischargers. 

-is8­



INDUSTRIAL WASTE WATERS 

Table 2.3.1. 
RIVER BASIN Wmia Weter POLLUTION WMrrWATm 

horn WATER INTAXE GUANTITY BOD6 SSM Or11 TmAmTU FACMgum NOTE 
FACTORY X,103 M31day kolday kg/day ghn3 WOPOi, 14n01 

2 3 4 5 6 7 8 9 

Voinlahke River 
1. Rubber-ware Factory - Kula town Kula dam 1.84 10.10 172.6 Treat. Plant - biolog. stop 

Ogioeto River 
2. C:a Dressing Factory- Bukovetz river 1.27 - 60.7 Fe- 0.6; Mg- 0.17; Tailings pond 

Tchiprovtchi town Cd- O.003;Pb- 0.03 

I_ _ _ 
Arcenic-0.03; 
Ni- 0.01; Zn -

Cu =0.02 
0.08 

3. 
4. 

5. 

Marble Factory - Berkovitza town 
Dairy Factory -

Mich, iovgrad town 
Pault-l Slaughtery House -

Barkovitza river 
town collector 

town collector 

1.65 
1.20 

0.42 

-
8.8 

43.7 

82.5 
61.0 

37.4 

Oil products ­120 
Tailings pond 
Treat. Plant - mech. stop 

Oil seperator 

inefficient operation; no 
town treatment plant; 
no town Treat. Plant 

Michaelovgrad town 
6. Ci Factory - Boitchinovtoi town Ogosto river 0.09 0.86 7.65 - natural sedimnentaticn 
7. Canning Factory - Ogoata river 0.35 3.11 19.03 - Treat. Plant - mechanical & reconstruction i needed 

Boitchirvtsi town bilogocal setpe 
a. Floatation Factory Tcheme river 4.0 - 4000 Mn< 7kglday; Tailings pond 

L ___Pb<2.16kglday 
Cu < 13.2kglday; 

9. 
10. 

Chemical Factory -Vrates town 
Cement Factory - Bali Izvor 

Dubnlke river 
Lave river 

24.0 
2.35 

480 
437.1 

2400 
526.4 

ammc i a - 50-1SOkgldey 
-

-

Treatment Plant 
fine are paid 

11. Mining Section - Monatinhte vill. Ogosta river 0.52 - 259 - Settling tank 
12. Canning Factory - Butan village Ogosta river 2.34 117 819 - Settling tank 
13. Paper Factory - Minie town 

hydro transport Ogosta river 2.81 84.4 2812 pH- 9-11 Slime aettler 
- production waters Skat river 21.6 6588 21600 pH- 9-11 Treat. Plant - mach. stop reconstruction-j;...,... 

__________________expnsion as needed 
14. Dairy Factory - Biala Swtina town Skat river 0.31 226 203.2 Oil contence < 200kg/day Treatment Plant 

hsker River 
15. Metallurgical complex 

"Kremrikovtai" i 
- metallurgical production Leenovoke river 189.6 - 4395 cyanides - 0.075; Fe ­4.96 Treat. Plant - mach. & 

- communal weete water Le-novcka river 26.8 
III 

417 429 
oil produota -13.79 
Fe - 4.06 

physic.-chemic 
-eatment Plant 

tepao* 

- tailings pond Lesnovcke river 43. _ 1555 Mn - 0.61 Tailings pond 
- ash depository Leenovcka river 24.6 s6 Ash depository 



Table 2.3.1. (cent' d)________ _____ _____ _____ __________ __________ __________ 

1 2 3 4 5 6 77 3 3 
16. W-od-fibre-board Factory - Slivnitse river 0.67 26.3 119.36 COD- 38.6 Ash depository There iag Treat. Plant 

Slivnitsa town ofter which the water Is 

usad for hydro traneport
and after that Is diechorgd
in the Ash depository. 

17. Chemical Factories - Belite. river 1.75 31.5 Oil products - 10.2 Treatment Plant 
Kostinbrod town Nitrogen= 4.64 

1 _COD= 114 
18. Poultry Slaughtery House Tcherna river 0.58 - 140 ammonia ­15 settlers - 3 nos; the oil separator is net In 

Kostinbrd town H2S - 26.6 oil seperator; operation since July 1991 

19. Dairy Factory - Svoge town Osker river 0.25 10-53 - Animal oil - 10-150; 
COD- 20- 160 

2%.. Meat-processing Factory Maluk laker river 0.11 6 - oil ­126; COD - 457.6 
Etropole town pH- 6.93 

21. Leather Tanning Factory Maluk faker river 0.64 - 153.6 Fe - 273; oil- 36.6; pH , Treatment Plant 
Etropole town 5.95 

H2S w. 4-2 

22. Floatation Factory - Eliseine town 
floatstion faker river 8.46 8456 Pb < 5.16 kg/day; Ta;ings pond 

Fe< 8.8 kg/day; 
Arsenic< 225; 

- communal waste waters laker river 0.43 s0 96 
- granulation fiker river 2.58 1290 Pb< 5.05 kg/day 

Mn< 1.95 kg/day 
Settling tank 

Fe < 119 kg/day 

- fom the wet dust separation laker river 0.043 - 6.15 
__eonic < 12 tlrn 

3 

arsenic < 750 g/m3 reveraie 

_ 

sanctions have been made 

23. Canning Factory - Mazdra town 
- production waters Moravishke river 0.77 38.8 268 
- communal waste waters Moravishka river 0.18 34.2 41.2 

24. "-S5nitext" |-actory - Mazdra town 
- production waters town collector 1.84 367.2 918.0 pH ­ 8-12 Local Treatment Plant No Town Treatment Plant 
- communal waste waters town collector 0.35 64.2 77.2 -

25. Brewery - Mezdra town 
- - production waters town collector 1.53 610.4 763.0 -

communal waste woters town collector 0.07 12.8 15.5 
26. Rock materials Processing Factory 

- production waters Isker river 1.73 - 1730 - Tailinge pond _ 

- communal waste watars Isker river 0.19 35.3 42.6 -

27. "Metizi" Factory - Roman town 
- production waters laker river 4.20 - 2100 pH- 2-7 shaft + slime depository Now installation for drying 

of slime is under 
construction 

- communal waste waters laker river 2.07 385.8 464.6 Treatment Plant 
28. Conning Factory - Kneia town 

production waters 
- communal waste waters 

Gootilie river 
Gostilia river 

1.1 
0.A%31 

105.0 
0.6 

735.0 
0.67 

-

I 
Settling tanks 



Table 2.3.1. (cont'd) 
1 2 3 4 5 6 7 g 

29. Dairy Factory "Serdiko" Kneja Gostilia river 0.31 61.2 153.0 Animal oil < 200 gom 3 

town 
30. Starch Factory - Tcherven Briog lkar river 0.30 306 632 settlers 
31. -Bets- Factory - Tcherven Briag 

- galvanizing department Zlatna Panege river 6.60 46.2 277 Fe- 0.98 Treatment Pleat under 
oil products ­13.2 construction 

32. Meat Processing Factory - Zlatna Panege river 0.50 237.5 48 Animal oil 
Tcherven Brinag 

Vit River 
33. 
34. 

"P. Abedgiev" Factory -
Teteven town 

Vit river 0.60 8 20 oil products ­18.5 mud and oil separators Treatment Plant under 
construction 

34. 
35. 

Auto-service - Teteven town 
Poultry Slaughtery House 

Vit river 
town collector 

0.03 
0.90 

0.58 
340 

9.6 
1440 

oil products ­16.6 
Animal oil - 48 

mud and oil separators 
movable screens Treatment Plant under 

Pleven town construction 
36. Meat Processing Factory town collector 1.80 720 5580 Animal oil - 180 Treatment Plant in reconetruotion 

Pleven town 
37. Chemical Factory "Plama- Pleven town collector 9.50 90 636 Fe-

1.7 
0.44; oil products., Treat. Plant - bioloC step 

38. Sugar Factories- town collector 2.70 383 156 nitrogen - 21.72 Settlers, mud drying beds 
Dolna Mitropolia town 

39. "Zvzda" Factory ­ tow.. collector 2.0 140 240 oil - 13.70 Oil separator 
Dolne Mitropolis town 

40. Ecarisge - Bivolare village %it river 0.33 31 26 Anirma oil ­26.0 Treatment Plant under 

41. Sloughtery House - Vit iver 0.12 53 18.6 Animal oil - 63.4 Mud and oil eparators 

Guliantai villa"e 

Owam River 
42. "Elpromn Factory - Troian town town collector 2.40 974 Oil products - 19.6 No Treatment Plants in this 
43._ 
43. Chemical-Phernaceutic 

Trojan town 

Factory 
Factory 

town collectorriver 
town collector 2.16 

_____________ 

__ __ 

. 75 
______under 

Oil products - 7.4 
__________ valley 

Local Treatment Plantconstruction 
44. Met Processing Factory - Troas, town collectot 0.24 35 27 Animal oil ­66.4 Treat. Plant - mch. stop underconstruction 

45. Wood processing Factory town collector 3.50 6020 1351 nitrogen (amrnonia) Treat. Plant - biolog. step No Town Treatment Plant 
I Troian town 

46. Dairy Factory "Primelakte town collector 0.65 28.6 65 Animal oil ­27.4 Treat. Plant - biolog. stop No Town Treatment Plant 
Lovetch town 

47. "Balmo Factory - Lovetch town Osen river 0.14 2.3 13.3 Fe - 0.24 Treat. Plant - chemica 
- galvanizing shop I treat. 

48. Conning Factory 'Melts' - Lovetch town collector 1.10 116 - Mud and oilseparators No Town Trertment Plant 
49. Meat Processing Factory - Lovetch town collector 0.45 553 Animal oil - 34.8 No Town Treatment Plant 
50. Leather Tanning Factory "Volur" - town collector 2.25 229 135 Phenols; oil Local Treatment Plant No Town Treatment Plant 

Lovetch town I 1_1 
51. Paultry Sloughtery House - town collector 0.28 20 27.7 Animal oil No Town Treatment Plant 

- Levski town I _ __ _ 
. 52. Meet Processing Factory - Levski town collector 0.80 100 674 Animal oil No Town Treatment Plant 



9 

Table 2.3.1. nt___ 
1 	 2 

53. Milk Processing Factory - Lavski t. 
54. ZM'K - Tcherkvitsa 

lantra River 
55. "Uzana" Factory - Gebrovo town 
56. 'Luv" Factory - Gabrovo town 

57. "St. Peshev' Factory - Sevtievo 1. 
58. Canning Factory "Selvi" - Seylievo 
59. Dairy Factory - Sevlievo town 
60. "Sevko" Factory - Sevievo town 

al. Moat Processing Factory - Sevyievo 
62. "Lonatex' Trievne town 
63. "Trems - Trievna town 
64. 	 Machine Manufacturing Factory -

Belitse village 
6S. 	 "Strineva" Factory -

Drienovo town 
66. Dairy Factory 'Mekimpex" - Elena 
67. Meat Processing Factory - Elena t. 

68. Textile Factory - Elena town 
69. *Interior' Factory - Elena town 

70. Meat Processin3 Factory -
Gorna Oriahovitse town 

71. 	 Chemical Factory -
Gorn Oriahovitms town 

72. Railway Station Headquarter -
Wagons department ­
G.Oriahovitea 

73. Railway Station Headquarter -
Engines department ­
O.Oriahovite_ 

74. 	 Sugar Factories -
Gorna Oriahovitsm 

75. "Brilient" Factory - Krusheto village 
76. "Arkus" Factory - Usekovetz town 

77. 'Diplonat Fectory - Djuunitee v. 
78. "Riti Factory - Suhindol town 

79. Winery Factory - Pevlikeni town 

80. "Psvikeni Factory' - Pvikeni town 

3 
town collector 
Oam river 

lantra river 
lantre river 

Rositse river 
Rositsea river 
Rositse river 
Rosita river 

Rositse river 
Orinovuka river 
Drisnovaku river 
Belitea rivor 

Drisnovsta river 

lvanovka rier 
Ivenovka river 

lvenovks river 
Zlterite river 

lontro river 

lantre river 

lantre river 

lantra river 

lentre river 

Rositse river 
a sina river 

Lefedi river 
Vodeshniteo river 

town collector 

town collector 

4 
0.15 

15.50 

1480 
4900 

190 
1730 
220 
850 

270 
900 
500 
150 

315 

40 
75 

72 
140 

129 

432 

240 

24 

12000 

560 

1300 


756 
470 

960 


110 

5 
2.2 

204 

6 
3920 

13.3 
200 
700 
680 

2000 
160 

25 
3 

500 

8 
45 

5.76 
10.6 

38.7 

23 

24 

0.48 

8400 

28 
30 

90.7 
15.5 

96 


66 

6 
151.5 

2123 

500 
1470 

19 
100 

1000 
510 

1700 
100 
15 
15 

300 

12 
75 

8.6 
16.8 

64.5 

20.2 

38 

3.6 

4800 

23.5 
90 

378 
6.8 

144 

99 

7 
Animul oil - 24.0 
Heavy metals 

oil -300 

Fe - 1.5- oil - 10 

Fe - 15; oil - 400; H2 S ­

0.3 

Fe - 0.7; oil - 5 
Oil - 70 

Animal oil - 250 
Animal oel- 150; H2 S - 0.3 

Fe - 1.S: oil - 30; 
Fe - 1.2; oil - 8; NH 4 - 1.0 

Oil - 50; H2S - 0.7 

Fe - 2.4; oil - 6; S ions ­
3.0: 
Fe - 1.0: oil - 3.0 

Fe - 10: oil - 10.0; 

H2S - 0.3 

oil 20 
Fe - 0.5; oil - 30 

oil - 30 
Fe - 5.0; oil - 6.0; 

oil - 15; H2S - 0.5 

oil - 300 

Oil separator 
Oi separator; settler;filter 
press
Cr. Ni settler 
Trash-rack; settler 
No equipment 
Oil separator; settler; 

No equipment 
Trsh-rack -Settler 
Settler; Dring beds 
Reactor ; filter press 

Treat. Plant 	 under 
cone nJction 
Traoh-rr*; Oil separator 
Trash-rack; sand catcher; 
Oil eMator 
Treh-rsck: settlers 
Vertical sttlers; drying 
beds 
Oil separator 

Settler; Filter press 

No equipment 

Mud and oil separators 

Sand catcher; settlers 

No equipment 
CianZn.Ni -reactor; drying 
beds; Oil -aator;,__" 
No equipment 
drying beds; astler; 

Sand catcher; vertical 
settlers; mxId separator 

Ol; separtor 

No Town Treatment Plant
 
Treat. Plant under constr.
 

Industrial waste waters 
Industrial waste waters 

Industrial waste waters 
Industrial waste waters 
Industrial waste waters 
Industrial waste waters 

Industrial waste waters 
Industrial waste waters 
Industrial waste waters 
Industrial waste waters 

Industrial waste waters 

Industrial waste waters 
Industrial waste watoe 

Industrial waste water@ 
Communal waste waters 

Industrial & communal 
waste wee
 

Industrial waste waters 

Industrial waste waters 

Industrial waste waters 

Industrial & communal 
waste waters 
Industrial waste waters 
Industrial waste waters 

Industrial waste waters 
Industrial & conunal 
waste waters 
Industrial waste waters 

Industrialwaste waters 

http:CianZn.Ni


Table 2.3.1. (cont'd) 
1 2 


a1. 'Pri M-90' -P.Traehrno, town 


82. Dairy Factory - P.Trambesh town 

Rueser;eki Li River and he 

Tributaris 
83. 	 Phormoceutlc Factory 'Antibiotic' 

Rozgrad town 

84. Meat Processing Factory - Raizgrod 

85. 'Diamond' State Factory -Razgr d 

B6. Kaolin" Factory - Sonovo village 

87. "Ksoin' Factory - Viatovo town 

so. "Bazovetz' - Bazovetz viflge 

89. Canning Factory -Krasen village 

90. Prisba Factory" - Ruse town 

91. 	 Silk Factory Dunavoske koprine" -
Ruse town 

92. 	 =Sireo-Priets" Factory -
Russo town 

93. Winery Factory - Russo town 

94. "G.Genov" Factory - Rues town 

Denube River Voley
95. Winery Factory =Vinprom" - Ruses 

96. 	 Roilway Engine Repair Plant -
Rusee town 

97. Railway Engine Depot - Rue" 
98. "Hlobno maie" - Ruse" town 

99. Meet Processing Factory -Ruse 

100. "i,,e Factory -Russo town 

3 
lantre river 

town collector 

Bell Loin river 

town collector 

Bali Lim river 

a dry small river bed 

Bali Loin river 

Banski Lie 

Ruseneki Loi 

Ruesenski Loi 

Ruseenski Lom 

Russoneki Loi 

Rusoeneki Lom 

Russeneki Loi 

Danube river 

Danube river 

Danube river 
Danube river 

Danube river 

Danube river 

4 
60 

170 

8035 

432 


2088 

1780 

2100 

208 
6052 

1000 

1065 

10725 

2577 

1980 
_Waste 

650 

5791 

2100 

2131 

428 
8629 

1440 

6500 
____I_ 

5 
60 

68 

5246.8 

250.6 

15.5 

10.37 
12.1 

244 

28.75 

2498.9 

551.4 

19.8 

568.7 

439.4 

306.6 

38.36 

30.68 
8629 

338.4 

279.S 

6 
18 

20.4 

6026 

536.6 

65.8 

1112.4 
157.3 

612 

268.38 

1158.3 

932.8 

95 

770.25 

173.4 

105 

89.5 

197.4 
1035 

570 

1131 

7 
Oil - 130; H2S - 0.9 

Oil - 150 

Fe - 4.5 

pH- 10-11 

oil - 7.8 

oil - 300.6 

Oil products - 515 

Oil -261 

Oil separator 

Oil as, ator 

Settler and after that 
discharge into the town 
Treatment Plant 

Treat. Plant - rnech. stop 
end Oil separator
Mechanical & biological 
treatment .Waste 

mech. treated waters pass 

through Tailings pond and 
are used again 

Tailings pond, after which 
the watersre recycled
Oil *operator 

Clorineting shaft: Oil 
separator
Treat. Plant -mec.hhcal-
heml sp 


Oil eeperator 

No tretment 

Settlers - 2 nos 

Neutralizing shaft 

IOil soparator 
I 

Treat. Plant - ecrenne ­
2noe

Treat. Plant 	 - phys.-
chemical 

39 
Industrial weste watemr 

Industrial waste waters 

Production & communal
 
waters
 

conventionally pure water 
Industrial A communal 
Waste water 
Industrial & communal 

waters 
Comnnd waste waters 

Industrial waste waters 
Industrial & commnunal 
waste wters 
Industria & comunal 
Waste waters 
Induetrial A communal 
Waste waters 
Industrial & coimunal 
Waste waters 

Industrnad G ommuwal 
weste waters 
Industrial & oommund 

watOr 
Industrial & comnrunal
Waste waters 

Industrial & communal 
,-waste
waters 

Industrial & communal 

Waste waters 
Industrial & commnunal 
waste waters 
con,--,nal & wash waters 
communal w. waters • 

Industrial & communal 
waste waters 
Industrial & communal 
waste waters 



Table 2.3.1. (contd)
[1 2 3 4 5 6 _ 	 _ 

101. Sugar Fectory "Zoharbil" - Ruses t. Danube river 21338 27643 101099 	 Industrial & communal 
wate waters 

Danube river 543 174 74 Oil separator Industrial & communal 
waest waters 

102. Steam Power Plant - Ruses town Danube river 21872 74 1706 Fe - 1.0 Neutralizing shaft 	 Industrial waste waters 
103. 	 "lzoma" Factory - Russe town Danube river 2397 13764 134 Phenol - 540 Treat. Plant; Oil aepartor Industrial & communal
 

waste waters
 
104. 	 "G.Genov" Factory - Ruses Danube river 2220 324 111 Induetr.& communal
 

w.waterg
 
105. 	 Steam Power Plant - Russe town Danube river 17280 51.84 1002 Fe - 0.17 Ash depository; Settlers Industrial & comwnjnal
 

waters after Ash depository waste waters
 
106. Machine Manufacturing Factory- Danube river 4163 14.57 91.51 Oil - 15.2 Treatment Plant 	 Industrial & communal 

Russo town -- _ _ __ waste waters 
107 "Arnbrozia" Factory - Slivo Pole v. Danube river 984 30.5 43.29 Industr.& comm. w.waters 
108. 	 Fish Canning Factory "Slaviank" - Danube river 1970 233 77 Industrial & communal
 

Tutrakan town waste waters
 
109 	 "Lasil" Factory - Silistre town Danube river 5170 10402 2715 Mechanical treatment Industrial & communal
 

weete waters
 
110. State Ecarisage - Siiicra town Beshovska river 289 35 39 	 communal waste waters 
111. "Mokorn - Silietra town Danube river 984 274 295 Oil - 181.5 mg/I Treat. Plant - mech. stop 	 communal waste waters+

organic pollution 
112. 	 Dairy Factory "Milksi" - Silistra town collector 2830 2022 801 Oil - 284 mg/I communal waste waters. 

organic pollution 
113. 'Dunev-57' Factory - Silistra town collector 852 26 75 Oil - 26.4 mg/i 	 communal waste waters + 

oric polution 
114. 'Oratechnica" - Siliatre town town collector 1622 44 Fe - 0.98; Cu - 6.3 Treat. Plant - chain. tr. 	 Induutr & comm. w.watem 
115. 	 "Ellis' Factory - Nikopol town Danube river 25 1 4.4 Cr - 7.5; Oil - 6.0 Neutralizing shaft Industrial waste waters
 

galvanizing shop
 
116. "Bateria" Factory - Nikopol town Danube river 36 0.64 4.7 Fe - 0.8 	 Industrial waste waters 
117. 	 Machine Manufacturing Factory - Danube river 90 0.96 2.9 Fe - 0.36; N- 29.3; oil - Mud and oil separators Industrial waste waters
 

Belene town _ _ _ 0.4
 
118. 	 Chemical Factory "Sviloza"- Oanube river 152000 29336 26144 Fe- 3.0; Zn- 5.0; Oil- 42.0 Mixing tanka Industrial waste waters
 

Svishtov town S ' - 400;
 

119. Canning Factory - Svishtov town Danube river 7600 2280 5320 Oil- 50; H2S- 1.2; Trash-rack; Oil separator 	 Industrial waste waters 

120. Winery Factory - Svishtov town Danube river 212 46.8 62.4 No equipmen 	 Ina-Jitril waste waters 
121. 	 Meet Processing Factory - town collector 264 92.4 264 Animal oil - 300 Trash-wack; Oil separator Industrial waste waters
 

Svishtov town o

122. Dairy Factory - Sviehtov town town collector 108 84.8 74.2 Animal oil - 200 Trash-rack Oil eparator 	 Industrial waste waters 

123. Nuclear Power Station "Kozludui" Danube river 1300 241.8 291 Treatment Plant 	 Communa waste waters 
124. "lzgrev" - O-iehovo town town collector 18 0.9 3.6 Treatment Plant 	 Industrial waste waters 
125. "Izgrev"- Oriahovo town town collector 36 ' 6.7 8.06 Treatnment Plant 	 Communal waste watero 
126. 	 Meat Processing Factory - Danube river 3110 385.6 2065 Settlers Industrial C communal
 

Loi town I I I I I WmtP waters
 
127. Canning Factory - Loin town Danube river 3200 594 939 1 
128. Supar Factory - Lom town Danube river 3456 63.59 916.9 	 Settlers 
129. Electrocam Factory - Lom town Danube river 803.2 38.7 483.8 



2.4. Agricultural And Animal Husbandry 

The main pollution sources are the big stock-breeding farms which treat with water big 

quantities of manure. 

On table 2.4.1 are listed the stock-brceding farms situated in the Bulgarian part of the 
Danube River basin and their pollution loads. 
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WASTE WATERS OF FEEDLOTS 

Table 2.4.1. Situated in the Bulgarian Part of the Danube River Basin 
____ 

I 
t 

m 

RIVER BASIN SETTLEMENT 

HAVING 

FEED LOTS 

Number 
of 

animal 
Waste 

watem S0D5 

POLLUTION 

Susp. 
Solids 80 S 
ISSM) 

Sump. 
Solids 
(SSM) 

EXISTING 

WATER TREATMENT 

FACIITIE 

Pollution 
loading 

Susp. 
SOD 5 Solids 

ISSM) 

Pollution 
concentration 

Sump. 
SODS Solids 

(SSM) 

1 
Ix103 

3 
m3/d 

4 
kg/d 

5 
kg/d 

6 
equiv./l.h 

7 
euiv./inh kg/d 

10 
kgld 
11 

mgi 
12 

mgl 
13 

1. small rivers of NIW Bulgarla 
tributaries of Danube river 

1.1. Topolovtz river
Cattle Form - Boirutes village 
Pig Faorm - Grdatz villa"e 
Pic Frm - Ta. Petrovo village 
Pic Farm - Biala Reda village 

200 
4500 

50 
15000 

5.00 
180.OO 
20.00 

600.00 

70.0 
1192.5 

132.5 
3975.0 

540.0 
2520.0 

280.0 
8400.0 

1400 
22500 

2500 
75000 

8400 
38700 

4300 
129000 

settling tanks - 2 not 
settling tanks - S noe 
settling tanks - 2 nos 

saewage treatmnent plant 

42.0 
715.5 

79.5 
2335.0 

162.0 
756.0 

34.0 
2520.0 

3400 
3975 
3975 
3975 

32400 
4200 
4200 
4200 

1.2. Voiniesea river 
Pig Form - Dunatui vinlege 
Pig Ferm - Kula town 

24842 
634 

993.68 
25.36 

6583.1 
168.0 

13911.5 
355.0 

124210 
3170 

213641 
5452 

tr. plant ­out ofopration 6583.1 
163.0 

13911.5 
355.0 

6625 
6625 

14000 
14000 

Cattle Form - Sukovetz village 500 

1.3. Vidbol river 
Pig Farm - Rkovites village 
Cattle Farm - Makresh vll!g 
Cattle For, - Toshvtoi viNlage 
Pic Farm - Gramada town 

350 
1000 
500 

1200 

14.00 
30.00 
12.50 
48.00 

92.8 
350.0 
175.0 
318.0 

196.0 
2700.0 
1350.0 
672.0 

1750 
7000 
3500 
6000 

3010 
42000 
21000 
10320 

settling tanks - 2 nos 
compost cohactor - 2 nos 

settlina tanks ­2 nos 
sottling tae*s - 2 now 

65.0 

150.0 
190.3 

58.1 

405.0 
201.6 

3975 

3400 
3975 

4200 

32400 
4200 

1.4. Archer and Skomli ,rivers_-
Pig Farm - Ostrokmnt villegle 
Pig Farm - Dimovo village 

200 
300 

8.00 
12.00 

53.0 
80.0 

112.0 
168.0 

1000 
1500 

1700 
2580 

53.0 
80.0 

112.0 
168.0 

6625 
6625 

14000 
14000 

Cattle Fs.m - Vartop village
Pig Farm - Archer village 

325 
930 

26.00 
37.20 246.5 528.0 

1 
4650 

1 
7998 settling tanks - 2 not 147.9 

1 
156.2 3975 420n 



Table 2.4.1. 
1 

(con­
3 4 5 6 7 9 10 11 12 13 

1.5. Lom river 
Cattle Farm - Borovitse village 
Cattle Farm - Bialo Pole village 
Poultry Farm - Medovnitsa village 
Cattle Form - Medovnitse village 

400 
400 

15000 
200 

20.00 
15.00 
40.00 

5.00 

240.0 
140.0 
300.0 

70.0 

1880.0 
1080.0 
594.0 
540.0 

4400 
2800 

1400 

28800 
16800 

8400 

settling tanks 
compost collectors - 3 nos 
compost collectors ­3 nos 

settling tanks ­2 nos 

144.0 
126.0 

42.0 

564.0 
924.0 

162.0 

7200 

8400 

28200 

32400 

1.6. Tsibritsa river 
Pig Farm - Dr. losiffovo village 
Pig Farm - Vaitchedram village 
Pig Farm - Resovo village 
Pig Farm - Komoshtitsa village 
Pig Farm - Botavo village 

1250 
14500 

1200 
584 

2300 

50.00 
580.00 

48.00 
23.36 
92.00 

331.3 
3842.5 

318.0 
154.8 
609.5 

700.0 
8120.0 

672.0 
327.0 

1288.0 

0250 
72500 

6000 
2920 

11500 

10312 
119625 

9900 
4818 

18975 

settling tanks ­2 nos 
settling tanks ­5 nos 
settlino tanks - 2 nos 
settling tanks ­2 non 

settling tank 

198.8 
2305.5 

190.8 
92.9 

365.7 

210.0 
2436.0 

201.6 
98.1 

386.4 

3975 
3980 
3980 
3980 
3980 

4200 
4200 
4200 
4200 
4200 

2. Oiets rVe 

2.1. 
2.2. 
2.3. 
2.4. 
2.5. 
2.6. 
2.7. 
2.8. 
2.9. 

2.10. 
2.11. 

2.12. 

Pig Farm - Elovitns village 
Cattle Form - G.Tserovene villoge 
Cattle Farm - Kraitchene village 
Pig Farm - Studeno Butche village 
Cattle Farm - Erden village 
Cattle Farm - Gebrovitua village 
Pig Farm - Vladinrovo village 
Pig Farm - Kobiliak village 
Pig Farm - Lehtchevo village 
Pig Farm - Mdlsk village 
Pig Farm - Septemvriitsi village 

Ogosta river feeders 
Pig-disease Institute - V:atsa town 
Cattle Farm - Vrstsa town 
Cattle Farm- Bali Izvor village 
Pig Farm - Manastiritshte village 
Pig Farm - Glogene vllage 
Pig Farm - Vraniek village 
Cattle Farm - BialeSletina tow,, 
Pig Form "East'- Ternava village 
Pig Form 'North'- Tarnava village 
Pig Farm - Altimir village 
Pig Farm - Boroven villege 

350 
420 
500 

35000 
200 
300 

3800 
3200 
3300 
3300 

440 

2000 
750 
400 

2760 
3350 
1200 
4697 
1100 
1113 
1560 
2565 

14.00 
43.00 

1400.00 
34.00 
86.00 

152.00 
128.00 
132.00 
132.00 

18.00 

760.00 
130.00 
45.00 

110.40 
134.00 
48.00 

1230.00 
44.00 
44.00 
63.00 

103.00 

93.0 
147.0 

9275.0 

1007.0 
848.0 
875.0 
875.0 
117.0 

731.4 
888.0 
318.0 

292.0 
295.0 
413.0 
680.0 

196.0 
1134.0 

19600.0 

2128.0 
1792.0 
1848.0 
1849.0 

246.0 

1546.0 
1876.0 
672.0 

616.0 
623.0 
874.0 

1436.0 

1750 
2940 

175000 

19000 
16000 
16500 
16500 
2200 

13800 
16750 
6000 

S50 
5565 
7800 

12825 

3010 
17640 

301000 

32680 
27520 
18380 
28380 

3784 

23736 
28810 
10320 

9546 
9572 

13416 
22059 

settling tanks 
settling tanks - 2 nos 
settling tanks ­2 nos 

ettling tanks ..r.Idrying beds -3 

settling tanks - 2 nos 
settling tanks - 3 nos 
settling tanks - 2 nos 
settling tanks - 7 nos 
settling tanks - 4 nos 

sewage treatment plant 
settling tanks 

concrete settling tanks 
settling tank 
settling tank 
settling tanks 
nettling tanks 
settling tank 
settling tank 
settling tank 
settling tank 

65.0 
103.0 

6493.0 

705.0 
594.0 
613.0 
613.0 
117.0 

512.0 
622.0 
223.0 

204.0 
207.0 
289.0 
476.0 

69.0 
397.0 

6860.0 

745.0 
627.0 
647.0 
647.0 
246.0 

541.0 
6S7.C 
235.0 

216.0 
218.0 
306.0 
503.0 

4640 
2400 

4040 

4640 
4b40 
4640 
4640 
6500 

464f) 
4640 
4650 

4640 
4700 
4600 
4620 

4930 
9230 

4890 

4900 
4900 
4900 
4900 

13670 

4900 
4900 
4900 

4900 
4900 
4900 
4900j 



Table 2.4.1. (contd) 
2 3 4 5 6 7 8 9 10 11 12 13 

Pig Farm- Rogozen village 
Pig Farm - Rogozen village 

9200 
35335 

368.00 
1414.00 

2438.0 
9364.0 

5152.0 
19788.0 

46000 
176675 

79120 
303881 

compost collectora 
treatment pleant - 2 biolog. parts 

1707.0 1803.0 4640 4900 

Poultry Farm - Mizia town 200000 compost collector 

3. bker river 

3.1. Cattle Farm - larlovo village 800 20.00 250.0 2160.0 4200 12600 dryirg beds - 5 nos 150.0 664.0 750 4320 
3.2. Cattle Form - Popoviane village 100 5.00 60.0 440.0 110 7200 drying bade - 2 nos 1200 800 
3.3. Cattle Farm - Oaoitsa village 3000 75.00 1050.0 7100.0 21000 126000 compost collectors ­4 nos 
3.4. Cattle Farm - Kazitchane village 700 35.00 420.0 3080.0 7700 50400 drying beds 252.0 1232.0 720 3500 
3.5. 
3.6. 

Cattle Farm - Lokorsko village 
Cattle Farm - Aldornirovisi village 

2000 
700 

100.00 
27.50 

1200.0 
265.0 

8800.0 
2470.0 

22000 
65OO 

144000 
41400 

settling tanks 
drying beds 

840.0 
159.0 

3520.0 
988.0 

840 
580 

3520 
3600 

3.7. Pig Farm - Slivnitee town 3000 120.00 795.0 1680.0 15000 25800 drying bed (tr.pl. under conetr.) 477.0 672.0 3980 5600 
3.8. 
3.9. 

Cattle Farm - Petertch village 
Cattle Farm - Herakovo village 

230 
240 

75.00 
12.00 

138.O 
144.0 

1012.0 
1056.0 

2530 
2640 

16560 
17280 

drying beds 
drying bade - 4 nos 

83.0 
36.0 

405.0 
422.0 

1110 
720 

5400 
3520 

3.10. Cattle Form - Prolae vilg 240 12.00 144.0 1056.0 2640 17260 drying beds - 3 nos 86.0 422.0 720 3520 
3.11. Cattle Farm- Podgumer village 6200 155.00 2170.0 16740.r. ,34M0 180000 compost collector 
3.12. Cattle Farm - Dobroslavyei village 360 18.00 216.0 1584.0 3960 2592 1200 3300 
3.13. Cattle Farm -Gorne Kremena villaegle 900 22.50 315.0 2430.0 37800 6300 concrete settlin takes 
3.14. Cattle Farm- Kemano pole village 400 20.00 240.0 1760.0 4400 28800 concrete settling tank 
3.15. 
3.16. 

Cattle Form - Gabare village 
Pig Farm - Kneja town 

900 
21298 

45.00 
1064.90 

540.0 
12778.8 

3960.0 
47215.6 

9900 
183163 

64800 
106490 

concrete settling tanks 
tretment plant - mech. part 8945.0 14165.0 3400 13300 

3.17. Pig-reproducing Farm - Kneja town 10000 400.00 2650.0 5600.0 50000 86000 sewage treatment plant 30 30 
3.18. Pig Farm - Koinare town 2600 104.00 689.0 1276.0 13000 21760 6630 12270 
3.19. Cattle Farm - Pravetz town 400 10.00 140.0 1280.0 2800 16800 drying beds - 4 nos 84 768 810 7680 
3.20. Pig Farm - German village 1500 60.00 397.5 840.0 7500 12900 397.5 840.0 6625 14000 
3.21. Pig Farm - Pet Mogili village 9600 384.00 2544.0 5376.0 pit 1780.8 2150.4 4637 5600 
3.22. Pig Farm - Pet Mogili village 1000 40.00 265.0 560.0 pit 185.5 224.0 463? 5600 
3.23. Pig Farm - Pet Mogili village 8000 320.00 2120.0 4480.0 pit 1484.0 1792.0 4637 5600 
3.24. Pig Farm - Suhodol village 2500 100.00 662.5 1400.0 drying beds - S no. 397.5 420.0 3975 4200 
3.25. Pig Farm - Suhodol village 1500 60.00 397.5 840.0 drying beds - 3 nos 238.5 252.0 3975 4200 
3.26. Cattle Form - Goliamo Malovo viage 1240 31.00 434.0 3346.0 drying beds - 2 nos 260.0 1340.0 8710 43220 
3.27. Cattle Farm - Dragotintei village 800 20.00 280.0 2160.0 drying beds - 3 nos 168.0 824.0 8400 41200 
3.28. Cattle Farm - Galabovtei village 400 20.00 270.0 1760.0 drying beds - 2 nos 162.0 704.0 8100 35200 
3.29. Cattle Farm - Tcherna Bare village 200 5.00 70.0 540.0 drying bed 42.0 216.0 8400 43200 
3.30. Cattle Farm - Kostinbrod town 400 10.00 140.0 1080.0 drying beds - 2 nos 84.0 432.0 8400 43200 
3.31. Cattle Farm - Kostinbrod town 100 S.00 60.0 440.0 drVing bed 36.0 176..0 7200 35200 
3.32. Cattle Farm - Petartch village 420 21.00 252.0 1848.0 _drying beds - 3 no. 151.0 739.0 7190 35200 
3.33. Cattle Farm - Bogiovei village 400 10.00 140.0 1080.0 drying bed 84.0 432.0 8400 43200 
3.34. Cattle Farm - Novetchene village 1200 30.00 420.0 3240.0 drVing bode - 7 nos 252.0 1296.0 3400 43200 



Table 2.4.1. (cond) 
1 2 

3.35. Cattle Form - Vidraro village 
3.36. Cattle Farm - Koetenetz village 
3.37. Cattle Farm - Raliovo village 
3.38. Cattle Farm - Verinsko village 
3.39. Cattle Farm - Tsarkvishte village 
3.40. Cattle Farm - Mirkovo village 

3 

300 
400 
100 

100 
400 
400 

4 

7.50 
20.00 
5.00 

5.00 
10.00 
10.00 

5 
105.0 
240.0 

60.0 

60.0 
140.0 
140.0 

6 
810.0 

1760.0 
440.0 

440.0 
1080.O 
1080.0 

7 a 9 
drying beds - 2 nos 
drying beds - 2 nos 
drying beds - 2 no* 

drying bed 
drying beds - 2 nos 
drying beds - 2 nos 

10 
63.0 

144.0 
36.0 

36.0 
108.0 
108.0 

11 
324.0 
701.0 
176.0 

176.0 
432.0 
432.0 

12 
8270 
7200 
7200 

7200 
10800 
10800 

13 
43200 
35200 
35200 

35200 
43200 
43200 

4. Vit river 

4.1. Pig Farm - Bukovlalk village 5500 220.00 1458.0 3080.0 27500 47300 1458.0 3080.0 6630 14000 

5. Osem river 

5.1. 
5.2. 
5.3. 
5.4. 
5.5. 
5.6. 

Pig Farm - Troian town 
Pig Farm - Ablanitsa village 
Pig Farm - Umaravtgi village 
Pig Farm - Alekeandrovo village 
Pig Form - Letnitea village 
Pig Farm - Levvki town 

4500 
15W. 
1400 
1400 
2500 

32000 

180.00 
60.00 
56.00 
56.00 

100.00 
1280.0 

1193.0 
398.0 
371.0 
371.0 
663.0 

8490.0 

2520.0 
840.0 
784.0 
784.0 

1400.0 
17920.0 

22500 
7500 
7000 
7000 

12500 
160000 

38700 
12900 
12040 
12040 
2"500 

275200 

drying bed 
drying bed 

settling shafts 
drying bed 

treatment facilitiee 
sewage trestrvnt plant 

835.0 
279.0 
260.0 
260.0 
464.0 
32.0 

882.0 
294.0 
275.0 
275.0 
560.0 
102.0 

4640 
4650 
4640 
4640 
4640 

30 

4900 
4900 
4910 
4910 
5600 

s0 

S. lantis rive, 

6.1. 
6.2. 
6.3. 
6.4. 
6.5. 
6.6. 
6.7. 
6.8. 
6.9. 

6.10. 
6.11. 
6.12. 
6.13. 
6.14. 
6.15. 
6.16. 

Pig Farm - "P.Volov" Factory 
Pig Farm - Biala Railway Station 
Pig Farm - Biala Railway Bridge 
Pig Farm - Voinovo village 
Pig Farm "Tchakla"- Sevlievo town 
Pig Farm "Hmela- Debleta village 
Pig Farm - Samovodene village 
Pig Farm - Rosen village 
Pig Farm - Polikraishte village 
Cattle Farm - Krushavo village 
Pig Farm - Liekovetz town 
Pip Farm "Geran'-Uaskovetz town 
Pig Farm - Kemerovo village 
Pig Farm "Pakalevetz" 
Pig Farm - P/,haletz village 
Pig-reproducing Farm - Stenbolovo 

village 

1200 
3800 
2500 

10000 
9000 
2000 
000 

2000 
6000 
1200 
2500 
8000 
8500 
3000 
3000 

30000 

48.00 
152.00 
100.00 
400.00 
360.00 
80.00 

280.00 
80.00 

240.00 
30.00 

100.00 
320.00 
340.00 
120.00 
120.00 

1200.00 

318.0 
1007.0 
662.5 

2650.0 
2385.0 

530.0 
1855.0 
530.0 

1590.0 

662.5 
2120.0 
2252.5 

795.0 
795.0 

7950.0 

672.0 
2128.0 
1400.0 
5600.0 
5040.0 
1120.0 
3920.0 
1120.0 
3360.0 

1400.0 
4480.0 
4760.0 
1680.0 
1680.0 
16800.n 

6000 
19000 
12500 
50000 
45000 
10000 
35000 

200000 
30000 

12500 
40000 
42500 
15000 
15000 

150000 

10320 
32680 
21500 
86000 
77400 
17200 
60200 
17200 
51600 

21500 
68800 
73100 
25800 
25800 

258000 

compost collectors 
compost collectors 
compost collectors 

compost Collectors 

318.0 
1007.0 
662.5 

1590.0 
1431.0 
371.0 

1855.0 
530.0 

1590.0 

662.5 
2120.0 
2252.5 
7e5.0 
795.0 

4770.0 

672.0 
2128.0 
1400.0 
1680.0 
1512.0 
448.0 

3920.0 
1120.0 
3360.0 

1400.0 
4480.0 
4760.0 
1680.0 
1680.0 
5040.0 

6630 
6630 
6630 
3975 
3975 
4640 
6625 
6625 
6625 

6630 
6630 
6625 
6625 
6625 
3975 

14000 
14000 
14000 
4200 
4200 

O;600 
14000 
14000 
14000 

14000 
14000 
14000 
14000 
14000 
4200 

0 
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6.17. Pig Farm - Reiko Daskalovo village 6000 240.00 590.0 3360.0 30000 51600 1590.0 3360.0 6625 14000 
6.18. Pig Farm - D.Upnitsa village 4000 160.00 1060.0 2240.0 20000 34400 compost collectors 636.0 672.0 3975 4200 
6.19. Pig Form - P.Senovetz village 5500 220.00 1457.5 3080.0 27500 47300 compost collectors 874.5 924.0 3975 4200 
6.20. 
6.21. 

Pig Farm - StraNlovo village 
Pig Farm - Gredina village 

4000 
3500 

160.00 
140.00 

1060.0 
927.5 

2240.0 
1960.0 

20000 
17500 

34400 
30100 

compost collectors 
compost collectors 

636.0 
556.5 

672.0 
588.0 

3975 
3975 

4200 
4200 

6.22. Pig Farm - B.Slovovo village 13000 520.00 3445.0 7280.0 65000 111800 3445.0 7280.0 6625 14000 

7. Russeneki Lorn river 

7.1. Beli Lorn feeder _ _ 

Cattle Farm - Mortagonowo village 
Pig Farm - Razgrod 

663 
2000 

38.00 
80.00 530.0 1120.0 10000 17200 

-drying bed 
530.0 1120.0 6630 1400 

Pig Form "Diankovo" 25000 1000.00 6625.0 14000.0 125000 215000 sewage treatment plant 30 s0 
Cattle Form - Balk --.ski village 
Pig Form -Salkineki viliage 

1000 
100 

57.00 
4.00 27.0 1 56.0 500 860 

compost collector 
drying beds 19.0 20.0 4750 5000 

Pig Farm - Osenetz villae 
Pig Forms - Drianovetz village: 

500 20.00 133.0 280.0 2500 4300 drying bede 93.0 98.0 4650 4900 

Pid Farm ­"Svinevedetvo" 1464 60.00 398.0 820.0 7320 12590 drying beds 272.0 287.0 4530 4780 
Pid Farm - 'Furagen 
Pid Form - "SSB"Private Oig Farms 

zawod" 430 
625250 

17.00 
25.0010.00 

114.0 
166.066.0 

241.0 
350.0140.0 

2150 
31251250 

3998 
53752150 

drying beds 
concrete sottling tanksa pit for each farm 

80.0 
116.046.0 

84.0 
123.049.0 

4710 
46404600 

4940 
49204900 

Cattle Form - Kostandenetz village 1000 57.00 350.0 2700.0 drying bads 210.0 810.0 3680 1420 
7.2. tCherni Loin feeder 

Pig Form - Koshov villog 5000 200.00 1325.0 2800.0 25000 43000 1325.0 2800.0 6630 14000 
Pig Farm "Lonovo" 30000 1200.00 7950.0 16800.0 150000 258000 treatment plant - 2 biol. parts 30 s0 
Cattle Farm - Kardain town 150 6.00 drying beds 

7.3. Malki Lore feeder 
Poultry Form - Lomtai village 30000 1200.00 drying beds 
Pig Form Zaraevo" 4000 160.00 1060.0 2240.0 treatment plant - mech. part 742.0 560.0 4640 3500 
Pig Farm - Sadina village 200 7.00 46.0 98.0 875 1505 46.0 98.0 6570 14000 

7.4. Farms - Rusa town: 
Pig Farm - "Dclapite" r.g. 6250 250.00 1656.0 3500.0 31250 57750 1656.0 3500.0 6620 14000 
Pig Farm - "Sredna Kula" r.q. 10000 400.00 2650.0 5600.0 50000 86000 2650.0 5600.0 $530 14000 
Cattle Form ­"Sredne Kula' r.q. 550 32.00 330.0 2585.0 6050 3960 330.0 2585.0 10312 80781 
Pig Farm - Milk-prooessing factory 250 10.00 66.3 140.0 1250 2150 drying bed 39.8 42.0 3975 4200 
Pig Form- 'I. Dimitrov" Plent 200 8.00 53.0 112.0 1000 1720 53.0 112.0 6625 14000 

A.
 



Table 2.4.1. contd)
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S. Danube river - direct ntfiow 

8.1. Pig Form - Guliantsi vilage 25000 1000.00 6625.0 14000.0 125000 215000 treatmont plant - mch. part 4637.5 4200.0 4637 4200
8.2. Pig Form - Morava village 6000 240.00 1590.0 3360.0 30000 51600 1590.0 3360.0 8625 14000
8.3. Pig Farm - Bralian villege 35000 1400.00 9275.0 19600.0 175000 301000 treatment plant - mech. part 5565.0 5880.0 3975 42008.4. Pig-reproducing Frm.- Bcala Reda village 20000 800.00 5300.0 11200.0 100000 17200C treatment plant - mech. part 3180.0 3360.0 3975 42006.5. Pig Farm - G.Vranovo villa e 20000 800.00 5300.0 11200.0 100000 172000 treatment plant - mach. part 3180.0 3360.0 3975 42008.6. Pig Form - ludlik villae 20000 800.00 5300.0 11200.0 100000 172000 treatment plant - mch. part 3180.0 3360.0 3975 42008.7. Pig Frm - Srebara villege 25000 1000.00 6625.0 14000.0 125000 215000 treatment plant - mech. part 3975.0 4200.0 3975 42003.9. Pig Farm - Popins viflage 15000 600.00 3975.0 8400.0 75000 129000 treatment plant - mach. part 2385.0 2520.0 3975 4200 



3.Conclusions And Recommendations 

3.1 Summary Conclusions On Conclusions And Trends 

3.1.1 Water Quality And Its Impacts 

As it was already mentioned for the big quantities of available water the water quality is of 
great importance. 

The content of oil products, ammonia, heavy metals, chemical and biological polluters in 
the water requires treatment before its use for drinking water and irrigation. 

The ground waters of the Danube River terrace are polluted also with ammonia, manganese 
and ferrous. A tendency is observed the concentration of the polluters to be increased. The 
above said shows that the ground waters can not be used without proper treatment also. 

3.1.2. Water Quality and Emissions Monitoring and Control 

The Bulgarian streams are classified according to the water quality into four classes: 

First class - water meeting the drinking water requirements; waters to be used as source for 
water supply of settlements and for the Food and other industries. 

Second class - waters meeting the requirements for agricultural uses, for water sport 
complexes, for cultural needs and fish-farming. 

Third class - waters meeting the requirements for irrigation and industrial water supply. 

Fourth class - highly polluted waters good for water transport only. 

Instruction No 7 of the Ministry of Environment issued in 1986 regulates the maximal 
permissible concentration of different substances by minimal design water inflow in the 
water facilities. For retained waters and sea water there are not yet Bulgarian standards for 
maximal permissible concentrations of polluting substances. With a fair approach to 
accuracy for the retained waters the existing standards for flowing waters could be used 
until the needed standards are approved. 

The periodicity of the observations and control of the surface waters is defined by the daily, 
weekly, seasonal and annual alteration of the indices. 
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Control is spread over 15 nos main river valleys: Ogosta, lantra, Iskar, Vit, Osam, 

Russenski Lom, Provadeeska, Kamchia, Aitoska, Veleka, Tundja, Maritsa, Arda, Mesta 
and Struma. Special control, as required by the international regulations for the countries 
along Danube River, is performed over Danube River. The controlled river valleys cover 

93.4% of the water quantities of the rivers and 79.3% from the whole area of the country, 

which makes their characteristics reliable. 

The locations of the control stations for the surface waters are chosen taking into 

consideration the following requirements: 

- to offer possibility to determine the influence of antropogenic activity over the water 
conditions and its alteration due in the course of time. 

.	 to offer possibility to ascertain each substantial alteration of the surface water quality due 
to the discharge of pollution substances in retaining facilities and to determine the cause 
of the alteration. 

- to carry out control over the main pollution sources and the effective operation of the 
treatment facilities. 

- the distances between the control stations has to catch each substantial alteration of the 
water quality and give the possibility to determine the pollution sources. 

- the different pollution sources have to be controlled according to their specific 
characteristics. 

The surface water control stations network at present includes 150 nos control stations. 
Additional information for the water quality is collected from 5200 nos pollution sources 
which are controlled once per year. 

The controlled indices of the surface water quality at this stage are as follows: water 
quantity, water temperature, active reaction, electric conductivity, hydrogen sulfide, soluble 
and insoluble substances, soluble oxygen, ferrous, manganese, nitrogen (ammonia), 
phosphates, BOD, COD, lead etc. 

Quarterly data for the state of the surface waters is published in the bulletin issued by the 
Ministry of Environment. The control network has 21 nos control stations on Danube River 
and 88 nos stations on its tributaries. In connection with the Bucharest Declaration, in its 
part for the water quality control, Bulgaria and Rumania carry out joint control at the two 
border settlements Novo Selo and Silistra. 

3.1.3 Emissions And Dischargers 

The emissions and the dischargers are listed inthe annexes NoNo 16 and 17. 
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3.1.4 Key Difficulties 

The main problem and difficulties for the effective utilization of the Danube River waters is 
the quality of the Danube River water as well as the quality of the ground waters of its 
terrace. 

Additionally to the above said the following difficulties should be mentioned also: 
- the constructed water supply systems shall be supplied with the needed treatment plants. 

The needed capital investments for the construction, operation and maintenance of the 
treatment plant are not available. 

- the already constructed treatment plants have to be reconstructed, new up-to-date 
technologies have to be implemented to follow the changes of the water quality of the 

Danube River. 
- uncertainty in the water quality which is envisaged to supply the settlements, the industry 

and to be used for irrigation because of continuous change of the quality of the water of 
the Danube River. 

3.2 Recommendations 

3.2.1 Pollution Management Actions Needed 

At present the economic development of Bulgaria is carried out without taking into 

consideration the negative effect which the antropogenic activity exerts on the environment. 
The ecological requirements have to be included in the criteria to achieve a stable economic 

development. The influence of the economy upon the environment depends on many 
factors. Leading part has the economic structure, the standard of the productive forces, the 
degree of utilization of the natural resources and the pollution of the environment. The 
above said requires to develop purposeful ecological policy which in its strategic plan shall 

ensure an ecological and stable economic development. 

It is necessary the structure of the economy to be developed by taking into consideration the 

ecological requirements as follows: 

- to restrict the rate of development of coal and ore output 
- to reach a new correlation between the production and processing industries 

- to close down some inefficient productions. 

Th above said shall reduce the antropogenic influence over the national economy. 
- it is needed to improve the leitd and the economic regulators to utilize the natural 

resources in the conditions of open market. 
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- introducing a new economic system of taxes and sanctions which shall ensure the needed 
funds to finance the activities in the field of protecting the environment in the conditions 
of open market. 

- preparation and developmen' of new laws and regulations and amendment of laws in 

force at present, according to a Program 
- preparation and standardization of laws and instructions now in force up to the end of 

1992. The amendments have to meet the requirements of European community 
(requifements for water quality of the main water sources, standards for the water quality 
of the surface, flowing, ground and retained waters; permissible content of karmful 
substances in the waste waters of industries) 

- to ensure effective control over the design works as well as over the operation and 
maintenance of the treatment plants. 

- information systems have to be established for the management, utilization and 
protection of the environment. The information shall be used to have at any time correct 
data on the conditions of the environment, to make analyses and evaluation, develop 
long-term programs on regional and national level. 

3.2.2 High Priority Pollution Reduction Improvements Needed 

3.2.2.1 Without Investments. 
- Urgent adoption of the Environment Law and the Water Utilization Regulations; 
- Strong system of strict sanctions against polluters and financial stimulations for pollution 

decrease below the norms. 
- Implementation of tax for the use of natural water resources and discharge of waste 

waters in the natural water courses which shall be used to raise a national fund for the 
need of drinking water supply, seweragc systems and waste waters treatment. 

- Structural improvement of the management and the use of the water resources. 
- Improvement of water pollution control by the regional services of the Ministry of 

Environment and involvement of the industries in the chemical analyses. 

- Control and decrease of the use of fertilizers. 

3.2.2.2 Investments Planned by the Government. 

At present, Bulgaria is in a period of transition from centrally planned economy to an open 
competitive market. 
The state industry, which represents 95 %of the whole, operates inefficiently, makes almost 
no profit and isnot able to ensure depreciation allowances to the state budget. In some cases 
the national factories are state aided. 
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- the investments planned by the government are insignificant because of the lack of 
finance. 

- investments planned by municipalities are insignificant also by the same reason. 
- attempts are made to implement a new form of construction of water supply and sewage 

facilities, as well as for treatment plants by accumulating share funds for investments 
from the users of the facilities. 

From the above said it is evident that the budget has no possibilities to ensure the needed
 
investments for treatment of waste waters and drinking water supply.
 
It is evident that investments should be sought from other sources to achieve the following
 

objectives:
 

- introducing less water consuming and dry technologies.
 
. maximal use of wastes from food and canning industries, animal waste and solid wastes.
 
- improvement of existing and implementation of new technologies, meeting the 

requirements of the Environment law. 
- training of pollution control officials and provide tie pollution control stations with up­

to-date equipment. 
- reducing water consumption for irrigation by introducing up-to-date technologies - as 

sprinkling and water-drop irrigation. 

3.2.2.3 Evaluation of pollution components. 

- inventory of the pollution sources emissions. 
- inventory of the potential sources of accidental pollution and the risk assessment of 

additional polluters. 
- inventory of the industrial, municipal and dangerous solid wastes deposition sites near 

drinking water supply sources. 
- working out models of the river basins with all the characteristics of pollution and use 

and defining the optimal variant from technical and financial point of view. 
- defining the main tools for solving high priority ecological problems for selected river 

basins and regions (highly polluted by industrial polluters, feed lots and domestic waste 
waters). 

3.2.2.4 Improving the control efficiency of treatment facilities In operation. 

An additional step to ensure efficient control and management of the treatment facilities 

should be the installation of automated stations for water quality analyses in real time. 
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3.2.2.5 Improvement of the technological conditions and the level of discipline. 

Priority measures should be taken in the Management Program to ensure the effect of all 
waste water treatment plants in operation: 

- improvement of treatment plants operation to reach their designed capacity (Sofia, 
Vratsa, Veliko Tarnovo, Razgrad, Gabrovo). 

- reconstruction, extension and implementation of up-to-date technologies in some existing 
town treatment plants - Varshetz, Samokov, Sofia, Vratsa, Botevgrad, Elin Pelin; 
factories treatment plants - Sugar Factory at Lom, Steel Factory at Kremikovtsi, Oil 
Refinery at Pleven, Antibiotic Factory at Razgrad and some smaller meat-canning and 
dairying factories; pig farms at Rogozen, at the town of Levski and some others. 

- construction of additional collectors and sewers in towns with already constructed 
treatment plants as Samokov, Sofia, Gabrovo, Razgrad and some other. 

- construction of some local treatment plants of factories polluting water sources and some 
sewerage networks of towns which have not treatment plant, yet. 

. construction of waste waters treatment plants with priority to ensure reduction of 
pollution in most endangered regions as: 

- Ogosta river basin - Michailovgrad sewage treatment plant and treatment facilities 
for some big feed lots in the vicinity. 

- Iskar river basin - sewage treatment plants at Borovetz, Slivnitsa, Kostinbrod, 
Botevgrad, Etropole, Mezdra, Tcherven Briag and Kneja. 

- Vit river basin - sewage treatment plant at the town of Teteven. 
- Osam river basin - sewage treatment plants at the towns Troian and Lovetch. 
- Jantra river basin - sewage treatment plants at the towns Triavna, Drianovo, 

Sevlievo, Pavlikeni, Gorna Oriahovitsa and Omurtag; treatment facilities for the 
pig farms - modular stations from 1000 up to 4000 animals (the farm of "Panaot 
Volov" factory, the Biala railroad station farm and pig farms at the towns Russe, 
Liaskovetz, Paskalevetz, Samovodene, Polikraishte, Geran-Liaskovetz and the 
villages Resen, Keserevo and Bulgarsko Slivovo.) 

- Russenski Loin river basin - sewage treatment plant at Popovo; modular stations 
for private farms from 100 up to 1000 animals. 

3.2.2.6 Treatment of waste waters. 

The first priority is the construction of waste water treatment plants for the big settlements 
in the zones of drinking water supply sources and in the recreation areas. As Bulgaria is 
with scarce water resources and agriculture shall be developed with priority, the waste 
water treatment technology has to ensure the quality of treated water to meet the 

requirements of the irrigation. 
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The big towns usually are surrounded by vegetable gardens and it is recommended to reach
 

the requirements for fresh consumed vegetables irrigation.
 

The following stages of water treatment are recommended:
 

- mechanical;
 

- biological;
 

- additional treatment to eliminate phosphorus, nitrogen and traces of oil products;
 

- treatment of sludges in methane tanks to obtain biogass;
 

- mechanical dehydration of the sludges and use of coagulants.
 

- the utilization of the treated sludges as a fertilizer in the agriculture in the case the heavy
 
metals are eliminated. 

Some bigger towns have a great number of galvanizing factories. It is more efficient to 
construct for all of them one pre-treatment plant for concentratwd waste waters and get rid 
of the heavy metals before their entry in the municipal sewage system. 

3.2.2.7 Treatment of natural waters for potable water use. 

The technology of natural waters treatment to meet WHO's recommendations for potable 

water used in the stations in operation is mechanical treatment with or without coagulation, 

filtration and chlorination. In some special cases ozonizing is envisaged for drinking ground 
waters polluted with iron and manganese in the terrace of the Danube river. 

3.2.2.8 Pollution reduction of the water sources by reducing the raw water demand. 

A. Reconstruction of existing Industrial factories and implementation of up-to-date 

technologies. 

The priority reconstructions and the consequent change of the existing technology should be
 

aimed at:
 

- optimal use of recycled water;
 
- implementation of technologies needing small water consumption;
 

- utilization of treated waste water for industrial needs. Specially the Steel Works at
 

Kremikovtsi can reduce the raw water consumption up to 50% by implementing up-to­

date technologies of production, reconstruction of the water supply system and reduction 

of leakages; 
- the implementation of dry cleaning in the feed lots. The consumption of raw water could 

be reduced significantly and the manure shall be used as a fertilizer without treatment; 
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B. Modernization of Bulgarian agriculture. 

The most spread technology of irrigation is by furrows which leads to a high raw water 

consumption with low efficiency and a substantial degradation of the soil structure. 

Up to now the sprinkling irrigation was restricted but the reconstruction of almost all 

irrigated areas is envisaged. This process is hampered by lack of funds and the future 

privatization of the land use. 

The water-drop technology is implemented as an experiment only. 

C. Development of town facilities. 

At present the water supply networks are constructed with asbestos-cement or steel pipes. In 

almost all towns the pipes are amortized. The pipeline losses in some drinking water supply 

networks are up to 50%. The quality of the sanitary equipments in the buildings is also 

unsatisfactory and is the cause of significant losses of drinking water. One of the basic 

handicaps of the water management in towns is the lack of home water-meters and the low 

cost of the drinking water. It is envisaged to use cement coated cast iron pipes for the 

construction of water supply networks and it shall be effective to organize their production 

in Bulgaria. 

The sewage systems are not sufficient and can not cover the small towns and villages. A 
shortage of large diameter pipes and the lack of government funding hampers the extension 

of the sewage systems. 

3.2.2.9 On Table 3.2.2.1 are indicated the high priority projects for execution 
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1.3 

High Priority Projects for Execution 

TaMe 3.2.2.1. 

mI"= Bairn soctova Cmnc, PaIuon 	 POULUTM HmIvalse v bs ovwmmn Exwutm 

1 2 	 3 4 

1. Ogot Rivr 

1.1. 	 Bukovetz river up to MPcholovgrad Ore-dressing plant at Chiprovtchi; Pollution with heavy metals Up-to-date treatment plant 
Dam 

1.2. 	 Dubika river - the place of the Chemical factories at Vratsea and Stock-breeding farms at Vratsa Construction of treatmient plant 
gorging into Lave river 

Skat river - downstream from Paper Factory; Pollution with industrial waste waters 	 Reconstruction and extension of existing Paper Factory
vilge Sareevo Stock-breedin farms - organic pollution 	 treatment plant. 

Construction of local treatment plants for the fems 

2. Iker RIvW 

2.1. 	 Downstream Samokov Inefficient operation and maintenane of Samokov and Sorovetz Reconetruction and extension of S-nokov treatment 
tracrtent plants plant. 

Construction of additional treeftnent plant In the region 
o lalteto for the waste watere of Iorovetz 

2.2. 	 Downatreamn of Novi laker Inefficient operation and maintenance of efia end Krsmikovtsi treatment Extension f .!osewage network in the western pert of 
plants Sofia. 
Sofia treatment plant Is overloaded Extension of Sofia trotsment plant end implementation of 

uw-to-date technology.
 
Impro -ement of the operation and ensuring high level
 
maintnsce.
 

2.3. 	 Malak laker river Downstream Etropole; Pollution with heavy metal. and orgenic one; Construction of Etropole treatment plant.
Improvement of Vorotion and maintenance of local 
treatment plants 

2.4. 	 Downstream Eliseina Ore-dressing plant - pollution with SSM and heavy metals Construction of treatment plant 

3. Vit River 

3.1. 	 Vir river, downstream Dolne Inefficient operation of the overloaded Pleven treatment plant. Pollution Construction of 6 nos main collectors and addotional 
Mitropolia from Paper and Sugar factories and from waste waters of Stock- sewers In Pleven. 

breeding farms 	 Construction of a tratment plant. 



Table 3.2.2.1. (cont'd) 
1 

4. Oeem Rie 

4.1. 

5. Iento River 

5.1. 

5.2. 

5.3. 

5.4. 

6. Ruesonekl Lor River 

6.1. 

6.3. 

2 

Osarn river, downstream Troien 

lentre river downstream Gebrovo. 

lentra river, downstream Coma 
Oriahovites 

Rossitso river, downstream 
Sevlievo 

Rossites river, downstream 
Pavlikeni 

Bali Lom river, downstream 
Razgrd 

Tcherni Lor river, downstream 
village Kardam 

Russeneki Lor river, downstream 
Russo 

3 

Domestic end industrial waste waters. 


Gabrovo sewege network not comlsted. Gabrovo treatment ,Aont not 

operating with full capacity. 


Inefficient operation of Voliko Turnovo treatment plant. 

Pollution of domestic and industrial waste waters of Gomm Oriehovitse 

and Uaeskovetz. 


Domestic end industrial waste waters of Sovlievo. 


Domestic end industrial waste waters of Pavlikeni 


Inefficient operation of Rezgred treatment plant; Pollution with the waste 

waters from the Antibiotic Factory. 


Domestic and industrial waste waters of Popovo 


Pollution from domestic and industrial waste waters and of Stock-

breeding farms.
 

4 

Construction of Troian troatment plant.
 

The local treatment plant of Chenical-Pttarrncoutio Plant
 
to be put in operation.
 

Completion of the construction of the sewage network ­
especially the collectors.
 
The sedimentation section of Gobrovo treatment plant to
 
be put in operation.
 

Construction of the needed main collector@ in Valiko
 
Tamovo and putting in operarion its treatment plant with
 
full capacity.
 
Construction of one treatment plant for Gome
 
Onsho4to and Usakovti.
 
Modernization of the Sugar foctory local tretment plant.
 

Construction of Saviievo treatment plant.
 

Construction of Palikeni treatment plant.
 

Reconstruction and extension of Razgrad treatment plant.
 
Completion of the Antibiotic Factory treatment plant and
 
putting it in operstion.
 

Construction o Oopovo treatment plant.
 

Construction of local treatment plant.
 

6.2 



3.2.3 Main Recommendations 

3.2.3.1 	 Adoption by the Parliament and the Government the legal basis for an 

effective water quality protection and water resources management, In order 

to: 

- Install administrative arrangements for a river basin management base on a regional 
financial independence. 

- Establish fees for the use of surface and ground waters as a natural sources and for the 

discharge of waste waters in the natural water courses, sufficient to form special 
financial funds on a regional and on a national level for investment in the drinking water 
supply systems, the sewage systems and the waste water treatment plants. 

- Adopt a set of norms, regulation and standards, harmonized with those of the European 

Community, for the rational use of water resources, the emission of pollutants, the water 
quality in the rivers, the lakes and the underground waters on the basis of the ecosystem 
approach. 

- Establish fines for the infraction of the emission regulations, sufficiently high to 
represent an effective financial tool, which shall be accumulated in the funds on regional 
and national level for investments in water protection facilities. 

3.2.3.2 	 Reduction of the consumption of natural raw water, by means of: 

- Implementation of sprinkling technology of irrigation. 
- Reconstruction of the water supply networks in towns, replacement of the asbestos­

cement and steel pipes with cast iron pipes for the reduction of the losses inthe network. 
- Implementation of up-to-date low water consumption or dry technologies in the 

industries and the feed lots. 

- Local production of domestic sanitary equipment of high quality. 

3.2.3.3 	 Creation of the resources basis for the production of equipnwent for waste 
water treatment plants, for treatment of sludges, for the decrease of 
construction duration, for the production of chemicals by means of: 

Conversion of some of the military factories with high-tech equipment, possibilities for
 
high quality production and qualified personnel.
 
Joint-venture companies with foreign companies having considerable experience and
 
good references.
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3.2.3.4 	Creation of a national center for training and post graduate specialization In 

water resources management, for drinking water supply system management, 

for efficient waste water treatment plant operation, for strong water quality 

control. 

3.2.3.5 	 Implementation on a regional and national level of a strategy for reducing the 

quantity of the waste waters 6ischarged in the natural water courses and to 

Improve their quality, by means of: 

- Introducing in the industries the recycling of the waste water and the use of treated waste 

waters for irrigation. 
- Creating a local production of water-meters of all ranges and their installation for each 

user, both for the raw or drinking water supply and for the waste water. 
- Reconstruction of the treatment plants in operation to achieve their designed 

effectiveness. 
Completion in priority the waste water treatment plants under construction.-

- Determination by computer models the most polluted reaches of the rivers and the 

emissions with maximum influence on the water quality, in order to install there 

treatment facilities with an instant effect. 

- Reduction of the use of chemical fertilizers in the agriculture and increase the use of 

manure from the breeding farms. 
- Creation of up-to-date deposition sites for wastes, classified and separated by the kind of 

wastes, with treatment facilities for their drainage waters. 

3.2.3.6. 	Construction Priority of Treatment Plants at Stage I 

We propose treatment plants to be constructed in the following order: 

1. Sofia-Samokov Treatment Plant 

2. Gorna Oriahovitsa Treatment Plant 

3. Lovetch Treatment Plant 

4. Trojan Treatment Plant 

5. Michailovgrad Treatment Plant 

6. Pleven Treatment Plant 

7. Razgrad Treatment Plant 

8. Veliko Turnovo Treatment Plant 

9. Gabrovo Treatment Plant 
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1. ASSESSMENT OF WATER POLLUTION IN PART OF THE DANUBE RIVER
 

BASIN
 

The prevailing part of the Slovak territory, covering an
 

area of 47 061 km2, belongs to the Danube river basin. See Fig.
 

1. In addition to the proper interbasin of the river Danube on
 

our territory there are also other contributory sub-catchments of
 

the rivers Morava, Vah, Nitra, Hron, Ipel, Slana, Bodrog, and
 

Hornad. They are illustrated in Fig. 2. Tab. 1 shows the basic
 

characteristics of respective river basins. The average annual
 

runoff from the territory amounts to 11. 956 million m3 of water.
 

The main part of the Danube basin is on the left side of our
 

territory, and only a small part lays on the right side. The
 

Danube flows to our territory from Germany and Austria. The
 

present Danube is formed by the confluence of two streams, the
 

Grigach and Grag, originating ir the Schwarzwald Mountains in
 

Germany. The Danube flows through a reach of 2 857 km, the total
 

drainage area being 817 000 km2. Its Slovak interbasin covers an
 

area of 3165 km2, the length of the watercourse being 172 km.
 

Downstream of Bratislava the Danube is separated into three
 

branches. One of them, the Little Danube, branches north, forming
 

the Little Danube Island, with an area of 1200 km2, and after
 

about 100 km joining the main river again at Komarno.
 

Within the territory of the Danube basin occur the most
 

abundant supplies of fresh groundwater not only in CSFR but also
 

in central Europe. Thus, the Danube has an immense importance
 

with respect to the protection of the environment and improvement
 

of the quality of life. The groundwater supplies of the Little 

Danube Island, available for abstraction of drinking water, 

amount to 16-22 m3/s. It is a volume, which is continuously 

recharged by bank infiltration from the Danube river channel.
 

During low discharges about 30 m3/s. groundwaters, at higher
 

water levels it is up to 210 m3/s. The quality of the Danube
 

water is even nowadays relatively good. Within the Danube river
 

channel and its flood plain a system of islands had been created,
 

being also an important resource of groundwater. The first
 

municipal water supply system in Bratislava was constructed in
 

1886 on the Sihot Island and even at present about 1200 1/s of
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good quality drinking water have been abstracted from this
 

resource. The town Kowarno is supplied in the same way.
 

The territory of the Danube island will experience
 

a significant economic development. The industry has been
 

concentrated chiefly in Fratislava, in a smaller extent in
 

Komarno, Sturovo and Dunajska Streda. The territory represents
 

the large agricultura.l region with a developed agricultural
 

industry. A drainage canal network has been constructed, draining
 

the internal waters of the Danube Island into the drainage
 

pumping station (11 pumping stations).
 

1.1 Description of the river and its tributaries
 

1.1.1 The River Danube
 

The Danube enters our territory at the confluence with the
 

river Morava at the Devin-Gate below Devin Castle (km 18888.2),
 

and leaves it at the mouth of the river Ipel (km 1708,2). The
 

main tributaries of the Danube on our territory - the rivers
 

Morava, Vah, Hron and Ipel - will be eValuated separately in the
 

following chapter. Also the tributaries Slana, Harnad, Bodva and
 

Bodrog, have been evaluated. They spring on our territory, flow
 

through it, but enter the Danube outside our territory.
 

The Danube forms the Austrian-Czechoslovak border on a reach
 

172 km long, its length in our territory is only 7.5 km. The
 

catchment area is 3165 km2.
 

According to geomorphological conditions the river basin is
 

divided into the flat-land section (the Danube Lowland), and
 

mountainous section. The highest slope-from 0.4 to 0.35 o/oo-has
 

been recorded from the fault gab through the Alpine-Carpathian
 

flysh zone upstream of the Devin Gate down to Palkovicovo. Then
 

the gradient decreases, at the mouth of the river Ipel being only
 

0.06 o/oo. The turning point occurs at Palkovicovo, where due to
 

decreasing flow rate considerable sediment volumes are deposited
 

causing formation of fords and ramifications. About 450.1003m3 of
 

gravel and sand are deposited annually in this reach. The Danube
 

has a large specific runoff rate (at Bratislava 15.61/s) due to
 

its Alpine character upstream of Bratislava. The periodicity of
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flood water occurrence is shown in the following table:
 

Tab. 2
 

Flood water returning once in:
 

1 5 10 20 50 100
 

years
 

The Danube 4450 5900 6650 7400 8400 9100
 
at Sturovo (in m3/s)
 

The long-term average discharge of the Danube in the
 

cross-section Bratislava is 1993 m3/s. and in Komarno 2290 m3/s.
 

Fifty percent of the annual runoff volume occurs in the in the
 

second half of the year, mostly in summer months. The maximum
 

discharge fluctuation in Bratislava is 1:19, and in Komarno
 

1:13. The lowest discharges occur in winter months, the lowest
 

discharge measured in Bratislava was 570 m3/s. (December 28th,
 

1948). Flood waters occur on the b6 nube regularly in the summer.
 

The highest flood with a flow rate of 10,400 m3/s. was recorded
 

in 1954 (July 15th, 1954).
 

The completion of the construction of water schemes on the
 

Danube will change the hydrological features of the region, and
 

the river channel itself.
 

The catchment of the Czecho-Slovak reach of the Danube
 

represents an irreplaceable natural treasure. It provides
 

abundant water resources of relatively good quality drinking
 

water, irrigation water for large-area irrigation projects, and
 

for agricultural production and also water for extensive
 

industry. The Danube is our largest waterway. Though, it conveys
 

annually tons of gravel and sand.
 

1.1.2 The major Danube tributaries in Slovakia
 

The Morava River
 

The catchment of the lower Morava on the Slovak territory
 

covers an area of 2283 km2, the length being 114.0 km. The slope
 

of the Morava is relatively even and small, about 0.3 o/oo, down
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to the mouth 0.18 o/oo. Following tributaries join the Morava in
 

Slovak territory: Chvojnica, Myjava, Rudava, Malina. The highest
 

discharges occur usually in March, the lowest in June and
 

September.
 

The reservoirs were constructed in this catchment (Kunov and
 

Bukova), and 15 ponds.
 

The River Vah
 

The river Vah is the longest water course on the Slovak
 

territory. The total length is 403 km, catchment area 11,625 km2
 

and the bottom slope about 4.5 o/oo. The Vah catchment has
 

a prolonged shape and significant differences in height. The
 

highest point is at the altitude 2494 m, the lowest at 107 m. The
 

afforestation of the catchment amounts to 43%. Seventy-six
 

gauging stations are in operation monitoring the water stages and
 

measuring water discharges in the catchment. The Vah upstream of
 

Zilina is completely trained, downstream of Zilina a cascade of
 

water schemes - hydropower plants had been constructed. Fourteen
 

reservoirs were built in the catchment.
 

The Nitra River
 

The drainage area of the Nitra is 5,144 km2, the water
 

course length being 197.7 km, and the mean bottom slope 2.83
 

o/oo. The average annual discharge in the mouth is 25.0 m3/s. The
 

month with the highest streamflow rate is March, and with the
 

lowest one is September. There are 21 gauging stations in
 

operation. The flood waters occur mostly in the spring. The
 

highest flow rates were measured in February 1946, namely 145
 

m3/s.
 

The Hr)n River
 

The Hron springs at the altitude of 934m and enters into the
 

Danube at 102.9 m. With respect to geomorphology the catch.ment is
 

divided into the upper mountainous part, with a gradient of 7.6
 

o/oo, and the lowland part, with a slope of 0.9 o/oo. In its
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lower reach the river has a flatland character.
 

The Ipel River
 

The drainage area of the Ipel is 5,151 km2, from which
 

3,649 km2 are in Slovak territory. The Ipel catchment contains
 

the smallest resources of surface and groundwater. The flow rates
 

are low and very unsteady. In its upper course the Ipel is
 

a torrent stream, having a slope of 3.5-50 o/oo, though in the
 

lowland it is only 1.8 o/oo.
 

The Slana River
 

The catchment of the Slana covers a total area of 11,900
 

km2, 3,181 km2 in Slovakia, with the area of the river Bodva
 

catchment 920 km2. The length of the river down to the national
 

border is 110 km. There are 19 gauging stations in operation for
 

monitoring.
 

The Bodva River is a tributary of the Slana and their
 

confluence is in Hungarian territory. A considerable part of the
 

Bodva's catchment is situated in a region formed by
 

limestone-karat layers, thus influencing the total water-bearing
 

capacity, minimum discharges, and the whole regime of surface and
 

ground waters.
 

The Hornad River
 

The Hornad issues in Slovakia and is 193 km long in our
 

territory, with a catchment area of 4,403 km2. It leaves our
 

country at the national border at an altitude of 160m. The Hornad
 

flows in Hungary into the Slana and then into the Tisza river.
 

The catchment is characterized with considerable differences
 

in height, the highest point being at the altitude 1946m. The
 

afforestation of the basin is 45%. In the upper part of the basin
 

are favorable slope conditions, in the lower part is a small 

longitudinal slope. The monitoring is performed by means of 27 

gauging stations. 
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The Bodrog River
 

The Bodrog arises from the confluence of the Latorica,
 

Ondava and Labrec rivers. The Bodrog extends for a length of
 

about 16km in our country, then leaving it and entering the river
 

Tisza in Hungary.
 

From the total catchment area of 11,356km2 only 7,217 km2
 

occur in Slovak territory. The river system of the Bodrog has
 

a mighty fan shape, thus influencing unfavorably the flood water
 

runoff. The height-zoning of the catchment is rather moderate.
 

The tributaries Uh and Latorica convey to our territory 57 m3/s
 

of water. The highest discharges occur in March, the lowest in
 

September. Thirty-five gauging stations monitor the water stages.
 

1.2 Water quality of the Danube River
 

The quality of the Czechoslovak section of the Danube is
 

formed mostly outside of our territory. According to the oxygen 

consumption this section falls into the Ist-IInd quality class. 

Though respective parameters show differences in the 

cross-section of the stream. It is natural due to the water
 

bearing capacity of the Danube and the length of the course,
 

needed for mixing of water, influenced by tributaries or
 

discharges of wastewaters.
 

On the left side of the river bank upstream of Bratislava
 

the effect of the Morava waters is visible, having higher
 

mineralization, and during the campaign considerable pollution
 

with sugar factory wastewaters. On the right river bank the
 

effect of wastewaters from Vienna has been recorded. In recent
 

years this effect is decreasing, the 02 concentrations and
 

percentage of 02 saturation are nore uniform, the average BOD5
 

and COD-Cr values are better. Over the section Hrusov-Komarno the
 

water quality is steady, showing a lower percentage of 02
 

saturation - belonging mostly to the class II. In the shorter
 

left side section downstream of Komarno the quality is
 

deteriorating due to the effect of the Vah and of the wastewaters
 

of the city of Komarno. Though, in Radvan the quality gets
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stabilized again reaching the class I. A further local quality
 

decreasing occurs at Sturova (south Slovakia Paper and Pulp
 

Industry) to class II. The Danube water quality flowing to
 

Hungary is again stabilized, as far as organic pollution is
 

concerned, to Ist and IInd Class. According to the basic chemical
 

composition pursuant the CSN 830602 the Danube is classified into
 

III-IV class only with respect to its concentrations of solids.
 

The other parameters of the group meet the conditions of the Ist
 

class.
 

Considerable bacteriological contamination of the whole
 

Czechoslovak Danube reach, indicated by coliform bacteria, falls
 

steadily within the range of III and IV class. Petroleum products
 

are also present permanently (sources outside our territory,
 

Slovnaft, navigation, city of Bratislava). Specific
 

contamination, monitored on a regular basis, represent phenols
 

(within reach of Hrosov-Komarno II-III).
 

Sigaificant sources of pollution on the Czechoslovak reach
 

are: Bratislava, with the public sewerage system of the
 

residential area Petrzalka without wastewater treatment,
 

Istrochem (insufficient mechanical-chemical treatment of a broad
 

range of polluting specific organic substances i wastewaters),
 

Slovnaft with a very well operated chemical-bio& gical wastewater
 

treatment plant, municipalities Komarno and Sturova. For the
 

Danube river, a water body of a high waterbearing capacity, the
 

cities Komarno and Sturova are not of great importance with
 

respect to the water quality regime. From the Hungarian territory
 

flow into the Dr-ube probably wastewaters from the petroleum
 

industry Szony, bauxite industry Almasfuzio paper industry
 

Labat., factory Viscoza in the complex Ostrihom (actual
 

information are not available) (see Annex 2 and 3).
 

Owing to the importance of the whole Bratislava complex, the
 

largest pollution producer, discharging into the receiving waters
 

9,800 tons BOD5 in 1990 (in addition to specific contaminants,
 

present in wastewaters from extensive industrial production) it
 

is urgent to complete the biological stage of the wastewater
 

treatment plant in Istrochema, to decrease the contamination of
 

cooling waters from Slovnaft (receiving stream the Little
 

Danube), to interconnect all collectors of the left side part of
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the residential area to the central wastewater treatment plant at
 

Vrakuna (receiving stream the Little Danube) and last but not
 

least to complete the construction of the wastewater treatment
 

plant for the urban area Petrzalka.
 

The qualitative regime of the Danube calls for the
 

extraordinary attention not only as an international water
 
course, but also with regard to its prime role as the source of
 

bank infiltration into groundwaters.
 

1.3 Water Quality of the Tributaries
 

The quality regime of the Slovak section of the Morava,
 

continually influenced by pollution sources in Bohemia and
 

Austria, together with left side tributaries, is unfavorable
 
(III-IV class). Main pollution sources are situated on the
 
tributaries of the Morava - residential agglomerations Myjava,
 

Malacky and Senica, with dominant industrial-municipal pollution.
 
The receiving stream, taking directly wastewaters from Senica
 
- the brook Teplica - has the characteristics of a sewer. In
 

spite of considered measures (new municipal wastewater treatment
 

plant, reconstruction of the existing wastewater treatment plant
 

in the factory Slovensky hodvah (Slovak silk), the water quality
 
in the Teplica brook would not attain adequate water quality.
 

In the sub-basin of the Vah is decisive the effect of 10
 

industrial-residential regions, discharging chiefly organic
 
pollution, from which the wastewaters discharged from Ruzoaberok,
 

Zilina, Trencin and Hlohovec, with the factory Slovlik
 

(distillery) in Leopoldov, cause that about 50% of the monitored
 

streams fall into the quality class III-IV. The worst water
 

quality in the Vah was determined in the section Trencin-Nove
 

Mesto n/Vahom (IV), and extremely contaminated are the
 

tributaries of the lower Vah - the Trnavka, Dudvah, and Cierna
 
Voda. In the last year a slight improvement of water quality had
 

been recorded in the upper reach of the Vah, where the limitation
 
of pollution from Ruzomberok and Zilina had a positive effect.
 

The Vah upstream of Liptovsky Mikulas has an unfavorable quality
 
falling into the Ist class. The municipality of Lipt. Mikulas has
 

an unfavorable effect on the water reservoir Liptovska Mara
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(2,406 tons of BOD5/year), though it does not influence the
 

change in quality class (in the profile Liskova the organic
 

contamination remains within the level of the Ist quality class).
 

Due to their good self purification capacity the streams Orava
 

and Kysuca may be considered as less polluted, falling
 

prevailingly into the Ist class, only with local deterioration to
 

IInd class. The city of Trnava and the sugar factory at
 

Sladkovicova have a decisive impact on the extraordinarily low
 

quality of the Trnavka and lower Dudvah. Low bearing capacity of
 

a
racipients in this region cannot safeguard potential
 

improvement of water quality to an adequate level. The topmost
 

priority in restriction of the pollution of streams in the Vah
 

catchment area is placed upon highly effective operation of the
 

wastewater treatment plant in Zilina, the solution of treatment
 

of wastewater coming from the right-side part of Trencin,
 

construction of wastewater treatment plant for the city Hlohovec
 

(potential treatment of wastewaters from Slovlik, Leopoldov), and
 

abatement to a tolerable level of the pollution in the region
 

Trnava, Sala, Galanta.
 

Among all the subcatchments of Slovakia the water quality in
 

the subcatchment of the Nitra river is the worst. All monitored
 

streams are polluted to the IIIrd-IVth quality class. To the
 

standard organic and bacteriological pollution in the main course
 

from Novaky to the river mouth a high content of dissolved solids
 

is added (II,IV class), having an increasing trend in the flow
 

direction (concentration of residential areas and agricultural
 

activity).
 

For the whole river Nitra the most urgent is a complex
 

treat-ent of wastewaters from the chemical industry (Novaky) and
 

construction of the wastewter treatment plant for the tanning
 

industry at Partizanska, enlargement of the wastewater treatment
 

plant in Nitra and Nove Zamky.
 

The subcatchment of the river Hron - has as a whole a good
 

quality according to the oxygen consumption (mostly I-II class).
 

Though, the bacteriological pollution is extraordinarily high
 

(sometimes at the level of IVth class). Evident, though having
 

a decreasing tendency, is the content of petroleum products,
 

namely downstream of Petrochema, Dubova, as well as downstream of
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large residential areas (Banska Bystrica, Zvolen). Very good
 

discharge conditions of the main stream enable the compensation
 

of the organic pollution, though that is not a reason for
 

neglecting the adequate treatment (including the completion of
 

the sewerage systems construction), especially for such important
 

cities as Banska Bystrica and Zvolen. (In Banska Bystrica 15
 

sewage overflows flow into receiving waters without any
 

treatment). The cities Kremnica and Ziar nad Hrnom are not
 

provided with a wastewater treatment plant for the public
 

sewerage system.
 

As an example of an extraordinarily high stream pollution in
 

this catchment may be mentioned the stream Podluzianka (IV
 

class), the receiving stream of wastewaters coming from the city
 

Levice.
 

The subcatchment of the river Ipel does not belong among heavily
 

polluted ones, especially as far as the organic load is
 

concerned. More unfavorable is the situation an its tributaries
 

(low water bearing capacity of receiving streams and discharging
 

of wastewaters without treatment from residential areas Banska
 

Stiavnica and Krupina), IV class downstream the cities.
 

Improvement of the oxygen regime brought the Krivansky brook into
 

the III class downstream of Lucenec. Though, the bacterial
 

pollution and iron content (washings) are decisive for the total
 

classification (III-IV class). The increase of nitrogen compounds
 

concentrations is also obvious.
 

The subcatchment of the river Slana - the main stream is
 

classified as IVth class and will remain there until the
 

discontinuance of the cellulose production in Gemerska Morka.
 

After introduction of the substitution program of production
 

(envisaged after 1991) a potential water quality improvement
 

should take place. The Slovak Chemical Industry at Hnusta-Likier
 

is the decisive source of pollution of the Rimava stream.
 

Downstream of the municipality Hnusta, which is not yet provided
 

with sewerage system and wastewater treatment plant, the stream
 

Rimava is in the IVth class. Due to the Rimavica tributary and
 

effect of the self-purification upstream of the city Rimavska
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Sobota - the second main source of pollution - the oxygen regime
 

is in the IInd class. Though, this is lat-r deteriorated to IVth
 

class due to this residential area, and its untreated wastewater.
 

In the mouth the river had in 1989 the quality clasF II-III.
 

The subcatchment of the river Bodva - has no significant point
 

resources of contamination, but an increased amount of
 

nitrogenous substances, with peak occurrences in the spring were
 

determined. The oxygen regime is in the range of I-II class.
 

The subcatchment of the river Hornad - The main stream is down to
 

the city Spisska Nova Ves of Ist class quality as far as the 

oxygen regime is concerned. The water quality as far as the 

oxygen regime is concerned. The water quality is indirectly 

influenced in unfavorable way to the public sewer system f Spis.
 

Nova Ves, then by specific substances (heavy metals) from the ore
 

processing industry Krompachy, ( the city Krompachy is not
 

provided with wastewater treatment plant). Wastewaters from the
 

ore mining industry contaminate the brooks Rudniansky and
 

Slovinsky (III-IV). The most heavily polluted streams of this
 

catchment are the Torysa (wastewaterq from the city Presov),
 

downstream of Presov to the mouth of the Hornad IV-III class, and
 

the brook Sokolinsky (receiving part of the wastewaters from the
 

Iron and Steel Works Kosice) IV class. The residential and
 

industrial complex of Kosice also has a negative effect on the
 

water quality in the river Hornad (according to oxygen regime
 

only II class, though with respect NH4+, Fe and bacterial count
 

III-IV class). As to improving the qualitative regime of streams
 

in the Hornad catchment it is necessary to give priority to the
 

solution of pollution sources Presov, Kosice, Spisska Nova yes
 

and Krompachy.
 

The subcatchment of the BodroQ river. According to the organic
 

matter affecting the oxygen regime the most unfavorable
 

qualitative conditions are in the lower sections of the river
 

Lavorec and Ondava (III class), and in streams with low
 

water-bearing capacity. In the Trnavka stream (receiving
 

wastewaters from the complex Trevisov), in Somotor canal
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(receiving wastewaters from Kralovsky Chlmec) the water quality
 

belongs to the IVth class. Significant sources of pollution
 

represent the municipalities Hmenne, Michalovce, Trebisov and for
 

the upper section of the river Topla-Bardejov. Special emphasis
 

should be placed on the industry with specific pollution - i.e.
 

Bukoza, Branov and Chemko, Strazske (Chemko influences through
 

the brook Kyjov also the quality of the Ondava river).
 

1.4 Groundwaters
 

1.4.1 Evaluation, quantity, and utilization of groundwaterg
 

Groundwater is defined as water filling the cavities and
 

voids of the waterbearing rocks. In current water-management
 

practice the term groundwater resources means groundwaters,
 

utilizable technically and economically, or from other reasons,
 

as drinking and process water supply. As far as legislation is
 

concerned those resources are treated wi'hin the scope of the
 

Directions of the Water Act. No. 138/73 zb , in contrast to water
 

resources being managed pursuant to Act 'o. 41/57 Zb. on mineral
 

resources utilization (mine waters), and pursuant to Act No.
 

20/66 zb. on public health (mineral waters).
 

The essential precondition for groundwater utilization is
 

detailed information on its occurrence based on the results of
 

hydrogeological research. Therefore, the data concerning
 

occurrence of groundwater and its capacity for use vary in the
 

course of time depending on the level of knowledge and
 

verification of the abundance and quality of groundwaters, as
 

well as their utilization.
 

The basic unit for evaluation of groundwater resources is
 

the hydrogeological region. It is a territory defined from the
 

viewpoint of geology, structural geology and hydrogeology as
 

a whole, in which prevails the uniform circulation of groundwater
 

of a certain type. Since 1981 a new regi nalization is valid,
 

according to which 140 hydrogeclogical regions are defined. The
 

regions composed of Quatertary, Neogene, Crystallinicum,
 

Mesozoic, Poleogene system and cthers are involved.
 

The state-of-the-art about the completed hydrogeological
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survey of groundwaters in all hydrogeological regions has been
 

processed annually. One of the input data of this processing are
 

the utilizable supplies of groundwaters for respective
 

utilizable portion of groundwater
hydrogeological regions. The 


supplies, determined in each region, represents the quantities
 

approved by the Commission for the Supply classification (KKZ) in
 

corresponding category (in CSFR the categorieL C2, Cl, B, A). The
 

other supplies belong to the category of the professional
 

according to the professional
assessment. The supplies qualified 


assessment are processed on the basis of hydrogeological surveys
 

and their results, which have not been submitted yet for approval
 

to KKZ, on the basis of general knowledge of hydrogeological
 

conditions. This processing of utilizable supplies provides an
 

image of the distribution of groundwaters over the territory
 

based on the present level of knowledge about hydrogeological
 

conditions and the feasibility of their utilization in water
 

management.
 

The utilizable supplies of groundwater within the Danube
 

catchment area in Slovakia represent the following quantities:
 

supplies approved by the Commission 35,070 1/s
 

qualified assessment 35,492 1/s
 

total in the territory 72,562 1/s
 

The groundwater resources are distLibuted rather unevenly
 

over the Slovak Danube catchment area. Their quantity and
 

potential exploitation are given by the character of existing
 

geological formations, their area spreading; the thickness and
 

permeability create more or less favorable conditions in the 

hydrogeological structure for the formation and accumulation of 

groundwater. 

From the point of view of water supply engineering the 

quaternary groundwaters are of major importance. They represent,
 

together with the limestone-dolomitic complexes (Mesozoic) the
 

main resource of utilizable groundwater for drinking water
 

supply. From the total amount of utilizable groundwaters in
 

quaternary hydrogeological regions they represent 50% of
 

groundwater, and hydrogeological regions of Mesozoic formations
 

12%. The most significant supplies of groundwater occur within
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the Danube Lowland, chiefly in the central part of the Danube
 

Island. Those groundwaters are in the upper part of the Island
 

recharged with waters infiltreting from the Danube river banks.
 

The quantity of groundwate:s of the Danube Island amounts to
 

16.0 m3/s of the category C1, that is 22% from the total amount
 

of groundwaters.
 

Neogene sediments cover in Slovakia rather significant
 

areas, in which alternating permeable and impermeable layers
 

enable the accumulation of artesian waters. Though, the artesian
 

waters do not occur in sufficient quantities, as to be utilized
 

for larger water supply systems. They are used for the local 

drinking water supply. 

In regions composed of neovolcanic rocks and in places of 

tectonic breaches a more significant groundwater accumulation
 

occurs. Those groundwaters are used only for the local water
 

supply.
 

About a quarter of all utilizable groundwaters are waters
 

originating from limestone-dolomitic complexes. For collective
 

water supply following regions may be estimated as suitable:
 

Little Carpathians, Brazov Hills, Cachtice Hills, Povazsky
 

Inovec, Tribca, Strazov Hills, Low and High Fatra, Low Tatra,
 

Choc Mountains, Muran Plateau and Slovak Karst Mountains.
 

The lay-out of utilizable groundwaters does not always
 

comply with water demands. In some regions there is shortage of
 

groundwater resources, in others the assessed groundwater
 

supplies are not utilized.
 

The hydrogeological survey has been, therefore, coordinated
 

and regulated into regions with deficient grounowater supplies.
 

Though, in spite of the fact that the hydrogeological survey
 

cannot keep pace with the requirements of the water management.
 

At present, the regio is with a lower groundwater accumulation
 

characteristics have been investigated. They are composed of
 

nenvolcanic, crystallinic, Paleogene, and Neogene formations. The
 

highar financial costs ensuing from this hydrogeological research
 

are evident.
 

The groundwater quality is more stable than that of surface
 

waters and therefore they are used mainly for drining water
 

supply. The groundwater abstractions are six times higher than
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those from surface waters. Table 3 demonstrates the abstractions
 

from surface and groundwaters with respect to individual consumer
 
*groups. The estimation of groundwater abstractions creates the
 

main basis for a rational water resources development. The Slovak
 

Hydrometeorological Institute has been monitoring groundwater
 

abstractions pursuant to the Direction (Public notice) No.
 

170/75 Zb. According to this notice the organizations withdrawing
 

monthly more than 1250 m3 of groundwater, are required to
 

announce the quantity of withdrawn water. Total withdrawals from
 

groundwaters amounted in 1989 to 21,367 1/s, i.e. 684.1 million
 

m3/year. The balance concerning respective consumer groups is as
 

follows:
 

withdrawals for drinking water supply 15,637 i/s withdrawals
 

for industry 4,029 1/s
 

withdrawals for agriculture 1,701 1/s
 

total 21,367 1/s
 

Selected utilized groundwater resources are designated in
 

Fig. 6.
 

According to the hydrogeological regions occurring in
 

quaternary formations, the water withdrawals amounted to 10,785
 

1/s, in karst formations 4,650 1/s.
 

1.4.2 Quality of groundwaters
 

The majority of groundwaters originating from quaternary
 

sediments is of good drinking water quality with respect to the
 

chemical-physical and biological composition.The groundwater
 

quality is usually deteriorated by the presence of Fe and Mn and
 

by locally increased contents of nitrates and sulfates. However,
 

since the water bearing layers are shallow, and usually
 

unprotected, the groundwater quality is often adversely
 

influenced by industrial and agricultural wastewaters.
 

The well waters in all hydrcgeological regions are of good
 

quality and may be used fro drinking water supply without any
 

treatment. Their mineralization fluctuates according to the
 

contact with the medium. They often contain aggressive carbon
 

dioxide. Waters from karst regions are exposed to contamination.
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The quality of artesian waters is usually good, if higher
 

concentrations of Fe or H2S do not occur. The temperature
 

undergoes changes with the changing depth of the resource.
 

Taking into account the Czechoslovak Standard (CSN) 83 06
 

11, the groundwater of Mesozoic karst formations are of high
 

quality, suitable for drinking water supply, provided they are
 

not negatively influenced by antropogenic effects.
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1.5 Impacts of Water Quality on Uses
 

1.5.1 Drinking water-supply and public water-supply networks
 

Supplying of population with drinking water from public
 

water-supply systems has a direct influence on the standard of
 

living and the development of the environment.
 

The number of supplied inhabitants amounted in 1988 to
 

3,836,000 - 73.1% of the total number of inhabitants. The total
 

water delivery from public water-supply systems increased in
 

1988 by 19 million m3. The most significant increase was recorded
 

for the supply of population. The proportion of water delivery
 

for households is constantly increasing, reaching in 1988 58.8%
 

of the total water delivery from public water-supply networks.
 

The delivery of water from public water-supply systems for
 

the industry is decreasing and is at present about 19%.
 

The development of public water-supply as well as other
 

selected indicators are shown in Table 4.
 

Table 4 

Indicator Measuring 
Unit 1985 1990 2000 

Total number 
of population thousand 5,160 5,331 5,641 

Number of supplied 
inhabitants from 
public water-supply thousand 3,591 3,976 4,809 

Proportion of supp­
lied inhabitants 
from public water 
supplies 69.6 74.6 85.2 

Length of the water­
supply network km 16,392 18,750 22,100 

In accordance with conceptual intentions the following aims
 

are to be followed:
 

1. To obtain in all cities surpassing 20,000 inhabitants a 100%
 

concentration of supplied population by 2000;
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2. to increase in other cities, where public water-supply systems
 

have been provided, the proportion of supplied inhabitants from
 

present 86% to between 92 and 95% by 2000.
 

On the basis of the attained state of supplying population
 

with drinking water it is required that the average increment of
 

supplied population be higher as the average increment of the
 

total number of population, if more than 88% of inhabitants
 

should be supplied from public water supply systems in 2005.
 

The demand for water for public water-supply systems is ever
 

increa-ing as a consequence of population growth. In 1985 the
 

water extraction volume was 523.0 million m3, in 1990 600 million
 

m3, and the projected water consumption for 2000 is 775 to 700
 

million m3. At present the major part of the water demand is
 

covered by the available groundwater (86%). This trend is likely
 

to continue in the future.
 

The development of the drinking water demand is influenced
 

chiefly by:
 

- population growth and increasing proportion of inhabitants
 

supplied from public water-supply systems,
 

- increasing of the specific demand of drinking water,
 

- urbanization,
 

- requirement of drinking water for industry,
 

- requirement of drinking water for agriculture.
 

The computation of drinking water demand up to the year
 

2000 shows a demand of 11,500 1/s as compared with presently
 

utilized resources.
 

One thousand two hundred and ninety-six public water supply
 

systems were in operation in Slovakia in 1986; 931 water-supply
 

systems were managed by the enterprises "Water and Sewage Works,"
 

365 water supply systems were managed by local national 

committees. 

The population of Slovakia is supplied with drinking water 

originating from ground and surface waters. The major part
 

creates the water produced from groundwater 450,102,000 m3 in
 

1986 (i.e. 85% from the total produced volume). Water produced
 

from surface waters amounted to 78,784,000 m3. Average water
 

production falling to one supplied inhabitant was 396
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liters/inhabitant/day, the average household consumption was 188
 

liters/inhabitant/day.
 

Due to the uneven distribution of water resources over the
 

territory with respect to the lay-out of residential areas and
 

cities, a successive interconnection of respective water supply
 

systems occurred, creating larger operational units - the group
 

water supply and waterworks systems.
 

1.5.2 Water resources for public water supply systems
 

a) Groundwater resources
 

According to present knowledge of hydrogeological conditions
 

the groundwater resources are divided into two categories:
 

verified and undeveloped water resources and potential water
 

resources. It is to be emphasized that the level of the survey of
 

hydrogeological conditions is not in respective regions equal.
 

The uneven distribution of available water supplies is connected
 

in the prevailing part of the territory with a limited
 

possibility of adequately meeting the drinking water demand from
 

local resources. Therefore, a successive construction of
 

long-distance water supply systems has been realized. Available
 

volumes of groundwater resources designed and envisaged for
 

utilization up to 2000 amount to 12,992 1/s.
 

b) Surface water resources
 

On the basis of the water demand balance, utilized and
 

suggested groundwater resources for respective water supply
 

systems, or group water supply systems the requirements for
 

surface water resources have been computed.
 

Following water-supply reservoirs are in operation: Hrinova
 

on the Slatina river, Klenova on the Klen. Rimava, Nova Bystrica
 

on the Bystrica, Bukovec on the Ida, Starina on the Cirocha. The
 

following reservoirs are under construction: Nova Bystrica and
 

Melinec. For potential future use, six water reservoirs have been
 

investigated and designed for realization.
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1.5.3 Development of public water-supply systems
 

According to the solution of respective group water-supply
 

systems and waterworks systems it is possible to meet the
 

consumption demands usually only by means of long-distance water
 

supply systems., in various periods and from different resources.
 

In Slovak territory eleven territorially and technologically
 

delineated water-supply systems are in question, which will
 

supply 3.6 million inhabitants with water by the year 2000. They
 

are as follows:
 

1. Municipal water supply system of Bratislava (see Annex 4)
 

2. Danube water supply system
 

3. Little Carpathian water supply system
 

4. Trencin water supply system
 

5. Northern Slovakia water supply system
 

6. Vah river-basin water supply system
 

7. Upper Vah water supply system 8. Central Slovakia water supply
 

system
 

9. Tu nieco chyba
 

10.Roznava water supply system
 

11.Bodrog basin water supply system
 

In territories which are not included in any water supply
 

systems, the commun,-ies would be supplied by local water supply
 

systems.
 

For meeting demands, posed by the public water-supply
 

systems, there are at the disposal stores of water in water
 

resources, though, they have to be protected with regard to their
 

quality and amount. Also the conditions of their exploitation are
 

to be specified.
 

The development of the public water-supply systems in a part
 

of the Slovak territory is presented in Fig. 14.
 

1.5.4 Conditions for the realization of conceptual intentions
 

1. A decisive ;undition for safeguarding the adequate,
 

uninterrupted supplying of population from the public water
 

supply systems is to build, together with the investment
 

construction, also the missing capacities of water resources, new
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sources of accumulation, to perform reconstruction of existing
 

resources capacities as to reach a higher technological level. It
 

is necessary to develop water management capacities, taking into
 

account the further development, the occurrence of extreme
 

hydrological conditions and unfavorable water quality
 

development.
 

The worked-out investment program for the development of
 

public water supply and sewage works systems is based on the
 

following investment costs:
 
Table 5
 

Structure Volumes in millions of Kcs
 

1991-1995 1996-2000 2001-2005
 

Water supply systems 6,388 6,744 7,690
 

Sewage systems 8,005 6,437 5,852
 

from that wastewater
 
treatment plants 4,685 3,372 2,283
 

Total 14,393 13,181 13,542
 

The submitted investment cost corresponds to price relations in
 

1989. Due to inflation of the Czecho-Slovak currency it is
 

necessary to consider higher costs.
 

2. EMISSIONS AND DISCHARGERS
 

2.1 Overview
 

The qualitative regime of surface waters is significar"ly
 

affected by the hydrological conditions of the respective stream
 

and by antropogenic impacts represented by multitude of
 

substances originating from point and areal sources of
 

contamination.
 

Within the Danube basin considerably contaminated sections
 

of streams were observed only downstream of larger industries on
 

the rivers Vah, Nitra, Hron and Little Danube in the period
 

1948-1954.
 

Over the period 1954-1960 successive deterioration of water
 

quality in streams was observed due to the growth of industrial
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production without adequate disposal of pollutants contained in
 

wastewaters.
 

In the 1960s after a slight decrease in the pollution growth
 

(already constructed wastewater treatment plants and legislation
 

contributed to some improvement), again a progressive
 

deterioration was observed due to municipal and industrial
 

pollution sources and developing agricultural production. This
 

trend was slowing down in the first half of the 1980s due to
 

partial reduction of pollution discharged from some large
 

industrial plants (Slovnaft, Slovak Paper and Pulp Industry,
 

Ruzomberok, Petrochema, Dubova, Biotika, Slov. Lupca), though the
 

contamination from municipal sources increased (development of
 

public sewage systems, including connection of industrial sources
 

belonging to the residential areas).
 

The period after 1985 may be generally characterized by
 

a steady unfavorable conditions as far as organic pollution of
 

streams is concerned pursuant to the evaluation of the CSN
 

830602, expressed by means of oxygen regime indexes. From
 

a length of about 3400 km of evaluated streams about 28% fall
 

into the quality class III-IV according to the organic
 

pollution.The increasing of bacterial contamination is also
 

evident, resulting from the concentrated municipal wastewaters
 

namely in streams downstream of large residential areas (IV
 

quality class). Over a longer period (10 to 15) also the increase
 

of nitrogenous compounds - nitrates was determined, the surface
 

waters falling prevailingly into the I to II quality class by
 

that time.
 

The total pollutant load of streams originating from
 

wastewaters, expressed by means of quality indexes (e.g.. BODS,
 

solids coliform bacteria), is according to the CSN 830602 always
 

extraordinarily high.
 

Since in the past the estimation of surface water quality
 

was based on the criteria of the CSN 830602 it is purposeful to
 

continue in this way also in the following discussion on the
 

qualitative regime of the Danube basin. Only for illustration the
 

Annex 1, giving the classes of water quality in selected profiles
 

for the years 1985 and 1989, shows also the evaluation according
 

to the CSN 75 7221 for the period 1989 to 1990.
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A partial orientation in the surface water quality
 

enables the
classification according to the both standards 


following characteristic of quality classes, though the methods
 

of evaluation and ranges of indexes are different:
 

CSN 830602 - quality classes CSN 757211 quality classes
 

I.a very clean water I.
 

I.b clean water II.
 

II. contaminated water III.
 

III. heavily contaminated water IV.
 

IV. extremely contaminated water V.
 

The dependence of the qualitative stream regime on the point
 

source of pollution is important - i.e. producers of wastewaters,
 

having a negative impact on surface water quality. It is,
 

to this phenomenon
therefore, necessary to focus attention also 


in characterizing water quality of streams.
 

wastewate
The following table shows the total amounts of 


-
and harmful substances expressed in standard indexes of
 

pollution - influencing negatively the resources and the quality
 

of streams in the Danube basin.
 

Table 6
 

INDEX Measuring unit 1985 1989 1990
 

Volume of dis­
charged wastewater mil. m3 1192 1257 1178
 

244 -
BOD5 produced thousand ton 249 

discharged 142 97 97
 

528 539 ­COD-Cr produced 

discharged 265 233 235
 

1111 488 -
Solids produced 

discharged 151 103 97
 

Dissolved inorganic
 
- - 550salts discharged 


The discharged pollutants contributed to the fact that in 1985,
 

2528 km of streams were contaminated to the quality class
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III-IV, (water quality according to oxygen regime shown in Fig.
 

3), and 2663 km of streams in 1989 (water quality according to
 

the group of indexes of the CSN shows Tab. 7.
 

Table 7
 

Index Water quality classes according to CSN 830602
 

Total length of streams (in km), 1989
 

I. II. III. IV.
 

Oxygen regime 1139 1067 735 405
 
basic chem.comp. 242 706 1261 1137
 
specific 166 717 1117 1346
 

Main producers, discharging in 1990 into the surface waters
 

pollution expressed by the amount of 200 t. BOD5, 400 t. COD-Cr,
 

and 300 t. solids, and their concentration in selected localities
 

of Slovakia are given in Fig. 4 and Annex 5.
 

The classification of selected profiles according to all 3
 

groups of indexes of the CSN 830602 for the years 1985 and 1989
 

is in Annex 1.
 

The effect of pollution according BOD5, discharged into
 

streams in 1989 by selected producers of wastewaters show the
 

diagrams - schematic longitudinal profiles - Fig. 5. At the same
 

time they indicated the degree of urgency to impose limits to the
 

negative effects of those sources, influencing the quality regime
 

of respective receiving streams, The prognosis of water quality
 

improvement, provided the realization of effective wastewater
 

treatment, is also presented.
 

Note: the symbols "d" and "e" used in the longitudinal profiles
 

mean:
 

d - insufficient water bearing capacity of the stream eo
 

- water supply stream
 

el - effect on groundwaters
 

e2 - effect on reservoirs
 

e3 - water utilization for irrigation
 

e4 - border stream
 

e5 - utilization of water for industry
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e6 - utilization of water for recreation
 

2.2 Municipal Dischargers
 

Development of public sewage systems is one of the basic
 

preconditions for the accelerating and increasing urbanization,
 

for surface and groundwater protection, improvement of water
 

quality in water resources and water courses, for healthy
 

residential areas and environmental protection.
 

The development of public sewage works in 1985 (expressed as
 

the proportion of users of public sewage works) attained 46.2% of
 

the total number of inhabitants, showing a considerable lag
 

behind the needs. The development of sewage works has always been
 

delayed as compared with the development of public water supply
 

systems Tab. 8.
 

Review of the delayed development of public sewage systems
 

as compared with public waterworks in (%)
 

Table 8
 

Indicator 1985 1990 2000
 

Proportion of
 
supplied inhabitants 69.6 74.6 85.2
 

Proportion of inhabitants
 
connected to sewage drains 46.2 50.3 61.3
 

Delay 23.4 23.4 23.9
 

The development of public waterworks and water supply
 

systems proceeded always ahead of that of sewerage systems, since
 

the demands for drinking water-supply were always more urgent.
 

The structures of ecological characters, which should have
 

followed, were always postponed, not having such priority
 

(sewerage networks and wastewater treatment plants). The length
 

of the sewage network was 4,684 km in 1985, that means, that to
 

one user f public sewage system falls -1.97 m of canalization
 

mains. The development of the public sewage networks is given in
 

Table 9.Mostly combined sewage systems prevail in cities. Some
 

smaller cities have group sewage scheme together with the
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wastewater treatment plants. With increasing number of people
 

connected to the public sewage system also the volume of
 

wastewaters discharged into the public sewage system is
 

increasing. In 1985 it amounted to 441.6 million m3/year. Larger
 

industrial plants began to discharge their wastewaters into the
 

public sewage system and at the same time they started with
 

construction of common wastewater treatment plants (Ruzomberok,
 

Zilina).
 

Characteristics of selected indicators of the development of
 

public sewerage systems
 
Table 9
 

Indicator measuring unit 1985 1990 2000 

Number of inhabitants 
in houses connected 
to public sew. systems thousand 2,382 2,683 3,460 

Proportion of inhabi­
tants-users of pub. 
sew. sys. 46 50 61 

Volume of wastewaters 
discharged into pubi. 
sewerage system mil.m3/year 441 486 695 

Volume of treated 
wastewaters mil.m3/year 339 420 628 

Length of the 
sewage network km 4,684 5,163 6,189 

Te portion of treated wastewaters has an increasing trend,
 

though, the treatment efficacy is low. Only 30% of wastewaters
 

are treated with adequate efficacy. in 1985 there were 160
 

municipal wastewater treatment plants in operation, 118 of them
 

with the biological treatment stage. From the total number of
 

regional cities (77), fifteen were not provided with wastewater
 

treatment plants in 1985. Themajority of treatment plants are
 

overloaded and cannot meet the required values of pollution
 

removal. The terms of wastewater treatment plants construction
 

are not held.
 

The public sewage network is one of the point pollution
 

sources. Since the growth of contamination in recent years was
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not accompanied with the parallel construction of waste-water
 

systems contribute to the
treatment plants the public sewage 


considerable deterioration of water quality in. streams and thus
 

also to the degradation of the environment. The contribution of
 

public sewage networks to the discharge of pollution was about
 

40%.
 

Solution of the development of public sewage systems
 

The further development of public sewage systems is to be
 

carried out with the aim to decrease the time lag, experienced up
 

to present in construction, as compared with that of waterworks
 

and water supply systems. It is necessary to pay attention to the
 

liquidation of decisive pollution sources, to provide the
 

drainage and treatment of wastewaters for the complex residential
 

of public sewage
construction and to ensure the development 


networks also in smaller but significant cities.
 

A program of construction of selected structures of public
 

sewage systems and municipal wastewater treatment plants has been
 

drafted, containing all suggested activities, with the year of
 

starting the construction, and its completion, and necessary
 

funds. The investment costs are given in Table 15 (the chapter
 

about the development of water supply network). These investment
 

costs are at the price level of 1989. With respect to the
 

inflation of our currency they are not representative.
 

2.3 Agricultural and Animal Husbandry Emissions
 

2.3.1 Areal pollution
 

In 1980-1985 the water research institute, Bratislava had
 

dealt with the research task concerning the close relationship
 

between the intensive agricultural production (chemization,
 

concentratVon of plant and animal production as well as food
 

industry) and the quality of surface and groundwaters.
 

The survey and research was carried out for three
 

representative regions (the sample catchments on the Moldava
 

Lowland, of the river Ipel, and of the lower Zitava river), the
 

30
 



different soil types being taken into consideration so as to be
 

able to apply the results also for other regions of Slovakia.
 

Based on the research results individual realization outputs
 

were worked out:
 

for monitoring the effect of agricultural
- Unified methods 


contamination on the quality of surface and groundwaters,
 

- Guidelines concerning the application of agrochemicals in
 

Slovak territory with respect to water quality protection,
 

- Introduction of the control of water contamination caused by
 

agricultural production.
 

From the basic nutrients N, P, K, the washing out of
 

phosphorus and potassium has only a minimum share in the negative
 

impact on the hydrosphere (K is washed out only in a minimum
 

out at all, found to the
extent, P is not washed it is firmly 


soil-sorption complexes).
 

The decisive share in hydrosphere pollution by areal
 

nitrates due to their inadequate
agricultural production have 


application and high dosage of nutrients into soil.
 

While the elutriation of nitrates from organic fertilizers
 

does not exceed the value 5%, the elutriation of nitrates from
 

mineral fertilizers is usually considerably higher and is
 

dependent upon several decisive factors (i.e. organic matter
 

percentage in soil, soil type, its physical and chemical
 

nnd periodicity of
characteristics, crop rotation, quantity, 


as as the season of the year,
fertilizers application well 


moisture and temperature condition, etc.).
 

Released nitrates are washed into surface waters (the 

process is effectively enhanced by surface areal erosion), or 

infiltrate into groundwaters. 

The results of the evaluation, as well as the comparison of 

the intensities of nitrate/nitrate/accessibility show that it is
 

an ecologically very sensitive soil characteristic, and any
 

regulation with nitrogen fertilizers is to be performed with
 

respect to soil-ecological conditions. Essentially that means,
 

the localities with lower fertility need application of more
 

nitrogen fertilizers for plant nutrition than highly productive
 

localities. Though, very often those aspects are not taken into
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account in agricultural practice and excessive amounts of
 

fertilizers are applied causing heavy pollution of surface and
 

groundwater.
 

Over a period of four monitored years in three localities an
 

overdose of nitrogen application was determined in the range from
 

21 kg/ha to 146 kg/ha (locality Dvory n/Zit).
 

When the fertilization with nitrogen is managed in this
 

manner, surplus amounts of nitrogen in soil are accumulated,
 

which the soil is not able to accept into the organic mass and
 

preserve in the form of stores for a further growing period.
 

In 1982 - 1984 the hygienic service of Slovakia found in
 

drinking waters up to 200 mg/l of nitrates and in some regions
 

more than a half of the samples surpassed the value laid down by
 

the standard, 50.0 mg/l. Also the standard for nitrites (0.1
 

mg/l) was exceeded, in some cases even five times.
 

On the basis of survey and research results it may be
 

stated:
 

- The highest nitrate concentrations occur in drainage waters in
 

spring, 5 to 20 times higher than the natural background.
 

- The largest amount of nutrients (nitrates) get into surface
 

waters (washing out, erosion processes), and groundwaters
 

(infiltration) in the spring (the end of February - April).
 

Usually the concentration of nitrates in surface waters increases
 

proportionally with the discharge flow rate (so with the
 

increasing discharge does not occur a dilution, but
 

a concentration increase due to more intensive washing away).
 

- Surface water contamination increases in the downstream
 

direction (increased concentrations of soluble salts of nitrates,
 

ammonia, organic matter).
 

- Decisive factors influencing the intensity of salts elutriation
 

from soil (especially nitrates) and also washing away of
 

materials (erosion processes), are the fertilizer doses,
 

intensity and distribution of precipitation, irrigation, zoning
 

and gradient of the terrain, crop rotation, type of crops etc.
 

- Groundwaters in the studied sample catchments showed high
 

concentrations of nitrates (over 50 - 120 mg/l), due to the
 

long-term infiltration processes and application of high doses of
 

mineral fertilizers.
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The investigation of the occurrence of heavy metals - trace
 

elements (Hg, Pg, Cd, Cu, Zn, Cr) revealed that they occur in
 

lower concentration in water as stated by the CSN 83 0611, or by
 

the Direction No. 30/1975 Zb. for Surface waters. Though, the
 

results showed an increase of cadmium (Cd) in the stream
 

sediments, in soil and crops, it is therefore desirable to pay 

attention to the concentrations of those substances in the 

future. 

It is evident that the methods of cultivation and 

application of nitrogenous fertilizers in agriculture are to be
 

reevaluated. Testing of various crops showed, that highest losses
 

of nitrogen fertilizers occur in cases of clean cultivated crops
 

(25-28%). Lower losses occur in cases of cereals (6-15%), and
 

minimum losses were recorded in cases of sodded areas.
 

From results obtained it may be concluded that
 

concentrations of the majority of pesticides (in current
 

agricultural practice) is low.
 

The study of pesticide penetration, their residue or
 

products of decomposition, into surface and groundwaters enable
 

to make provisions concerning agrotechnical methods requiring
 

meeting of more stringent criteria in land cultivation and
 

treatment of crops with pesticides in areas significant with
 

respect to water resources development:
 

- In cases of shallow and permeable soils it is necessary to
 

avoid the application of pesticides easily soluble in water and
 

rapidly moving through the soil (especially phenoxycarbonic
 

acid), nitrated phenols, etc.).
 

- In areas with higher erosive soil ablation .(higher than 5.1 mm
 

annually) it is advisable to avoid application of preemergent
 

herbicides.
 

- In areas where the erosive soil ablation is in the range 1.6 to
 

5.0 mm annually, the regulated application of pesticides may be
 

allowed only when simultaneously adequate antierosive measures
 

are provided.
 

It is desirable to formulate more stringent conditions for
 

pesticide application and to establish in practice effective
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control, namely as far as the protected water management regions
 

is concerned.
 

2.3.2 Point pollution
 

Agricultural large-scale animal production - animal farms
 

- may have in certain circumstances (inadequate waste disposal
 

and lay-out of farms and farmyards) a seriously negative effect
 

on surface and groundwaters pollution.
 

The content of ammonia and nitrates in waters may be
 

increased, the oxygen regime deteriorated. Simultaneously also
 

the microbiological contamination, namely in surface waters, may
 

increase, followed by only slight degradation. This contamination
 

is dangerous also for groundwaters, especially in permeable
 

alluvial sediment deposits of rivers. This problem is remarkably
 

serious in cases of large-scale farms, where harmless liquidation
 

of excrements and liquid manure is not adequately provided. New
 

large-scale farms are provided with adequate stable arrangements
 

and already existing have been reconstructed and produce manure,
 

which should be stored on impermeable soils. Within the territory
 

of the Danube basin 3279 animal farms are in operation.
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3. CONCLUSIONS AND RECOMMENDATIONS
 

3.1 Summary Conclusions on Conditions and Trends
 

The territory of Slovakia with its geologic-morphological
 

character and hydrological structure has relatively unfavorable
 

conditions with regard to water storage. The major part of the
 

territory is situated in the Danube basin.
 

Precipitation constitutes the source of all kinds of water.
 

The average annual precipitation total on the territory is 743 mm
 

and the average annual runoff is 11,956 million m3 of water.
 

The majority of Slovak rivers issue on the Slovak territory
 

and flow into the Danube on our territory (the Vah, Hron, Ipel),
 

or they leave it and empty into the Danube in Hungarian territory
 

(the Slana, Bodrog). The rivet Danube represents within the river
 

network the most abundant water resource. Some streams flowing to
 

our territory from the neighboring countries increase the water
 

capacity of Slovak rivers - e.g. the Tisza (385 m3/s), Morava
 

(111 m3/s), Uh (24 m3/s), Latorica (33 m3/s), amounting together
 

with the Danube waters to 2,546 m3/s.
 

The richest accumulations of groundwaters occur in alluvial
 

plains along the rivers. The groundwater supplies are estimated 

at 72 m3/s. 

Surface and groundwaters are utilized for supplying 

population, industry and agriculture with drinking water. In 

1990, water produced for those purposes amounted to a volume of
 

593.0 million m3, 15% of which from surface waters and 85% from
 

groundwaters. The drafts for supplying population with drinking
 

water and for draining the residential areas have been worked out
 

for the whole territory, but they are continually updated and
 

supplemented. The realization of envisaged activities calls for
 

considerable funds, which are not available at present.
 

The quality of the Danube water is influenced by he
 

pollution coming from the upstream countries. According to the
 

oxygen regime parameters the Czechoslovak Danube reach may fall
 

in the quality class I-II. Considerable is the bacteriological
 

contaminr.ion, due to which is the quality class III-IV.
 

Petroleum products are also permanent constituents. Significant
 

35
 

Q 



sources of pollution is the Slovak capital Bratislava, with the
 

public sewage system of the residential area Petrzalka,
 

Istrochem, Slovnaft, and the complex Komarno-Sturovo. See Annex
 

2,3. Water quality of the Slovak rivers has been described in
 

section 1.3 and is fully dependent upon the sources of pollution
 

discharging their wastewaters in many cases without any
 

treatment. In 1990 the discharged wastewaters amounted to 492
 

million m3, from which 87.2% were treated.Current state of
 

treatment plant capacities is inadequate and the solution of this
 

to ensure the
problem would require about 25.0 billion Kcs. As 


most effective utilization of financial costs, envisaged to be
 

spent for the elimination of pollution sources, the Slovak
 

Commission for Environment prepared a draft of priorities in
 

wastewater treatment plan construction for the decisive sources
 

of pollution. (Annex 6) The draft contains 60 most important
 

industrial and municipal pollution sources according to their
 

with regard to
urgency, though in some cases changes may occur 


present development in our country.
 

In addition to the standard expression of pollution using
 

BOD5, the COD-Co, COD-Nn belong also to characteristic
 

indicators, evidencing, for instance along the river Vah
 

downstream of the city Ruzomberok, a decisive effect of residual
 

pollution originating from the paper and pulp industry (IVth
 

class according to CSN 75 7221), together with the presence of
 

river Ondava downstream of
S2-. Similar situations occur in the 


the plant BUKOZA Vrancov, and until the first of January 1992
 

also in the river Slana (Cellulose.Industry Gemerska Horka).
 

As an example of the unfavorable antropogenous effect may be
 

of the river Nitra (Cl-, dissolved
considered the pollution 


matter, Ca2+) caused by the Chemical Industry Nitra; in the upper
 

Nitra catchment area also as occurs, in the lower reach of the.
 

river the major pollutants (Vth class) being nitrogenous
 

substances (N-NH4+, N-N02-).
 

In the regions of ore mining (IVth to Vth class) also
 

presence of Hg, As, Zn has been identified (tributaries of the
 

rivers Hron and Hornad).
 

the evidence of industrial pollution
Presence of phenols as 


and Hornad downstream of Krompachy
occurs in the rivers Rimava 
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and Kosice.
 

Non-polar extractable substances are present practically
 

downstream of all larger residential areas and mainly downstream
 

of petroleum processing industry (PETROCHEMA Dubova, SLOVNAFT
 

Bratislava).
 

Water quality classification is affected in *alarge extent
 

by bacteriological pollution (coliform and psychrophilic
 

bacteria), originating from public sewerage systems, agricultural
 

production, and natural washing off from soils.
 

Finally it may be recommended, that with regard to the
 

protection and utilization of water resources attention should be
 

given to:
 

- systematic monitoring and evaluation of water quality,
 

- quantity and quality of wastewaters from the municipalities,
 

industries and agriculture,
 

- areal pollution originating from agricultural production,
 

- elimination of the pollution by means of construction and
 

intensification of wastewater treatment plants operation, new
 

technologies and updating of the production,
 

- the effectiveness and degree of compliance of legislation and
 

directives as well as their amendments.
 

3.1.1 Systematic survey of surface water quality
 

Since 1963 systematic monitoring of water quality in streams
 

has been carried out. The network of observation profiles is ever
 

increasing, aimed at the systematic control of quality pursuant
 

the values set up by the CSN 830602 (estimation of the surface 

waters quality and its classification). While in 1985, 196 

profiles were monitored, in 1989 the quality was evaluated in 

252 profiles and on 96 streams made possible to characterize the
 

qualitative regime of water over the length of about 3,400 km of
 

streams belonging to the Danube basin.
 

The density of control profiles is not sufficiently uniform
 

until present, the monitoring is concentrated chiefly on the main
 

streams of subcatchments and also as far as the extent of quality
 

parameters is concerned, to be met pursuant to CSN 757221, in
 

force from 1.7.1990 (Classification of surface water quality),
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the optimization of the control network requires up-to-date
 

laboratory equipment, skilled personnel and ensuing costs.
 

3.1.2Systematic investigation of Groundwater quality
 

Systematic monitoring of the groundwater quality aimed at
 

the study of the groundwater quality development, has been
 

carried out since 1982 in selected water resources development
 

areas. Water sampling is carried out from selected sites twice
 

a year (in spring as to record the spring maximum and in autumn,
 

as to record the fall minimum).
 

The monitoring of the groundwater quality is performed in
 

24 regions according to their significance for water resources
 

development and the degree of potential contamination. Following
 

regions are monitored:
 

1. The Danube Island
 

2. Stream sediment deposits of the Nitra river from Novaky to
 

Nove Zamky
 

3. Stream sediment deposits of the Varinka stream from Terchova
 

and sediment deposits of the Vah from the mouth of the Varinka
 

down to Hlohovec
 

4. Stream sediment deposits of the Cirocha from Snina and of the
 

Laborec from Humenne to Budkovce
 

5. Stream sediment deposits of the Ondava from Domasa to Hran
 

6. Stream sediment deposits of the Hron from Hlinik to Zeliezovce
 

7. Neovolcanic formations - Podzamcie, Dobra Niva
 

8. Strazov Hills
 

9. Reservoir Solosnica - Pernek
 

1O.River sediment deposits of the Bodrog and Slovak Karst
 

11.River sediment deposits of the Ipel-Mikusovce
 

12.The valleys of the Kropinica and Litava
 

13.The river sediment deposits of the Roznava, interbasin of the
 

Bodrog
 

14.River sediment deposits of the Hornad from Kosice down to the
 

national border
 

15.River sediment deposits of the Poprad
 

16.Riverine zone of the Danube - Kravany - Sturova
 

38
 



17.River sediment deposits of the Ondava from Svidnik to Iomasa
 

18.River sediment deposits of the Torysa from Porezovicka to
 

Presov
 

19.River sediment deposits of the Hornad from Smizany to
 

Drozstevna n/Hor.
 

20.Turcianska Hollow
 

21.Mesozoic of Low Tatras, river deposits of the
 

Ifron-Brezno-Dubova, southeastern part of High Fatra
 

22.River sediment deposits of the Slana-Safarikovo-Stranska­

-Chanava
 

23.River sediment deposits of the Vah upstream of Liptovsky
 

Hradok and in the Bela stream catchment
 

24.Kysuce Hollow
 

From this survey it may be seen that there are mostly
 

quarternary formations in question, where the groundwaters are
 

the most sensitive to pollution. Each region is estimated
 

respectively. The list of monitored structures concise evaluation
 

of the surface water quality, the hydrogeochemical assessment of
 

the region, and the estimation of water quality as compared with
 

the CSN 75 7111 "Drinking Water" is used for this evaluation. The
 

above mentioned standard was substituted by the CSN 83 06 11. The
 

rcsu!.s of laboratory analyses of groundwater are evaluated
 

according to CSN 75 7111 within the scope of the components given
 

in the mentioned standard.
 

The main criterion of the size of groundwater contamination
 

is the determination of the pollution within the evaluated
 

region. As to be able to compare respective regions this value is
 

given as the percentile part of the region on which the exceeding
 

of threshold values occurred.
 

The results of the monitoring groundwater quality obtained
 

up to the present enable to gain the image on the conditions and
 

development of the groundwater quality in respective regions. In
 

each of the monitored regions certain, physical-chemical
 

composition of groundwaters may be characterized, dependent on
 

the composition of the geological medium and intensity of
 

antropogenic pollution. The groundwater quality over the
 

territory of the Danube basin is unfavorable and it may be stated
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that it is getting progressively worse. The exceeding of values
 

set by the CSN takes place usually in case of Fe, Mn, N03-, NG4+
 

and non-polar of extractable matters. The balance of nitrates has
 

due to the increasing application of
significantly increased 

meeting the
mineral fertilizers. The number of samples not 


standard exceeded 80%. In this connection annual reports of
 

groundwater quality are (annually) published on a regular basis.
 

The managers of those resources - the enterprises Water and
 

Sewage Works, follow the water quality development on their
 

territory.
 

3.1.3 Groundwater quality of selected utilized water resources
 

Evaluation of the water quality of groundwater. From the
 

selected groundwater resources utilized over the period
 

1980-1989 it may be stated that springs mostly have better
 

quality than the wells, situated in river sediment deposits (Fig
 

7). This quality deterioration is evident from the increased
 

hardness (Fig. 8), corresponding to the progressing antropogenic
 

effects.
 

The content of nitrates, demonstrating the effect of
 

At present 726 1/s of supplied
agriculture, is shown i Fig. 9. 


water does not comply with the set up limit values for nitrates
 

and up to 2,320 1/s of water may be dangerous for little
 

children. The general trend of nitrates increasing was assessed
 

in further 1,050 1/s of water.
 

The evaluation of water resources utilized by the
 

over the period
enterprises Water and Sewage Works (YaK) 


based on data of 974 water resources representing
1980-1989 is 


85% of utilized water resources with a bearing capacity about
 

19.65 m3/s.
 

From the total number of groundwater resources 510 are
 

situated in river sediment deposits.
 

The total water quality decreasing in river deposits is
 

expressed 	also in the deterioration of the oxygen regime of
 

and Mn. This situation
groundwaters and increased content of Fe 


is illustrated in Fig. 10. From the total amount of utilized
 

water 1700 1/s having a higher Fe and Mn content, about 1060 1/s
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is treated. Increased content of Mn has been determined in
 

resources with a capacity of 3100 l/s, from which almost 2300
 

I/s are treated and the rest is delivered without treatment.
 

A relatively better quality of groundwater occurs in 

northern parts of the territory. 

Bacteriological contamination of groundwaters presents 

a serious problem. While in 1983 this contamination was found in
 

44% of resources, in 1989 58% were contaminated. This
 

contamination occurs practically only in the
 

northern-mountainous parts of the country (Fig. 11). This is
 

evidently due to the conditions of the groundwater cycle in rocky
 

media and shorter detention time, as compared with lowland
 

regions.
 

The evaluation of water quality in groundwater resources
 

revealed that only less intensive deterioration of water quality
 

has been taking place. The dynamics of water quality decreasing
 

and groundwater resources deterioration is more moderate. The
 

trend of the development of water quality standards exceeding
 

pursuant the CSN 83 06 11 is illustrated in Fig. 12.
 

Since 1991 the new CSN 75 7111 "Drinking Water " has been in 

force. In this connection an evaluation and comparison of water 

quality in 159 groundwater resources was carried out with respect 

to the new standard. The study was performed for selected 

specific organic substances, having a direct or delayed toxic 

effect. Of the studied resources 18% did not comply with the CSN 

75 7111. Petroleum products were found in the largest number of 

resources. It may be stated that water quality with regard to 

specific organic matters usually meets the mentioned standard, 

except for petroleum products. Even if the data obtained give an 

image on the quality of groundwater resources in selected 

localities over the whole territory, and predominantly in regions 

easily influenced, it is urgent to extend those studies to all 

utilized and envisaged water resources. 

The resources situated in alluvium are the main groundwater
 

resources. However, those resources are supplied chiefly from the
 

river bank infiltration, thus being directly dependent on the
 

surface water quality. Even if certain specific conditions are
 

not valid the respective regions have many common
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more
characteristics. Shallow water bearing layers are 


intensively influenced by antropogenic activity, expressed in
 

their qualitative variations, as compared with deep water bearing
 

horizons with a steady regime. However, also the deeper water
 

bearing horizons may be excluded for a longer periods from
 

due to their water quality
utilization for drinking water supply 


deterioration.
 

The groundwater quality development within the Danube Island
 

had been studied since 1979 within the scope of the individuul
 

research works. Since 1982 the water quality in this region has
 

been studied within the scope of a systematic water quality
 

monitoring.
 

The riverine zone of the Danube has been studied and
 

evaluated in more details also within scope of works estimating
 

the influence of the Water Scheme Gabcikovo on the groundwater
 

quality. The chemism of the groundwaters within the riverine zone
 

of the Danube is under the direct influence of the river.
 

Research results obtained from the studies over the period
 

between 1987 and 1990 show that in the course of the studied
 

period the basic chemism of the groundwater has not chenged. An
 

increase of N02-, NH4+, Fe2+, Mn2+ ions, was determined, as well
 

as the decrease of 02. Insufficient 02 content contributes to
 

anoxic conditions, supporting the processes of reduction of
 

chemical substances containing oxygen.
 

3.2 Recommendations
 

3.2.1 Measures for surface water quality protection
 

To improve the present unfavorable state of water quality,
 

emphasis should be placed on:
 

- construction of wastewater treatment plants with high treatment
 

efficacy, extending and reconstruction of existing wastewater
 

treatment plants,
 

- increasing the level of maintenance and operation of wastewater
 

treatment plants
 

- extending the network of control profiles for monitoring water
 

quElity,
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- meeting legal aspects and measures, 

- keep exact water management evidence of data on produced and 

discharged pollution, 

- decreasing the pollution originating from agricultural 

production. 

3.2.2 Measures and recommendations for the protection of
 

groundwater quality
 

The hazard of groundwater deterioration is imminent wherever
 

the potential contamination of groundwater can take place and
 

where no measures are provided for the protection against
 

endangering water pollution. The accidents and splits during the
 

transportation of harmful materials (petroleum products, toxic
 

substances), the pumping, processing and handling and disposal of
 

dangerous wastewaters in the vicinity of groundwater resources
 

represent a major threat to them.
 

From the above mentioned the importance of the water
 

resources protection against contamination and depreciation is
 

evident. It is necessary to consistently control the
 

implementation of all measures and rules notified for the
 

protection of groundwaters.
 

It is urgent to optimize the application of fertilizers and
 

pesticides in agricultural production, to ensure the safe
 

disposal of animal production wastes (farmyards), as well as
 

industrial and municipal waste waters.
 

It is also necessary to solve the task of the protected
 

water supply areas, to continually study the regime and
 

qualitative conditions o water conservancy in concrete protected
 

water management areas. They are represented in Fig. 13.
 

Incidentally and simultaneously with the production of new
 

goods and accompanying materials, dangerous to waters, it is
 

necessary to study permanently the relationships between the
 

environment, pollutants, and water, the transport and dynamics of
 

variations of specific water components within the medium, and
 

their effects on water quality development.
 

In addition to regional protection which is not represented
 

by protected water supply regions, it is necessary to focus the
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attention to already established zones of hygienic protection of
 

actual groundwater resources, which should conserve those
 

resources and the whole hydrological catchment.
 

The established zones of hygienic protection of water
 

resources are to be successively re-evaluated in order to
 

identify their proper purpose, as well as their effect on water
 

quality within the water resource. The results obtained should
 

enable to draft in due time corrective measures which would
 

improve the quality and quantity of the water resource.
 

As to ensure the preventive protection of groundwater
 

it is necessary to provide a systematic control of
resources 


groundwater quality, aimed at hydrological, physico-chemical and
 

bacteriological parameters and specific indicators of the
 

industrial and agricultural pollution.
 

It is therefore necessary to take steps to complete the
 

equipment of hydrochemical laboratories, affiliated to the water
 

management industry, with up-to-date instrumentation and trained
 

personnel.
 

to control on a regular basis the operation
It i important 


and production installations and industry, where harmful
 

materials are used, endangering the groundwater quality. In
 

addition to wastewater treatment it is necessary to adopt and
 

realize a program of measures, including the reconstruction of
 

operation and production facilities, which do not provide the
 

protection of groundwaters.
 

In connection with the enforcement of the new CSN 75 7111 it
 

is compulsory to check all utilized and designated water
 

resources with regard to the content of specific organic matters
 

mentioned in this Standard.
 

With regard to water treatment technology it is desirable to
 

state of and the potential
consider the present water quality 


optimize the water treatment
occurrences of new pollutants; to 


plant operation and draw up supplemental technologies of
 

treatment aimed at elimination of those pollutants; to optimize
 

the operation of treatment plants serving small water resources,
 

negative economic aspects of continuous
since in this case the 


operation result in a failure to meet qualitative parameters in
 

the treated water; to increase the professionalism of the
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personnel of water works and waste water treatment plants.
 

The problems connected with accidental spills and other
 

emergency events on water, in water treatment plants and water
 

distribution are also to coped with.
 

A central data bank is to be established dealing with the
 

data on quality of raw water, water processed and delivered as
 

drinking water, with the aim of obtaining a general view of the
 

quality of groundwater resources.
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ANNEX 2.
 

Industrial-residential complex Bratislava
 

The solution involved balances of wastewaters and pollutants
 

from 13 sources of pollution and evaluation of the water quality
 

in 9 control profiles on wastewater receiving streams.
 

From the complex an average BOD5 pollution load of 281.7
 

g/s is discharged (2.1% into the Morava, or its tributaries,
 

32.5% into the Little Danube, and 65% into the Danube). The most
 

significant pollution producers are: public urban sewer systems
 

of Bratislava, Slovnaft and Chemical Works. From the total amount
 

discharged from the agglomeration Bratislava above-mentioned
 

sources bring 99.4% BOD5 and 94.4% of petroleum products. The
 

enterprise Slovnaft operates a mechanical-chemical-biological
 

wastewater treatment plant for its chemical wastewaters with
 

adequate capacity and efficacy, discharging into the Danube. The
 

enterprise Waterworks and Sewage Systems operates with adequate
 

efficacy the Central Wastewater Treatment Plant at Vrakuna for
 

treatment of wastewaters of the left-side part of the city and
 

residential areas Dolne Hory and Podunajske Biskupice. The public
 

urban sewage system of Bratislava has serious problems with its
 

waste waters (wastewaters from the residential area Petrzalka are
 

the operation of at least
untreated - the term of starting 


already imposed by the "government
mechanical treatment was 


temporary permission to discharge wastewaters
exception" - the 


- was not observed, as
devious from the law on waters (Water Act) 


well as the completion of the construction of the wastewater
 

treatment plant Devinska Nova Ves. Permanent is combined sewer
 

overflowing from the left side of the city, the currently valid
 

sewage order is obsolete or nonexisting as well as the methods of
 

Systems do not
wastewater measurements. Waterworks and Sewerage 


monitor petroleum products in wastewaters, etc.).
 

of wastewaters from the
The mechanical-chemical treatment 


Chemical Works is insufficient (construction of the biological 

treatment stage together with wastewaters segregation is 

envisaged in 1995). 
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Slovnaft: performs the best wastewater treatment in its
 

mechanical-chemical-biological wastewater treatment plant. The
 

waste-waters are then discharged into the Danube, the cooling
 

waters, polluted by petroleum products are discharged into the
 

Little Danube (6.3 m3/s and 6 g/s of petroleum products). Those
 

pollution from the
wastewaters, together with the residual 


would in the future
Central Wastewater Treatment Plant Vrakuna 


(after realizations of ecological measures in the Slovnaft and
 

full-capacity operation of the Central treatment plant)
 

negatively influence the water in the Little Danube.
 

The impact of pollution sources on the Danube water quality
 

is, at present, manifested mainly in the riverine zones of the
 

river (right bank with prevailing pollution from the urban
 

sewerage system Petrzalka, left bank with prevailing industrial
 

pollution). Bacterial pollution would prevail also in the future
 

in the profiles upstream and downstream of Bratislava. After the
 

treatment plant at Petrzalka,
completion of the wastewater 


effective biological final treatment of wastewaters from the
 

Chemical Works including elimination of the whole left side part
 

of the city to the Central Wastewater Treatment Plant (including
 

necessary reconstructions of the sewage system), the effect of
 

the complex of Bratislava would become negligible and tolerable
 

also at variations of the hydrological regime in the river
 

The quality of
downstream of Bratislava (the reservoir Hrusov). 


the Morava will be influenced by the pollution sources of
 

Bratislava only then, when its quality gets substantially
 

improved already upstream of the brook Mlaka. By means of
 

successive connection of smaller pollution sources to the public
 

sewage system also the quality of indirect tributaries of the
 

Little Danube, with low bearing capacity, will improve.
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ANNEX 3.
 

Industrial-residential complex oirKomarno
 

On the average 27.7 g/s of BOD5 flows from the sources of
 

Komarno into the river Vah, more than 50% falling on the
 

pollution from the public sewage system. Converting the load of
 

BOD5 discharge to the Vah, which already upstream of Komarno does
 

not meet according to c90 the admissible criteria pursuant the
 

Government Direction No. 30/75 zb. the passive balance for Q355
 

has even increased to BOD5 = 9.9 mg/102. It is evident, that the
 

city Komarno has only negligible effect on the water quality. The
 

Vah with Konarno decrease the quality in a short left side
 

section of the Danube (organic pollution only within the Ist
 

class of the CSN 83 0602). If the construction of a new
 

mechanical-biological wastewater treatment plant, which will
 

empty into the Danube, would take place in the future, the effect
 

of the Vah would disappear and the impact of pollution from
 

Komarno would become negligible. With respect to stream
 

pollution, Komarno is not an important city. The designed 

envisaged solution (the new mechanical-biological wastewater 

treatment plant) is recommendable from an ecological point of 

cview. 

The following recommendations may be presented for dealing
 

with the problems and shortcomings found in solving both
 

complexes:
 

- for Bratislava the topmost priority is enhanced realization of
 

actions, providing the decreasing of Danube river pollution,
 

mainly in connection with the potential influence of the water
 

quality on the Hrusov reservoir.
 

- the prime objective is to safeguard the consistent measuring of
 

the amount of wastewaters in pollution sources - namely in the
 

more important ones (incorrect data misrepresent the balance
 

expression of the pollution)
 

- equally important is the measurement of flow rates in the
 

receiving stream of wastewaters (at present there are no data
 

available for specific streams like the Little Danube),
 

- it is necessary to extend the register of observed parameters
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of water quality for the needs of evaluation pursuant the CSN
 

757221 on the one hand, and for the identification of specific
 

pollution on the other, 

- to improve the level of documentation of the primary and 

continually-updated data on pollution sources is highly 

desirable, 

- to coordinate the actual handling with wastewaters with
 

respective legal decisions.
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ANNEX 4.
 

The municipal waterworks system of Bratislava
 

As to meeting the drinking water demand of the Slovak
 

capital Bratislava, a waterworks system has been progressively
 

developed. Ten localities of resources are utilized for water
 

supply, eight of them being within the city area with water
 

delivering capacity 2,060 to 2,410 1/s, two localities (Kalinkovo
 

and Samorin) are outside the city area and deliver 750 and 500
 

1/s to the Bratislava municipal waterworks system. The water
 

demand Qmax for the municipal waterworks system of Bratislava
 

until the year 2000 is 4,648 i/s. To meet this demand it is 

necessary: 

- to expand the water resources in the locality of 

Rusovce-Ostrovne Lucky to 2,640 1/s by the year 2000. Also in 

this locality, the application of new technology for water
 

treatment and the construction of a water treatment plant are
 

necessary. In the locality Samorin the water resources should be
 

extended by 1,000 1/s by the year 2000.
 

The total water bearing capacity of resources utilized in
 

this system would reach 6,450 to 6,800 1/s by the year 2000.
 

All waterworks systems in Slovakia are worked out in
 

a similar way.
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Annex 1
 

Water quality in selected cros.s-sections of streams belonging to the
 

Danube basin on the Slovak Territory
 

Quality class according to parameters
Profile
Strem 

oSN 83 0602 	 %SN 75 7221
 

1989-90
1985 1989 


a b c a 	 b c A B C D I 

2 	 3 4 56 7 89 10 11 12 13 14
 

1 Morava 	 Brodik6 III. IV. IV. InI. IV. IV. IV. V. V. - V. 

II.III. IV. IV. 	 V. IV. - V.2 Myjava 	 Kty III. In. IV. 
IV. V. IV. -	 V.

3 Morava Dey.N.Ves III Ii. IV. III. IV. IV. 


4 Dunaj I Bratielava II. III. IV. II. III. IV. V. IV. - IV.
 

i nad r.breh
 
5 Dunj ' 

Ii. In. In. 	 V. V. - V.6 Kali Dunaj 	 Jelka III. III. IV. IV. 
V. IV. - V.

7 kal$ Dunaj 	 Koltrovo IV. II. IV. Ii.III. IV. InI. 

II. IV. IV. III. 	V. IV. - V.
 
8 Dunaj 	 9ttrovo- II. III. IV. 


atred
 
9 VWh 	 Okolift6 1o. 11 11I. In I. II.; III IIn. 1. II. V. 

10 Vkh 	 Liskovi I. II. II. I. In,1 II. II. IV. II. II. V. 

11 Revi'ca 	 Bulomberok III. IV. II. III. IV, ii. V. V. V. V. V. 

III. IV. III. IV. 	 IV. IF. III. V.12 VUh 	 Huboyi IV. IV. IV. 
V. III. V.

13 Orava 	 KraYovamy I. iii.11. I. IV. II. III. V. 

III.
14 Turiec 	 Vrtky IIn. iii.I. In. IV. IV. In. V. V. V. 

IV. II. IV. III IV. IV. IV. IV. V.15 Vh 	 2i4lina mad IV. III. 
V. III. V.16 Kyouca 	 Poval.Chlmed I. III. II.1 I. IV. II. III. V. 

17 Rajaianka 2ilima 1. 111. 111' 1. IV. III. iv. V. III. V. 

18 Vh Hriaov pod IV. III. II.! In. IV. III V. V. IV. In. V. 
nidr. 

IV. V. IV. II. 	 I. V.19. 	 Vdh Novh mesto IV. II. III.1 IV. II. 
mad Vdhom 

20 ViJh Selice iI. II. III III.II. II. IV. V. V. I. V. 

21' Ritra Noky nad II. III, IV*! II. III. IV. IV. IV. II. I. V. 

Z2 Nitra Chalwov In. IV. IV IV.V . IV. V. V. V. V. V. 

231 itrn Lulienk7 X. IV. IV.1 III. IV. IV. V. V. 'In. - V. 

241 litava Dol.Ohaj IV. IV. IV III. IV. II. IV. V. V. - V. 
• pod 	 ' 

IV. III IV. IV. 	 IV. V. IV. III. - V.250 Eitra Nov& Zd7ky IV. 


26; Hron Salkovw III. IV, IV.' II. IV. IV. III.ni1. V. - V.
 

27, Hron 	 Zvolen II. II. IV II. IV. IV. III. V. I. V. V. 

28i 	 R.on iar n/Hr. I. II. III IIIIV. InI. III. V. I. - V. 

Iron Kamein I. III. IV II , IV. IV. III. IV. II. - .29 i 
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2. 3 4 5 6 7 8 9 110 11 12 13 14 

30 Ipel' Hollia II. III. IV. IV. IV. IV. IV. V. II. - V. 

51 Ipel' Slov.baraoty' II. IV. IV. II° IV. III.: III. V. II. 	 - V. 

A2 S1azA totovo IV. IV. IV. IV. III. IV. V. I11. II. 	 - V. 

33 Slaz Lenaztovce IV. lV. IV, IVo II. III. V. III. II. 	- V. 

34 Rimava Vlky;a II. IV. IV. III III. III. III. IV. III 	 - V. 

-35 Bodva HoStovce I. IV. III. I. IV. III III V. IV. IV. 

36 Horrd 	 Spit.N.Ves- III 11l.111. III. IV. IV. III. V. III - V. 

pod. 

III IV. IV, II. IV. IV, III. V, IV, V, IV,

37 Horndd 	 Krompachy 


pod 

38 Hlilec prit.do VN I. 1111111. I IV, IV, II. V. II. II. IV, 

Pre6in 
II. V. III. V. III.

39 Horzxd Tahanovce . IV. III. I. IV. II. 


-
40 Toryes 	 Koick6 011&- II. IV. IV. III. IV. III. IV. V. III. V, 

V. ­41 Horzd Idam III, IV, IV, II. IV, IV, III. IV. V. 

42 Cirocha ustie I. IV. iii I, II.Iil.; II. III. II. - V. 

43 LO-)orec Petrovce III. IV. III! III.IV. III.: V. V. IV. V. V. 

44 Laborec I1kovce III. IV. III, III.V. III. IV. V. IV. V. IV. 

IV. III.' III. V. IV* IV
45 Latorica Lelee I. II. 1111 I. 


46 Ondva i .Dounai, I. III. I. I. IV. II.:II. V.i. ii.
 

i . v. - iv,47 Topra Vramov III iv. ni. III. iv, iv.;;V 

48 Ondava Brehov III IV. IV.o III. IV, IV., V. V, III. - V. 

49 Bodrog Stroe n./B. III IV, IV. III IV. IIIIII. V. IV - ve 

+According to the 6SN 83 0602
 

a, h, c, represent the groups of water quality parameters
 

oxygen regime /BOD , COD-Mn, tree H2S, biological condition/
a 
Ca2+ 2+
basic chemical comrDsition /C1 , So 42- , g , dissolved and 

undissolved matter/ 

c - special parameters +NH,NO3 , pH, Fe, Mn, fenols, coliform bacteria/ 

++According to the 6SN 75 7221 - in force since 1.July 1990
 

A - oxygen regtme indicator /02, BOD5, COD-Mn,COD-Cr, TOC, S2-/
 

basic chemical indicators /pH, dissolved solids, Fe, Mnnitrogenous
B ­
substances: N-NW4 , N-NO2 ",N - NO;. N-org., tptal P/
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ANNEX 2. Industrial-residential complex Bratislava
 

The solution involved balances of wastewaters and pol­

lutants from 13 sources of pollution and evaluation of the
 

water quality in 9 control profiles on wastewater receiving
 

streams.
 

From the complex an average BOD5 pollution load of
 

281,7 g.s"I /2,1 % into Morava,or its tributaries, 32,5 %
 
into the Little Danube and 65 % into the Danube/ iszdischargedo
 

The most significant pollution producers are: public urban
 

sewer system of Bratislava, Slovnaft and Chemical Works.
 

From the total amount discharged from the agglomeration
 

Bratislava abovementioned solces bring 99,4 % BOD5 and 94,4
 

of petroleum products. The enterprise Slovnaft operates a
 
mechanical-cherical-biological wastewater treatment plant for
 

its chemical wastewaters with adequate capacity and efficacy, 

discharging into the Danube. The enterprise Waterworks and 

Sewerage Systems operates with adequate efficacy the Central 

Wastewater Treatemnt Plant at Vrakuna for treatment of waste­

waters of the left-side part of the city and residential areas 

Dolnd Hony and Podunajskd Biskupice, The public urban sewage 

system of Bratislava has serious problems with its waste 

waters /wastewaters from the residential area Petrialka are 

not treated - the term of starting the operation of at least 

mechanical treatment was already imposed by the "government 

exception" - the temporary permission to discharge wastewaters 

devious from the law on waters /Water Act/ - was not observed, 

as well as the completion of the construction of the wastewater 

treatment plant Devinska Novd Ves. Permanent is combined sewer
 

overflowing from the left-side of the city, the currently valid
 

sewerage order is obsolete or nonexisting as well as the
 

methods of wastewater measurements. Waterworks and Sewerage
 

Systems do not monitor petroleum products in wastewaters,etc./
 

The mechanical-chemical treatment of wastewaters from the
 

Chemical Works is insufficient /construction of the biological
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ANNEX 3. - Industrial-residential complex of Komrno
 

On the average 27,7 g.s-lof BOD5 flows from the sources
 

of Komdrno into the river Vdh, more than 50 % falling on
 

the pollution from the public sewerage system. Converting
 

the load of BOD5 discharge to the Vdh, which already upstream
 

of Kom~rno does not meet according to c90 the admissible
 

criterion pursuant the Government Direction No.30/75 zb.
 

the passive balance for Q has even increased to BOD = 9,9
 

mg.l- 02. It is evident, that the city Komdrno has only
 

negligible effect on the water quality. The VMh with Komdrno
 

decrease the quality in a short left-side section of the
 

Danube /organic pollution only within the Ist class of the
 

fSN 83 0602/. If the construction of a new mechanical-biolo­

gical wastpwater treatment plant, whh will empty into the
 

Danube, would take plqce in the future, the effect of the Vdh
 

wil disappear and the impact of pollution from Komdr~l~e e
 

gligible. With respect of stream pollution is not KomArno
 

an important city. The designed envisaged solution /the
 

new mechanical-biological wavtewater treatment plant/ is
 

from the ecological point of viem recommenonble.
 

Following recommendations may be presented for dealing
 

with the problems and shortcomings found in solving the both
 

complexes:
 

- for Bratislava the topmost priority is to be placed
 
to the enhanced realization of actions,providing the
 

decreasing of the Danube river pollution namely in
 

the connection with the potential influencing of the
 

water quality in the reservoir Hrutov,
 

- the prime objective is to safeguard the consistent 
moasuring of the amount of wastewaters in the pollution 

sources - namely in the more important ones/incorrect 

data misrepresent the balance expression of the pollution/ 



,UMEX 4
 

Municipal waterworks system of Bratislava
 

As to meet the drinking water demand of the Slovak
 

capital Bratislava a waterworks system has been succssively
 

developed. Ten localities of resources are utilized for water­

supply, 8 of them being within the city area with delivering
 

water capacity 2 060 - 2 410 l.s-1 ,two localities Aalinkovo
 

and gamorfn/ are outside the city area and deliver 750 and
 

500 ls - 1 to the Bratislava municipal waterworks system.
 

The water demand Qmax for the municipal waterworks system
 
- .
of Bratislava until 2000 is 4 648 l.s l To meet this demand
 

it is necessary:
 

- to expand the water resources in the locality Rusovce-


Ostrovnd LS~ky to 2 640 l.s-l until 2000. Also neces­

sary in this locality will be the application of new
 

technology of water treatment and construction of the
 

water treatment plant. In the locality gamori'i the
 

water resource should be extended by 1 000 l.s1
 

until 2000.
 

The total water bearing capacity of resources utilized
 

in this system would reach until 2000 6 450 - 6 800 l.s- .
 

All waterworks systems in Slovakia are worked out in
 

a similar way.
 



ArDOR 5
 

baln scurcem of pollution within the Danube river basin on the Slovek territory - 1990 
itc©hargrd pollution 

t.yer- accordirg to Other kind Methods of 

No uricipality I in mourco, of 
po]]utior 

Recelvirg wateri 
DOD5 COD-Cr Solids 

of pollu-
tion 

wamteuter 
treetment 

8 91 2 	 4 5 6 7 

-2 
/BIMCD

1. Senice nWMfyj. 	 VK. $lov.hodvdb Teplice 412,2 1305,1 262,5 S04" ,Zn 

lacky V1 	 Dnhno- Mrlln. 248,5 540,4 289,5 WD2. 


9767,1 22760,1 12817,4 rop.l.chem. MBVMCUDMNCR3. Brotisleva 	 V1, SlovnmftItrochem Ml4kn, Dunj,V.Duntj or.1.
 

4. ijuroJpki Streda VX kp"Al G,.b~kovo- To- 405,3 861,2 506,6 MB 

d& polnlik4 

VAh 	 476.0 1232,0 120,0 M

5. KoArmo V1 

710P,O 21268,2 595,0 ipecif.1.2 0, MCHB6. trovo 	 V,Juhoel.celul.m pap. Dunmj 
vir.celul. 
thrum MB 

7. 	 Lipt.Mikul4i V( /rmpc.kot1r.prie- VAh- VS Llptov.Mpre 2406t2 4018,3 325,8 

ry Mel/ 
6641,0 5178,3 lignim.8. Rulomborok 	 V.Severoslov.celul. Vih He, €c, 2161,4 


sulf.,rop.1 MB, UCHP p'p. 

372,0 100,0 .2399,0 kovy MD,09. ; tebnk- Siroki 	E-vohuty Ore., 

10. Mortin-Vr.tky VK,ZbTepldre; Turiec, Vdh 1240,2 1916.0 1085, 3 ZNCr MMR, S,¥ 

5408,7 2892,2 l .nin oult.MB11. 	21ilne VK /nmoj.Chf-icel, VPIHrilov, VAh 174E,9 
aipeto.are PCHZ/ 1., top.1. 

12. Cadca 	 VK Kymaue 149,5 441,2 167,9 MB 

13. Povsl.Bystrlca 	VX /r.mpoj .owI.stroj. VW Nomice 366,3 933,4 493,5 teirki kovy MB
 

14. DuibnIce ./Vdh. VK Novicki kow~l 172,3 498,5 193,5 MB 

T
15. TreM- ep1 VK /Tr.Tepld.N.Dubni- Tepllka 322,3 552,2 201,7 MB
 

Co,Tr.TepI Ice/
 

16. Trerain 	 VK ).hreh,VK pr.breh VAh. Zletovskj pot. 5204.5 9462,0 897,6 mR,0 

17. Novi Meeto r./V.VI 5inkupick$ ker,'l 	 1090,2 2125,0 621,0 MD 

18. Fieiteny 	 VK Dubovi 461,6 892,0 427,9 MB 

19. ilohovec - Leo- V1, Slovlik Vihp S11ndicki Dudv~h 101030 21961,0 1943,0 

poldov 

20. Jeulov.Bohunice Ator.e]ektrdre; Manlvier 76,9 540,6 301,5 Voinor RA M 
n~aledovera 

21. Sere* 	 VK, Cukrever Vdh- VM Kr41'ovA 674,7 1265,3 337,0 MB,M 

937,3 rop.l.dus. MCHB, MB22. qSl-a 	 Du lo, Vi VAh, Urd 1402,7 2667,0 
lmtky 

VMM MB a At3496,0 7215,3 3170,0

23. Trneva VX,Cukrover,TAZ Trn6vkePornA 

Dalm$ Dudvdh 824,7 1662,3 7007 I
24. Slidkovioo 	 6ukrovar 

Derno 474,6 802,5 309.0 

195,5 4187,0 017,3 chirr.or- IBi 
25. Oplpnts 	 VI 

26. Frievidsn-Novd-	 VK, ItJtr.chomicki sd- flnJdeo'V, Mltre 
gsnicki do

by vody 

rivity,.AS 

630,8 1458,2 448,8 rop.ltky27. Prttedaeke 	 VI Xltre 

28. Bojlry kaeluine Mitre 	 272,5 624,9 167,1 Cr, 
"2 a 

1176,0 1991,0 5o2,6 dB
29. Topol any V1 	 Nitro 

Nltre 	 1786,1 3431,6 964,2 rop.ltky V,M
30. itra WK, cukrovwr 

313,2 530,7 73,5 d 

VK MItra 1214,4 2530,7 888,3 
31. Dol.Ohsj Slov.kiiroblrne itave 


32. ftvi Ziak7 
a 

Bron 422,5 905,4 362,1 iB33. resno 	 VW 

34. Podbreuovi lelealtrre B1ron, Vejokovek) pot. 46,2 146,7 315,4 i 

562,6 1750,5 260,5 rop.1dtky iHCD35. Dmbovd 	 Petrochem Bran 

36. Sloven.Lup~l Blotika iBro- 241,9 982,8 75,6 9B 

540,3 101,4 0 
37. 	 ,rmwneo Haorrecki poplorue IByatries 196,0 

3045,0 7406,5 2263,0 rop.l6tkigVI 	 Iaron, So6lan.p.,Mle-38. lon.0Jatrleo 
chovok$ potok
 

kB

39. Zvolen 	 VI,5BuEra IroN Zold, S1stina 4543,4 1140,4 646,0 

40. Frow1mi 	 V rirmnlcki potok 321,6 662,2 180,0 0 

41. ier W/lronom 	 V, Zdvod SIP LutWIekW p.,Uron 478,0 1370,0 1470,0 rop.ldt,; 0,MBU31 

42. Lvici 	 Vil Levitex 1Podluli@Wka 1195,0 2703,0 810,7 kMCR 

43. Lo6eeo VE 	 !Kriviroky potok 3o9,2 1109, 0 554,5 MB 

44. Krupls 	 VI, konservirno Krupinics 260,C 653,4 148,2 0 M 

45. Dn.Stipwvies 	 V1 Itievrioe 209,9 519,8 297,2 0 

Slant 	 545,8 280,8 No46. IodLve 	 V1 254,7 

2395,0 12206,7 1104,8 org.1dt.i M47. Omer.9orke 	 Cer.cenlul.a paplernse Slpd 
vir.celul.t 

http:rivity,.AS
http:chirr.or


2 4 5 6 7 a ..... 

48. Joliaws Slov.sevist.dvody 
I. So.lueobr,# ,avody 

50. RIVO,.Sobota VK 

51. Srj.Pcv von VK /mpo3.Akrob4rne/ 

58. Lewoea IFrukorw 

Puri; 

litera 

RIAVA 

Horndd 

Levcanki potok 

26,1 
469,0 

600,1 

185,4 

178,9 1 

199,4 
580,0 

1653,9 

883,0 

456,4 

774,6 
155,2 

549,3 

794,7 

54,7 

menoly 
JD 

I 

AIR 

B 

i5. odice 

54. Prefery 

55 Huron.Mr 
56. Sn1ns 

57. BtrdIlke 

58. wicbalovce 

59. vid'lk 

60. Vronov 

61. 1 Bardiov 

62. i Treblgov 
65. KrI1.ChlUoc 

.Vi,VS,Tlren 
54 .I 

VI 

VX /hapoj.Chelor/ 
;V( 

Ch,"ke 

VK 

iVK 

'uk zl 

:VI 

j VK 

VX 

orrd,Sokolianakl 

torys 

Lborec 

Ciroche 

Lnborec 

Leborec 

Orideva 

Ondeva 

Topla 

Tlravkn 

odpnd.kar.Kr8eve 

p. 361,5 

1097,1 

945,0 
2 
o 
6,O 

453.5 

825,6 

165,5 

971,5 

5o7,6 

170,2 

227,0 

13375,5 
'rop. 

3054,2 

5547,8 

542,2 

2853,7 

2251,6 

496,6 

6011,5 

2157,0 

425,7 

567,6 

41o4,3 

939,7 

1410,1 

505,0 

142'7,5 

525,3 

413,9 

286,0 
738,0 

283,8 

189,2 

fenoly,
1., Fe 

ropr6 lIdt. 

keprolait. 

urotropln 
forl"Idehyd 

CowM,M 

MB 

B 

UCHM 

MB 

M, 

MB 

UB 

MB 

Main pollution sources ­ totpl 3 83 343,0 205 122,0 78 478,0 

VK a 

MR 

MCHB a 

MCH­

public eewer ge system 

mechsericel-bi locgicl treatment 

echPr.Ic'l - chemical- biological 
mechnnlcl- chemical treatment 

treatment 

N saechrnicel treatrent 

)'ig.4 presents the sources of pollution 



Anne 5 
Nain sources of pollution within the Danube river basic on the Slovak territory - 1990 

Lo1chsll pollution 
Vimor ofci treordiamto - Other kind Mthods of Di­

ololutiVn pouto 
CpollutionOD-Cr Solids 

of polluthe 
tion 

wastewater 
treatmnt 

carfe 
0 a 

k3 	 .2 . 4 - -56 7 - _1 

1. Senc& POYJ. VI, Slov.hodvib Toplice 412,2 1305,1 262,5 S04" 2 ,Zn D,MCgB 0.l34r 

2 mlsai Vr Iahno- Maline 241,5 540,4 289,5 Ji 0, r0I 

3 	 r V, ,l/ka 9767,1 22760,1 12817,4 rop.l.chem /OBMCUSIClBratislava, 	 $lownefIstroche Dunaj,I.DusmJ 81,214 

4. Du.Jai@r tw.s T 	 kendi Oabdkovo.. To- 405,5 861,2 506,6 WOL i 0,16C 

5. [Eosdrn VI TIM 	 476,0 1232,0 420,0 x 0.161 

6. Strovo VloJubool.alul.a pap Dustj 	 7109,0 2126,2 9595,0 ipoeif.l.s , MCD 0953 

7.. Lipt.Mikuldi VY /napoj.koiar.prie Vdb- V Liptov.Mars 2406,2 1 4018,5 385,8 chrgs 	 0m,5.4 

8.! Rulomberck vr.severoslow.slul. Vdh Revos 2161,4 6641,0 5178,3 'lIgnin. 1,25 
a psp. eulf.,rop.l. IM, HCI 

9.1, latebnD- 1irok4 Kovohuty Grove. 572,0 100,0 2599,0 Ikoy NB,, 0, i9 

10.' sri-Yr~tj VKZfS,Topldre Turlec, Vdh 1240,2 1916,0 1083, Zn%Cr :Ma,N3,M 0,43E 

1n. Ilias Vi /napoj.Chonicel, TO Bridov, Vdh 1748,9 5408,7 2892,2 ilignin oulf.Ma 1,026 
.timtoane PC/ l.,rop.1. 

o 	 Ky 149,5 167,9 0.1012. Cedca 	 VI yc 441,2 I]D 

15. Poval.ystrica. 	VI /npoj.ewal.otroj VI Momis 566,5 933,4 493,5 Valki koiy M3 C,36s,, 

14. Dubnics -. /Vh. 	VK Noickt kanLi 172, 498,5 193,5 JIB 0,156 

15. 	 Trond-Topli VI /Tr.Topl4.J.Dubni- Topliftk 322,5 552,2 201,7 I 0,151 
ca, Tr.Topl lc*/ 

16. Treain 	 VK 1.broh, V pr.breb Vdh, Zlatovakt pot. 5204,5 9462,0 897,6 JB,0 0,244 

17, 	 Nov oto n./V.VI Blkuplckt kanU. 1090,2 2125,0 621,0 MB 0,171 

18. Ploitomy 	 YI Dubovd 461,6 892,0 427 9 ND 0,163 

19. 	 Blohovec - Leo- VI, Slovlik Vdh, SSildickf Dudih 10103,0 21961,0 1943,0 0,149 
poldov I 

20. Jamlov.Bohunlcd 	 Atom.elektriroa Manvlyor 76,9 540,6 501,5 j olno f t a 0,382 

*21. 5or* VI, Cukrovsr Vdb- Vii Itndov 674,7 126,3 337,0 UB,/ 0,1.3E 

22.' Bell& 	 Duel% V[ Vh, gird 1402,7 2667,0 9377,3 rop.l.dus. CDB, WD lot C99 

s23. Trriv	 VKrCukrove,,TAZ Trvgvk.PsrMr 3496,0 7215,5 5170,0 WSM, MDa Ns 0,40i 

24. Slddkovviovo 	 6ukrovsr Doln$ Dudvdh 824,7 16G2,3 700,7 WU 0,( 

25. Galante 	 VI Derna 474,6 802,5 309,0 US 0,09 
26. 	 Prievidse-Novi- VX, Pitr.chonick6 ad- Hadlevka, Pitra 1935,5 4187,0 1017,5 chir.or- N U 0, 2G5 

k0' vog anickd de-
I Irlvty RASI 

o -lta 630,8 1458,2 448,8 rop.litky 0,2127.. Pertiudneke 	 *- Nir-6082 " 28. SoieI 7 	 koleluine itro 272,3 624,9 167,1 CrpS US 0,13E 

.. Topo1nszo VI 	 Wltre 1176,0 1991,0 5o2,6 US 0.1542 9 

.le; 4;94,2 6~ I 0,.1
I300 Nitro VI, cukroymr mitre 2786,1 3431,6 9,4: 2'p.litky 10m 0,4U 

31: Dol.Ohaj 	 3lov.1krobirme 2itava 313,2 530,7 73,5 U 0,00 

32.$lov6 Zd wk 	 VI Nitro 1214,4 2550,7 88833I 0,371 

33. lrosne VI Bron 422,5 905,4 562,1 ie 01191 

4.!Podbrozav 2 eleierne iBron, Vajokovnkf pot. 46,2 146,7 315,4 im 0,304 

35. iDubovt 	 Petrocbes Hron 562,6 1750,5 260,5 rop.ltW : MCD 0,C06 
M56. Sloven.lupft 	 Botika Bron 241,9 9582,8 NS6 5 

57. 1oszssa BEramneekd papierne ystrica 196,0 540, 3 101,4 li 0,10 

58. 1De. lystriee 	 VI Bron, Sel1/-n.p.,al- 3045,0 7406,5 2263,0 rop.litky US 0,65E 
39. Zyolen chovski potok M, ,0 

39.jZvolon V, 90ift Bron, Zolrd, Glaitet 4543,4 1140,4 646,0 MB 

40. Kresmlee 	 VK Kromnicki potok 321,6 662,2 160,0 0 0,39i 

41. 12 r" z/Bronm 	 VI, Zdvod SIP Lutilkj p.,Rron 473,0 1570,0 1470,0 rop.lit,Zm 0, MaIE 0,527 

42. ILveo 	 VI, Lovitex Pdluill&m 1195,0 2703,0 810,7 M4MCH D 

45. 1-8enoe 	 V Krivinsk potok 5o9, 2 1109,0 554,5 Ma 0,181 

44. Krupina 	 VI, konservyrns Irupinice 260,0 653,4 148,2 0 U 0,03' 

45. Barftovniea 	 VI stiavniog 209,9 519,s 297,2 0 

46. uoi-,. 	 V9 Bland 254,7 545,8 280,8 Am 0,14E 

47. 	 GOser.Rork- Oomrceul.a paplern Slan 2395,0 12206,7 1104,8 org.lt.s 1U 0, 4 
Vjr. celul. 

mailto:Du.Jai@r


4... . . .10 

4,jelfahva 
49. gmt, 

lo.o ss~eit.1wd 
1.ov.luaot-, .ivody 

H&VX7iurt; 
R-imav. 

26,1 
469,0 

1994 1 7'74, 6 
25,2 f,.revoly 

0 
v 

0,87 
oO13 

50. 

5.1 
52.1 
55. 

54 
55, 

ism.Sobota 

UpVl.Nov4 Ve 
Lels 
Koice 

Pr ov 
mmons 

VI 

VI /mspo.§.krobdrms/ 

frkom 
vI, VBZTpdrAiI 
VI 
VI /spoj.Cha1Wl 

nle,. 

Hormid 

Levolski potok 
Iorzd'dSotolilsakj 

orTesa 
Laborac 

p. 

600.1 

185,4 

175,9 
5 61,5 

1097,1 
945,0 

1653,9 

88,0 

4564 
13575,5

Irop. 
054,2 

5547,8 

54S3 

794,7 

54:7 
41.4,5 

959,7 
1410,1 

fonolyj, 
1.,e 

ropad lit. 
kaprolalt. 

Is 

US 

0 
UVM 

MB 

0,186 
0,196 

0,032 
2,583 

0,362 
10 ) 

561 sis 
57. UtrU ke 

58. ichlowc. 

59.1 Swidnik 
60.1 Vranow 

I61. Sardejo7 
6 Trebil 

V 
Cheke 

VI 

I 
ukha3 

VI 
VI 

Cirocha 
Labor.. 

Liboreo 

Odays 
Ondova 

Tople 
Tlr2vka 

2o6,0 
455,5 

825,6 

165,5 

971,5 

5*7,6 
170,2 

, 

542,2 
2855,7 

2251,6 

496,6 

6811,5 

2157,0 
425,7 

3o5,0 
1427,5 

525,5 

413,9 

2868,0 

738,0 
285,8 

urotropin 
formaldehyd 

a 
CNB 

M 

0 

Ma 

MS 
MB 

0,116 
0,636 

0,226 
0,049 

0,062 

0,138 
0,w 

63. rdr.Chlmec VI odpd.kn.Krlave 227,0 567,6 109,2 15 0,020 

Main pollution sources - total m83 545,0 205 122,0 78 438,0 -

YI 

AM 

VCS 

a 

a 

a 

public sewerage system 

mechsnlcsl-blologlcal treatment 
mechmnicel - chemical- biological treatment 

IICU m mechanicel- cheoical treatment 

I a mechanical treatment 

Vsg.4 presents the o.uroes of pollution 



Annex 6 

Priorities of removal of significant sources 
/industry and publio sewerage systems/. 

No 

34 
35 

36 

37 

38 


39 


40 


41 


42 


43 

44 

45 

46 

47 

48 


49 


50 

51 

52 

53 

54 

55 
56 

57 

58 
59 

60 

of pollution in Slovakia 

Name 

Buk~za Vraiov
 

VK Snine
 

VK Malacky
 

Cukrovar Nitra
 

F drodiaren Trebiiov
 

VK Kr~lovsk$ Chlmec
 

Duslo SeAh
 

VK gana 

VK Samorin
 

VI Kremnica
 

Slavob.papierne Sle.volovce
 

VI Uichalovce
 

VK SpiI. Novi Vee
 

VK Sabinov
 

JCP gt~rovo
 

VK seca
 

V1 Dnovce n./Bebravou
 

VK liar n./Hronom
 

VK Topoltany
 

VK Jellave 

SCP Ruloamberok 

VK Poval.Byetrioa 
VK Trena.Tepli 

VK Pi'chov 

VI Wti;rovo 
VI KoiArno
 

V1 5ay
 

No Noae 

1 Iatrochem /CBZJb/ Bratislava 

2 VK Trenaint prav$ breh 

3 SH Seniea 

4 VK Riohovec 

5 VK Stropkov 

6 Koielulne Bo~arr 

7 VI Nitra 

8 VI Trebigov 

9 Slevnaft Bratiolava,chlad.vody 

10 VX dadca 

11 VI Krupina 

12 VK Rimavski Sobota 

13 VK MyJave. 

14 VI Rolneva 

15 VK Kya.Nov6 Meeto 

16 VK Zvolen 

17 VI Nov6 Meeto 

18 PCM 2 .lina 

19 VI No6 Zmky 
20 VE Bsrdejov 

21 VK Calanta 

22 VI Rulomberok 

23 VK Senee" 

n./Vihom 

24 VK TrenHN 1'avf breh 

25 9krobirms Dol.Ohj 
26 9krobirne Boleris' 

27 Cukrovar Trnava 
28 VIE Iandlovi 

29 I Luenec 

50 Buaina Zvolen 

51 VK Pozinok 

52 Cukrovar Slddkoviaovo 
3 VI Krompachy 

VI w Public seworeg system 



1 Tab. 

Charakteristic data of subcatchments
 

Long-term average 
of annual precipi-

Area tation Specific Average lone- Minimum annual 
Sub-oatchment of the runoff term annual runoff with 

basin rate runof 90% probability 
-km- mm mil.m3 l.s- . ka 2 ruil.M of exceedance 

4-17 dower Morava 2283 651 1486 4,16 300 170 

4-20 Dunaj 3165 574 1817 0,80 80 43 

4-21 V&h 11625 1006 11695 13,41 4920 3725 

4-22 Nitra 5144 706 3632 4,67 756 417 

4-23 Hron 5464 864 1.721 10,02 1728 1079 

4-24 Ipel 3649 692 2525 5,06 583 239 

4-31 Slan& 3191 811 2588 6,83 688 341 

4-30 Bodrog 7217 764 5514 7,48 1704 1080 

4-32 Horn&d 4403 760 3346 7,33 1018 615 

4-33 Bodva 920 734 675 6,11 177 93 

Danube Basin 47 061 812 38214 8,29 11 956 7 802 
total 



2 Water withdrawals in the Slovakia in 1989 for consumer groups 


Average annual in l.sl Tabble 

Sur f a o e wa t e r Gr oundwae t e r 

Basin public water 
supply netw 

industry agricult total public 
supply 

water 
noetw 

industry agricult total 

Morava 0 135 123 258 527 76 42 645 

Dunaj 0 6975 485 7460 4438 1779 219 6436 

V&h 359 6306 1843 8508 2961 1059 201 4221 

Ma1 0 405 3071 3476 908 269 608 1785 

Dunaj 

Nitra 0 1256 183 1439 1271 184 116 1571 

lHron 331 1810 417 2558 2263 135 92 2490 

Ipel 0 9:1 126 218 184 28 85 297 

Slan& 355 751 45 .1151 369 27 62 458 

Bodva 302 14- 0 316 619 4 21 644 

Iorndd 342 2433 14 2789 1105 325 97 1527 

DodroG 830 13807 175 14812 992 143 158 1293 

SR 2519 33984 6482 42985 15637 It029 1701 21367 

5,9 79,0 15,1 100 73,2 18,8 8,0 100 
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Fig. 2 Subcatchments of the Danube river on 
the Slovak territory
 



3 

Evaluation according to the
 

parameters of oxygen regime
 

tSU 830602 - quality class
 

L 

IL
 
N
 

Fig. 3 Water quality in Slovak streas in 1985IV
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Fig. 4 main sources of pollution (e)
 
corresponding to ANNEX 5
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ANNEX ; - C.S.F.R WATER QUALITY STANDARDS 

1. 	 The difference between the Czechoslovak Standard /SN/ 
83 06 02 Classification of Surface Water Quality /valid 
until 30.6.1990/ and the Standard tSN 75 7221 Classifi­
cation of Surface Water Quality /valid from 1.7.1990/ 

is as follows: 

- the number of classification groups in the new standard 
is 5, meanwhile there were only four groups of classifi­
cation in the former standard. 

- there is a more extensive number of parameters of pol­
lution in the new standard as compared with the old one; 

which had 3 groups of parameters, the new one having 6
 

groups of parameters; they are:
 

A - oxygen regime,
 
B - basic physical and chemical parameters,
 

C - supplemental chemical parameters,
 

D - heavy metals,
 

E - biological and microbiological parameters,
 

F - radioactivity.
 

Also the number of parameters in respective groups is 
higher and more detailed as compared with the former standard. 
For instance in the group of the oxygen regime also COD-Cr 
and TOC are included /organic carbon/, 

- the parameter group D - heavy metals is new as well as 
the group F - radioactivity; 

- in the group B the attention has been focused on nutrients 

/N, P/; 

- in the group C nonpolar extractable substances NEL /petro­
leum products/, and extractable organic chlorine /E0 Cl/ 
are included; 

- the method of classification is different: the old standard
 
pr~scribed the most unfavourable average values from 12
 

samplings over the year. The new standard is based on a
 



-2­

set of 24 values measured in the course of one year, or
 

two years and on'.the basis of those values the 90% of
 

non-exceeding is computed.
 

2. The producers have been monitoring the amount and composition 

of wastewaters from their industry according to the Regula ­
tion on the evidence and balance evaluation of surface-ani 

groundwater supplies and their quality. 

The river boards carry out the control of wastewater compo­
sition for the Waterconservancy Inspection,
 

3 "1 at
3. The flow rate /discharge/ of wastewaters in cu . s
 
the most important pollution sources is presented in the
 

Annex 5 - column 10.
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Water Pollution in the Watershed ofthe Danube 

on the Territory ofthe Czech RepuAblic 

1 The Character ofthe Watershed of the Morava River 

The Morava River is one of the most important tributaries of the Danube in the central part of 

its stream. 

The watershed of the Morava is situated predominantly on the territory of the Czech Republic 

(24,109.5 kin2). Just the watershed of the Lower Morava (2,283 km2) is a part of the Slovak Repub­

lic (see Fig. 1). The whole watershed is divided into several partial watersheds according to the most 

important tributaries (see Fig. 2), the distribution and basic characteristic data about the watershed 

are given in Table 1; complementary data about individual watersheds are given in Section 1.1. 

1.1 Basic data 

The Morava River has its source under Kralicky Sneznik (mountain) 1,360 meters above sea 

level 1,360m. From the source on as far as the inlet of the Desna it has the character of a torrent, in 

the middle part the average slope (gradient) isabout 0.1% and gradually it sinks down to the value 

0.02% at the mouth of the Dyje (Thaya). During the year is the usual highest average through flow 

per month in March, the lowest in July and in October. The values of characteristic m-day and n­

year through flows are given inthe table la. 

From the economic point of view,is in the upper part of the watershed the relation between 

industry and agriculture more or less balanced, in the central part of the stream where the Morava 

flows through the Upper Moravian and Lower Moravian valley, the territory has an txplizitly agri­

cultural character. The industry is concentrated in larger towns - Olomouc, Prostejov, Uherske 

Hradiste and Zlin. From the water managemen. point of view the quality of water is negatively 

influenced by the foodstuff industrial plants especialy the sugar mills. 
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The river section of the Morava from the inflow of the Dyje as far as the mouth into the Da­

nube - the so-called Lower Morava - is treated within the scope of the watershed of the Danube. 

The Becva 

The river Becva is the most important left hand side tributary of the Morava. It brings the 

water from the territory strongly covered with woods, from places (localities) rich in rainfall. The 

whole river system of the watershed of the Becva has the character of mountainous streams with the 

slope (gradient) 0.75%, which sinks to the value 0.1.2% in the lower part of the watershed. The 

months being the richest in waterare March and April, with the driest month July. 

From the point of view of water management it has the character of industrial and agricultural 

river with agriculture predominating. Numerous industrial plants are just in the lower part of the 

watershed. 

The Svratka 

The Svratka as the largest tributary of the Dyje has on the whole a favorable quantity of water 

and the orographic arrangement and geological relations give the possibility of economic exploita­

tion by valley reservoirs. The Svratka with its most important tributary the Svitava drains the water 

from the large part of Western Moravia. In the lower part of the stream from Brno to the estuary into 

the Dyje the Svratka has the character of a lowland stream with a small gradient (slope). In the 

watershed the industry is predominating over the agriculture especially in the Brno agglomerations. 

The Jihlava 

The Jihlava and its main tributaries the Oslava and Rkytna drain a considerable part of the 

territory of Western Moravia. The watershed is from the point of view of discharge quite important 

as the Jihlava, the Oslava and Tokytna belong to the poorest streams in the quantity of water in the 

watershed of the Morava. The Jihlava - as much the same as the Svratka - flows into the Kyje or 

into the central reservoir of the Nove Mlyny reservoir. The average relative slope (gradient) of the 

Jihlava is that of 0.27% and the torrent character is preserved just on its upper stream. 

The watershed of the Jihlava is from the economic point of view of agricultural character with 

a smaller share oi arable and wooded land. From the point of view of industrial usage the watershed 
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of the Jihlava is not an important area and individual plants are on the whole uniformly spread all 

over the whole waicrshed with a larger concentration in Jihlava, Trevic and in Velde Mezirici. 

The Dyje (the Thaya) 

The Dyje drains the waters from the western and eastern parts of the Czech-Moravian High­

lands and from the part of northern Austria. The most important tributaries of the Dyje are the 

Jihlava, the Svratka, the Pulkava and the Jevisovka. The river Dyje is the largest tributary of the 

Morava and it is even longer than the Morava if we take into account the length of both rivers from 

the confluence to their sources. There is however less water in it as the rainfall area of the Czech-

Moravia highlands has a smaller tributary. The annual average rate of flow of the Dyje considerably 

increase the quantity of water of the Morava under the confluence. The average slope Ogradient) of 

the Dyje is 0.16%. 

The watershed of the Dyje isof the agricultural character, especially in the lower dale part of 

the watershed. The most important industry here is food production. 

1.2 The Quality of Water in the Streams 

1.2.1 The Regular Investigation or the Quality of Water 

The permanent and regular investigation of the quality of surface waters in selected observa­

tion profiles has been occurring since 1963. The samples of water are taken once a month. 

At present there are on th territory of the watershed of the Danube in the Czech Republic 

together fifty of these observation spots, from among them directly on the stream of the Morava 10, 

on the stream of the Dyje 5,and the others on their tributaries. In the samples taken from the streams 

there are determined approximately twenty basic chemical indicators and the contents of bacteria. 

The determination of heavy metals and specific organic matters is not permanently carried out in 

these profiles. Such analyses of the surface waters are carried out just for certain purposes, when 

preparing various studies and projects. Since 1991 when the new standard for the quality of drinking 

water is valid these special matters are analyzed to a larger extent on the spots of samplings of the 

surface water for its preparation to the quality of drinking water. 
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The regular samplings of the surface waters and their chemical analysis are carried out by the 

authority being in charge of the stream - the enterprise "The Watershed of the Morava." 

The obtained data are registered and evaluated by the Czech Hydrometeorological Institute and 

by the Water Research Institute. The evaluation is carried out annually and in five year periods. 

Even if the systematic analysis of the quality of surface waters is perhaps not sufficient as far as its 

extent is concerned it is considerably demanding as far as its capacity and finances are concerned. 

One of the limiting factors on further extension of regular monitoring is also its insufficient equip­

ment of laboratories with levorotary technology needed. 

As a complement of chemical monitoring the regular biological monitoring in the Czech 

Republic has been used since 1976. In the watershed of the Morava there are selected approximately 

500 analyzed profiles in such a way as to catch the quality of water in the stream above and under 

each larger pollution. From the results of the analysis of the biological sample there is calculated 

especially the saprove index so that this system of biological monitoring gives a sufficiently detailed 

image about the pollution of streams by organic matters. 

In the map on tie Fig. 3, is drawn the situation of organic pollution of streams during the 

period 1986-90 found out on the basis of biological monitoring. On the next map there are indicated 

the spots of regular chemical monitoring. 

In case of need there are for some streams constructed detailed longitudinal profiles of qualita­

tive indicators. In Fig. 4 is given the example of the longitudinal profile of the river Morava in the 

Section Husovice Spytihnev according to BOD by low levels of water (Q350/day) constructed for 

the condition from 1988. Into the calculation are integrated the point sources of pollution and also 

the most important tributaries. The starting data were represented by the values of concentration 

BODs in permanently analyzed profiles. In the calculation the self-pollution in the stream was 

considered as well. In the figure is given also the outlook-perspective ideal longitudinal profile. It 

was constructed on the basis of the longitudinal profile of the contemporary sftuation and the per­

spective data dealing with the pollution being discharged after the construction of all water treatment 

plants needed. Further input data were the values of natural pollution that represent during the 

calculations the limit of not underestimating. It also starts from the precondition that the loading of 

the stream by the area pollution will not increase. 
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1.2.2 The Analysis of the Quality of Water in the Streams 

For the analysis and estimation of the quality of water in the streams and for the classification 

of the streams according to the cleanliness (purity) we use inCzechoslovakia the standard CSN 

757211, which has been valid since 1990. InTable 3 there are some profiles in the Morava water­

shed and their evaluation in selected indicators according to this standard from 1986 through 1990. 

The classification into the classes of purity iscarried out according to this standard on the basis of 

characteristic value with 90%probability of not surpassing. 

The largest problem of the quality of water inthe watershed of the Morava until now is the 

loading of streams by means of organic matters from point sources with insufficient or zero water 

treatment of waste waters. In autumn and winter periods the quality of water is further worsened by 

seasonal operation of sugar mills. Therefore there are given inTable 3 also the values for the period 

outside the sugar mill period. 

The territory being analyzed ischarged by waste waters from other states with the exception of 

the river Dyje which flows partially through Austrian territory and partially along the border. 

The main stream flow of the river Morava has a relatively good quality of water in the upper 

part as far as to the profile Hanusovice, where the construction of a water reservoir is being consid­

ered. 

In further section as far as the confluence with the Desna the quality isworsened especially due, 

to several plants of the paper mill industry. Under Desna the quality of water is negatively influ­

enced by the town Sumperk and further communities. An important improvement of the quality of 

water occurs in the section Litovel-Olomouc, where the stream was maintaining its natural character 

with numerous dead channels and meanders in the zone of meadow-land woods. 

Under the town Olomouc the river isconsiderably devastated by the pollution from this ag­

glomerations having not a sufficient capacity water treatment plant. Under Olomouc the character of 

the watershed is also being changed - as far as the confluence with the Dyje it is the question of an 

intensively agriculturally cultivated landscape with a high density of inhabitants. The quality of 

water in the river Morava isdeteriorated not only by the local community's pollution, but by agricul­

ture as well and by the food stuff factories. 
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The most important tributary of the Morava is the river Becva. From the point of view of the 

oxygen regime and the basic chemical indicators iLis in a relatively good condition along its whole 

length of flow, especially due to the finished construction of important water treatment plants but 

also due to sufficient quantity of water and favorable natural conditions. At present great attention is 

paid to the contents of heavy metals both in water and in the river sediments and in biomass. The 

reason of the increased contents of the materials could be the electrotechnical and glass industries in 

the watershed, partially it may be the question of the increased natural backgrounds being in connec­

tion with geological structure of the spring area (the chain of mountains the Beskydy). 

Other tributaries of the river Morava in the central part of the watershed have a very bad 

quality of water. Some tributaries have the oxygen regime even in the not seasonal period in 5th 

class of quality and also further basic chemical indicators including the contents of nutrients are on a 

high level. 

The river Valova is a water stream with very little quantity of water which cannot balance the 

pollution from the town Prostejov in spite of the fact that this town disposes of relatively well­

working water treatment plant. The river Drevnice is loaded with wasted waters from the town Zlin 

and Otrokovice, the Hana, the Blata and further streams are devastated by waste waters from the 

sugar mills. 

The river Dyje has a relatively good quality of water with regard to natural conditions and due 

to the fact that it flows through border land near the frontier of Moravia. This area is not very devel­

oped. The part of the area above the Nove Mlyny reservoirs is however devastated under the influ­

ence of the Austrian brook Pulkava and of the plants in Pernhofen. This source of pollution caused 

in the past catastrophic situations on the Upper Nove Mlyny reservoir. 

From among the tributaries of the Dyje the most important is that of the Svratka - on the 

Svratka is situated the largest town of the whole area - Brno. The watershed of the Svratka above 

Brno has mostly a favorable quality of water with the exception of partial sections under more 

important sources of pollution. Some indicators of the quality of water are not however satisfactory 

with regard to the fact that water from the reservoir of Vir is used for the supply with drinking water. 

An important potential source of water pollution in the watershed of the Svratka above Brno is 

represented by the radioactive wastes from Uranium Mines at Dolni Rozinka. The river Svratka 

under Brno including its tributaries - first of all that of the Litava - are in the traditional indicators 
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of water quality one of the worst affected areas in the Czech Republic. The river Svratka has not 

water enough for thinning the remnant pollution from the Brno waste water treatment plant. In this 

way the influence of Brno is obvious as far as to the reservoirs of Nove Mlyrny. 

The Litava river flows through intensively exploited landscape; very few communities here 

however dispose of corresponding waste water treatment plants. 

In the watershed of the Jihlava - having a relatively good quality of water - there is situated 

on the river Oslava the reservoir Mostiste. The reservoirs on the river Jihlava by Mohelno supply 

with water the nuclear power plant Dukovany. The radioactivity of the river is constantly analyzed 

in the profile Mohelno and Jihlava - monthly. 

The above mentioned evaluation of the quality of water starts from the systematic monitoring 

as it is mentioned in the chapter 1.2.1. In the analyzed profiles there are the data dealing just with 

the basic indicators, the evaluation does not cover the matters as tenzids, raw oil materials, fenols 

etc as they are watched and analyzed constantly. This situation should be improved as early as 

possible as various industrial plants including the chemical industry and a large usage of various 

preparations in agriculture indicate - in the same way as the results of partial >:';,estigations - that 

the values of these indicators may be ir the streams rather high. 

1.3 Underground Waters 

1,3.1 Evaluation, Quantity and Exploitation of Underground Waters 

The importance of underground water as a permanent and most suitable source for the supply 

of drinking water is considerable, especially from the point of view of sanitary and econornic situa­

tion. It is therefore the interest of the society to exploit these sources in an economic way, to reserv 

them with priority for the supply with drinking water for the inhabitants and to secure their protec­

tion against pollution. 

Under the term "the sources of underground water" we understand in common water manage­

ment practice those underground waters that may be first of all exploited for the purposes of supplies 

of drinking water and of service water. 

The hydrogeological region is limited from the points of view of geology, structural geology 

and hydrogeology as a whole in which the uniform circulation of underground water of a certain type 

7 \ 



prevails. The region limited in this way is at the same time the basic unit for the balance of the 

sources of underground water and it may be articulated into further parts according to local condi­

tions. 

On the territory of the watershed of the Morava there are limited 29 hydrogeological rayons; 

from them 20 rayons are situated 'withy their whole area in partial watersheds of the watershed of 

Morava and 9 rayons partially cover the neighboring partial watersheds. The general survey of the 

hydrogeological rayonization on the territory of the watershed of the Morava is given ia the enclo­

sure (Fig. 5). 

The proper evaluation of the exploitable sources of the underground water lies both in the 

appreciation of the exploitable sources on the basis of the results of the hydrogeological investigation 

and in the performance of water management balances on the basis of the docunicnLation of the 

sampling of underground water. Inthe evaluation of the sources of underground water we start from 

the limited hydrogeological rayons as the basic balance unit. 

The results of the genera hydrogeological investigation of the territory of the watershed of the 

Morava are rather irregular and in spite of considerable number of works performed there exist ­

for the time being - the documents for the evaluation of exploitable sources of underground water 

of heterogeneous character.(Fig. 5,Table 4). 

In the watershed of the Morava the interest of hydrogeological investigation isconcentrated 

mostly on the sources of the underground water inTertiary and in Quartiary deposits. A part of 

sources being interesting and important from the hydrogeological and water treatment point of view 

is bound to the area of the Czech chalk reaching with its projections the territory of the watershed of 

the Morava. 

The sources of the underground water are always evaluated incategories characterizing the 

detailed sort of evaluation. For the balance of underground waters from the point of view of water 

management the strting point is the documentation of registration of the level of hydrogeological 

investigation and the sources are classified incategories A,B, Cl, C2. In cases when the documen­

tation does not satisfy these categories, the sources are indicated as "prognostic." Individual degrees 

of the level of investigation are characterized in this way: 

Category A- a complete clarification of conditions of the deposit of layers is secured. Also is 

secured the explanation of the structure and pressure conditions of watered ',"izons, of the quality 
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of water, of filtration properties of pervious rocks, the connection of underground water s being 

evaluated with the waters of the other watered horizons and surface waters. 

Category B- there are explained the main peculiarities of the conditions of the deposits, structure 

and saturation of watered horizons, of the quality of water and mutual relations between the surface 

and underground waters. 

Category CI - there is secured a rough explanation of the structure of the quality of water, the 

conditions and deposit of watered horizons. 

Categoty C2 - the provisions fixed on the basis of general geological-hydrological conditions, 

approved by the investigation of the water saturated horizon from different points of view or analo­

gies with sections having been investigated. 

At present we have investigated: 

in cat. A ............. 501/s
 

in cat. B ............. 731/s
 

in cat. CI ............ 8731/s
 

in cat. C2 ............ 7684 /s
 

prognostic sources ..... 3030 /s
 

The above mentioned total values of the evaluated quantities involve the present sampling and 

a part of the sources that cannot be exploited under present conditions either for technical-economic 

reasons or for unsuitable conditions of quality (for the reason of the protection of the agricultural 

fund of soil, for increased contents of some hard removable chemical matters or for increased radio­

activity of water). 

A survey of samplings of the underground water inthe watershed of the Morava is as follows: 

public water-mains .......................... 224 mil.m3/year 

supplies from domestic wells .................. 10 -" ­

agriculture-animal production ................. 7 ­

industry and the others ....................... 28
 

The Watershed of the Morava in total ......... 269 mil.m 3/year
 

The sources of the underground water fixed by law dealing with waters with priority use for 

the supplies of drinking water play at present inthe watershed of the Morava inthe present degree of 

development of public water-mains an important part. The exploitable richness of underground 
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sources represents 55% of all sources of drinking water. In spite of this fact the watershed of the 

Morava as a whole cannot be considered as a territory being especially rich in sources of under­

ground waters,. The occurrence of hydrogeologically suitable structures with the possibilities of 

catching larger quantities of underground water is distributed in the relation to the needs in a very 

unequal way and it is concentrated on a relatively small territory. Important sources of underground 

water occur in hydrogeological rayons of Quartiary sediments of larger streams (especially of the 

Morava, the Dyje, the Svw zka, the Becva) and in the rayons of chalky racks in the north-eastern part 

of the watershed. Very unique is the occurrence of more important sources in the rayons of ne­

ogenneous deposits. A specific phenomenon from the point of view of exploitable quantity of \ 'ater 

is the catching area of the Brno water-mains by Muzlo' and Brezova in chalky formations. The 

source has been used since 1913 in the quantity 300 I/s and in 1975 another catching with an average 

richness of 750 I/s was started. The water being caught corresponds in its quality to the drinking 

water; it will be however necessary to pay great attention to the problems of the protection of the 

infiltration zone of the source against the pollution, especially from the part of agricultural produc­

tion. 

The predominant part of the territory of the watershed of the Morava formed by crystalline 

rocks (the Czech Massive),and by flysh (the Carpathian system) has a lack of underground water and 

the sporadic sources of low richness may be taken into account just for individual supplying of a low 

number of inhabitants. 

1.3.2 The investigation of the Quality of Underground Water 

Drinking water is defined in CSN 75 7111 as innocuous from a sanitary point of view, water 

which - even when used constantly - provokes neither disease nor health defects by the presence 

of microorganisms or materials influencing acute, chronic or later health effects of inhabitants, and 

its sensually catchable properties do not prevent its consumption. 

Individual indicators of the standard are structured according to the hygienic importance, 

which enables a detailed differentiation of importance of the failure to satisfy the standard and first 

of all the determination of the order of emergency of correcting measures. 
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-The exploitation of sources in Quartemary sediments about 45% of the totally evaluated 

exploitable richness of underground sources in the watershed is found in the Quarternary periods of 

the river Morava - bringing problems dealing with the long-term changes of the quality and with 

the decrease of the water being caught, with the increased danger of pollution of water saturated 

environments and conflicts with the interests in exploitation of the territory - especially in agricul­

ture. (Fig. 6) All these influences were considered in the evaluation of exploitation of individual 

sources. As a general phenomenon with the locally changeable intensity of its course appears here 

the increase of the contents of iron and manganese in the water being caught and sampled. This may 

provoke the increasing need for treatment ,apermanent decrease and sinking of the richnes, by 

chemical colmatation and in extreme cases the necessity of abandoning the sampling (catching) 

locality. These factors appear in the most considerable way inthe catching territories in the lower 

stream of the Morava and the Dyje, i.e. inthe districts of Hodonin and Breclav. 

By the non-favorable factor of chemical coagulation are potentially threatened all underground 

3ources with catching with boreholes and wells; the relevance isgiven by the acceptable length of 

the cycle of the necessary reconstruction of the catching equipment. From the point of view of the 

effect of the colmatation process it is very advantageous to use the localities of used gravel-pits. The 

gravel-pits used in the watershed of the Morava since 1961 as water treatment plant sources offer 

just relatively large capacities, but with a very good quality of water they enable to a certain extent 

even impact changes of the quantities of accumulated volume of water being caught. The method of 

water sampling may be chosen either directly from the reservoir (Kvasice, Tovacov) or by means of 

the well feeder in the embankment (Naklo) or ina combined method (Ostrozska Nova Ves). 

The exploitation of underground waters inquaternary deposits is always coming in discrepancy 

with the intensive human activity in other economic fields. This activity is also in a high cegrce 

concentrated infavorable conditions of valley meads of streams. For increasing the exploitation of 

underground waters the important factor is represented by the extent by which are the interests of 

agriculture influenced by the occupation of the territory with quality soil or by limiting measures for 

the protection of quality. For the water treatment plant exploitatio-I it is therefore necessary to aim 

only at the localities where water may be caught concentrated on 6,e maximum area. The connec­

tions to intensive agricultural production are important, especially inthe case of the following 

sources: Lesnice and Mohelnice in the Sumperk district; Pnovice, Naklo, and Senice inthe Olomouc 
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district; Hrdiborice and Smrzice in the Prostejov district; Tovacov in the Prerov district; Brest, 

Postoupky, and Hulin in the Kromeriz district; Ostrozsk. Nova Ves in the Uherske Hradiste district; 

and Bzenec in the Hodonin district. 

In connection with the danger of water pollution of water-saturated underground water is the 

great concentration of settlement and economic exploitation of the territory in valley meads of 

streams. The most relevant are those types of pollution that cannot be liquidated by means of natural 

processes. Examples of these are pollution by raw oil and its products and pollution by chemical 

matters that may decompose only by artificial methods. The sources of pollution are represented by 

industrial plants using the following materials: raw oil pipe lines, product lines, dumping places, and 

airfields. At present the territory in the Prerov district between Bochor and Zarici is seriously at­

tacked by the pollution by raw oil matters and chemical wastes. Inthis case, the assanation measures 

result in the decrease of the exploiting capacity and also inthe sampling and catching areas of Brest 

and Chropyne. The catching territory of Holesov situated in the direct neighborhood of the aero­

drome and the fuel tanks is also potentially serious threatened. The suitability of the underground 

water for supplying water for the inhabitants in the watershed of the Morava River is illustrated in 

the enclosure (See Fig. 7). 

According to the investigations carried out, 33.9% of the water produced does not satisfy the 

standard in its full extent. In the evaluation of hygienically considerable criteria, 21.4% do not 

satisfy the conditions; in the evaluation of the most relevant criteria, only 5.2% of water produced 

do not satisfy the: conditions. 

In the total European comparison the satisfaction of the standard of quality of water is average. 

The backwardness of developed European states, where the standards are unsatisfactorily indicated 1 

- 50%, is not too expressive. (see Fig. 7b and 7c.) 

The main reasons for not satisfying the required quality of water are represented by the deterio­

ration of the quality of raw water in the sources, increased demands on the quality of drinking water, 

inadequate technological equipment of water treatment plants, the level of performance and opera­

don, and maintenance of water treatment plants and similar plants and hydraulic overloading of 

waiter treatment plants. 

To reach a satisfactory level of water supply is a long-term and quite demanding task which 

includes measuring the fields of hygienic control, increasing operational discipline, changing of the 
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organizational structure, and approaching of the population. But, first of all, it represents high 

financial demands. 

For the improvement of the present situation in supplying water, it is necessary to choose a 

differentiated approach according to the fixed order of priorities. The extent of the health threat to 

the population is to be considered as the most relevant criterion. For this reason, it is necessary to 

consider improved water quality in individual sources a high hygienic priority. 

In a series of cases, the solution would require enormous investments and operational costs or 

the correction of the water quality is outside the Lontemporary possibilities of water treatment tech­

nology. In the interest of the health of the population the only alternative is to quickly change the 

contemporary conception of quality water supply for drinking water and to pass alternative solutions. 

At the present, this is represented by the preparation of the production and the distribution of packed 

table and suckling water. 

1.4 	 --'" 'ects of Water on the User 

1,4.1. Drinking water supply and public water-mains 

At present in the watershed territory of the Morava River, 2,062,079 inhabitants (i.e. 75.4% of 

the total number of residents) are supplied with drinking water. 536 water-mains administered by 

the plants "Vodovody a kanalizace" (Water-mains and Sewerage) and 57 administered by the local 

authorities supply the consumers with 249,382.10'm per year*' of drinking water. The specific need 

" represents 331 L ob'*-d . From the total amount of drinking water produced, actually 46% is used in 

households, 20% is taken by industries, 4% by agriculture, 10% by other consumers, and 20% 

represents water without bills (i.e. performance/operation and losses). 

The development of some selected indicators characterizing the drinking water supply in the 

watershed of the Morava River is given in Table 5. 

The development curve of the total drinking water consumption shows, according to the latest 

pre-conditions, a short-term sinking trend. By the year 2000, there will be a slight increase. The 

development of water consumption for households will have a parallel course with the development 

with the total need for water. The perspective need for water for industry will decrease as a result of 

the exploitation of new technology and re-circulation of water. The underground sources add a 
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capacity of 5,460 l.s"' to the supply of drinking water for consumers. Surface sources of water 

contribute 3,150 l.s*'. In future perspective, the share of exploitation of the surface water increases 

to the detriment of the undergrouni water. (See Tab. 5) 

For the quality of drinking water, we have the standard CSN 75 7111 which is in effect since 

January 1, 1991, and is in accordance with world standards for the quality of drinking water. 

1.4.2. The Sources of Water for Public Water-mains 

a) The Underground sources 

The greatest riches of underground sources are situated inthe valley mead of the Morava River 

in its Quaternary deposits. These sources may be exploited for the water treatment plants with out 

costly treatment. The area of chalk in the watershed of the Svitava has quality drinking water as 

well. The area' of crystalline in the north and southwest of the watershed of Morava are character­

ized sources with low richness (in the region of Jihlava, enriched Ra). Southern Moravia has under­

ground waters which, though rich in richness, demand more treatment to improve their quality. Even 

the gravel pits are exploited with advantage for water treatment plant purposes--these gravel pits are 

usually adjacent to the stream of the Morava River. They enable the balance between the vacillating 

character of catchments and samplings. 

b) The Surface Sources 

Even in this area the water treatment plant reservoirs, and to a smaller extent, the diversion 

form free streams are exploited for the supplies with drinking water to the population. The reservoirs 

with a good quality of water are in operation-- (e.g. Vir on the Svratka; Vranov on the Dyje; Znojmo 

on the Dyje; Mostiste on the Oslava; Slusovice on the Drevnice; Opatovice on the Mala Hana; 

Karolinka on the Stanovnice;) and smaller reservoirs where the quality of water samples oft.-n bring 

operational problems during the course of the year. To these reservoirs belong: Hubenov on the 

Marsovice brook; Korycany on the Kyjovka; Bojkovice on the Kolenac; Ludkovice on the 

Ludkovice brook; Frystak on the Frystak brook; Nemilka on the Nemilka; Boskovice on the Bela; 

Nova Rise on the Olsany brook. 

In the far future, construction of water treatment reservoirs at Strizov on the Brtnice and a 

multipurpose work at Hanusovice on the Upper Morava are being considered. 
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1.43. The Solution of INe Development of Public Water.mains 

The distribution of sources suitable for water treatment plant exploitation is considerably 

unequal. Therefore, the increasing and growing supply net of group water-mains integrates with the 

water treatment plant systems. Irthe watershed of Morava the success of the conceptual solution of 

supplying drinking water to the population from the nearest perspective, will be in cooperation with 

water treatment plant systems projected: Western Moravia, Brno water treatment plant system; 

Southern Moravia, the territory along the Morava River and Northern Moravia, the water treatment 

plant group Vsetin. Due to insufficient capacity of the sources inthe watershed of Morava mainly 

because of their insufficient saturation during the period of hydrological minimums, it will be neces­

sary to subsidize from the watershed of the Odra (the reservoir Slezska Harta) by the year 2000. In 

the far future, the supply of water will also be augmented from Zitny ostrov (Rye Island). 

The design of the development of the water treatment plant systems in the Morava watershed is 

given in Picture 8. 

1.4.4. The Conditions ofRealization of Conception Aims 

In the present economic situation the first class task for the continuous supplies of population 

with drinking water is the reduction of losses of water due to maintenance and reconstruction of the 

equipment already in use. Further, it is the increased protection of richness of sources for the present 

and future exploitation by the preparation of operational manipulation regulations and greater effec­

tiveness of their influence by the collaboration of individual water-mains or water treatment plant 

groups. The underground sources must be thoroughly protected against antropogennous activities by 

individual sources by means of already mentioned protecting zones, by the control of the activity in 

the protected areas of natural accumulation of waters, and by common protection of sources within 

the frame of the protection of the living environment. The construction of new sources and feeders 

will be connected with these measures. 
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2. Emissions 

2.1. Communal Pollution and Waste Waters from Industry 

In the section 1.2.2. the quality of water in the streams in the Czech part of the watershed of the 

Danube is documented. The antropogenneous influences as represented by a quantity of polluting 

matters from point and area sources prevail even if the qualitative regime of the surface waters is 

influenced by various natural influences such as the hydrological relations. 

In the watershed of Morava there are 2,740,000 inhabitants and from them 72% are connected 

to the public sewage. This situation corresponds to the average situation in the Czech countries. 

This public sewerage, however, has often erected waste water treatment plants so that their construc­

tion brought just the concentration emission of pollution into one place and in this way, brought a 

deterioration of the influence on the stream. 

Approximately 1,300,000 inhabitants (about 48% of the total) of the watershed analyzed are 

connected to public communal water treatment plants. A smaller percentage of inhabitants discharge 

waste into the industrial water treatment 1,3ants. (Veverska Bityska, Napajedla). The waste water 

from other inhabitants is pre-treated in domestic waste water pits or is discharged without being 

treated. The requirement of the authorities to construct the domestic cesspools without an outlet of 

waste water in communities and without communal water treatment plants is not often respected by 

the inhabitants. 

At present practically all important communities have prepared studies or even projects of 

finishing the sewerage network and const-ruction of water treatment plants. The realization of these 

buildings is, however, postponed several years because of the lack of capital. The water treatment 

plants what currently in operation or under construction are largely in the mechanical stage of pre­

treatment and biological activation. Just some of these water treatment plants are also directed at 

removing nitrogen by means of nitrification and denitrification. The technology for the reduction of 

phosphorus in communal water treatment are not used in practice, even if, with regard to the content 

of nutrients in the streams, it would be necessary. 

In Table 6 the registered sources of pollution which discharge more than 100 t BSK5 per year 

are given. The two largest sources (the towns of Brno and Olomouc) are nearer characterized from 
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the point of view of liquidation of waste waters in Complements I and 2. Itis a common practice 

that industrial plants in the given locality are connected to the communal water treatment plant. 

Fromn the outline it is seen that besides the communal sources the foodstuff industry belongs to 

the most relevant polluting -gents of organic pollution which is discharged. A great problem of the 

rivers in South Moravia is that of seasonal work of sugar mills. 

In the past, during the autumn months the Morava River--from Olomouc to where it joias with 

the Dyje--was a dead stream because of its lack of oxygen. In more recent years, an express in­

provement occurred after the reconstruction of the sugar mill in Hodonin and after the construction 

of the water treatment plant in the sugar mill in Brodok of Prerov. The greatest water quality im­

provement is represented by the stopping of some sugar mill services. 

The pollution of streams by-easily removable organic matters (indicated by the value BOD .) is 

the best mapped sort of pollution in our country. Therefore this indicator could serve as one of the 

most important criteria in the determination of the order of urgency in the construction of water 

treatment plants as outlined in section 2.2. This order was constructed during the five-year evalua­

tion by the Ministry of Living Environment of the Czech Republic of water economy/conservation. 

There are also other reports about the need for construction of water treatment plants based on local 

conditions and relations without regard to the general impact on the watershed. 

As in the case of monitoring the streams, it would be necessary to continue the investigation 

and documenting further indicators of the quality of the water being discharged. Even if water 

management decisions are for some industrial polluters determined the limits especially for heavy 

metals, the summarized values of discharged quantities of these matters are not available. It is as in 

the case of the nutrients that the contents of phosphorus is analyzed just in a few water treatment 

plants. The most unexplainable facts exist in the discharge of specific organic matters (e.g. chlori­

nated hydrocarbcns--whether from chemical, paper mill, textile, or other industry) 

An important eccnomic factor forcing polluting plants to construct water treatment plants is 

represented by fines payable for discharge into streams. These fines go into the State fund of the 

living environment and in this way, become the source for providing financial support for constric­

tion of water treatment plants. The fine is charged for pollution included in the BOD category, 

insoluble matters, raw oil material, diluted inorganic salts, and obvious acidic or alkaloidal composi­
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tions. The administration of these fines brings in verifiable data for balancing the sewage being 

discharged. The data for 1990 is given in Table 7. 

2.2 The Order of Urgency ofthe Construction ofWater Treatment Plants in Critical Areas
 

form the Point of View of the Quality of Water.
 

Within the scope of the protection of the quality of waters, one of the main tasks may be 

indicated in the determination of the optimum order of the planned assanation measures, which in a 

narrower sense may be understood as the determination of the order of urgency of the construction of 

water treatment plants. The goal of solution of this problem is to place the investment means for the 

reduction of the loading of recipients from the decisive sources of pollution in such a sequence 

which would be from the point of view of elimination of critical sections of the streams most effec­

tively. 

In the Czech Republic in the past ten years the model for objectively proceeding in the evalua­

tion uses the knowledge from the field of evaluating analysis. The multicriterial method being used 

has first of all the advantage that in the interpretation of the results the deciding factors have a survey 

about the used factors and according to the need they can reevaluate their importance. The proposed 

system of evaluation consists of the criteria selected with the effort to obtain the broadest ecological 

access. The importance of the criteria is in the decisive process expressed by means of the so-called 

balances of criteria constructed by the team of experts with the application of Fuller's method of 

deciding analysis. 

One of the main priorities of the above mentioned proceeding is that it does not lie only on not 

sure data about the waste being discharged but it starts first of all from the measured values of 

pollution of recipients. The determination of the degree of pollution of streams starts from a detailcd 

saprobiological documentation of streams. The treatment (solution) is directed to the fields with an 

expressively unfavorable quality of water from the point of view of organic pollution as character­

ized by the index of saprophytic. By means of the above mentioned proceeding just the influence of 

the whole nodes of pollution is evaluated. This pollution may be created even by a group of pollut­

ing actors resulting in several not very far localities. Within the scope of the ten used criteria the 

decisive point of view is considered to be the worsening of the quality of water in the stream under 
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the polluting actor. Then follows the criterion preferring the recipients with water treatment plan 

samplings. The third criterion in the order prefers the sources of pollution in streams being more 

rich in water, in the further one there is evaluated the total length of the stream with the quality of 

water being worse than it corresponds to natural situation. In the fifth criterion the total further use 

of water from the negatively influenced part of the stream including the special protection of certain 

areas is evaluated. The evaluation of the present and perspective contribution of pollution from the 

sources represents the contents of another two criteria. From the last three "ecological" the highest 

relevance is that of the influence of the canalization of streams on the situation of biocenoses being 

expressed in the reduction of self-cleaning processes inthe river. Another criterion characterized the 

changes of the self-cleaning ability in the relation to the size and equality (uniformity) of the slope 

(gradient). The last criterion characterizes the influence of the area pollution. 

The resulting order of urgency of the construction of the water treatment plants for the territory 

of the watershed of the Morava is given inTable 8. 

2.3 Aerial (planar) pollution resulting from agricultural production 

The agricultural production isuntil now expressively visible in the changes of water, first of all 

inconnection with the application of a high quantity of agrochemicals for the land. The used method 

of large area agricultural economy in the past thirty years influenced on principle first of all the 

increase of concentration of nitrides and together with unsuitable intensification of animal produc­

tion contributed to the total increase of eutrization of waters. The treatment of the water manage­

ment problems of agriculture is based on collecting information about the agricultural activities in 

partial watersheds (subwatersheds) and their parts (application of industrial fertilizers, the composi­

tion of agricultural products, the numbers of animals, etc.). 

The potential threatening of the watershed by water erosion is evaluated as well. The obtained 

information about the agricultural production iscompleted by the set of data about monitoring the 

quality of water and the removal of nutriments. The evaluation is directed to the sorting and indicat­

ing of spots being critical from the point of view of pollution. 

At present the transformation occurs in the agricultural section. We expect of it tht - besides 

the changes of the owners rights and the transition to a more rational method of economy in the 
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landscape - even the share of agricultural pollution will appear in its reduction in a considerable 

way. E.g. already in 1991 when the high-principled reduction of financial supports in agriculture 

occurred the decrease of use of industrial fertilizers occurred as well. The removals of mineral 

nitrogen were decreased immediately too. 

3. Summary 

The river Morava being one of the largest tributaries of the Danube on it's central part of 

stream and draining the important part of the Czech Republic is evidently negatively influenced both 

by the municipal and industrial effluents and by the agriculture activities. Permanent investigation of 

the quality of surface waters has been occurring since 1963, complementary saprobiological monitor­

ing started 13 years later. One of limitiag factors of further extension of monitoring is above all 

insufficient equipment of laboratories. 

The largest problem of the quality of water in this watershed until now represents the organic 

pollution coming from point sources of pollution with insufficient treatment. In autumn period the 

quality of water is further worse caused by seasonal operation of sugar mills. The worst pollution of 

the river Morava is observed downstream the town Olom'-.: where the river is considerably dvas­

tated by the pollution from this agglomeration. 

In spite of the fact that exploitable richness of underground sources of water represents 55% of 

all sources of drinking water the watershed of the Morava cannot be considered as a territory being 

especially ri in these sources. The most dangerous pollution is that caused by raw oil and by 

chemical materials that may be decomposed with problems only. The sources are represented by 

industrial plants, raw oil pipelines and dumping places. According to the investigation 33.9% of the 

water produced does not satisfy the standard in its full extent. The main reasons for it are repre­

sented by the deterioration of the quality of raw water and non-adequate technological equipment of 

treatment plants. Substantial improvement represents continuous supply of population with drinking 

water is the reduction of losses of water and increased protection of richness of sources. 

Out of 2.7 million inhabitants in the watershed of the Morava, 72% are connected to the public 

sewer system and about 48% to the public water treatment plants. At present all important commu­
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nities have prepared the study or project of sewerage network or water treatment plant, the realiza­

tion is however postponed for the lack of investment means. 

Aerial pollution has been evidently influenced by the used method of large area agriculture 

economy. The increased concentrations of nitrites contributed to the total increase of eutrophization 

of waters. The prescnt transformation in the agricultural section promises besides of the changes of 

the owners a more rational method of economy followed by the decrease of agriculture pollution. 

There have been prepared many materials and documents that would enable the state adminis­

trators to make decisions in the field of water quality management. As an example of this activity is 

presented the order of urgency of hot spots assanation in the Morava watershed. Water management 

and water quality management has in the Czech countries a long tradition. Although the basic 

technological processes have been known in Czechoslovakia the evident development of ecological 

equipment for the economic reasons has not come yet. 
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Underground water acceptable for drinking water supply
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Hydrogeological regions in Morava watershed
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Saprobiological 
classification 


I pure water 


2 clean water 


- 3 very slightly polluted 

4 slightly polluted 

5 middle polluted 

6 heavy polluted 

7 very heavy polluted 

8 extremely polluted 

Key to the Map - Fi.3 


Saprobity 
index 


0 - Io 

1,01- 1,5 
1,51- 2,0 

2,01- 2,5 

2,51- 3,0 

3,01- 395 

3,51- 4,0 

4.01-

B005 mg/1 
average 	 I probability of 

|not surpassing 
-=== =-=====.= 0 -, 

1,9 1,6 1/2 3 4 

2,3 1,9 1 2 4 6 

3,7 3,0 2 3 7 10 

4,5 4,0 2 4 8 11 

6,5 5,5 3 6 11 16 

8,3 6,4 3 7 16 25 

2196 12,8 5 10 50 70 

Saprobiolog. 

classific. 


1 
2 -3 

4- 5 
6 

7-8 


CODn g/1 

average probability of 
- - not sur assina 

ggm-, -10- .2_-_= --0 -2 

4,2 3,4 2 4 8!9 

5,3 4,4 2 5 10 11 

6,4 5,6 3 6 11 12 

7,4 6,6 4 7 12 15 

8,4 7,4 4 13 20 

11,3 8,6 5 8 15 34 

41,7 17,0 6 12 130 225 

Classit.CSN
 
oxygen regime
 

Iclass
 
11
 
II 
IV 
V 



OBR. C. 7C 	 PREHLED UKAZATELU PODILEJICICH SE 

NA NEPLNENI" NORMY 

List of indicators laying out of drinking water standard
 

PODLE POCT according to the number of connected population
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Poland 

Danube river
 
basin on the Czech
 
republic territory .
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Fig. 8 Development of public water-supply systems AL* 

% from Odra river catchment 
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tab. 1 

Basic data about subcatchments 

Subcatchment 

No Name 


4-10 Upper 
MORAVA 

4-11 BECVA 

4-12 Midle 
MORAVA 1 

4-13 Midle 
MORAVA 2 

4-14 Midle DYJE 
4-15 SVRATKA 
4-16 JIHLAVA 

4-17 Lower DYJE 

MORAVA in CR 
MORAVA
 

alltogether 

The values of 

Profil
 

MORAVA­
-below DYJE 

MORAVA-mouth 

Leght of 
main stream 

(km) 


78.9 


119.3 

174.3 

223.6 

245.4 

172.4 
184.5 
311.2 

1 283.6 

397.6 

characteristic 

m-day flow 

90 270 355 

(mn3/s) 


130 43.5 18.8 
143 48.0 20.7 

Drainage Averase 
area through 

flow
I m 2) r(13i/s 

2139.1 19.4 

1625.7 17.5 

7437.5 50..8 

10690.8 65. 0 

4616.3 14.5 
7140.3 18. 0 
3003.6 11.8 

.418.7 43.8 

241C9.5 108.0 

26579.7 120.' 

through flows 

364 1 5 

13. 0 440 840 
14.3 339 755 

n-year flood 

10 20 
(m3/s) 

50 100 

1020 
92,-

1150 
1030 

1345 
1210 

1500 
1350 

Average
 
specific
 
outflow
(1/s/km2)
 

9.1
 

10.8
 
6.9 

6.0 

3.
 
3.9 
3.8 
3.2 

4.5 

4.7 

tab. 1.1 

Average 

year 


outflow
(MiI.m-7) 


56C) 

486 
370 
141 

3140 

Average 

year 

precipit.
(mm 


770 

847 

714 

694 


588 

592 
581 


535 

64. 

641 



--

Surface and underground water using in 1988 (in 1.s -)
 

Tab.2 

Underground water
Surface water
Subcatchment 

public industry agriculture


public industry agriculture
No 	 Naie 

supplay 	 supplay
 

system
system 


0 1326,1763,8 1051,2 274,9 

4-10 	 Upper Norava 176,2 541,3 46,3 


761,2
29,2 0
783,7 732,0
277,6 500,8 5,3

4-11 	 BWva 
 1049,9
145,1 0
12,0 738,4 904,8 

4-12 	 Midle Morava 1 118,9 607,5 


3,0 739,8
xx 	 572,9 627,4 109,a
191,3 54,6
4-13 	 Midle Morava II 327,0 

141,3
47,8 0
1307,1 93,5


4-14 	 Upper IDye 425,8 33,5 847,8 

0 1913,7
2694,7 1808,9 104,8 


4-15 	 Svratka 2072,1 448,9 173,7 

285,0
40,5 0 


333,4 1703,8 32,4 2069,6 244,5 

4-16 	 Jihlava 


1,5 366,1
315,1 49,5

48,4 129,1 248,7 426,2


4-17 Lower Dyje 

4,5 6593,1
801,2
9356,4 5777,4
4156,2 1420,8
Morava in CR 3779,4 


.20,0
40,2 15,7 4,3 0
4-21 	 Vah tributories 25,5 14,7 0 

inR 


Notes: xx Without cooling water for power station in Hodonin
 

Without forest irrigation
xxx 




W A T E R 0 U A L I T Y E V A L U A T I O N tab.3 

in selected indicators 

according 90% probability of not surpassing 

1986-1990' 

Observatin profil 

B 0 D 5 

outside suger 
C 0 El Dissolved 

solids 

N 0 3 N H 4 

Name River km mg/l class 

mili 

mq/i 

period 
class mg/li class mg/i class mgil class mg/l class 

3RAVICANY 
RNOVIR 

AOIRYNE 
)LKOVICE 
-ZMEFOV 
rROLOVICE 
JNOV ICE 
iNZHOT 

\OJMO 
EVLIN 
IR 
I SAR:Y 
RANY 

IDLOCHOV 

ERANOV 
3LAVANY
.ANCiCE 

MORAVA 272.8 
MORAVA 237.0 
BECVA 54.6 
VALOVA 5. 0 
HANA 2.0 
DREVNICE 0.8 
OLSAVA 2.5 
MORAVA 81.0 
DYJE 132.3 
DYJE 94.6 
SVRATKA 112.1 

VRATKA 50. 2 
SVITAVA 11.0] 

LITAVA (. 4 
SANOVICESVRATKA 12.0 
JIHLAVA 138.0 

OSLAVA 2.4 
ROKYTNA 0.5 

13.49 

7.50 
4.40 

68.14 
165.32 

17.31 
14. 3-3Z 
11. C0 
4.50 

118.98 
4. 7 
S.20 
6.83 

123.) 
20.66 
10.33 
6.63 
8.7-

4 
3 
2 
5 
5 
3 
4 
4 
2 
5 
2 

3 
5 
5 
4 
3 

13..49 
5.56 
4. 40 

26 .Z 
'. 54 

17. 1 
10. 66 
1"0.8 
4.76 

.8..2 
4.7 
5.20 
6. _3 

42.98 
19..2 
I0.92 

6. -76 
. 

4 

5 
5 
5 
4 
4 
2 
5 

3 
37. 
5 
5 
4 
3 

22. 
12. 

7 
4. S 

97.3 
15.66 
14,. ,'%) 
14.66 
3.1') 

40. C00 
5 73 
6.83 

-
34.30 
12.66 
14.00 
11. 00 
12.00 

4 

5 
5 
5 
4 
4 
3 
5 
3 
3 
3 
5 
4 
4 
4 
4 

307.9'2 
341.32 
376.86 
658.W3 
921.84 
547. 28 
62. 24 
487.62 
310.66 
521.36 
266.96 
378.30 
468.98 
1202.64 
535.98 
314.32 
709.98 
593. 4 

2 
2 

4 

2 

1 
2 
2 
5 
3 
2 
3 
3 

28.66 
29.66 
17.675 

31.0 
24.66 
28.00 

3-2. 00 
27.66 
40.66 
3 3.52 
35.00 
39.66 
38.66 
48.66 
48. 00 
49.98 
54.60 
52.66 

3 
3 
3 
3 
S 
3 
4 
3 
4 
4. 
4 
4 
4 
4 
4 
5 
5 
5 

1.13 
1. 33 
0.96 
7.95 
5.33 
7.32 
4.60 
3.57 
0.44 
3.55 
C.61 
1.55 
2.2-

11.00 
9.73 
6.83 
1.28 
1.21 

7 
7 

5 
4 
5 
4 
4 
2 
4 
2 
3 
3 
5 
5 
5 
3 
3 

v'ANCICE 
,,'AN 

JIHLAVA 
JIHLAVA 

34.2 
2.2 

6.73 
6.93 

3 
-

7.06 
79 

: 10 • 00 
12. ,'cj 4 

496.66 
544.64 

2 
3 

54.66 
53.00 

5 
5 

(. 90 
0-.88 

3 
3 



__ _ _ 

tab.4
S I T U A T IO N

H Y D R 0 G E 0 L 0 G I C A L 


all values in % of area
 

Summary hydrogeological evaluation
 Hydrogeological investigation

Permeability of rock 


investigated

Subcatchment 


less other only local
 in the uninves- important

permeable full less importan.
area important
detailed rough onlyitigated


No Name imperme-

able
 

category
little more good 

Kras 

-A
 
area A.BCl C2 


I 
64.2
4-10 Upper - .2 

7.7 9.3
21.7 78.1 18.8 


-66.7 16.7 1.7 14.9 9.5 96.5
MORAVA :7..4
E9.7 o.6
- - 1.5 8.8Z.9 14.9 1.0
4-11 BECVA 81.1 

i - 44.54-12 Midle 18.6 36.985.8
7.9 6.3 


- 16.0 - -
MORAVA 1 55.8 28.2 


1 84.7
4-13 Midle 7 10.6 4.7 
--MORAVA 2 80., 5.8 2.3 
7.5 92.5 8.8 2.7 

--0.2 1.8 ­
4-14 Midle DYJE 81.5. 16.7 8.3 2.4 60.')

16.5 81.3 10.3
.9 9.5 2.6 2.-

4-15 SVRATKA 56.3 5.71 7.2 5.1 81.4 
4.4 93.6 6.3-2.0 - ­

4-16 JIHLAVA 68.5 29.5 28.8 - 72.6
79.1 58.6 

- 15.9 5.0Q51.8 115.0 14.1 ­

4-17 Lower DYJE 9.1 

7.51 66.4

3.6 10.0 85.7 17. 1 15.0 
.66.4 21.2 2.9 9.4) 0.5 0.7

MORAVA __ _ __ "- ­___ __ __ 



Same indicators of development of drinking water supfly
 

Tab.5
 

indicator unit 1985 1990 2000
 

total population 103 2 729,450 2 735,086 2 779,100
 
population connected3
 

to distribution system 10 1 903,810 2 062,079 2 414,760
 

percent of connected population
 
69,8 75,4 86,9
in Morava basin 


total percent of contaceted
 
79,5 83,5 87,0
population in CR 


33 -1
 249 382 251 195
drinking water production 10 m .year 227 597 

lenght of distribution system km 9 203 10 824 11 894 

65 63 53underground water using 


35 37 47
surface water using 




M A I N SOURCES OF P 0 L L U T I ON 
tab. 6 

in the Dan-.be River Basin in the Czech Republik 

No 

S o u 

Name 

r c e 

Specif. 

R 

Name 

e c i p i e n t 

km 

B 0 D 5 

t/year mg/i 

Dissolved 
solids 

mg/i 

1 

4 
5 
6 
7 

a 
9 

I]( 
11 
13 
14 
15 
16 
17 
18 
19 
20 

I 

-, 
24 
25 
26 

28 

.9 

SM.PIVOVARY HANUSOVICE 
OLSAN.PAPIRNY.OLSANY 
SELIKO VIKYROVICE 
CESKOMOR.ETERNIT. ZAV.SUMPERK 

SUMPErIK 
NEALKO. bLUDOV 
MEZ. FOSTRELMOV 

CSAO. ZABPEH 
TESLA. LANSKROUN 
LANS<:ROUN 

ZABREH.NA.MOR 
SM. PIVO'ARY. LITOVEL 
STENBEFIK 
MflRAVIA.HLU B'O C Y 

OLOMOUC 
VSETIN 
ROZNOV 
URXOVY ZAVODY YALAS.MEZIRICI 
HRAN ICE 

FREROV.CHEM.ZAVODY.PRERO'V 
PREROV-HENCLOV 
CUKROVAR VRBATKY 
PRGSTEJOV 
CUROVAR VYSKOV 
CUKROVAR NEMCICE NA HANE 
P:KROMER I Z 
ZLIN 

SV I T. OTROKOV ICE 

fs. 
p.m. 
fs. 
ew. 
p.s. 
fs. 
In. m. 
m. m. 
et. 
P.s. 
p.s. 
fs. 
p.s. 
m.m. 
p.s. 
P.S. 
p.s. 
m.m9. 
p.s. 

c.1. 
p.S. 
fs. 
p.s. 
fs. 
fs. 
p.s. 
p.s. 
1. 

MORAVA 
MORAVA 
DESNA 
NAHON 
BRATRUSOVSKY POTOK 
EILUDKYOVSKY POTOK 
MORAVA 
MORAVA 
OSTRO3VKY POTOK 
OSTROVSKY ROTOKt 
MORAVSKA SAZAVA 
MLYNSKY POTOK 
S I TKA 
BYSTRICE 
MORAVA 
VSETINSKA BECVA 
ROZNOVS :A BSECVA 
BECVA 
BECVA 

FjECVA 
BECA 
BLATA 
VALOVA 
DRNOVKA 
HANA 
MORAVA 
DREVNICE 
DREVNICE 

326.55 
31 1.00 

13.20 
3.78 
0. 0(0 
2.21 

300.96 
294.;9 

0.62 
2.46 

30.40 
10. 57 
29.24 

23..;3 
78.68 
14.79 

38.20 

8.10 
15.78 
15.54 

0. 4() 
11.51 

192.61 
6.46 
0. 06 

130.8 
309. 9 

11.2 
. 2 

117.3 
25.0 
2.4 

. 

216., 
167.1 
126.2 

4..4 
1.9 

5768. 1 
104.6 

6. 9 

105.0 

3303 
80:J.3 

201.8 
162.6 
126.6 
204. 2 
693.8 

1972.9 

2520. 0 
95.3 

994.0 
16.7 
15. 1 

632. 0 
6.6 

750.0 

212. 0 
41.5 

1485.0 
505. 0 

1i0.0 
2-72.6 

21.0 
17.4 

36.9 

28. 8 
882. 0 
22.9 

1915. 3 
366.0 
40.0 
49.0 

332.0 

421 

2537 

2014 
1847 
2700 

709 
437 

24380 

538 

4058 
470: 

3.276 
51. 

563 

573 
1726 



S o r c e e c i p i e n t B 0 D 5 Dissolved 
solids 

Km t/year mg/l mg/I 
No Name Specif. Name 


0. 90 1o'). 9 601. 9 730
fSLOL'. JANKOVICKY FOTOKfs.
BABiCE31 CUKFOVAR UH. HRAISTE fs. MORAVA 156.7() 367.8 301.0 
71 UH.EV p.s. 21.90 5IS.0BOD OLSAVA 734.8 846 

2.20 15.7 1438.0 1672
 
fs. FETRIFOVEC
T3 LACRUM OSTROZSKA NOVA VES 
 0.6 4.8 3581
139.63.m.m. MORAVA
34 ZELEZARNY.VESELI.NAD.MOR 
 8.90 202.2 1705.0
fs. SYROV I NKA75 SLOKO.BZENEC 


98.80 283.6 2.2 755
 
c.w. MORAVA
76 JME.EHO.HODONIN 
 558
 
p.s DYJE- 126.90 121.7 26.4 

37 ZNQJMO-DEOBSICE 
 63.2 2820.0
14.50
HODONINKA
PRUMYSL MASNY OLESNICE fs.
79 72.75 304.7- 1200. 1 131(0
40 VIGONA URNENEC SVITAVAt.p. 


248641 ADAMOVSKE.STROJ I RNY.ADAMOV m. m. SV I TAVA 
2:. 4 32.842 BRNO-MODRICE . s. SVRATKA 37.8013 

fs. JIHL VA 0.50 135.6 759.0 1112
43 JM.FUM.MASNY KOSTELEC U .J 
44 J IHLAVA P.s. JIHLAvA 140.70 231.2 36.8 

0.2 2.8 110]et. L1IHLAA 


46 TREBIC p.s. J IHLAVA 4..0 19376
 
6a..60 375.0 1570
 

45 TESLA JIHLAVA 


47 SVIT VELKE MEZIRICI I. OSLAVA 
8.60 795.5 465.0 1570 p.s. OSLAVA
46 V.iMEZIRICI 


49 MORASKE BUDEJOVICE p.s. ROKYTKA 1.0 219.3. 41;1.02
 

5(:) FRUTA.MIROSLAV fs. MiR0SLAVKA 14.70 149.7 131(-.B 2646
 

51 FRUTA VRANOVICE fs. RICKA 6.00 .1.1 69.0 1155 
7.3 1744
.20 2.3
52 NHK:. MOSTARNA.HUSTOPECE.U. BR m.m. ST I NKOVKA 

79.1 1429
W. F ODiVIN p.s. LADENSKA STROUHA 6.20 27.7 

p.s. DYJE 24.21 277.7 66.1 649
54 BRECLAV 
 4.70 101.0 482.0 992
fs. VCELINEK
5 FUTA LEDNICE 

5654 222.6 159.7FOSFA BRECLAV - HYDRAUL.CL. c.i. DYJE ,T50.2VA
56 p..s..

57 KYJU; p.s. S :U, AVA
 

1.20 64.4 604.0 614

fs. RUMiZOSKY JARE5
50 S'u.O. DUBNANY 

metal and machine industries et. - electrotechnical
 
p.s. - public sewage system p.m. ­pscification: 
 industry
I. - leatherstuff plant
fs. - foodstuff industry 


c.w. - cooling water for Power stationc.i. - chemical industry 


http:HYDRAUL.CL


-----------------------------------------------------------------------

Point surces of r11ution in Morava basin - 1990
 

Tab.7
 

B undisoved oil dissolved acidity

5 matters matters inorganic salts or alkality
 

1
- 1 
 t.year-

Number t.year Number t.year Number t.year Number t.year Number 


Registrated 2231 32 320 2231 30 105 ' 94 14 90 49 620 20 61 815
 
surces
 

Payments taking
 
59 693
surces 489 27 093 13 1 324 3 4 39 45 962 9 




Tob.
6 

The Order of Urgency of the Hot Spots Assanation
 

in Morava river basin
 

determinated using the multicriterial decisive analyses'method
 

Hot soot Recipient Subcatchment 	 Final point
 
evaluation
No Name 


1. Olomouc Moravs up.Morava 252
 

194
2. 0trokovice Morava m.Morava 

179
3. Brno Svratka Svratka 


167
4. Budovice Litava 	 Svratka 


5. Kyjov Kyjovka Iyje 	 166 

6. N.Msto n.M. Bobr~vka Svratka 155 

7. Vel.Bfteg Bitoka Sv-atka 152
 

8. Svitavy Svitava Svrptka 151
 

9. Novd Veself Oslava Dyje 	 150
 

10. Zlin 0fevnice m.Morava 	 149
 

11. Polifka Bf1W potok Svretka 	 143
 

12. Hustopete Stinkava Dyje 	 143
 

13. Vel.Meziffdf 0save Dyje 	 143
 

14. gumperk Desnd up.Morava 	 142
 

15. 0le~nice Hodonfnka Svratka 	 140
 

16. Bysttice Bystika m.Morava 	 139
 

17. 2ddnice-tejd Trkmanka Dyje 	 138
 

18. Kuftim Kufimka Svratka 	 136
 

19. Prost~jov Valovd m.Morava 	 135
 

20. V.Opatovice 3evIdko up.Morava 	 135
 

21. fzenec Syrovinka m.Morava 	 134
 

22. Vy~kov Hand m.Morava 	 134
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1. Assessment of Water Pollution in the Hungarian Part 

of the Danube River Basin
 

1.1 Description of the River and its Tributaries 

(Some parts of this paragraph are excerpts from the Country 

Report prepared for the International Conference on Water
 

and the Environment. Dublin. 1990)
 

Geographically, Hungary is situated in the lowest, pre­

dominantly flat land area of the Carpathian Basin, 
flanked with
 

mountains on three sides, between the northern latitudes 
45.5
 

and 48.50 and the eastern longitudes 15 and 230. The surface is
 

gently sloping southwards. The average elevation is 
about 100 m
 

above sea level, only 1 % of the area surpassing the 
elevation
 

of 500 m. The area of 93.000 km
2 lies completely in the Danube
 

Basin. Rivers enter from the West, North and East. 90 
% of the
 

country's surface water resources are exported by the 
rivers
 

Danube, Dr&va and Tisza to downstream countries (see Fig.l.).
 

of the

As for the climatic and meteorological conditions 


under
 
country, they are typical for the northern moderate 

zone 


strong continental influence. The mean precipitation 
is 600-620
 

mm/year, but the extreme values lie between 300 and 1200 
mn/year.
 

During the vegetation period, the precipitation amount 
hardly
 

reaches 300 mm. Sunshine duration is 2000 h/year.
 

since

The water resources of the country seem to be great 


.How­
the annual amount of transit surface water reaches 120 

km3
 

ever only 5 % of this volume, i.e. 6 km
3 originates from ti.e
 

re­
national area. As for the spatial distribution of water 


is transported by
sources, it is typical that 90 % of 120 km
3 


of the

the rivers Danube and Driva and only 10 % is the share 


Tisza River, although the catchment (and impact) area of the
 



latter covers 50 % of the national area. As for the distribu-.
 

tion in time of water resources, it is typical that during
 

August, the month of peak water demands, only 5 % of the an­

nual amount is available, hardly meeting the ecological needs
 

of Nature. During this time, practically no water resources
 

of local provenance are available. The annually utilizable
 

.
amount of ground-water resources is also 6 km
3
 

The estimated value of water consumption of the water us­

ers of the country is 7.6 km3, consisting of the following com­

ponents: 

- drinking water supply 1.1 km3/year 

- agriculture,irrgation,livestock farms, 

fish-ponds 0.8 km3 /year 

- industrial water users, including food 

processing and energy production 5.7 km3/year 

7btal 7.6 )am /year 

About 10 or 15 % of this water volume, i.e. 0.7-1.0 km3/year 

is being incorporated by Nature, or evaporated. On the other 

hand, 84 % of industrial water users representsonly heat load­

ing for Nature. 

The Danube (see Fig.l)
 

The Danube is the bor4er river between Slovakia and Hungary
 

from Rajka (the entering point) to Szob. On this section of the
 

river there is a sudden break in ;he bed-slope which causes
 

large bed load deposition and an obstacle for navigation. The
 

Gabcikovo (Bus) barrage and hydropower system (almost finished)
 

would eliminate this difficulty, however, environmentalists
 

desperately fight against the inaguration of the barrage system
 

con­and at present there is an impasse as to the fate of the 


struction. Several large tributaries flov, into the Danlibe from
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the Slovakian side, among others the Vah (VAg) and the
 

Hron (Garam) both intersecting major industrial districts.
 

The river has a 90 degree bend at V~c and turns to the
 

south. Below Moh~cs the Danube leaves Hungary for Serbia.
 

on
The variation of the discharges of the rivers can ba seen 


Fig.2 which represents the total length of the river.
 

Before relating the tributaries two major branches of the
 

Danube river above and below Budapest must be mentioned. The
 

first one is the Szentendre branch (abt 60 km length) surround­

ing the island of the same name. The latter branch of abt
 

80 km is called SoroksAr or RPckeve (after the municipalities
 

along the river) and surrounds the Csepel island. Beth river
 

sections intersect typical recreational areas of the Budapest
 

inhabitants. The Soroks&r branch is menaced by heavy eutrophi­

cation tendencies, which is caused mainly by the polluted load
 

from the main river.
 

Major Danube tributaries in Hungary
 

Two major tributaries flow across Hungary the Dr~va
 

(German: Drau) as a border river between Hungary-Croatia and
 

the Tisza. The first one arises in the Alps in Austria and its
 

from Austria and Yugoslavia.
pollution comes almost entirely 


It has a confluence with the Danube within Serbian territory.
 

The Tisza has its origin in the Carpathian mountains belonging
 

(since the second World War) to Ukraine.It flows from Hungary
 

to Serbia below the large city of Szeged and reaches the
 

Danube downstream of Novi Sad (capital of the Vojvodina part of
 

Serbia) on the left side of the main river (Fig.3. and 4).
 

The Tisza has several secondary tributaries within Hun­

gary. Among these the most important ones are the right side
 

Saj6 (its source is in Slovakia) draining the Borsod (Miskolc)
 

industrial area (see Fig.9),the left side Szamos,Kbrbs and MaroE
 

/L,\v 

http:Ukraine.It
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flowing from the Transsylvanian part of Romania, The latter
 

one is heavily polluted by Romanian industrial wastewater dis­

the upper
charges. There are two barrages on the Tisza river 


and smaller one is at Tiszalbk. The second one is upstream of
 

a storage capacity of abt
Szolnok at Kiskdre. This latter has 


300 million cubicmster. Botl' impounded sections supply irri­

gation system. The major canal of this system is called Keleti
 

drinking
F6csatorna supplying the big city of Debrecen with 


water, as well.
 

The medium flow of the river (Q50% in 1901-1970) at the
 

entering section is 140 m3/sec and below Szeged at the border
 

abt 700 m3/sec (see Fig.). However, the fluctuation at Sze­

the
ged: in April 1400 m3/sec and in October 300 m /sec for 


same period of 1901-70.Ice cover is of considerable duration:
 

30-50 days with 50 % probability in different sections.
 

1.2 Water Quality of the Danube River
 

In order to check water quality on a regular basis, a net­

work of monitoring stations was established in Hungary in the
 

early 1960's. This so-called "basic network of water quality
 

control", now having been in operation since 1966,includes 113
 

important water courses of the country's area, about 50 compo­

nents are measured wit;7 frequencies of 12, 26, 52 samples a year, 

The number of sampling locations and sampling frequencies for 

are shown in Table 1.
Hungary's two largest river systems 


Table 1
 

Number of sampling staticns cf the network
 

in the two major river systems 

Water Number of sampling stations
 

systems 12 24 52 Total 

Danube 
Tisza 
Total 

54 
6 

60 

samples/year 
S9 
52 

151 

16 
23 
39 

169 
81 

250 
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In addition to the above mentioned basic network survey
 

regular water quality monitoring is also performed at the
 

recent
Hungarian stretch of the Danube and Tisza. In the 


years so-called "target oriented investigations" have been
 

performed under different hydrometeorological conditions and
 

the sampling was harmonized with the flow velocities.
 

Summary evaluations of the water quality conditions
 

of the Danube (See Fig.1 of Hungary)
 

Dissolved solids
 

The dissolved salt content and its composition in Danube
 

water is principally affected by the geological structure of
 

by human activi­the watershed. Dissolved solid loads caused 


5-10 per cent of the total
ties may be estimated at about 


load of the Danube. In respect to cations the Danube water at
 

to
Rajka is of calcium-magnesium character, while according 


of water is
anions it is of hydrocarbonate type. The hardness 

in the medium range with 8-10 degrees at high flows and 

reaching 16 degrees st low flows. The pH varieswithin 7.3 - 8.6. 

The salt content slowly increases downstream. The increasing
 

tendency is mainly detectable in low-flow periods, when the
 

increment at the Hungarian reach approaches 20 %.
 

increase the highest concentration of
In spite of this 

3
 

is still much lower than 500 g/m
salt measured in the water 

, while
The variation of the conductivity is 250-600 jS.cm 


the salt content varies between 190-400 g/m
3
 

Dissolved oxygen and oxygen demand
 

,
 
The variation of the dissolved oxygen 

is between 6-15 g/m
3
 

60-140 %. The longitudi­the oxygen saturation varies between 


two types:
nal dissolved oxygen profile follows 
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At the low water temperatures (late autumn and winter 

time): a decrease was detected at the Komirom-Esztergom sec­

tion, then an increase occurred in Budapest area. Downstream 

of Budapest a decrease and at the Szeksz~rd-Baja section an
 

increase was detected.
 

= At water temperatures between 15-20 °C (late spring and
 

summer time) the decrease in oxygen saturation due to bio­

degradation have not been or only in short sections detectable.
 

In the lower Danube reach oversaturation is frequently ob­

served. This means that the algae mass present in the vwgeta­

tion period produces more oxygen than necessary for the oxida­

tion of organic compounds. The fluctuation of extreme values
 

is essentially higher at Baja than at Rajka.This verifies that
 

of the Danube in the vegetation
the dissolved oxygen content 


period, from March to October is influenced mainly by the bio­

mass production.
 

The values of oxygen consumption (CODMn by acidic KMnO 4
 

and CODcr by K2 Cr2 07 ) are determined by the organic load of
 

the Danube, the organic matter produced in the river water,
 

the advanced state of the decomposing processes and the rate
 

of flow providing for dilution. The CODMn value varies between
 
,
 

4-10 g/m3 , the CODCr values are in the 
range of 12 to 40 g/m

3
 

3
 
with an average of 22 g/m
 

The COD values of the samples taken in different periods
 

a
are nearly identical in the longitudinal section, however 


typical increase of 2-8 g/m3 is detected at the Budapest area.
 

The time series of the monthly CODMn mean values do not
 

show an unambiguous periodical variation as it is detected with
 

that of the oxygen saturation.
 

The biomass produced in the vegetation period by the pri­

mary production is higher than the decomposed organic matter.
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Thus small peaks have been detected at Rajka in the spring and
 

late summer period. In winter
early summer and at Baja in the 


the values at Rajka and at Baja are nearly the same, since the
 

measurement is not interfered by algae mass.
 

Hungarian organic
Consequently it is supposed, that the 


before reaching the Hungarian­load is completely decomposed 

most unfavourable condi­-Yugoslavian border even under the 


and that the increase detected in the vegetation
tions, 


period is the consequence of algae production.
 

(DOC) depends on
The value of dissolved organic carbon 


the changes in flow rates, however it is mainly determined by
 

the organic load. The values vary between 2-10 g/m
3 , the con­

centrations of the polluted tributaries are rather higher. An
 

essential difference exists between the late summer and winter
 

water quality component is
samples. The organic carbon as a 


a good index for the dissolved organic pollution, further it
 

has the advantage that the organic load produced by the algae
 

growth and its secondary polluting effect is less included in
 

the analytical result, compared to the COD measurements.
 

Plant nutrients
 

The concentration of the ammonium (NH+) ion in the Danube
 

varies between 0.1-3.6 g/m 
34 
, its deviation is remarkably high.
 

The highest values are obtained in winter time at low-flow
 

at flood
with 2-4 0 C temperature, the small values appear 


periods and high temperatures. In the winter samples the back­

and further increased by the
ground values at Rajka are high 


Vah (Slovakian tributary) and the Sio confluences. The lower
 

almost identical in
values measured in the warm periods are 


the whole Hungarian reach. The samples at the Sio section some­

times show a peak-like pollution.The 10*years'series of month­

sections show a de­ly average values of the Rajka and Baja 


finite yearly periodical variation. The maximum values occur in
 

the winter the minimum in the summer period.
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in the Danube is gen-
The variation in nitrate ion (NO-) 

erally between 3.2-10.2 g/m . The highest values occur at the 

lowest water temperature. There is a separate paragraph lat­

er dealing with the nitrate (see Appendix A).
 

between 0.08 -0.8
The phosphate ion (PO3-) values vary 


g/m3 . The yearly periodicity and the dependence on the vegeta­

tion, on the water temperature and solar radiation is here
 

also detectable.
 

The nutrient load of the Danube influences indirectly the
 

flora and fauna. In the
 
water quality through the aquatic 


50-90 % of the nutrients are taken up by

vegetation period 


the plants, decreasing the nutrient concentration of the 
water.
 

Thus, the actual concentrations can not be directly considered
 

Beyond the vegetation
in the evaluation of the water quality. 


period the maximum values are typical for nutrient loads.
 

Organic micropollutants
 

The content of anionic detergents varies between 0.04 
and
 

0.20 g/m3 showing a relatively small fluctuation. The highest
 

values occur in the low-flow and low-temperature periods. 
The
 

an irregular change
longitudinal section sampling has shown 


should be considered as a consequ­in the concentration which 


ence of an accidental waste discharge.
 

The concentration of phenolic compounds is characterized
 

. The longitudinal investigations
by a range of 0-10 g/m
33 

on
have shown that the actual concentrations largely depend 


and temperature
actual waste discharges and that the flow 


have small if any effect. The concentration at the downstream
 

border is regularly lower than the inflow concentration at 
the
 

Slovakian border.
 

Oil and oil products (expressed as extractable in carbon­

0.01-1.0 g/m 3 . The
tetrachloride) show concentrations between 
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Komrom, Szob, Budapest, Baja are
 average value at Rajka, 

, 0.20 g/m

3 , 0.29 g/m
3 , 0.21 g/m 3 ,
 

0.29 g/m
3 , 0,32 g/m

3
 

respectively.
 

There are several sampling points where decrease and 
in­

crease of concentrations occur alternatively. At particular
 

have been observed many times.
 sources unexpected peak loads 

and space


Concentrations vary intensively in magnitude, time 


- a situation of shock-load pattern.
 

There have been a few scattered investigations on 
chlori­

lindane

nated pesticides. Only hexachlorbenzol (HCB), and 


were detectable along the Danube. HCB was measured 
at the con­

centration range of 2-5 mg/m , while lindane at 
2-40 mg/m
 

on chlorinated hydrocarbons were focused
Investigations 


on carbontetrachloride, chloroform, tetrachloroethylene 
and tri­

chloroethylene. Concentration ranges of these components, 
meas­

ured upstream of Budapest are as follows:
 

0,1-1,1 mg/m 3 

- carbontetrachloride: 

0,3-0,8 mg/m 3
 

- chloroform: 

0,1-0,2 mg/m

3
 

- trichloroethylene: 

0,1-0,6 mg/m

3
 

- tetrachloroethylene: 

that the

Results of the sparse investigations indicated 


concentrations remained below the "desirable" threshold 
value.
 

Investigations performed with gaschromatograph-mass 
spec­

trometry (GS-MS) analysis by the Hungarian-Czecho-Slovakian
 

laboratories (part of a co-operation on transboundary 
water re­

de­
sources) identified approximately 250 organic compounds 

in 


tectable amount, such as hydrocarbons, ftalates, triazine type
 

herbicide atrazin, and policlorinated bphenyls.
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etals 

Measured values of metals vary generally over wide ranges
 

with orders of magnitude differences (see Table 2).
 

Table 2
 

in the Danube upstream of Budapest
Heavy metal concentrations 
in a given period(1682 rkm) and downstream of Budapest (1631 rkm) 

Metals River Minimum Average Maximum 
km 

Hg (vg/1) 1682 
1631 

O,1 
O,1 

1,0 
1,2 

4,7 
18,7 

Pb (pg/i) 1682 
1631 

1.O 
1,0 

2,4 
4,2 

11,O 
55,0 

Cd (Mg/i) 1682 
1631 

O,1 
0,1 

0,6 
0,4 

29,0 
4,0 

Fe (mg/i) 1682 
1631 

0,23 
0,05 

0,87 
0,81 

3,5 
10,7 

Mn (mg/i) 1682 
1631 

0,04 
0,02 

0,07 
0,08 

0,29 
0,50 

pollution
The wide range of variation indicates shock 


loads associated with attachment to suspended solids, affect­

concentra­ing transport and concentration conditions. Low 


tions characterize Hg, As and Cd, while Fe, Zn and Mn 
are re­

of higher concentrations. Taste dete­presented with ranges 


but non-toxic metals, iron,manganese, zinc are
riorating, 


present in drinking water with concentrations close to or 
ex­

ceeding the allowable limit. Among substances that are toxic
 

to plants (but not to humans) copper can be mentioned as a
 

toxic
single one approaching limit value. Among metals being 


lead and cad­also to humans such as As, Cr, Pb, Cd, Mg, only 


mium are found in concentrations approaching the undesirable
 

limits, but not exceeding drinking water standards.
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The above statements refer to dissolved metals, 
but it
 

that a large portion of iron, manganese, 
zink,
 

can be stated 


cadmium, chromium, lead, mercury are attached 
to sediment par­

ticles, while nickel and copper are present 
mostly in dis­

solved form. Metals in the solid phase are attached mostly
 

to the smallest sediment particles. These 
enriched concentra­

tions are higher than those considered natural, 
thus unambi­

gously indicating pollution. Average concentrations 
of lead,
 

frac­
arsenic, copper and zinc in the smallest particle 

size 


tion exceed the allowable values for soils.
 

Bacterial pollution
 

of the
 
The data available on the bacteriological quality 


Danube indicate that the Danube between Rajka 
and Kom~rom and also
 

the Mosoni Danube fall into the "polluted and 
heavily p'.luted"
 

quality class. Between Rajka and the mouth of 
the Mosoni Dan­

ube, Salmonella analysis has shown that 50 
% of the samples
 

are positive. Coliform and feacal coliform are 
found below 100
 

and 10 i/ml respectively. Due to the untreated 
sewage of Gy6r,
 

the Mosoni Danube represents a high bacterial 
pollution load
 

on the Danube.
 

loads of Budapest results in "polluted quality
The large wastewater 

of magnitude and Sal­class".The coli values rise by one order 


monella branches are always present at Nagytdt~ny, 
downstream
 

of the capital. The effect of the capital 
can be detected main­

ly in the littoral current and in the plume 
of waste water dis­

charges. The improvement of bacterial conditions 
downstream of
 

Budapest is very fast, and at Dunaujv~ros 
the quality is bet­

ter than upstream to Budapest. The bacteria 
count decreases
 

further in the section Dunaujvros-Mohdcs.
 

Biological conditions
 

Phytoplankton, algae count and ch~orophil-a 
content of
 

the water are the main biological components 
measured regularly
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The variation of chlorophil-a value 
is between 10-200 mg/m , 

. 
and the algae count value is between 1000-40.000 cell/cm

3
 

The highest values have oaen measured in summer. The mini­

always in December and January. Growth
 
mum values occur 


4-5 C
 
starts in spring when the tmperature of water 

reaches 


and the number of sunny hours approaches the 
monthly 100 hours.
 

Further increase occurs when these parameters 
reach 10 0C and
 

200 hours. In the vegetation period between March 
and October
 

two peak values are detected. The spring peak 
is inApril-May and
 

the autumn peak appears in September-October. 
The monthly mean
 

values are the same along the whole reach in 
wintertime, but
 

are
 
in the vegetation period the downstream values 

at Baja 


about two fold compared to the upstream values 
at Rajka.
 

The longitudinal measurements of summer period 
have shown
 

similar results. From Rajka to the upstream 
section of Budapest
 

of
 
a slight increasing tendency is suddenly raised 

downstream 


Budapest, where tne algae count is multiplied. This phenomenon
 

can be interpreted by the change in the hydrological 
conditions.
 

The current slows down, the suspended sediment 
settles, the
 

transparency increases, improving the living 
conditions for the
 

algae. An other reason is that in this reach 
the dominant spe­

cies are multicelled green algae and small size 
diatoms essen­

tially altering the quality of the algae composition. 
The algae
 

production affects also other already discussed 
parameters.
 

decrease of nutrient concentrations (NH+, NO3,
It results in 


P04) in the vegetation period, the oversaturation of dis­

peak oxygen consumption in the
 
solved oxygen in summer and 


autumn. It effects also the hydrogencarbonate-carbonate 
equilib­

in
 
the change of which results in increasing pH-value
rium, 


the vegetation period.
 

to the trends in water quality, Appendix B
Finally, as 


presents data.
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1.3 	 Water quality data of the Tisza river
 

(see Appendix B, as well)
 

Quality at Tiszabecs (entering section of the
 

Soviet border)
 

At this point the quality of the river is favourable.
 

The important components are as follows:
 

at flood
average 


18 mg/i
1.0-3.0 mg/l
COD(-permanganate) 

" 40 mg/l2.0-10
COD(-bichromate) 


BOD (-5 days) 0.1-1.9 " 10 mg/l
 

the values include the suspended solids, as well.
* 

7-13 	mg/i
DissolvedO 2 


200 mg/1
Dissolved-salts 


NH+, NO, and micropollutants are negligible.
 

This section of the Tisza to the confluence of the 

Szamos river is one of the cleanest river reach of 

the country. 
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Quality of the upper reach (river km 650-330)
 

This river reach is characterized by the effect of the
 

polluted tributaries, such as Szamos and Kraszna (flowing
 

from Romania). Quality components of 50 % duration in these
 

two rivers are as follows:
 

Szarpos Kraszna
 

COD (bichromate)(mg/l) 48 51
 

NH+ (mg/i) 1,5 6,6
 

The unfavourable situation is aggravated by the fact that
 

the pollution load through these secondary tributaries arrives
 

in the form of shock-waves, very often.
 

The right side tributaries of Bodrog, HernAd and Saj6
 

(all coming from Czechoslovakia) worsen the quality of the Ti­

sza with further pollution loads. As an example: at the con­

fluence point the CODcr of the Saj6 is 77 mg/l and the NH+ ­

-value in the Herndd is 3,5 mg/l. The Saj6 is heavily polluted 

in the Hungarian section as well (e.g. Kazincbarcika, BVK­

with 240.000 population and various
-chemical works, Miskolc 


industries, as given in the Appendix C).
 

In the following table the metal-pollution of the Szamos
 

and Saj6 is given in microgramm per liter at the river mouths.
 

(Average values of 1990 measurements).
 

Zn Cu Pb Cr Hg Cd
 

64 21 2,4 3,6
Szamos 277 85 


Saj6 67 9,8 6,8 1,4 0,3 0,7
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(to the Yugoslavian border)
The middle section of the Tisza 


This section is influenced positively by the Kiskdre 
re­

servoir and negatively by the (mostly untreated) 
Szolnok waste
 

It should be mentioned that in the impounded 
section
 

waters. 


the suspended solids are greatly settled and 
together with
 

this the majority of above said heavy metals.
 

In Szolnok the wastewater discharge is 0.8 m3/sec.
 

The pollutic" load is characterized by the 
following
 

figures:
 

22 t/d
COD (bichromate) 


BOD 9
 
1.3 I
 

NH4 

85 kg/d
ANA-detergents 


the mass load of the river.
These respresent 1-5 %.of 


In the following table several average values 
of quality
 

components are shown in the longitudinal section 
of the river.
 

Table 3
 

Some longitudinal characteristics of the Tisza
 

a-chlorofil
CODcr Dissolved-O 2 NO3 


4,5 ­12,0
10
Tiszabecs 

14
26 8,4 7,2
Tiszafired 

15
20 8,7 7,0
Kiskore 

13
22 9,1 7,6
Szolnok 

13
23 8,8 7,6
Tiszaug 


-8,3 11,0
25
Tiszasziget 
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Quality at the Yugoslavian border section
 

Here the major polluter is the left side tributary 
of
 

Maros (flowing out from Romania). Neither the Kdrds nor urban
 

settlements along the river cause any significant 
load to
 

the confluence of the Maros and the city of Szeged 
(untreated
 

sewage discharge, see Appendix C).
 

Several quality components (averages) of the Maros river
 

are as follows:
with a medium flow of 110 m3/sec 


40 mg/l
CODcr 

3.0
NH4


H4
 
650
dissolved salts 


0.1 Pg/1
Hg 

5.0
Cd 

500
Zn 

700
Cr 

90
Pb 


8800 " Fe 


a shock-

Once again the pollution arrives from Romania 

in 


-load pattern, very often! In the following 
the characteristic
 

values of the border section of the Tisza are 
presented in mg/l.
 

average
min. max. 


23 6.5
4.0 -
COD (permanganate) 

75 25.0
12.0 -
COD (bichromate) 


4.3
1.1 - 21
BOD 

- 12 8.3
4.4
Dissolved 02 
 0.8
0.02 - 5.0
NH4 


Finally it should be mentioned that the phosphate 
ion con-


Danube, how-­
centrations in the Tisza are half of that in the 


ever, this is abundant to eutrophication, which is recently
 

quite a problem.
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1.4 Groundwater
 

of the Transdanubian part of
 A major groundwater resource 


the country is the karstic water.
 

the natural
water amount surpassing
From these resources 

since 1950, partly for water
 recharge rate has been withdrawn 


supply purposes and partly in order to facilitate 
mining opera­

tions.
 

The original discharge of karstwater-fed springs was
 

and today it
 
450 m3/min. 40 years ago it was still 300 

m3 /min 


streams
 
is only 70 m3 /min. Various abundant springs and small 


On the brim area, the total hot water dis­
have become dry. 


and Budapest

charge of the springs of world-famous H6viz spa 


now it is only its half.
 was 50 m3/min, 


should
 
As far as groundwater pollution is concerned it 


be differentiated according to the depth of water bearing 

layers and topographical situation. 

con-
Along the Danube the sandy-gravelly alluvial layer 


tains considerable water resources. This 
is replenished eith­

(at low discharge of the
from the river or 
er (and mainly) 

great­

river) from the adjacent groundwater.This 
resource is 


ly utilized for drinking water supply and 
it will be reviewed
 

in the next chapter (see Fig.5).
 

table in the agricultural area
 The near-surface groundwater 

This is pointed out at greater
is highly polluted by nitrate. 


length in Appendix A. The pollution pattern 
is different below
 

While under the unsewered
 the municipal and industrial areas. 

because of
 

villages the groundwater table is unduly 
elevated 


and NO3 . Under the
 
the seepage of wastewater and polluted by 

NH4 


sewered settlements industrial pollution 
is frequent.Just along
 

discovered (with­
the Danube the following contaminations 

were 
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out listing the sources): pharmaceutical chemicals, chromium,
 

zink, kerozene, lead, oil, etc. In the Tisza catchment near
 

the Saj6 river an enormeous mercury pollution was discovered
 

under a chemical factory. At present a PHARE-project is under
 

way aiming the detection of groundwater pollution sources and
 

preparing an inventory of that.
 

Special attention should be devoted to the great Danube
 

These
islands above (Szen#endre) and below (Csepel) Budapest. 


are lying completely on the sandy-gravel terrace of the Dan­

ube and full with the bank filtered wells of the waterworks
 

of Budapest and adjacent settlements. Simultaneously they are
 

parts of the recreational area of the capital as it will be
 

pointed out later.
 

The western part of the Csepel island along the main Dan­

ube branch is heavily polluted by the settled sludge of the
 

untreated wastewaters of the capital and by communal tipping
 

places or industrial sources (heavy metals, NH+, organics).
 

It should be mentioned tnat under an abandoned Soviet military
 

area there is an enormeous fuel contaminated spot.It.is planned
 

to launch a cleaning operation by foreign firms.
 

1.5 impacts of water quality for uses
 

1.5.1 Urban use
 

Drinking Water Supply in general
 

Out of the 3070 settlements of the country, already 2500
 

ones (with 91 % of the country's population) are supplied with
 

drinking water from pipes. However, the quality of the water
 

supplied, is behind the national quality standards in 400 settle-


The 9,5 million inhabitants supplied by waterworks,con­ments. 


sume an average volume of 2.7-2.9 million m
3 /day.The peak value
 

http:spot.It.is
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in summer time is 4.1 million m3 /day. 43 % of the latter capa­

city is provided by bank-filtered wells, 38 % by artesian, 7 %
 

by karstic water resources and 3 % by the shallow ground-water.
 

from
Only 9 % of drinking water demand is supplied surface
 

waters.
 

The so far installed capacity of water production is 4.8-5.0 

3/day. While no quantitative problems of drinking water
million m


supply are expected, difficulties with water quality may 
occur.
 

In the course of further development, water supply with 
healthy
 

about 1.0 million inhabitants
drinking water nmustbe provided for 


of 600 settlements,including the implementation of considerably
 

great new capacities for water treatment. The deadline for 
solv­

ing this task is 1998, by Parliament decision. By that time,an
 

m3/day, a
 
additional water treatment capacity of 0.5 million 


distribution network of 20,000 km, storage capacity of 0.7 
mil­

lion m3 have to be constructed and the proper protection 
of 450
 

water supply areas of water production has to be secured. 
After
 

that, the water supply level of the population will reach the
 

realistic value of 97-98 %.
 

The gap between the degree of water supply (91%) and sani­

tation (51 %) is 40 % at present. It should also be noted that
 

the sewages of a number of riverside towns- among them those in
 

a part of the capital,Budapest -reach the recipients without any
 

-
a continuously less justified reason 
treatment, relying -with 


on the self-purification capacity of the rivers.
 

Reducing the gap by installments will be implemented paral­

lel to the rearrangement of propriety conditions, taking 
place
 

in the country. The impor­
as a consequence of social changes 


tance of private capital will increase.Concession methods adopt­

able under today's Hungarian conditions have to be elaborated.
 

Possibilities for the participation of foreign capital should
 

be secured since all these tasks cannot be solved only based 
on
 

national resources.The rentability of private and foreign 
invest­

ments should be guaranteed.
 

The demand for improving life quality and for the protec­

tion of the health of the environmet requires that the natio­

nal standard systems should approach the European one.
 

'1 
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Water supply situation in several large cities
 

In general, along the Danube the water supply is exercised
 

mostly from the bankfiltered wells or from the sandy gravel
 

terraces /alluvial layers/. These layers are, however, inter­

connected with groundwater draining agricultural land.
 

In the No.l. area upstream from Budapest the most impor­

tant city is Gy6r which is supplied with drinking water entirely
 

from above mentioned alluvial layer. However, because of the
 

Fe- and Mn-content of the raw water it requires pretreatment
 

before chlorination. The total capacity is 90.000 m3/d and the
 

investment need is rather negligible on the short run.(Fig.8.)
 

The Regional Waterworks of DRVV produces 130.000 m3/d once
 

again from the bankwells and Fe-Mn-removal is restricted only
 

for a few wells. Generally speaking the quality of the raw wa­

ter is acceptable, however, 140- and NH4 -contamination is
 

menacing in some places.Some of these wells had to be abandoned.
 

The greater Budapest area is supplied again overwhelmingly
 

of the
from bankfil.tered wells. The total production capacity 

3/d. This
Metropolitan Waterworks is at present 1,260.000 m


seems enough until the end of this decade. However from this
 

figure abt. 300.000 m3/d water is coming from direct-surface-wa­

ter-intake treated in the classical way with some PAC-addition.
 

The problem is mainly arising from the periodical planktonic
 

overproduction in the Danube. Improvement of the treatment sys­

tem to avoid algal contamination is under way.
 

The bankfiltered wells are situated mainly in the two is­

lands upstream /Szentendre/ and downstream /Csepel/ from the
 

city. While the upstream water gaining area produced safe water,
 

the Csepel island weils ae contaminated by the untreated waste­

waters and settled sludge of the capital.Fe-Mn-removal,plus ozoni­

zation is presently applied for the water pumped from these
 

wells, however, activated carbon filtration should be intro­
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duced, as well. Due to the permanent deterioration of the old
 

wells, yearly 2 % of those must be substituted by new ones.
 

There is a further problem of the increased drinking wa­

ter need of the island municipalities. This means a new wa­

terwork of the Csepel island with a capacity of 130.000 m
3/d.
 

The estimated investment cost involved for the above works is
 

about 5 billion Forints.
 

It should be mentioned that the protection of the water
 

yielding area presents a permanent problem due to the fact that
 

the villages are not supplied with sewerage facilities and the
 

intensive agriculture is polluting the groundwater, as well.
 

These protective measures involve 3 billion Forints in the
 

Csepel island alone and more than 1.5 billion in the Szentendre
 

island. This is, however, a general deficiency all the water
 

yielding areas in the whole country.
 

Further to the south along the Danube the industrial centre
 

of Dunaujv~ros should be mentioned. It receives at present abt.
 

50.000 m3/d,.drinking water from healthy bankwells of Ercsi.
 

The next large waterwork is the Moh&cs-P6cs komplex. In Moh&cs
 

a surface water intake with clarifiers which is sup­there is 


ported by bank-wells recently. From here two rising mains trans­

port the mixed water to the large industrial town, P~cs. It is
 

(in Usz6g)a complete treatment with activated carbon filtration.
 

This system supplies 40.000 m3/d and it needs several renovative
 

actions, such as new rising mains and ozonization. Several hun­

dred million Forints are forecasted for the new investments.
 

As far as the Tisza subcatchment is concerned, first of all
 

Miskolc should be mentioned. Here the gravel terraces of the
 

secondary tributaries of the Saj6 and Hern~d are used for water
 

supply. There are 3 waterworks out of which the one at Saj6l&d
 

(apacity is 50.000 m3/d) is now nitrate-polluted and its water
 

ex­production was reduced to a third of the original. Furhter 
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tension of the supply is planned from the Tisza-terrace 20 km
 

away with a projected cost of 1.5 billion Forints.
 

For Debrecen a surface water work at Balmazujv~ros was
 

built with a capacity of 50.000 m
3/d /besides of old wells
 

planted on deep aquifers/. This waterintake uses the Tisza 
wa­

ter of the irrigation canal, Keleti FScsatorna. Besides the
 

classical treatment technology they adopted the ozon-technique,
 

An

however, this has not yet been completed with GAC filter. 


investment some of abt 250 million Forints is required.
 

At Szolnok the surface water work produces 70.000 m
3/d
 

3 /d is forecasted. However,
and an extension of abt. 15.000 m


it would be more urgent to adcpt ozon- and GAC technique due
 

to the fact.that the river is polluted with refractory organic
 

from the Saj6 and algalbloom is a problem, as well. More than
 

1 billion Ft is needed to all of these investments.
 

Finally it should be mentioned, that while in the Danube
 

valley over 80 % of the drinking water supply uses Danube 
wa­

ter, mainly through bankfiltered wells, in the Tisza sub-catch­

ment /in the great Hungarian plainl this is in the opposite
 

way, that is more than 80 % is developed from deep aquifer.
 

The water supply of Szeged is fed from deeplayer aquifer
 

(abt 100.000 m3/d) which is acceptable both in quantity and
 

quality. The latest waterwork was developed at Algy6 with
 

20-25.000 m3/d water production and it is transferred to the
 

city. This work can be extended easily if it would be neces­

sary later.
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1.5.2 Ecosystem and Fisheries
 

As far as the specific ecosystem problems of the Danube
 

in Hungary is concerned two major natural treasures should 
be
 

mentioned that is first the river section between Rajka and
 

to the
Gy5r the so called "Szigetkbz" and an other one near 


township of Baja the "Gemenc" game reserve.
 

Both are full with small river branches, old wooded and
 

marshy areas. Great problem arised with the "Szigetk6z" as
 

a consequence of the Gabcikovo (Bbs) Slovakian-Hungarian hy­

eco­droproject. The debate between the environmentalists and 


nomists is sharp and the same can be said even between the two
 

governments of Slovakia and Hungary. The Slovakian government
 

almost completely finish­invested more money into the project 


ed than the Hungarian partner and the Slovaks want to finish
 

con­and operate both the hydropower plant and shiplocks (in 


trast to the Hungarians). The major issue of the differences
 

the conta­in the attitudes of the two parties is the fear of 


in the alluvial layer un­mination of the great water resource 


der the reservoirs due to the impounded slow flow, and the un­

certainties about the fate of the specific ecosystem of the
 

Szigetkbz, host of many rare species of the natural flora and
 

fauna (gene-bank).
 

As far as the importance of the fishery in the Danube is
 

concerned, sorry to say, this is decreasing in contrast to
 

that in the Tisza. The 30-year average of the fish catch is
 

abt 1 million kg/a. In the latter case the impounded section
 

of "Kisk6re" (see Fig.l) plays a critical role in respect the
 

ecosystem and fishery. The problems arise from the fact that
 

this is a major fish breeding area of the river with the many
 

shallow bays of the impounded river section, which are menaced
 

- once again in
by water level fluctuations. The fish catch 


a 30 years average figure - is abt 800.000 kg/a.
 

As it was stated in the paragraphs of 1.2 and 1.5.1 for
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both the Danube and Tisza, the nutrient load is critical and
 

eutrophication (algal bloom) is a major impact on water
 

uses. However, the heavy metal and refractory organic conta­

mination is of local importance as pointed out in para 1.2
 

(see also Table 2). That is true that in the impounded or re­

gulated low velocity river sections silt accumulation hap­

pens. The only markantly contaminated river section of such
 

a character is the Danube bank downstream of Budapest along
 

the Csepel island as it was mentioned previously.
 

1.5.3 Other uses
 

Recreational use is given under this title. For the capi­

tal the upstream Danube bank together with the Szentendre is­

land and the eastern part of the Csepel island along the So­

roks&r Danube branch is important recreational area. Along
 

the Tisza the most important recreational activity is concen­

trated around the Kiskbre reservoir also called "Tisza-lake"
 

( see previous para). Appendix D summarizes the most important
 

features of the recreational areas along the Danube and the
 

Tisza rivers.
 

The smaller Pm of the Danube (SoroksAr or RAckeve branch)
 

around the Csepel island (see Fig.8 and Appendix C) has been
 

developed for recreation. Previously - and in some parts even
 

- it was used as a summer bathing resort, as well,
nowadays 


however, the main recreational use is sport-fishing.The tragedy
 

is the enhanced eutrophication of this river section closed by
 

sluice-gates at both ends and polluted by the discharge of the
 

South Pest wastewater treatment plant, as well, contributing to
 

the river's nutrient stock. Any improvement is hopeless as long
 

as the pollution of the main Danube feeding the branch will not
 

be reduced.
 

IV 
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2. Emmissions and Discharges
 

2.1 Overview
 

The pollution figures in Table 3 are measured routinely
 

by the inspectorate 2-4 times a year at the discharge points
 

of the polluting agencies. This causesinaccuracy in the cal­

culations. However, the order of magnitude of the calculated
 

figures with the data comparison are acceptable. First the
 

total country load is reviewed, then separately that of the
 

capital.
 

Table 3
 

Nation-wide Pollution Load
 

(these data originate from the 1980-90 period)
 

-Wastwa-ter Pollutants
 
she flow 
 + 

sCOdc Total salt Oil-greae NH 

10.m /... 10 kgI. % 101kg/d % il0kg/dI % 10 3kg/d % 

62 38 77 35 61Danube 1860 70 780 78 1200 

2 4
Drfva 70 3 50 5 100 5 1 3 


Tisza 710 27 170 17 650 33 10 20 20 35
 

49 100 57 100
'Total 2640 100 1000 100 1950 100 
BpestI 
,(Outof 1000 38 480 48 470 25 26 53 17 30 
!the 

During the eighties the wastewater flow discharged 	 to
 

year­surface waters fluctuated between 210 and 240 million m
3 


ly. Out of this 93 % disposed in the Danube watershed. The
 

proportion in the subwatershed of Tisza river was 57 %. Out of 

the total wastewaters to be treated 35 % is developed by Buda­

pest and 10 % is produced in the county of Borsod (Miskolc and 
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environ). However, only 18 % of the above wastewater is "prop­

erly" treated. 69 % is partially treated 
and 14 % has no treat­

ment at all. 32 % of the treated wastewater 
belongs to industri­

al establishment and 67 % is treated 
by the communal sewerage
 

works.
 

The most recent (data from 1991) global 
overviews of the
 

wastewater flow (on a daily basis) with 
a rate of 42 % of sew­

as the planned development
 erage can be seen on Fig.6. As far 


is concerned Fig.7 presents the same 
data to approximative time
 

horizons of 2000 and 2010.
 

The characteries of the sewerage system 
is represented
 

with the following figures at 
present (Table 4)
 

Table 4
 
Sewerage figures 


Length of
System of 

sewers
sewerage 

103 km
 

Separate system
 
58
6.6 
- sewage 

9
1.0 
- precipitation 

33
3.8
Combined system* 


100
11.4
Total 


*Mostly in Budapest
 

It is interesting to note the forecasted 
sewerage figures
 

to the time horizon of 2000 and 2010, that 
is 17 000 and 23 000
 

km. The estimated investment 
costs are 330 x 109 and 520 

x 109
 

Ft on the 1990 price level.
 

These latter cost-figures contain the 
wastewater treat-


VAT­
ment investments, as well (see Fig.7), however, 

without 


-addition. The proportion of the sums for 
sewers and for treat­

ment plants are roughly 50-50 %.
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2.2 Municipnl Dischargers
 

The Hungarian Danube Watershed
 

/without the Tisza river and its subwatershed/
 

This area consists of 3 parts:
 

1. The area from Rajka to Budapest (see Fig.8)
 

2. Budapest (see in Appendix C)
 

3. The Danube river-reach between Budapest and Moh~cs
 

These 3 parts do not cover that total area indicated in
 

the title and especially not the area downstream from the
 

neglected sub-areascapital because of the reason that the 

section 3 do not exercise any reasonable point-source-pol­of 
3 major riparian industrial
lution to the river. There are 


complexes such as Szazhalombatta (oil refinery and power plant)
 

The third one with its atomic reactor,
Dunaujvaros and Paks. 


however, causes thermal pollution only. P~cs, the large
 

industrial city does not lay alony the a.m. river section,but
 

Moh~cs.
it is supplied with drinking water from the Danube at 


of the first
In Table 5 the major municipal polluters 


area upstream from Budapest are listed. The total population
 

(see Fig.8) is 810.000 with 280.000 houses,flats,
of this area 


resp. out of the latter 246 000 are connected to piped water
 

supply and 172 000 to public sewers.
 

In the followings the problems of several major cities
 

are discussed from Rajka to Mohfcs.
 



Table 5. Pollution load* of the Hungarian Danube between Rajka and Budapest
 

from municipalities (1985) 

Cities 
(see Fig.8) 

Popula-
tion 
x 1000 

Recipient 
Wastewater 

flow 

(m3 /d) 

COD 

(kg/d) 

Oil 
extract 
(kg/d) 

NH+ 

(kg/d) 

Total 
salt 

(kg/d) 

Gy6r 

Mosonmagyar6vdr 

Esztergom 

Komdrom 

Ldbatlan 

Dorog 

roszlny 

Tatabdnya 

Tata 

Sopron 
Szombathely 

127 

30 

32 

20 

, 6 

12 

21 

77 

' 26 

56 
86I 

Mosoni-Duna 

Mosoni-Duna 

Duna 

Duna 

Duna 

Kenydrmezei-p. 

Altal6r 

Altal6r 

Altaldr 

Ikva 
IPerint 

80.300 

6.100 

6.205 

4.200 

2.700 

8.625 

6.600 

26.300 

6.055 

15.56C 
31.900 

47.624 

1.320 

i 2.340 

2.286 

I 559 

13.755 

700 

3.860 

426 

7.250 
1.786 

3.062 

77 

89 

44 

29 

145 

42 

199 

40 

125 
83 

2.978 

243 

159 

125 

42 

226 

197 

710 

4 

328 
347 

64.465 

10.565 

4.381 

4.805 

1.812 

17.200 

4.955 

18.420 

4.276 

17.166 
22.968 

jka 

PApa 

Balassagyarmat 

, 

1 

34 

34 

19 

'Sz~les-p. 

'Mez6laki -p. 

Ipoly 

7.500 

9.000 

3.500 

302 

468 

1.253 

24 

16 

143 

210 

124 

4.550 

2.610 

4.200 

Major polluters 

Others 

119.740 

30.154 

83.929 

9.248 

4.028 

360 

5.836 

420 

182.373 

12.792 

otal 14 9.894 93. 177 4.388 . 6.256 195.165 

*The significant polluters are listed only. 
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The problems of the major country towns along
 

the Danube river
 

Gyor (the Mosoni Danube branch) with a population of
 

127.000 and a large industry of engineering, 
textile, destil­

wastewater
 
lery, food stuff, etc. has at present 

80.000 m3 /d 


that is only mechanically treated. The 
first biological stage
 

3 
and the pipeline to the Danube (Moson 
branch)


for 40.000 m

They need abt 1/2 billion Ft for 1992.
 

has been constructed. 


To the proper operation with sludge 
disposal, however, several
 

more billions might be necessary - according to the present es­

timation.
 

Kom~rom (population 20.000) discharges at 
present 4,250
 

the
it is introduced into 
m3/d wastewater. Without treatment 


main current of the Danube. The projected 
full biological treat­

3 /d involves an investment cost of more 
than 1/2
 

ment for 6.000 m


billion Forints. This was planned to 
the year 1992,however, the
 

It is forseen to

is not clear at present.
finalization date 


3 /d capacity for the wastewa­build finally a plant of 12.000 m


ters of Sz~ny and Als6neszmly, as well.
 

Esztergom (population 32.000) discharges 
at present 6-7.000
 

m3 /d wastewater untreatedly into the 
main current of the Danube.
 

3 /d should be ready

The mechanical (primary) stage for 12.000 

m


in 1992, the biological stage (1/2 billion 
Forints at least) is
 

allegadely ready in 1993.
 

Vfc (population 38.000) has a treatment 
plant originally
 

constructed for 12.000 m3/d. This can not 
receive the sewage in­

3 /d recently. The extension would cost abt
 creased to 18.000 m


1/2 billion Forints together with a regional 
sludge handling
 

and disposal facility.
 

sewer-

It should be mentioned that in the above towns 

tie 


needs a more or less large scale extension, 
the cost
 

age system 


of which is not quite clear.
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s (population 14.000) in the Csepel island
Szigetszentmikl6 3
 .
 
needs a new treatment plant 

of a capacity of 10.000 m 


Budapest is presented in Appendix C.
 

Dunaujvhros (population 61.000). At present 
the wastewater
 

sandtrap, however,

of 28.000 m3 /d is treated by a screen and 


there are some speculations (with the US firm 
Kramer) of build­

ing aerated and facultative ponds in the future.
 

In the existing mechanical
Baja (population 40.000). flowing
(primary) treatment plant 6000 mn/d wastewater is 


involves a regional
through into the Danube. The future plan 


treatment plant of 20.000 m3/d capacity receiving 
the industri­

al discharges (food + textile) as well. Cost is unknown.
 

it is
 
Moh~cs (population 20.000). No treatment at all, 


3 /d capacity.
needed a biological plant of 10.000 m


:iver

The problems of the major cities in the Tisza 


sub-basin
 

along the Saj6 river has a population of 240.000
Miskolc 


and it hosts several industrial branches, such as 
metallurgi­

of
 
cal, engineering and foodstuff. At present the 

wastewater 


about 90.000 m3/d is only mechanically treated 
and the primary
 

sludge after lime treatment is transported to agricultural 
land
 

for disposal. The primary treatment system has 
been, however,
 

constructed to the treatment of 140.000 m3/d and 
there is the
 

first part of the secondary (biological) stage for 70.000 m3/d
 

lat­
under construction, as well. For the second stage 

of the 


ter and for the sludge digestion and dewatering complex 
a de­

sign projet has been financed by the PHARE-programme. 
The plans
 

are ready but in lack of financial support (estimated 
cost abt.
 

tender and the execution of the
 2 billion) the international 


work is suspended.
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"capital" of the

Debrecen (population 210.000) is the 


great Hungarian Plain without any surface water 
flow (with ex­

cept of some small creek).-Its wastewater of abt 
80.000 m3/d
 

is mechanically treated only and it is at present transported
 

to 15 km, where it is spread on open land (38 hectar of "pond­

ing"). The primary sludge is used in agricultural land in
 

15-20 km distance from the plant (without stabilization 
or de­

watering) which can not be practised for the future. 
The first
 

3 /d) is under
 
stage of the secondary treatment plant (40.000 m


is

construction, however, the sludge handling and disposal 


questionable even nowadays. The total cost projection 
of the
 

treatment system is between 1.5-2 billion Forints.
 

Szolnok (population 80.000), at present, has no treatment
 

plant at all. There is a plan with a capacity of 80.000 m3 /d
 

sewer system, different industries). The main sewer

(ombined 


and the inlet pipe to the river has been constructed, 
however,
 

the plant can not be built in lack of financial support. 
The
 

of the final

unified sewerage system has been built to 84 % 


stage.
 

) has at present a plant of
Szentes (population 32.000 


3 /d and it needs an extension to 
a capacity of 10.O00m 

3 d.
 
6600 m


sewer sys-

Szeged (population 180.000) has a unified type 


The
 
tem (at present built abt. 46 % of the final one, only). 


3 /d. There
 
planned capacity of the treatment plant is 120.000 

m


are some preliminary negotiations with the Danish 
firm KrUger
 

(150 km) and a treatment plant
as to the building of new sewers 


from foreign capital. It is hardly believable to operate this
 

plant before 1997/9P.
 

2.3 Industrial Dischargers (see Table 6)
 

As it is quite understandable most of the industrial 
dis­

chargers are accumulated in the major cities, in Budapest 
alone
 

0d
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the 6 greatest olluting
Table 6 pollution load of 

in 1985
branches*
industrial 


Dimen- Quantity of pollutant

sion into surface into publicComponent 

sewer(per year) ater 

65.604
47.726
CDt
COD 

1.5435.254
oil, fat t 


71.088
t 280.399-

Total salt 


977
9.748
t
Ammonia NH4 

107
193 


Detergent t 


33.821
kg 109.023 

Zn 


kg 2.744 8.430
 
Cd 


kg 21.808 42.722
 
Cr /total/ 


5.827
kg 7.821 

Ni 


10.968
kg 1.793

Pb 


kg 12.046 14.895
 
Cu 


kg 5.380 5.700
 
Fe 


*Mining, Electric energy, Metallurgy, 
Engineering-,
 

Light industry
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abt. 40 % of all the industries. This means that the munici­

pal sewers are loaded with the industrial wastes. Though
 

there are severe criteriae as to the discharges into the 
pub­

lic sewers, most of the industries being in poor financial
 

conditions can not observe these prescriptions, and both the
 

sewerage systems and the existing treatment facilities 
are
 

overloaded by industrial wastes dumped in without proper 
pre­

treatment. This problem in the Budapest area is also 
pre­

sented in Appendix C.
 

In the followings after a general view of the industrial
 

pollution load (see Table 7) several individual ind'strial
 

dischargers with direct (or almost direct) access to 
the Dan­

ube and Tisza are listed.
 

Along the upper region of the Hungaruan Danube Table 
7
 

shows a list of industrial dischargers, some reaching 
the
 

Danube via tributaries.
 

in the Kom~rom region 3 industrial discharges
There are 

3/d


above the listed ones in Table 7: AKKV (food) with 6700 
m


(the treatment plant is in operation) KKV (Alm~sfUzit5) 
with
 

3000 m3/d (only mechanical treatment) and aluminium 
oxide
 

works with 9000 m3 /d (mechanically treated). These will 
join
 

to the planned treatment plant of greater Kom&rom.
 

South from Budapest there is the oil refinery of Sz&z­

halombatta (see Fig.5). The industrial waste require 
a new treat­

ment plant planned from foreign capital.
 

Further on downstream in the city of Dunaujv&ros the paper
 

and pulp mill has a separate biological treatment plant 
mounted
 

by the French firm Degremont, the remaining CODcr-load 
(from
 

3 /d) is abt 65 t/d. There are uncertainties as to

60.000 m


the wastewater treatment of the large metallurgical complex.
 

In the Tisza sub-watershed along the Saj6 river (see Fig. 9)
 

there is a major chemical industrial complex:
 



Table 7 Pollution load* of Upper Danube industrial discharges (1985)
 

(see Fig.3) 

Total Treatment
Wstewater COD Oil NH+ 


Name of industry Recipient flow extract salt at present
 

(m3 /d) (kg/d) (kg/d) (kq/d) (kg/d) 

19 4.453 partial
67
Gy6r Destillery Mosoni-Duna 10.943 3.572 


219 6.779 mechanical
3.000 3.453 ­Pet6h~za Sugar Ikva 


58 2.695 partial

Kapuv~r Meat Kis-Rdba I 1.600 2.521 58 

!I 18,5 35,4 1.235 mechanical 
Acs Sugar Szdkes-patak i 2.600 i 694 II 

95 8 !.835 partial
Duna 17.400 5.386
L~batlan Paper 


2.574 98 155 20.800 mechanical
Duna 14.000
Nyergesujfalu Viscosa I* 

KPGYO-Dorog Kenydrmezei-p. 2.000 7.490 116 694 20.802 biological
 
(Pharmaceutical
 

52.163 25.790 452,5 1.188,4 62.599

IMajor polluters 


309,2 291,5 35.824
25.910 :16.154
lOthers 

41.944 761,7 1.479,9 1 98.423
78.078
iTotal 


A significant polluters only
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The town along the
Kazincbarcika (population 39.000). 


of the large chemical works of BVK.
Saj6 river is the host 


This work discharges 30.000 m3/d industrial wastewater which
 

is a two stage system (biological-chemical) and works accept­

ably, however, specific effluent criteria are granted by the
 

authorities.
 

Just in the vicinity of the Saj6 confluence with the 
Ti­

(on the Fig.9
there is an other large chemical complex
sza 

of Leninvdros) of


still indicated with its previous name 


It has a wastewater treat-
Tiszapalkonya (population 20.000). 


ment plant for 8400 m3/d, however, overloaded. Because of
 

tertiary treatment with stabilization pond the effluent 
is ac­

ceptable.
 

that 	direct pollution
should be mentioned
Finally it 

sources is not characteristic to the


load from agricultural 


(the only example is a big piggery of Nagytdt6ny
great rivers 


in the Budapest region). This load is of typically non-point­

-source character in Hungary and reviewed in para 1.4.
 

The piggery of Nagyt6tdny (35.000 pigs) discharges 
di­

rectly to the Danube 400 m
3/d wastewater with a COD-load of
 

16 t/d.
 

2.4 	 Evaluation of the expected effect of the planned
 

wastewater treatment
 

load
the nation-wide pollution
In Table 3 of para 2.1 


was characterized. In the followings the polluter-mass 
flux
 

is calculated
through the 3 rivers
arriving to the country 


on the basis of average concentrations and medium 
flow.
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Table 8
 

Background mass flux of pollutants in the
 

3 rivers
 

Tisza Total
Component Danube Dr~va 


River flow 

m3/sec 2500 550 1250 4300 

% 58 13 29 100 

CODcr 

103 kg/d 3888 ' 864 2592 7344 

34 100% 54 12 

Dissolved
 
solids
 

103 kg/d 51840 10360 35400 97600
 

36 100
53 11 


NH+

H4
 

102 260
103 kg/d 138 20 


7 40 100
% 53 

BOD
 
3 510 1700O kg/d 990 200 

30 10057 * 13 

in 1980 extremely high flow
 

source
With the comparison of Table 3 and 8. the point 


pollution-load of the country can be rated to the entering
 

load of the 3 rivers. This is presented as follows:
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Table 9. 

Ratio of country pollution load to the river 
import
 

in per cent
 

Tisza Total
Danube Dr&va 


0.6 0.690.8 0.2Wastewater/river flow 

65 13,6
20 6
CODcr 

2 2
2 1
Dissolved salt 


19 21
 
4 25 10
H+ 


Supposing full biological treatment at the point sources,
 

the above figures are modified as follows:
 

Table 10
 

Ratio of load after biological treatment 
to the river
 

import in per cent
 

Danube I Dr~va i Tisza 

j 12 6COD r 
i 22 1Salt 

7 10 10
NH4 

*Can not be calculated
 



The effect of Budapest
 

The wastewaters of the capital represent the majority
 

(see Table 3. and Appendix C),
of the Hungarian pollution load 


that is 38 % of all the wastewaters and 48 % of all the pol­

lution load. Consequently treating these wastewaters 
is de­

cisive in respect of the nationwide pollution 
abatement.
 

Summarizing the water quality data upstream and down­

stream of the capital it can be said that
 

increase of 2-3 mg/l,
-the organic load means an 


- the metal load (Hg, Pb) is significant,
 

- the bacteriological parameters are much worse 
than
 

the chemical ones,
 

the effect of pollution is gzeatly varying across and in depth
 -


of the river.
 

(without nutrient re-
Supposing full biological treatment 


that is an efficiency of 
90 % in COD, 50 % of NH4

,+
 
moval), 


70 % of metals and 90 % of fecal coliforms, the remaining pol­

lution is approximatively: 

CODCr 80-100 t/d 
NH+ 9-10 " 
N4 

metals negligable 

coli 104 /Z 

2500 m3/sec the
 In case of a medium flow of the Danube of 


dilution ratio of the Budapest dry weather wastewaters 
is abt.
 

in the river is 50 kg/sec. and
 200. The mass flux of CODCr 


is 1.5 kg/sec. The addition to these figures
the same for NH4 


of the biologically treated wastewaters 1 kg/sec, 
0.1 kq/sec,
 

the
 
respectively. With other words: while the proportion 

of 


flux is at present abt
 
COD-load of the capital to the Danube mass 


20 %, and in respect of NH4-load is 25 %, these 
figures of pro­

4 
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portion can be reduced to 2 %, 7 %, resp. 
The figures of con­

, 3 3 are added toCOD and 0.04 g/m NH4 
+ 

centration are 0.4 g/m 


NH4. Even more drastic reduction can
 20 g/m3 COD and 0.6 g/m
3 


in the heavy

and this is the most important ­

be expected ­

metal load. As far as bacteriological 
conditions are zoncerned 

that can be supposed as a lower 
in the littoral river band, 

value with one order of magnitude compared 
to Ihe present one. 

11 for the Tisza 
Similar rationale is presented in Table 


There it is shown that after conventional 
biological


river. 

indus­

treatment of the wastewaters of the major 
cities and 


unsatisfactory in re­
trial centres the conditions are still 


spect of N-nutrient, such as ammonia (and the same can be said
 

means that
 
for P-nutrient, though not indicated 

here) which 


plants are necessary.newthe N- and P-removal in the treatment 

Table 11
 

Effect of biological wastewater (w.w.) treatment 
in
 

the Tisza catchment area to the quality 
of the
 

river
 

(present w.w. discharge = 700.000 m
3 /d)
 

Mass-fluxMass-fluxCbnpo- Mass- Mass-
Load 

incrementflux frmn w.w.after in the river 
nents flux 

in the from w.w. biol.treatment after biol. 
%treatment of w.w.

river 

kg/sec kg/sec kg/sec kg/sec 

130.3
0.3
CODcr 30.0 16.0 
10
1.322.0 0.12N+ 1.2 
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3. Conclusions and Recommendations
 

3.1 Summary Conclusions on Conditions and Trends
 

Projections of industrial-, agricultural- and urban
 

development
 

The Hungarian industry with some exception (e.g. in 
the
 

fields of pharmaceutical-, electric-, electronic 
branches)
 

is obsolate, outmoded with low level of productivity.
 

The same can not be stated on the agricultural produc­

to the food industry the above criticisem
tion (however, as 


relates, as well). Collectivization had advantageous 
features
 

in contrast to small farming on one part, and the 
traditio­

nal affection of the Hungarian country population 
to farming,
 

on the other part, helped to the developing of an 
agriculture
 

in relatively better shape than that in the industry.
 

At present there is a transition period in which privati­

zation is the primary objective. Exporting goods to the "new"
 

markets in Western Europe demands a complete reshuffling 
of
 

the industry. This takes time and at present industrial 
produc­

tion shrinks with 15-20 % yearly. There is uncertainty 
in the
 

import

large scale animal breeding due to the curbs against 


set up by the Common Market. There is a hope that the 
vast mar­

and Ukraine and other
ket potential for foodstuff of Russia 

the


federal states might help the Hungarian agriculture 
in 


future. However, at present, the situation is confusing 
in this
 

potential market, as well.
 

On the basis of above said uncertainties it is very hard
 

to forecast any tendencies in the pollution problems of the 
in­

dustries and agricultural establishments for the next decade.
 

- and must - be changed rapidly.

The present conditions will 

In spite of this fact in Paragraph 2.3 an approximative 
list is 

presented on the major industrial polluters with polluting 
data.
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Due to a.m. remarks, these data should be regarded with great
 

care. An updating of that is necessary, however, it requires
 

an on-site data collection of several months.
 

Projections of the. infrastructure in water management
 

for the year 2000 (Source: KdrnyezetUnk llapota -


State of the Environment, 1989) 

It is expected that the proportion of population supplied
 

with drinking water (connected to households) will be 96 %
 

(at present abt 80 %). The rest of the population (abt 500.000
 

water.
persons) will be supplied with wells and/or flasked 


cover
The proportion in sewerage will be abt 70 % which sill 


60 % of the houses and flats.
 

This programme requires a capacity of new waterworks of
 
3 


abt 400 000 m3/d a reservoir volume of abt 1 million m and
 

23-24 thousand km pipeline.
 

At present 40 % of the flats are connected to sewerage
 

systems which means abt 50 % proportion of the population
 

and abt 400 communities. However, there are only 300 wastewater
 

treatment plants. In figures of capacity the latter means half
 

of that of sewered systems, that is the total sewage is abt 3.4
 
3/d and out of the latter only
million m3 /d, treated 1.1 mill. m


0,950 mill m3/d is biologically treated.
 

treat--
There is an insufficient condition of wastewater 


ment in the capital and 5 large cities where 70 % of the total
 

wastewater flow is produced.
 

3 yearly pro-
Some calculations show an abt 150 million m


stemming from unsewered communities, the
duction of sewage 


overwhelming majority of which is disposed of in seepage pits,
 

producing enormeous groundwater pollution. Half of the roughly
 

25-30 million m3 sewage collected by container lorries is
 

disposed of again inproperly.
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For the above forecasted development of sewerage and
 

capital will be almost
wastewater treatment (in which the 


90 %,completely sewered, the large cities to an extent of 


system
while the smaller communes to 35-40 %) 11 000 km sewer 


2.3 million
should be built with a treatment capacity of abt 


m3/d. Fig.7 shows the projections to the year 2010.
 

All of these tasks of water supply, sewerage and treat­

with a projected
ment would involve an investment programme 


800 billion Forints at 1991 price level, which means 80-90
 

billion yearly. This sum is absolutely not available in the
 

government budget and solutions should be sought through
 

the following variables:
 

(local governments)
a) mobilization of local resources 


b) foreign aids (like PHARE-programme)
 

c) foreign loans (World Bank, IMF, etc.)
 

d) concessions given for local and (mainly) foreign
 

enterpreneurs (this is considered at present for
 

Budapest)
 

3.1.1 Water Quality.and its Impacts 

abt. 90.000 km2
 

Hungary with 10.5 million inhabitants 


area and abt. 4000 US $/capita GNP, as a typical lowland in
 

the Carpathian Basin lies entirely in the catchment area of
 

the Danube river. Her surface water resources originate abroad
 

in 96 % of the total flow. The water management, the aquatic
 

infrastructure depends on the Danube and its tributary the Ti­

sza river. Even the majority of the subsurface water resources 

for water sv.pply are in direct interaction - through the allu­

secon­vial layers - with the two great rivers or with their 

dary tributaries. 

The quality of the Danube is influenced by the pollution 

it iscountries. However,
load imported from the upstream 
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clear that "the chemical and physical water quality parameters
 

are not bad (see tendencies in Appendix g), more problems are
 

shown by the biological and microbiological parameters caus­

ing difficulties at surface water treatment.
 

The quality of the Tisza entering to Hungary from the
 

Transcarpathian provinz of the Ukrainan republic (former
 

Soviet Union) is at the border section excellent. Sorry to say
 

it deteriorates rapidly by the heavily polluted tributaries of
 

Szamos and Kraszna flowing from Romania. Further load arrives
 

through the Saj6 river polluted in both Slovakia and Hungary.
 

sus-
In the impounded section of Kiskore, due to settling of 


some provisional improvement occurs which is
p-inded solids, 

by the Szolnok wastewaters. The
rapidly "counterbalanced" 


greatest polluter is, however the Maros river importing heavy
 

pollution from Romania.
 

3.1.2 Water.Q aijtX and Emissions Monitoring and Control
 

From the above said conditions it can be concluded that
 

an optimalized preinvestment programme is rather easy to set
 

up with concentrating the efforts to the relatively few large
 

polluters. However,it is quite obvious that the data presented
 

in this study requires updating and completing activities.
 

As far as monitoring of emissions is concerned this has
 

been organized 30 years ago and the system is operated by the
 

competent District Water Authorities. Collection, storage and
 

retrieval of data is well set up, as well. The same can be said
 

on the control activities of the above authorities. All of
 

these have been presented and partly criticized under the
 

title of "Institutional Analysis on the Water Quality Manage­

ment Sector in Hungary" prepared by Aqua-M~ly6pterv Internatio­

nal Ltd quite recently.
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3.1.3 Emissions and Dischargers
 

Budapest, the capital with 20 % of the total population
 

and 40 % of the total industrial capacity is the greatest pol­

luter of the Danube (Appendix C). The industrial regions of
 

Gy6r and to some less extent the Sz&zhalombatta and Dunaujv&­

industries can be mentioned as main contributors to the
ros 


Danube pollution in Hungary. The greatest Hungarian polluters
 

of the Tisza river are the Miskolc industrial region, the ci­

ties of Szolnok and Szeged. Concentration of the short term
 

abatement programme to these potential polluters is urgent.
 

3.1.4 _eDifficulties
 

as to the fate of the major industri-Uncertainties exist 

al polluters due to the present transition period towards the 

nec­market oriented economic structure. Data collection is 


essary with the contribution of the two ministries of Trans­

port, TelecOmmunication & Water and Industry & Trade. Further,
 

the industrial managements concerned should be also invited to
 

the forecasting procedure mainly because of the modernization
 

pol­of the technologies must have great consequences to the 

lution discharges. This activity is restricted to several key
 

-hould be put
industries only, however, the final list of thosc 


together carefully.
 

It is absolutely necessary to improve the present prac­

tice of industrial pretreatment and the proper disposal of the
 

wastes removed by these procedures. Both the sewers and the
 

central (municipal) treatment plants are overburdened by in­

dustrial wastes which contribute to the disposal problems of
 

the sludges originating here, as well.
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3.2 Recommendations
 

3.2.1 Pollution Manaqement Actions Needed
 

1. Long term and reliable tendencies on the water quality
 

parameters of the two rivers of the Danube and Tisza can not
 

be elaborated without the contribution of the upstream coun­

tries. Coordination of efforts With the Slovakian and Romani­

an counter parts is necessary. Maybe a task force could be 

formed to this purpose. 

2. On the long term it is necessary to include sources
 

from the agriculture into the emissions evaluation. This J.s
 

important to curb groundwater pollution and eutrophication
 

tendencies.
 

3. Different technical levels of wastewater treatment,
 

such as mechanical, chemically upgraded mechanical, conventio­

nal biological and biological combined with plant-nutrient re­

moval should be reviewed with their pollution abatement poten­

tial and cost factors. Stepwise realization of the pollution
 

control can not be done without these data.
 

4. Cost-effective upgrading of several surface water
 

treatment plants for water supply is necessary and urgent 
task.
 

To this end cost factors should be evaluated.
 

5. As a consequence of inflation (at present with a yearly
 

the un­rate of 35-37 % and forecasted to 1992 as 20-25 %) and 


certainties of the expected rate in the future all the costs gen­

erated on the basis of 1990 (or 1991) price level must be trans­

formed to ECU to the optimization procedure.
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3.2.2 	High R2hEL&XPollution Reduction Improvements
 

Needed
 

1. As far as priorities in pollution reduction are con­

cerned far the most important is a stepwise development of 

the Budapest sewerage and wastewater treatment system. If 

within this task a special emphasis can be pointed out, this 

should 	be the sludge disposal on a short and long term basis.
 

The concept has been quite recently elaborated, however,
 

this should be reviewed by foreign consultants and a feasibil­

ity study is urgently needed.
 

2. In the Tisza catchment the planning and construction of
 

a wastewater treatment plant for Szolnok is of high priority.
 

3. In the Danube subcatchment of Northwestern Hungary the
 

drinking water resources of the karstic geological complex
 

should be protected by a sewerage and wastewater treatment prog­

ramme. Feasibility study is urgent.
 

Budapest, February 12. 1992
 

Dr.P&1 	Benede4 Dr. Vronika Major
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Appendix A
 

The nitrate problem
 

In the past 15 years the increase of the nitrate was
 

the same in the Tisza and in its
 27 % in the Danube while 


Similar figures were observed in re­
tributaries was 62 %, 


spect of NH+ and organic nitrogen components.
 
4
 

in

The projecte figures for the year 2000 can be seen 


of the
 
Table 1 and 2. These represent the border sections 


re-

Danube and Tisza (VITUKI-report: Development of nitrate 


moval methods). The attached figures might support the under­

standing of the problem.
 

The nitrate pollution is more severe in respect 
of the
 

case of the

subsuriace aquifers. Fig. A3-5 shows that in 


Danube bank filtered wells the nitrate contamination 
surpas­

i'-vious if considered
 ses that of the river, which is quite 


are supplied from the background subsurface

that these w lls 


water as well.
 

(All the figures and Tables from Hock, ENVIMARK Ltd.
 

and VITUKI)
 



Table A -1
 

Rate of nitrification* in 3 periods
 

River at 1971/75 1976/80 1981/85
 

border sections
 

81
81
75
Danube upstream 


80
80
78
Danube downstream 


75
73
56
Tisza upstream 


76
74
66
Tisza downstream 


3
 
Rate of nitrification 

=(NO
 

(NH4 -N)+(NO2-N)+ N03 -N)
 



Table A -2
 

Average NH4 - and NO3-values in three 5-years periods
 

and forecasted to the year 2000
 

Periods
Component
River 

1971/75 1976/80 1981/85 2000
 

Danube upstream NO3 6.4 8.6 9.5 11.6
 

border section NH4 0.61 0.56 0.48 0.53
 

8.7 8.8 11.5
Danube downstream NO3 6.9 


0.43
border section NH+ 0.58 0.61 0.62 


Tisza upstream NO3 2.7 4.0 5.2 6.7
 

border section NH+ 0.42 0.54 0.52 1.02
 

6.2 8.1 12.1 18.6
Tisza downstream NO; 


border section NH4 0.58 0.67 1.06 1.89
 

4i 
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Appendix B
 

Trends in the water quality of the
 

Danube, Tisza, and.Dr~va rivers
 

(after Csdsi r, OVF)
 

the trends of the oxygen consump-
Figures la and lb show 


tion (COD-bichromate, COD-permanganate) 
a-chlorophyll in con­

near 

.nmass-flux of the Danube at Baja, 

the
 
centrations and 


Yugoslavian border. Instead of deterioration, 
mostly some
 

slight improvement can be seen between 
1976-1990.
 

and 2b. shows a rough longitudinal 
section in
 

Figure 2a. 

In
 

COD and 02-saturation values for 
the period of 1976-1990. 


the COD-values significant deterioration 
trends are observed
 

in the upper Hungarian section partly 
because of the Slovakian­

-Hungarian polluters and especially 
that of Budapest. However,
 

- at Baja the improvement due to the 
assimilation
 

- once again 


can be seen.
 

While the Danube-discharges during the 
given 5-year peri­

ods were almost identical, this can not 
be said to the Tisza
 

river.
 

follows
 
At Szolnok the characteristic discharges 

were as 


(in m3/s):
 

Medium Min. 080 % 095 Max.
 

flow
flow flow 


5845
109 1300 1988
798 


80 906 1400 2070
 
1976-80 


523 


605 1243 4180
 

1981-85 


435 62
1986-90 


1/
 



-2-


The COD-mass-flux and concentration values for the given
 

periods can be seen upstream and dowsntream Szolnok on the
 

Fig.3. The trends, however, are obscured by the above devia­

tions in the discharges. The same is valid for the graph of
 

between
Fig.4, however, the polluting effect of the Szamos 


Tiszabecs and Z~hony is markant.
 

According to Fig.5. the water quality of the Dr~va-river
 

the
is improving due mainly to the pollution control in 


Austrian catchment area. It might be mentioned that the 
Hun­

garian pollution load of the Dr~va is abt. 3 % of the total
 

one produced in the country.
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Appendix C
 

The wastewater problems of Budapest
 

(See Fig.l)
 

Budapest has a popu'ation strength of abt 2 million
 

(20 % of the total population) and an area of 525 km3 .
 

for 40 %
 
It is a typical industrial metropolis being the 

host 


of all the industries of the country.
 

Pollution load of the Budapest Danube section
 

The sewerage system of the capital with a 
total length of
 

years

3700 km is in some parts of it more then 100 old.
 

badly

As a consequence it is largely in obsolete 

condition 


canalized
 
needing reconstruction. Some districts are 

purely 


and further development of the existing system 
is an urgent task.
 

Out of the total system 1900 km is combined 
type draining both
 

sewage, industrial wastewater and preci-Itation 
water. The daily
 

3
 , at present, might be in­dry weather flow of abt. 800 000 m

melting


creased by 10, or even more in case of rainy 
or snow 


200
 
period. In a yearly average the 18 pumping 

stations lift 


dis­3 of sewage and precipitation water the rest 
is 


million m

(see Fig.2). Out of the above
 charged by gravity into the Danube 


in the
 
figures of wastewater flow the greater part 

originates 

as North


the Danube in three catchment areas such
Pest side of 


Pest, Ferencvaros and South Pest. The Buda-side 
of the capital
 

(hilly topography). The
 
is.subdivided into 8 catchment areas 


sewerage system is fully outloaded and the maintenance 
is cum­

bersome.
 

The present treatment conditions are miserable. 
In the north
 

of
 
ern part of the capital there is a biological 

treatment plant 


with
3/d capacity (North Pest Treatment Plant) loaded 
140.000 m

3/d, at present, and in the southern part, along
only 80-90.000 m


treats abt
 
the small Soroks~r Danube branch an other one 


(00
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75.000 m3 /d wastewater. The total load of the 
Budapest Danube
 

section, expressed in BOD is roughly 200.000 kg/d 
at dry weath­

er flow, and nobody knows the real load at stormy weather. 
In
 

case of some previous trial measurements it was revealed 
that
 

the heavy metal concentration of the wastewater increases 
with
 

at least one order of magnitude in the latter case. 
On the ter­

ritory of the capital abt 300 industrial establishments 
have
 

so called pretreatment facilities. Most of these can 
not cope
 

with the criteria prescribed by low. An other problem 
that the
 

disposal of the refuse and sludge originating from 
these faci­

lities is not solved at all.
 

Consequently it is quite obvious that both the sewerage
 

system and the existing treatment plants are overloaded 
by in­

dustrial wastes, heavy metals and refractory organics. 
Finally
 

it should be mentioned that the rest of the wastewater 
surpas­

or less
 
sing the above figures treated biologically is more 


The greater part of
 screened before discharged to the Danube. 

at the
 

this arrives from the Pest (left) side of the river 


Ferencv~ros pumping station near the southern railroad 
bridge
 

(Soroks~ri ut).
 

The solids removed from the awerage system, the sand
 

traps, screens of the pumping st,.tions and the sludge 
from the
 

as follows:
 treatment plants are listed on a yearly basis 

3
21.000 m


Sewer deposit 


7.500 " Sand 

6.000
Screenings 

21.000
Sludge North Pest 

16.000
South Pest 


with the
The disposal possibilities of the sludge together 


con­
screenings and the removed sewer deposits are in critical 


dition. All the tipping places are filled up at present. 
A ther­

mal drying installation for sewage sludge in the North Pest 
Plant
 

Forints).
is in preparation. (Estimated cost 1/2 billio: 
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Several concepts have been elaborated for updating of the
 

sewerage and sewage treatment during the past decades. At pre­

sent the review of these are under way and a short description
 

of the plan is given below.
 

The projected dry weather flow on the long term is abt.
 

1.300.000 m3/d and the 	average BOD is 220-240 mg/1, which 
means
 

a new BOD load, if not treated, of abt 300.000 kgfd (other impor-


There
tant contaminants, such as heavy metals see elsewhere). 


are two major concepts of the future treatment, of the total
 

there will be either
wastewater. Besides of 	the present ones 


a large plant at the northern tip of Cse­a centralized oneouite 


pel island with 655.000 m3/d capacity, or a decentralised system
 

in which this plant would receive 60.000 m
3 /d only, while an­

other one, at the left river side on the area of the a.m.Ferenc­

a covered and multistory design, would
v~rbs-pumping station in 


receive 430.000 m3/d d.w.f. The remaining portions are forseen
 

to be distributed in smaller plants mainly on the Buda side. In
 

both concepts travelling of some sewage under the Danube bed 
and
 

the transfer of a part of the sludge to the big plants is in­

volved (see Fig.2).
 

the effluent criteriae 	of the treated wastewater
As far as 


at present, prescribed in the follc'.'ings:
is concerned it is, 

= 5 mg/l, total P = 2 mg/l,
BOD = 20 mg/l, COD = 75 mg/l, NH4 


means an at least 90 p.c. reduction of the
NO3 = 50 mg/l. This 


BOD - load and - according to the experiences on the existing
 

treatment plants -similar efficiency of heavy metal removal. 

mainly by drying and
Sludge handling and disposal is forseen 

gax )age-inci­by coincineration with the communal refuse in thl 


neration plants of the capital.
 

However, there remains 	a major problem with the .,recipita­

tion-water "diluting" the wastewater at the rainy period. The
 

first pollution shock of a storm flushing the sewerage system
 

retained at the treatment plants.
should be - by all means ­
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There is an open question still what dilution should be al­

lowed before the overflows.
 

The investment cost of both of the a.m. concepts of waste­

water and sludge treatment is forseen - on 1991 price estima­

- about 40 billion Forints. The yearly operation cost is
tion 


around 15 !Allion Forints. However, the construction of the
 

extended sewerage and the necessary mains run up to an other
 

similar sum, most probably.
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Fig. 2 CONCEPTUAL SCHEME OF THE WASTEWATER DISCHARGE 
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Appendix D
 

1. The Danube bend as a recreational area
 

The Danube Bend north from Budapest with an approximative, 

length of 60 km (see Fig.1 and 8 ) abounds in historical mo­

2 million
numents. Tourists from the nearby capital with its 


inhabitants, crowds seeking recreation are more and more attrac­

tion of historical monuments, beautiful landscapes, mountain
 

forests and the qu.et river.
 

The fairly pure water of the Danube with its pleasant tem­

perature Lthe mean temperature is 19,3 °C (66,7 F) in July and
 

19,4 0C in August, with occasional maxima of 25 °C = 77 OF)
 

favours the growing popularity or water sports.
 

Life in the Danube Bend has undergone many changes over the
 

ages. In prehistoric times, there was fishery and hunting. Later
 

on, the limes, or frontier of the Roman Empire was defended here.
 

The luxury of royal courts was witnessed by Esztergom from the
 

eleventh to thirteenth centuries and by Visegr~d in the four­

teenth and fifteenth centuries. A rapid cultural and economic
 

decline took place during the 140 years of Turkish rule, followed
 

by a slow recovery from the eighteenth century onwards. The life
 

of the river band has now taken on a completely new texture create
 

by the recreational demands of our age. The large-scale demand for
 

relaxation is exerting its beneficial influence on the architec­

tural, economic, commercial and traffic development of Danube set­

tlements. At present, 85 % of the houses are inhabited during the
 

summer only, and only a few families maintain year-round residence
 

es­along the river. Holiday-makers are predominant in Lefnyfalu, 


tablished scarcely 80 years ago, as well as in certain parts of
 

two other townships on the right bank of the Danube,ancient Szent­

endre, and Visegr~d, and the same can be said of Hor~ny and Surany
 

rapidly developing resort centres on Szentendre Island.
 

In order to achieve a uniform development of the whole
 

accordance
recreational area, a regional plan was pr-pared. In 


/
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with this plan, various facilities serving tourism and excur­

sions (restaurants, hotels, campings, resthouses for tourists,
 

spring intakes, marked tourist paths), are rapidly increasing,
 

the protection of historical monuments is being energetically
 

pursued and transport facilities are improving. The construc­

tion of regional waterworks to serve the recveational area has
 

been established.
 

2. The Kiskbre reservoir as a recreational paradise
 

The construction of the impoundment of the Tisza river at
 

Kiskbre was started in 1967 and finished in 1973.The impounded
 

Fection is 40 km in length and the greatest width is 6 km.
 

The planned area of the water surface is 127 km
2 (12.700 hectar)
 

with an average water depth of 2.5 m. However, at present, the
 

surface area is only 90 km2 and in 40 % of the impounded river
 

section the water depth does not reach 1 m. Within the impound­

ment many small islands and marshy areas results in an attrac­

tive environs. In general the water quality is acceptable and
 

the silting of unorganic character is not yet significant.
 

A major problem of utilizing the reservoir for water sports
 

arises from the root-timbers (stumps) left in the inundated land.
 

At present the fishing (both professional and hobby) is the ma­

jor atrraction for holydaymakers, however, this is often anto­

gonized by the water level variations due to other water uses
 

(among the others irrigation or groundwater table control).
 

There are some sections of the reservoir (mainly in the
 

vicinity of larger villages) where the infrastructure for sum­

mer holyday is favourable and the touristic development is ac­

besides the
celerated in the last decade. Many tourists enjoy 


water sports the land-bound sports (such as golf,tennis, hunt­

ing) as well. Privatization of land helps enormeously the
 

rapid extension of housing,however,there is a need in govern­

ment (local government) supported infrastructure development
 

oriented
together with a better considered water management 


towards the profitable uses of the impounded river section.
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Concerning the trends expected in urban and industrial
 

the problem was quite difficult
development and pollution load 


solve because the lack of information's sources due to the
to 


a centralised system to a free-market 
e­transition period from 


full progress in Romania nowadays. The industrial re­conomy in 


total different principles, the cancella­structuration based on 


6//I
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tion of all the restrictions regariiri- the p)opulation right
 

accomulation in big cities, the ayricuiture reform not yet c
 

pletely achieved are generating an important degree of doubt
 

all the information-3 obtained.
 

The auove mentioned e-timations are mainly Odserd ol 

our engineers experience and tne o-,,erved economical teidenc 
and should be taken into consideration as ta'.,- bo.; degree o 

accuraLy
 

rhe rivers from the westerti side of the country nai 

ly Mure§ (code no 1i), Cri (code no 19) and Some (code no 

are trioutaries to Tisza rivr (code no 12) main trioutjry ji 

ning the Danube are treated in . complete manner in "Oannuoe 

ver Study for tne ilungarian Water .;ijtchment rea" prepdr- t 

Innosystem Ltd. Budapest in 1991, thus that the cumulative f 

and pollut. rs are presented in tnat study. 

comparing to the DEM)E 3P model it was introduced a!
 

supplement to the initidl concept the river Jiu (code no 23),
 

considered as being of importance.
 

Final]y, as d jeneral observation, one mentions th+
 

all the data and fiqures presented in this study are limited
 

the territory of Rumania.
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1. 	 ASSESSMENr OF WATER POLLIJTION IN Tilt- RUMANIAN 

PART OF ThI" DANUBE hI'FR BASIN 

the River and its Tributaries1.1. Description of 

The Danube is the second largest river of Europe with 

an average flow of about 12,ooo m3 /s and a total length of 28t7 

kin, has its final water course in length of lo7b km located on 

the territory of Romania.
 

The starting point of the Romanian sector of the Da­

(on the left side). From
 nuue is the little community Baziag 

this poaitt up to the dischasrge of the Timok river (tributary on 

the right side) the Danube is a rtural border between Romania 

and Yugoslavia. 

the city
Downstream of the limok discharge point up to 


the Danube forms the natural bor­
of 	C5l3raii (on the left side) 

der between Romania and Bulgaria and from this point up to the
 

in the Black Sea the Danube flows entirely on the Ro­discharge 


manian territory with the only exception of the Northern arm of
 

which is also a natural borjer Uet­
the Danube Delta called Kilia 

ween Romania and C.I.S.
 

other words should be mentioned that on this part
In 


as well as Romania, Yugoslavia, Bulgaria and
 
of tne Danube river 


tuie wdter pollution.
have their own contributions ini
C.I.S. 

the rivers from the WesternAnother mention concerns 

part of the Romanian territory. The major rivers namely some§ 

(2 2 x), ,ri§ (19 x ) and Mure (1 8x) are all tributaries to Tisza 

as well as Vis­final water courses are located
river and their 

(1 0 x) river
 

za on the territory of Hungary. simmilary the Timi§ 


final water course located on the Yugoslavian territory.
has its 

rivers are limited at
regarding these
Consequently all the date 

the territory of Romania. 

x) 	Code numbers according to the DEmr)iSP model.
 

• 	/ ".0
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Table no 1 

ROMANIAN PART OF THE DANU6E RIVER BASIN
 

areas
Tributaries lengths and citchment 


(limited at the Romanian territory) 

Catcnment
 
Tributary Code no Main ri- main riv'er area
 

ver only tributaries (Sq. km)
 

15,olbSOMES 22 349 	 ',5lo 


4,887 14,46o
CRISx) 19 	 49o 


716 9,64o 27,830
MURES 	 18 


lo 23] 1,751 5,795
TIMIS 


23 331 3,176 loo7o
JIU 


67o 8,465 24,Ol
OLT 	 7 


5 327 3,665 12,59o
ARGES 

lo.43o
IALOMITA 	 4 400 2,589 

3 576 13g965 42,830SIRET 
716 4,183 lo,990PRUTxx) 	 2 


DANUBE (entry) 	 1 -


DANUBE 	 xxx) xxx)
 
2,431 32,25o
(discharge) 1 l,o75 


and white Cribx) Addition of Quick Crib, Black Cri-

xx) Only for the 	right side (left side belongs to C.IS.,) 

xxx) Danube only (left side, without 	the indicdted trioutaries)
 



Table no 2 

Tributaries characteristic flows
 

Minimum ijlution Maximum
 
flow 95% flow 1%
Tributary Code flow 

cu.m/s cu.m/s cu.m/s
 

lo.o 3,400SOMES (at border) 22 u.1 

19 1.58 1.85 l,o8oQUICK CRIS (ditto) 

BLACK CRI, (ditto) 19 1.11 1.49 73o 

.76 7ooWHITE CRIS (ditto) 19 .51 


23.0 2,35o
MURES (ditto) 18 15.oo 

4.6 1,oo
TIMIS (ditto) lo 2.7 


8.5 1,97o
23 6.9
3IU 

3 ,37b7 lb.o 28.5OLT 

2,230
5 4.97 lo.4
ARGES 

4 4,o 7,34 890IALOMITA 

5,4oo
3 23,6 3o,8
SIRET 


13.1 3,5002 9.o5PRUT 

1632.o 16,46o
DANUBE (entry) 1 136o.o 

2o3oo lb,7ooDANUBE (discharge) 1 155o.o 


NOTE:
 

minimum average flow realized in 5.years
1) Minimum flow 95% = 


in a century
 

maximum average flow realized in one yeai

2) Maximum flow 1% = 


in a century
 

3) Dilution flow admitted by domestic regulations
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Entering in the Romanian sector the Danube 	river De­

and the ve­
comes very narrow in the so called "Iron Gates" area 


an Water Power Plant built

locity increases. In this ares exists 


e­
up in co-operation by Romania and Yugoslavia using the water 


the river is charac­nergy source, but downstream of this point 


.o1. Even in these con­less than
terized by a reduced slope of 


ditions the river is still suitable for ndvijation under pilot
 

snip channe
 
control. The most difficult problems appear for the 


a permaIent dredge.
in the Danube Delta which needs 


fact that the Danube
Another point of interest is the 


to the discharge
river flow diminishes from the entry area top 


seem
 
despite the tributaries contribution. This 

flow diminution 


to be caused by the bquifer supply in the area.
 

In the Table no 1 are shown the tributaries lengths 

and catchment areas and in thie lable no 2 the chdracteristic 

flows. 

1.2. water quality of the Danube River
 

subject of a sys-
The quality of the Danube River was 


1979 and more re­
tematic national surveillance program since 


cently of an internatl.unal program after the "Declaration of L3u
 

charest" from 198.
 

major sectors of
The control sections include three 

the Danuue as follows;
 

Gruia corresponding- the first sector from Bazia§ to 

to the hydroenergy and navigation corrected course;
 

from Gruia to Chiciu correspondin
- the second sector 

tributaries from tne 
to the discharges of the most important 

Southern Carpathians and Balkans; 

the t3lack Sea
- the tnird sector from Chiciu to cor­

responding to the discharges of the trioutaries from the Eas­

two 9a­
tern Carpathians and Moldavia. This sector includes 

the 


nube pools and the fanube Delta.
 

• // •
 



Table no.3
 

AVERAGE WATER QUALITY OF THE DANUBE RIVER
 

SECTION GRUIA (Km 851)
 

Years Values Flow X ) 
Cu.m/s 

S.S. 
(mine-

Dissolved 
oxygen 

8005 COD-Mn P-total N-total 
mg/l mg/l 

TDS Alkalinity 
CaCO 3 

pH 

rals)mg/l mg/lm/ .mg/l mg/l .0-31 .10-3 mg/l mg/l 

1979-81 min 6050 8 6.3 65.3 2.6 4.5 200 80 259 145 7.2 

max 6465 16 7.5 73.0 3.6 6.0 320 810 278 155 7.4 

ave 6780 13 6.9 72.1 3.1 5.1 250 340 268 150 7.3 

1984-86 min 4925 21 4.6 52.9 2.0 3.7 210 48 264 135 7.3 

max 7350 41 6.6 67.9 2.8 4.5 240 520 280 145 7.7 

ave 5856 25 5.7 59.9 2.3 4.1 220 440 271 142 7.5 

1988-90 min 3755 21 6.8 63.8 2.2 4.2 360 1780 289 150 7.4 

max 5386 23 8.4 76.9 2.7 5.5 540 2480 331 155 7.4 

ave 4651 22 7.6 70.4 2.4 4.6 430 2157 306 153 7.4 

Specific polluants -mg/l xlm3xx) 

Years Values Phenols Oil OUT Lindan Cd Cr Cu Pb Zn Hg 

1979-81 min 1 .05 .08 3 4 5 21 90 .17 

max 8 - .19 .23 5 9 26 30 359 .29 

ave 5 .12 .21 4 6 14 24 190 .23 



Table no.)
 

AVERAGE WATER QUALITY OF THE DANUBE RIVER
 

SECTION GRUIA (K. 85l)-continuation-


Years 	 Values Phenols Oil DOT Lindan Cd Cr Cu Pb Zn Hg
 

1984-86 	 min 6 200 .78 .01 2 2 3 14 42 .18
 

max 13 600 1.22 .01 3 6 7 24 206 .49
 

ave 9 400 .91 .91 2 3 5 18 98 .35
 

1988-90 	 min 2 40 .22 .05 1 5 12 2 22 .00
 

max 3 260 .80 .10 3 13 21 12 35 .06
 

ave 2 123 .67 .08 2 9 16 7 37 .03
 

x) average flow measured at the samples collection time
 

xx) values obtained for the water natural hardness= 2.2-2.6 meVCaCO3
 



Iable no.4
 

AVERAGE WATER QUALITY OF THE DANUBE RIVER 

SECTION CHICIU (Ke.375) 

Years Values Flowx) S.S. Dissolved 8005 COD-Mn P-total N-total TOS Alkalinity pH 

cu.m/s (mine-rals) oxylenm/l 0CaCO 
mg/l mg/l 

mg/lI mg/l mg/l . 0 .10-3 mg 

1979-81 min 6050 27 6.5 69.7 3.1 4.0 170 130 284 145 7.3 
max 8225 76 7.8 86.4 3.9 4.8 300 290 292 155 7.4 

ave 6928 69 7.2 78.2 3.5 4.5 240 200 289 150 7.3 
I 

1984-86 min 4883 22 7.5 83.3 3.3 3.5 270 480 265 145 7.3 -

max 7015 86 7.7 86.1 4.5 4.4 300 680 307 145 7.7 
r 

ave 6023 52 7.6 84.7 4.5 4.0 290 600 291 145 7.6 

1988-90 min 4104 37 7.7 70.5 2.2 4.2 270 1950 310 150 7.4 
max 6087 64 8.5 78.5 3.3 4.8 410 2140 315 155 7.7 

ave 5125 55 8.0 74.0 2.9 4.4 340 2050 312 153 7.6 

Specific pollutants-mg/i 
.0 - 3 x x 

) 

Years Values Phenols Oil DOT Lindan Cd Cr Cu Pb Zn Hg 

1979-81 min 5 - .06 .15 2 7 13 16 110 .18 
max 13 - .23 .30 4 15 24 25 310 .37 

ave 7 - .13 .17 3 10 18 20 180 .27 
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Table no.4 

AVERAGE WATER QUALITY OF THE DANUBE RIVER 

SECTION CHICIU (Km 375)-continuation-

Years 

1984-86 

1988-90 

Values 

min 

max 

ave 

min 

max 

ave 

Phenols 

4 

14 

11 

4 

13 

7 

Oil 

100 

300 

260 

140 

290 

217 

DDT 

.34 

.82 

.57 

.10 

.37 

.62 

Lindan 

.03 

.10 

.06 

.07 

.32 

.20 

Cd 

3 

4 

3 

1 

3 

2 

Cr 

3 

8 

5 

7 

13 

10 

Cu 

7 

10 

a 

17 

21 

10 

Pb 

3 

19 

13 

12 

20 

16 

Zn 

90 

136 

109 

28 

90 

60 

Hg 

.18 

.47 

.32 

.26 

.33 

.29 

x) average flow measured at the samples collection time 

xx) values obtained for the water natural hardness= 2.2-2.6 meVCaCO3 
£ 



Table no.5 

AVERAGE WATER QUALITY OF THE DANUBE RIVER 

SECTION VILCOV (Km.18) 

Years Values Flow X ) 

cu.m/s 
S.S. 
(mine-
rals) 
mg/i 

Dissolved 
oxygen 

mg/l 

BOO 5 

mg/i 

COD-Mn 

mg/i 

P-total 

mg/l 

.10­ 3 

N-total 

mg/l 

.10­ 3 

TOS Alkalinity 
CaCO 

3 

mq/ mg/1 

pH 

1979-81 min 5580 50 6.8 72.8 3.8 4.4 120 130 285 145 7.2 

max 7800 100 8.8 78.9 3.9 7.0 240 340 320 150 7.6 

ave 7085 90 7.6 76.7 3.8 5.4 200 233 297 147 7.4 

1984-86 min 5050 55 6.1 66.0 3.0 3.9 190 410 294 150 7.6 

max 6400 203 7.5 80.7 4.5 4.8 250 500 331. 155 7.9 

ave 5917 70 6.7 73.0 3.6 4.3 220 460 315 152 7.7 

1988-90 min 4888 27 7.7 74.6 2.6 4.7 290 2140 310 145 7.6 

max 6200 72 8.1 74.8 3.1 5.0 400 2400 339 160 7.8 

ave 4972 49 7.9 74.7 2.8 4.9 330 2257 329 152 7.7 

-3xx) 
Specific pollutants - mg/i . 10 

Years Values Phenols Oil DOT Lindan Cd Cr Cu Pb Zn Hg 

1979-81 min 2 - .02 .00 2 2 8 5 120 .20 

max 19 - .65 .41 6 15 21 41 220 .64 

ave 6 - .27 .14 3 B 16 19 154 .35 

0 



Table no.5
 

AVERAGE WATER QUALITY OF THE DANUBE RIVER
 

SECTION VILCOV (Kn 18)-continuation-


Years 	 Values Phenols Oil DOT Lindan Cd Cr Cu Pb Zn Hg
 

1984-86 	 min 4 150 .10. .05 2 2 2 13 50 .21
 
max 22 400 .61 .19 5 4 30 18 122 .83
 

ave 10 240 .34 .12 3 3 17 16 90 .46
 

1988-90 	 min 5 120 .07 .05 2 5 4 12 33 .31
 
max 12 1450 .53 .10 4 6 20 27 105 .37
 

ave 7 603 .21 .08 3 6 14 20 63 .34
 

x) average Flow measured at the samples collection time.
 

xx)values obtained for the water natural hardness=2.2-2.6 meVCaCO3 U
 

0I 
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FLUCTUATIONS OF THE DISSOLVED OXYGEN CONCENTRATION% 
OF THE DANUBE LAKES IRON GATES I & IRON GATES II IN 
THE PAST 3 YEARS (1988-1990) 

1100 % 02 CONCENTRATION AT SATURATION 

Dissolved 02 
10070 SECTION BAZIAS 

"-Mo- '8B.I " " - ' -ft-.t (Kmn 10711) 

8D?1I 79.5 714. 7. 1. 

07. 

/3&8 13 ,wo7 

f996) SECTION MILANOVAC 
- ... .(Km 996 

S8.7 
0, . . . '. 

) 88 1989 1330 

ISECTION KLAOOVO 
(m 934)1ioy.*~VIP 22 

60%/ £.O 

J988 196'9 /39O 

SECTION RADUIJEVAC 
&S6 (Km 8511I 

007' ~7. a ... _"e 

LEGEND
 

maximum 
- average 

S- - minimum 

,9M /-9 gO . 
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In the Tables no 3, 4 and 5 are indicated the avera­

ge concentrations of polluhnts determined for the Danube river
 

in the sections Gruia (km 851), Chiciu (km 375) and Vl1cov (km
 

18). 

By examining these concentrations it results some
 

concentrations for dissolved oxygen, ammonia, nitrites, oil.
 

phenols, pesticides, heavy metals over the limits as well as
 

a general tendency of pollution growth since 1979.
 

One may notice important changes concerning the nu­

trients. During the 11 years the Nitrogen increased tremen­

dously so that the actual Nitrogen/Phosphorus ratio is close
 

to lo very significant as a beginning of an important eutro­

phization period. 

Meantime an important decrease of the dissolved oxy­

gen in the lakes Iron Gates I and Iron Gates II was observed
 

as it is shown on the attached diagrams.
 

Although the up-to-date state of the Danube river
 

quality seems to be yet quite satisfactory, the dissolved oxy­

gen levels, the accumulation of nutrients and the saprobic
 

bio-indicators clearly indicates an unfavorable evolution in
 

a short time'.
 

1.3. water quality of the Tributaries 

Generally the tributaries of Danube present higher
 

concentrations of pollutants. If their average contribution to
 

canube in terms of flow is about lo%, the contribution in terms
 

of BOD5 is about 1/3.
 

In the Table no 6 ere indicated th average pollu­

tants concentrations for the tributaries with the only excep­

tion of Prut river for which detailed informations weren't a­

vailable. 

The samples were taken in the final sections of the
 

rivers at a distance of about 5oo m. upstream from the junc­

tion with Danube. The tributaries quiality is included in the
 

for the Danube and the analysed period
same control program as 


is the same 1988-199o.
 



Table no.6
 

AVERAGE WATER QUALITY OF THE TRIBUTARIES 1988 - 1990 

Tributary
Triutay 

Values 
V~ue 

Flow X)
Flw x ) 

S.S.
(mineral) 

Dissolved
oxygen 

B0D5 TOS N-NH 3 N-NO 3 P-DO4 

m3/s mg/i % mg/i . mg/i mg/i mg/i mg/1 

MJU min. 36 61 58 6 315 3 3 .3 

(Km 293) max. 132 536 79 13 636 33 13 .5 

ave. 87 225 67 10 452 16 7 .4 

OLT min. 68 57 82 3 473 .3 2.0 .10 

(Km 604) max. 232 408 100 6 835 3.0 3.0 .13 

ave. 129 176 93 5 705 1.5 1.7 .20 

ARGES 
(Km 432) 

min. 
max. 

40 
81 

64 
339 

18 
48 

23 
53 

437 
600 

5 
7 

.2 

.7 
. 4 
4.0 

ave. 55 177 29 47 502 6 .5 1.6 

IALOMITA min. 10 69 9 39 1566 17 .2 1.0 

(km 24.3) max. 13 899 29 45 1700 74 2.0 1.3 

ave. 11 584 17 41 1651 47 1.1 1.1 

SIRET min 90 48 68 6 592 .9 1.6 . 5 

(km 155) max. 142 500 71 7 871 2.5 2.2 1.1 

ave. 120 303 70 6 690 1.5 2.0 . 7 

x) measured flows at the samplles collection time 



able no.6

AVERSE WATER QUALITY OF THE TRIBUTARIES 1988 -1990 (Continuation)
 

Tributary 
 Values 

S1ecific pollutants mg/1.10 -3
 

Oil Phenols Lindan 
 DDT Cd 
 Cr Cu 
 Pb Zn 
 Hg
mijp. 
 xx) 9 
 . 38
JIU 
. 05 3 13 17 10
max. 70 . 20
xx) 12 
 . 09. 
 . 40 
 6 21 34 34 
 104
ave. . 80
300 
 10 
 . 07 
 . 42 
 4 16 17 
 21 85 
 " 50
min. 
 xx) 
 9 .08


OLT . 39 2 2 6 11
max. 60 . 12
xx) 10 
 . 13 . 74 
 6 14 
 8 40 149
ave. . 22
xx) 12 
 .10 
 . 56 4 
 9 7 
 28 73 
 . 16
min 
 200 
 12 
 .04 
 . 66
ARGES 1 7 15
max. 11 150
600 . 19
18 
 . 45 5 18 40 25

. 77 


412
ave. . 47
400 
 15 
 . 24 
 . 71 
 3 12 25 17 
 217 
 . 22
min. 
 500 
 9 
 . 13 
 . 39 4 5
IALOMITA 
 max. 1000 25 
4 32 38 . 48
 

. 39 . 49 
 7 16 13 
 42 130
ave. . 64
700 
 16 
 . 26 . 44 5 
 9 10 36 
 94 . 37
min. 
 250 14 . 02 xx) 2
SIRET 2 4
max. 12 50
400 27 . 36
 
. 20 xx) 5 13 9 
 26 372
ave. . 69
300 
 22 
 . 04 
 .26 4 7 7 
 20 173 . 53
 

xx) unrecorded
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The total production of pollutants was established 
ta­

king into consideration the multi-year 
average flow from the Na­

concentra­
tional Hydrographic Records and the 

measured averlage 


7. The global figures are indica­
tions shown-in the tables 3 ­

ted in the Table no 7. 

Table no 7 

TRIBUTARIES POLLUTANTS PRODUCTION
 
Total

=~=#emx)~~w,-ww"#= 
Siret DANUBE

Argoq Ialomitx ) 3iu 07tDanube
ITEM Unit 


210 6o29
 
90 16o 65 40 


Flow u.m/s 5464 

1% ,6% 3,4% loo% 

% 91% 1,5% 2,5% 

1o9 1889
69 264 142 


BOD5 t/day 1227 78 
100%
7.5% 
 5.8%
3.7% 14%
% 64.9% 4.1% 

25911
994 2o18 5498
2433

Soso t/day 13218 175o 

19o%
21.2%

6.8% 9.4% 3.8% 7.8%


% 51% 
64 1437
166
44 37 


N t/day 983 179 

11.3% 4e3%


total % 66o7% 12.2% 3% 2.5% 100% 

3 9 4 12 

P t/day 128 3 


1.9% 5.7% 2.5% 7.5% 100%
 
total % 80.5% 1.9% 

17o462
12519
57o6
3959
3515 9746

TDS t/day 135o17 


loo%3o4% 

% 79o2% 2,1% 5.7 2e3% 7.3% 

for Prut river.
figures
has not included the 
The total 
only at the rightis limited 

In its case the availability of data 
for Prut river are: 

side of the river. The available figures 


80 cu.a/8
Average flow a 


a 1o2. 
2 t/day


S.S. 

81,4 t/daya
COD (Cr.) 

a 34.9 t/dayBO5 


Danubedirect tox) Dischargers 

O // 

159 
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AVERAGE CONTRIBUTION OF THE MAIN TRIBUTARIES 
IN THE TOTAL DANUBE POLLUTION 

BOD 5 - totaI N- total 
2012 tons/day 1567 tons/ day 

SIRET 7 o5.4, ,., /L /.o c.,% 
IALOMITA 71 7. 

OLT J.1 

T.D.S.P - total 
189.608 tons/day215 tons/Iday 

3 . JIU /.9 Y.DANUBE
D UlU 

ARGES P.5,A2/. 

T-ALLOMIA 


IROL% 1.. 

TOTAL FLOW 
OLTOL 

6029 cure Is 

RETSSI 7%3A 

15Y82. AARGESJ76| 0. 
SIALOMITA. 
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Also the contributions of Iskar and Yantra rivers
 

(from Bulgaria) should be added in order to obtain the total
 

Danube pollution.
 

1.4. Ground Water
 

As will be further discussed almost every urban com­

munity has not yet a complete sewerage system. At national le­

vel the ratio km of water pipes versus km of street. is about
 

2/3 but only 45% of streets are provided with sewers. It is
 

obvious under these circonstances that septic tanks are still
 

in use and an important amount of wastewater penet,-ates into
 

the ground. More over the sewers themselves are not enough wa­

tertight especially at the Joints.
 

Consequently tht aquifer is bioloyicaly polluted in
 

the urban areas. 

However in the rural areas (about 4o% Gf the popu­

lation) wells of small depth are frequently used as water sour­

ces.
 

In the last years one identified important 	concentra­

some areas
tions of pollutants as nutrients, oil and phenols in 


as the region between cities Piatra Neaml and BacAu (Trotu§ ri­

ver valley) and in the neighbourhood of the Ploie§ti city.
 

The absence of informations on individual water sour­

ces does not allow"an ampler discussion, but is no doubt that
 

unavoidable improvments in agricultural techniques as an inten­

sive use of fertilizers and pesticides will seriously and quick­

ly affect the ground water on much larger areas.
 

1.5. Impacts of water uality on Uses 

1.5.1. Urban Use 

About 13.3 million from a total population 	of 23.2
 

// •
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million are supplied from centralised water systems. About lo.2
 

million of these consumers are located in urban areas.
 

The common practice is to supply from the city public
 

network the habitations as well as the public buildings and in­

dustries located in the same area. However in several cases
 

greater industrial plants have their own systems.
 

The existing capacity of urban water systems comes to
 

a total of about 1o6 cu.m/s; about 4o cu.m/s from ground water
 

sources and 66 cu.m/s from surface source,. Only 64% of the e­

xisting streets are provided with water pipes.
 

The yearly drinking water distributed is about 2,451
 

million cu.m as follows: 

- for habitations l,o67 million cu.m (43%) 

- for public buildings 486 million cu.a (2o%) 

- for industries 898 million cu.m (37%) 

The daily avera.e drinking water consumption of about
 

.560 cu.m/capita indicates important water loses.
 

The typical concept for the surface water treatment
 

plants consists of grit chambers, floculation, sedimentation,
 

sand filters 'and chlorine disinfection and only chlorine disin­

fection for the underground waters.
 

In some cases, according to the raw water quality,ad­

ditional iron removal facilities by aeration are provided.
 

More sophisticated technologies as ozonation and ac­

tivated carbon filters are not yet used on large scale.
 

In the last years for energy and flow-regulation pur­

poses artificial likes become wide-spread on the national ter­

ritory. Corroborating with a larger use of chemical fertilizers
 

both have generated the apparition of the surface water eutro­

phization, mainly during the spring and summer seasons. Under
 

these new conditions the existing technologies gradually ap­

pear as limited and needing adequate improvments.
 

The characteristics of the main urban systems are in­

dicated in the Table no 8.
 

• //
 



TABLE No.8
 

MAIN URBAN WATER USERS
 

River 

basin 

Code 
no 

CITY 

Population 

thousands 

Average daily 
water distri-
buted 

Sources 

Ground- Surface 

TREATMENT 
F=floculation & 

sedimentation 

Raw water 
special 

problems 

1000 cu.m/day water % SF=sand filtra­
tion 

A=aeration 
Cl=chlorine 

disinfection 

1 2 3 4 5 6 7 B 9 

SOMES 22 CLUJ 392.2 192.0 26% 74 % Fx)+SFx)+C 

DE3 41.4 28.0 100% - Cl 

BAIA-MARE 152.4 135.0 - 100 % F+SF+C1 

SATU-MARE 137.7 71.6 100% - A+F4SF+Cl Fe=2.3 mg/1 

CRIS 19 ORADEA 229.0 190.0 

MURES 18 TIRGU-MURES 172.5 104.0 45% 55 % F+SF+C1 

ALBA-IULIA 73.4+54.5 117.5 15% 85 % F+SF+Cl 

DEVA 82.3 51.6 10% 90 % F+SF+Cl Organics=25 mg/1 

ARAB 203.2 180.9 100% - F+SF+C1 

TIMIS 10 TIMISOARA 351.3 226.5 5% 95 % A+F+SF+C1 Fe=14 mg/i
NO3 =3.1 ,rg/1 

cy
 



TABLE no.8
 

MAIN URBAN WATER USERS(Continuation) 

1 2 3 4 5 6 7 8 9 

alU 23 PETROSANI 

TIRGU JIU 

CRAIOVA 

53.1 

92.8 

317.4 

23.o 

44.o 

221.0 

15 % 

100 % 

60 ' 

85 % 

-

40 % 

Fx)+sFx)+Cl 
CL 

Ax)+Fx)+SFx)+1 F=7.5 mg/E 
Org.=30 mg/I 

OLT 7 BRASOV 

SIBIU 

RIt4NICU VILCEA 

SLATINA 

364.3 

188.4 

106.9 

88.1 

220.0 

97.9 

62.3 

53.5 

35 % 

5 %a 

4 % 

100 % 

65 % 

95 % 

96 % 

-

F+SF+Cl 

F+SF+Cl 

F+SF+C1 

Cl 

Org.=40 mg/i 

ARGES 5 PITESTI 

BUCURESTI 

174.8 

2,127.2 

190.0 

1.788.1 

15 % 

8 % 

85 % 

92 % 

Fx) sFx)+c 1 

Fx)+SFX)+c1 

504=120 mg/i 

N03 =10 mg/I 

Org.=20 mg/i 

u 

IALOMITA 4 PLOIESTI 

CLOBOZIA 

259.0 

52.2 

70.5 
24.0 

100 % 
17 % 

-
83 % 

Cl 
Axx)+FSF+C1 H2S=9.5 mg/iixx) 

SIRET 3 SUCEAVA 

PIATRA NEAMT 

BACAU 
GALATI 

108.0 

118.2 

197.2 

326.1 

147.0 

73.o 

92.0 

259.0 

55 % 

100 % 

100 % 

55 % 

45 % 

-

-
45 % 

Fx)+SFx)+C1 

C1 

C1 

Fx)+sFx)+c1 

Org.=30 mg/i 

N03X)=13 rag/C 
0rg.X)=44 mg/i 

__> 



Table n9.8 

MAIN URBAN WATER USERS (Continuation) 

2 3 4 5 6 7 8 9 

PRUT 

DANUBE 

2 

1 

BOTOSANI 

IASI 

TURNU SEVERIN 

CALARASI 

BRAILA 

TULCEA 

123.9 

346.6 

107.5 

75.8 

247.9 

95.2 

77.4 

394.5 

100.0 

45.0 

52.0 

149.0 

-

30 

-

-

-

13 

' 

' 

100 % 

70 % 

100 %a 

100 % 

100 % 

87 % 

F+SF+Cl 

Fx)+SFx)+C1 

F+SF+Cl 

F+SF+C1 

F+SF+Cl 

F+SF+Cl 

04x)= 2 1 5 mg/1 
Org.=20 mg/i 

NO3=29 mg/i 

Org.=20 mg/i 

Org.=30 mg/i 

Org.X)=20 mg/i 

x) Surface water only 

xx) Groundwater only 

S 

I 
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1.5.2. EcosyStems 	 and Fisheries 

Due to the past Government policy the most important
 

Danube pools as Fint~nele, Zimnicee, Belta Zalomijai and Balts
 

Briilei were drained off and transformed in agricultural lands
 

thus that the most important fisheries of the Romanian territo­

ry were suppressed.
 

Actually the majority of fisheries are located on the
 

pools
rivers from the mountains area or in natural ponds or 


for sports
supplied from underground water sources, used more 


than for an industrial fishing. These areas can be considered
 

quite clean from the pollution point of view.
 

even in the
However some eutrophisation was installer' 


selec­mountain lakes and consequently phytophague species were 


ted in order to populate the lakes. Until now this type of 
eco­

pools or lakes used as recepteurs of 


systems seems to work well. 

Finally must be mentioned that exist some cases of 

treated urban or industri. 

of the best known 	being Buftes from the laket

al effluents, one 


of Bucharest which receives treated water from the city of Buf'
 

ac­
tea and Film Studios. In simmilar cases there happen 

often 


cidents caused by the wastewater treatment plant fai'.lures but
 

such cases are not characteristic.
 

1.5.3. 	 Other Uses 

of water consists in land irriga-Another major use 
along the 4nfe­

tion. The main irrigated surfaces are located 

as well as along the Danube.rior river courses 

sur
The water pollution problems are similary to 

the 

face sources of urban use. 

Because of high concentrations of oil, phenol, che­

the rivers unsuitable
some sectors bf
micals and BOD there are 


for this purpose.
 

• 1/ • 
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The most polluted courses are 3iu (downstream from
 

Craiova), Argeg (downstream from Bucharest), Olt, Ialomija and
 

partially Siret.
 

2. EMISSIONS AND DISCHARGERS
 

2.1. 	Overview
 

The Danube river is the main wastewaters receiver of
 

Romania. The emissions are received through the tributaries as 

well as directly from the riversiders. As it was discussed pre­

viously the average daily Danube pollution is of about 2b,9oo 

tons of suspended solids and 1,89o tons of BOD 5 . Almost half of 

the suspended solids and 1/3 of the BOD5 represent the contri­

butions of the Romanian tributaries to the Danube pollution. 

If the figures concerning the final figures of pollu­

tants for the Danube and tributaries presented in the chapter
 

scheduled analyses and can be considered as
 no 1 are based on 


reliable, the adequacy of the data presented for municipal and
 

industrial emissions should be examined with certain degree of
 

aproximation.
 

The available figures are extracted from the reports
 

on
of the local sewerage enterprises and the accuracy depends 


the purpose and the moment when these reports were prepared.
 

a certain relation between the water supplied and the was-
Even 


tewater produced is not compulsory, because some cities as Ora­

receive in the pu­dea, 	Ploietti, Suceava, Bac~u, Boto§ani a.o. 

sewerage wastewater from industries which are not suppliedblic 


on the other hand some cities
through public water network and 


for their was­as Dej use the industrial waste treatment plants 


tewater treatment too.
 

Is difficult to separate the industrial wastewaters
 

cases both effluents are
from the urban ones because in most of 


collected in the same sewerage.
 

* // . 
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Under these conditions any records regarding urban or
 

industrial wastewaters.can aasily include as well wastewaters
 

from the other category.
 

Moreover, during the dictatorship period, the control 

of the environmental authorities over the industries was seri­

ously limited and several times the real figures of the indus­

trial pollution rested unknown. 

However a certain discussion based on the existing fi­

gures is possible and some aspects can be emphasized.
 

The Danube river water quality is strongly influenced
 

by the polluters brought from the urban, industrial and agricul­

tural water users.
 

Although exist more than 3,7oo treatment plants, only 

6o% of the wastewater is subject of treatment and only 31% is 

satisfactory treated. 

In the last 5 years were observed the following trends: 

- a non -significant increase of flow (2-3%);
 

- a dminishing of the BOD 5 in the urban wastewater; 

- a diminishing of the B005/COD ratio which means wa­

ter less responsive to biological treatment. 

Concerning the treatment technologies applied, mecha­

nical and biological treatments are used at nation wide scale.
 

The mechanical treatment consists in screening, grit
 

removal, oil and grease separation and settling. Commonly flocu­

lants are not used for settling, but in some industrial plants
 

chemical treatments can be observed.
 

The biohlgical treatment consists in more than 95% of
 

cases in aeration basins with activated sludge. The aeration is
 

produced both by pneumatic and mechanical means but aerators are
 

more frequent.
 

with very few exceptions (color removal at the pulp
 

and paper mill of Adjud, sand filters at Buftea), tertiary treat­

ments are not used.
 

. // . 
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PERCENTAGE OF THE DIFFERENT
 
CAIEGORIES OF SOURCES TO THE
 

GLOBALE POLUTION
 

COD - Mn.REFERENCE FLOW 

4.8 % 

SSBOD 5 

:.97. • 
• ',r-/. ,.C /. 

.y. 

e" 

LEGEND: 

~ URBAN WASTEWATERS 

~ INDUSTRIAL WASTEWATERS 

W AGRICULTURAL WASTEWATERS 
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ac-
Advanced technologies as treatments with oxygen, 


were never used.
tivated carbon filters a.eso, 

cases by anaerooicalThe sludge is treated in 80% of 


some plants have aerobic treatment installations.
digestion, but 


For dewatering, drying beds arc of common use but exist also
 

mechanical dewatering systems especially for the paper mills.
 

Compact units as Imhoffs are still used for smaller
 

communities.
 

The above described technologies are provided for 
ur­

as for industrial or agricultural
ban treatment plants as well 


plants.
 

producers are
Analysing the sources, the major BOD 5 


the industries
the municipalities and animal husbandries but 


are mainly responsabla for the suspended solids and dissolved
 

solids production.
 

re-

According to the surface water quality control 


are the chemical

cords the most critical industrial categories 


and
 
industry, the oil and petrochemical industry and the pulp 


paper industry.
 

records appear as frequently passing the ad-

From the 


.
 ,

missible limits the chemical plants from Rlmnicu 

vilcea (r.Olt'
 

8ac~u (r. siret), the petrochemical plants from Borze~ti, Roz­

the paper mills from Piatra Neamt
 nov and Svine§ti (r. siret), 


fertilizer industries from
 (r. Siret) and Dej (r. some§) and the 


and slobozia (r. Ialomiga).
Trgu Mure§ (r. Mure) 


2.2. Municipal Dischargers
 

In the Table no 9 are summarized the main 
municipal
 

dischargers. one mentions that for the ratio km of streets ver­

sewers the sreets provided
sewers were considered as
sus km of 


the total length of the sewerages.
with sewers and not 


The average efficiency reported by the local enter­

prises should be considered with precautions.
 

• // •
 



Table no.9 

MAIN URBAN SEWERAGES 

River Code Population SEWERAGE WASTE WATER EXISTING TREATMENT PLANT 
Basin no. CITY (thousands) Network 

C=com-
bined 
S=sepa-
rative 

Km of Flow 
streets cu.m/ 
Km of day 
sewers xlO' 

SS
kg/ 
day 
xlO' 

BOO 5Kg/ 
KyBO 
day 
xlO' 

Nominal
capacity 

-1/s -

Technology
M=mecanical 

B=biological 

Average efficiencyS.5.re­
re­

u 
1 2 3 4 5 6 7 8 9 10 11 12 13. 

SOMES 22 CLU3 329.2 C 342/205 130.o 26.0 20.8 1200 M + B 72 % 75 % 
DE3 41.4 C 121/ 58 21.o 3.2 3.9 230 M 50 % 65 % 
BAIA-MARE 152.4 C 170/ 97 69.2 10.9 7.0 1000 M+ B 82 % 83 %a 

SATU MARE 137.7 C 135/116 44.9 12.1 9.2 800 M + 8 66 % 74 ' ,-

CRIS 19 ORADEA 229.0 C 264/247 240.0 86.4 59.3 2070 M + B 84 % 82.5 % 

MURES 18 TIRGU MURES 172.5 C 170/132 110.0 34.3 15.5 1200 M + B 50 % 46 % 
ALBA IULIA 73.4 C 182/ 96 31.9 3.8 1.1 225 M x) x) 
DEVA 82.3 S 172/ 80 37.0 7.4 3.0 x) , M x) x) 
ARAB 203.2 S 385/139 94.0 13.2 8.5 1300 M + 8 90 ' 90 % 

TIMIS 10 TIMISOARA 351.3 C 505/331 186.0 42.8 27.0 x) M + B 90 % 64 % 

IU 23 PETROSANI 53.1 C 98/ 54 17.8 2.4 0.9 x) M 65 I 25 % 
TIRGU JIU 92.8 S 81/41 26.0 2.1 2.o -

CRAIOVA 317.4 C 284/122 156.o 22.3 14.9 -.. 

OLT 7 BRASOV 364.3 C 322/322 197.0 15.3 12.4 1600 M + B 41 % 25 % 
SIBIU 188.4 C 260/225 44.6 6.3 10.7 1200 M + 8 93 % 80 % 



Table no.9
 

MAIN URBAN SEVERAGES (Continuation)
 

1 2 3 4 5 6 7 8- 9 10 11 12 13 

RIMNICU VTLCEA 

SLATINA 

106.9 

88.1 

C 

C 

251/134 

107/ 53 

50.0 

45.5 

2.5 

3.0 

3.0 

1.6 

575 

500 

M + B 

M + B 

61 % 

90 % 

70 % 

90 % 

ARGES 5 PITESTI 

BUCURESTI 

174.8 

2127.2 

S 

C 

255/183 165.o 5.8 4.7 

1864/1544 1710.0 331.0 260.0 

1750 

-

M + B 82 % 
-

81 % 

-

IALOMITA 4 PLOIESTI 

SLOBOZIA 

259.0 

52.2 

C 

S 

426/252 

160/x) 

190.0 

20.0 

57.0 

4.0 

15.6 

1.6 

1700 

310 

M 

M + B 

50 % 

40 % 

50% 

50 % 

SIRET 3 SUCEAVA 

PIATRA NEAMT 

BACAU 

GALATI 

108.0 

118.2 

197.2 

326.1 

C 

C 

C 

C 

127/110 134.0 

141/ 91 56.7 

240/146 110.0 

299/175 185.0 

30.8 

22.7 

42.9 

71.0 

22.8 

15.8 

38.3 

44.4 

1760 

650 

x) 

-

M + B 
M + B 

M + B 

86 % 

86 % 

64 % 
-

64 % 

90 % 

61 % 

-

PRUT 2 BOTOSANI 

IASI 

123.9 

346.6 

C 

C 

155/122 

505/295 

115.0 18.8 

350.0 190.0 

6.6 

133.0 

1200 

3600 

M + B 

M + 8 

50 % 

83 % 

60 % 

75 % 

DANUBE 1 TURNU SEVERIN 107.5 

CALARASI 75.8 

BRAILA 247.9 

TULCEA 95.2 

x) data non available 

C 

S 

C 

C 

162/ 96 100.0 

138/ 62 31.0 

267/170 51.0 

127/ 80 21.2 

20.7 

5.4 

5.3 

5.7 

15.4 

5.0 

3.7 

6.1 

500 

-

-

-

MxX) 

-

-

85 % 
-

-

-

55 % 
-

xx) using floculants for sedimentation
 

P4 
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Concerning the trends for the municipal dischargers,
 

almost all the professionals agreed that important leakages of 

water are discharged in sewers and produce the dillution (J the 

waste. It can be foreseen that for water economy reasons the 

leakage reduction will be one of the most important problems in 

thd future and conseqaently higher concentrations of pollutants
 

in the municipal wastewater ara to be expected.
 

2.3, Iridustrial Dischargers 

The Table no lo presents the main industrial dischar­

gers organized and summarized on tributaries basins. The figu­

res include both discharges in urban sewerages as well as indus­

be con­trial discharges in own sewers, so that these data must 


sidered only as a general information about the industrial pol­

lutants structure.
 

The figures can neither be added, nor substracted
 

from the urban dischargers figures because they interfere.
 

Table no lo
 

MAIN INDUSTRIAL DISCHARGERS (year 1989)
 

" specific
Main polluters 

pollutersTributary S.S. COD-Mn BOO 5

basin t/day t/day t/day t/day 

64.6
JIU 3957.o 126.2 

C1" - 863.2OLT 274.2 218.1 39.8 


95.2
ARGES 331.o 31o.3 


262.4 83.6
IALOMITA lo12.o 

SIRET 144.2 522.0 126.4 NH+ = 36.3 

PRUT lo2.2 V1.4 34.9 

DANUBE 
)48*4
(direct) 1919.0 419.7 


T o t a 1 7739.6 194o.1 592.9
 

//.0
O 
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Detailing the industrial discharges the situation of 

each basin results as follows: 

2.3.1. River Jiu Basin 

The total industrial wastewater flow is of about 

8oo,ooo cums/day produced by: 

- thermal power plants ..... . . . . 61.1o% 

- chemical industry . . . . . . . a . * 29.1% 

- mining industry . . . . . . . . . . . 4.9% 

- building materials industries . . . . 4.9% 

A very important flow is used for cooling at the po­

wer plants nor being polluted.
 

2.3.2. River Olt Basin 

The total industrial wastewater flow of about 

5bo,ooo cu.m/day is produced by:
 

M chemical industry . . . . . . . a 0 . 77.3% 

- pulp and paper e • o e. e. 0 0. . 15.1% 

- metallurgy. . . . e 7.6% 

The most important polluters are the chlorides (863
 

t/day) and suspended solids (274 t/day) from the chemical in­

dustry. 

2.3.3. River Argeg Basin 

From the total industrial wastewater flow of about
 

2,oooooo cu./day about 1/3 is produced by the various in­

dustries of Bucharest which itself represents about 2o% of 

the national indiARt-ial potential. 

The remaining 2/3 come from:
 

- oil & petrochemical industry • • . e• 67.3% 

. . . . . . . . . . 23.6%- chemical industry 

- others. & e e . 9. e e •* • • &. 9.1% 

BODs/COD ratio is about 0.3.
 

. // . 
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2.3.4. River IalomiLa Basin 

The industrial flow of about lloo,ooo cu.m/day is
 

produced by: 

• * . * * 55%- oil & petrochemical industry. 

- chemical industry (fertilizers) . . . . 25% 

. •. . .• • 16.5%- paper industry. * .
 

- food industry . . . . . • . . . . • . 3.5%
 

2.3.5. River Siret Basin 

1,7ooooo
The industrial wastewater flow of about 

cuOm/day comes from: 

- chemical industry . . . . • . . . . . . 48.7% 

. . . . a. . 26.6%- oil & petrochemical . .
 

- pulp & paper industry . o e . * . . . • 24.3%
 

e . o . . . v o * * . o,4%- steel plant . o . 

Siret is-the most important receiver of organic mat­

ters (COD = 52o t/day) of a reduced biodegradability (BOD5/COD 

oe.24).
 

2.3.6. River Prut Basin 

River Prut receives about 41o,oo cu.m/day from the 

various industries of Boto~ani and Ia§i cities. 

Danube River Direct Dischargers
2.3.7. 

The Danube river receives directly about 775,ooo 

4o,ooo cu.m/day from
cu.m/day industrial wastewater and about 


animal farms.
 

come from:
The industrial flows 


• . . • . . . . . . . 54.7%- chemical industry 

• • . • • • • • • • 2o.5% - pulp & paper. * . 

• • • • . . . 13.2% - mining industry . . . . . 
• o • •e e 5.8%- food • • • • • • • • • • • 

• a * e e• * a o o 3o3%- steel • 

o e @ 9 * •* e o o• 2•5%- others e o e • o 

• // o 
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2.4. Agricultural and Animal Husbandry Emissions 

It is obvious that the use of fertilizers and pesti­

no
cides for agricultural purposes has a polluting effect but 

records are available in this field. 

We mention only that important animal husbandries 

(pigs farms over 5o - 7o,oo0 capita) are located near Timi§oa­

ra (Timig), Cluj and Baia Mare (Someg), Oradea (Cri§), Craiova 

(3iu), sl.atina (Olt), Slobozia (Ialomita), Bac~u and Galali 

(Siret), Zagi (Prut), ChlIra~i (Danube). Although equiped with 

are generating very of­wastewater treatment plants these farms 


ten pollution problems, because of training failures.
 

Although the up-to-date tendencivi are to avoid such
 

enormous anim'al concentrations the problem of pollution will
 

remain because smaller farms will be even worse operated from
 

the point of view of wastewater treatment.
 

3. CONCLUSIONS AND RECOMMENDATIONS
 

3.1. Summary Conclusions on Conditions and Trends 

The social, economic anddemographic development of
 

the Danubian riverside countries in the last 25years as well
 

as the hydroelectric works achieved have determined unfavora­

ble effects on the water quality.
 

The increase of the nutrients concentration values 

and of the N/P ratio have determined an important plankton pro­

2o - 25 .yearsduction development which rogistred in the past 


a growth of about loo times.
 

3o% and un-
The dissolved oxygen has reduced of 25'-


river,as receiver
der these circonstances the capacity of the 


of wastewater becomes limited.
 

• // • 
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Meantime the values of N/P ratio 
 tend to lo, which 
indicates the beginning of an important eutrophication and 

consequently a more severe dissolved oxygen reduction. 

The situation is even worse for the tributaries,
 
which present higher levels of pollution.
 

3.1.2., 	Water ouality and Emissions Monitoring 
and Control 

The actual wastewater treatment plants can't achieve 
a proper monitoring and control of the polluting emissions for 

several reasons as: 

- the insufficiency of the existing treatment faci­

lities;
 

- the overloading of the existing capacities;
 
- the failure in operating the existing plants;
 

- the absence of a modern informational system at the 

national level; 
- the absence of a suitable budget able to support im­

portant improements. 

3.1.3. 	Emission and Dischargers
 

As it was related in the chapter no 2, still exist im­
portant urban centers and industries without wastewater treat­
ment plants as Bucharest, Craiova, Galaji and many others which
 
have insufficient capacities. only 31% of the emissions are pro­

perly treated.
 

Meantime the diminishing of the BODs/COD ratio values
 
indicates more difficulties in biological treatment.
 

3.1.4. 	 Key Difficulties 

As key 	 difficulties one considers the lack of waste­
water treatment capacities and the financial support for seri­

ous improments in this field of activity.
 

* // • 
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3.2. Recommendations 

3.2.1. 	Pollution Management Actions Needed
 

The practice has demonstrated that even states with
 

a powerful economy and an intensive care for* environment ne­

eded time end a good financial support in order to control the
 

waste emissions. 

It is also obvious that the pollution in the Danube 

river basin reached alarming levels and quick decisions should 

be taken.
 

In our 	oppinion correct decisions can be obtained on­

ly by tt13 international co-operation of all the riverside coun­

tries and other interested partners in environment protection. 

Meanwhile it is absolutely sure that under the ac­

tual circonstances of the economy the Government of Romania is
 

a­not able to achieve from the budget an investment programme 


ble to bring a serious improvement in wastewater treatment,thus
 

the only viable solution is an external financial support as 

foreign aids or/rrid foreign loans for this purpose. 

From the Romanian side one may count on private stu­

dies and consulting groups as INGINERIE URBANA, but also on so­

me state studies and research institutes experienced in this 

field as: 

- The Institute of Research and Environmental Engine­

ering Bucharest, splaiul independenjei nr. 294, sector 2, tel. 

9o-373o6o; 

- PROED S.A. - Projects and Studies Institute for Pu­

21, sector 2, tel.blic works Bucharest, str. Tudor Arghezi nr. 


90-118444, fax 9o-1218o1.
 

3.2.2. 	 High Priority Pollution Reduction Improve­

ments Needed 

In the actual conditions one may appreciate that any 

reduce the Danube pollution is opportunfe. It measure aole to 


, //1
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should be mentioned that the project for the Bucharest wastewa­

ter treatment plant was completed and the construction works on
 

site were started and interrupted because of lack of founds.The
 

wastewater treatment plant of craiova is in a similar situation,
 

The continuation and the completion of these two treal
 

ment plants should bring by themselves a reduction of more than
 

2o% of the total contribution of all the Romanian tributaries t
 

Danube pollution and meantime is the quickest action can be doni
 

For this reason the completion of works at these two
 

treatment plants can be considered as a high priority in Danube
 

pollution reduction.
 

On long term the trends in industrial pollution are a:
 

miost unpredictable because the major future changes in the econ(
 

mic structure of the ccuntry. Under these circonstances a ganer
 

study with the participation of the ministries of Environment,
 

Economy and Industries, Trade and Tourism, Transports and Public
 

Works in order to settle properly this matter is also a high pri
 

ority problem.
 

000 ///// 000 



Danube quality
 
,__ ROMNIA ,_. , Survey stations


I-- -- ____L'. .. -. .. 

u R At 1 I A 

.,-- , - . -E G E N D A . 
S'-. . '",' .. 00-.Stati de supravgheor si 
,(1 <~Z~ 

Vq 
"- "c ontrol privind ccilittea 

-4 -~i apa~'iOunfirii 

_ _>_-1 Bozios km 1072 
-_ . 2 Grui_.km 51 

w"- -- i. Ctiiciiukm 371 
'" , -4. _ Mild 71 

,I IKm 1.
 

•V., 

6,,2. 

http:Grui_.km


%%9 

-- (I 
.%% 

eo-physical map 
Pe'0 

tit 

% 

". . . .%.e,
 

5 I MsIF I M IO amI 0I a ­

, -
D 

6I I , I i 
vuK 

Q:. 

ree... " """. . ... . .. .. . . .. n . 



-, / '.- ,,
 

-.. -ELBP ¢. --­ , ij.tI .T ,-..-

S-,< -. '*, __ 

C 100 1 o 2ookm 

]Fig. 3. 

"'C " 

Harta reparti~iei teritorlal a precipitaIiilor niedii multlanuah1 

DANUBE BASINAverage multi-year 

Rain~alls distribution 

.. 


