WATER QUALITY ASSESSMENT OF THE BULGARIAN DANUBE TRIBUTARIES FROM THE WATER CONSUMPTION POINT OF VIEW
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Abstract: The aim of the present investigation is the establishment and analysis of the water quality categories in the estuary parts of the Bulgarian Danube tributaries from the point of view of the various water consumptions. In spite of the comparatively small contribution of the Bulgarian tributaries in the Danube water quality the estuary parts are investigated and the water quality there is discussed. The alteration of the water quality and the corresponding categories at the estuary parts of the studied rivers is discussed as well.

Keywords: Danube, water quality, water categories

BEURTEILUNG DER WASSERQUALITÄT DER BULGARISCHEN NEBENFLÜSSE DES DONAU-FLUSSES ANGESICHTS DES WASSERVERBRAUCHS

Zusammenfassung: Grundziel der vorliegenden Untersuchung ist Feststellung und Analyse der Kategorien für Wasserqualität in verschiedenen Stellen der bulgarischen Donaunebenflüssen von der Sicht des verschiedenen Wasserverbrauchs. Unabhängig davon, dass der Beitrag der bulgarischen Nebenflüssen zu der Qualität vom Fluss Donau relativ klein ist, die Mündungsrevier sind speziell behandelt und die Wasserqualität dort ist kommentiert. Kommentiert ist auch die Veränderung der Wasserqualität entlang der untersuchten Donaunebenflüssen und die Veränderung der entsprechenden Kategorien.

Schlüsselworte:  Donau, Wasserqualität
1. Introduction
The water quality data from nine monitoring stations disposed on the estuary parts of the main Bulgarian tributaries is estimated: the Voinishka river (inflow into the Danube at km 782.2) – Tarniane, the Lom river (inflow into the Danube at km 741.6) - Lom town, the Tzibritza river (inflow into the Danube at km 715.9) – Dolni Tzibar village, the Ogosta river (inflow into the Danube at km 684.7) - Mizia town, the Iskar river (inflow into the Danube at km 636.4)  – Oriachovitza village, the Vit river (inflow into the Danube at km 609.4)  – Guliantzi village, the Ossam river (inflow into the Danube at km 599.9)  – Izgrev village, the Jantra river (inflow into the Danube at km 536.6) – Novgrad village, the Russenski Lom river (inflow into the Danube at km 497.9) – Basarbovo village (Figure 1).
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Figure 1. Monitoring of estuary parts of the main Bulgarian tributaries

The investigation is based on the available hydrochemical regime data concerning the Bulgarian Danube tributaries water quality in the National Institute of Meteorology and Hydrology. The information for 5 years period (1997-2001) is collected and analyzed.
The water quality of the Bulgarian Danube tributaries is assessed using nine water quality parameters grouped as follows: mineral content - sulphates (SO4), chlorides (Cl), hydrocarbonates (HCO3), calcium (Ca), magnesium (Mg), salts (Na+K), total dissolved solids (TDS); biogenic components - nitrate nitrogen (N-NO3), nitrite nitrogen (N-NO2), ammonium nitrogen (N-NH4), phosphates (PO4) and parameters of oxygen regime and organic content - dissolved oxygen (O2), biochemical oxygen demand (BOD5), permanganate oxidation (2OMn).

2. Methodology

The estimation of river water quality depends on accuracy and frequency of water quality sampling. The available water quality information is based on standard methods of sampling and chemical analysis. The National Institute of Meteorology and Hydrology carries out a seasonal monitoring. But the water quality information is limited by many factors, mainly financial. That is why the information is incomplete at some stations. 

The process of categorization aims to assess the possible usage of the river water depending on different needs of the water consumers: for drinking, technical water supply, irrigation, fishery, recreation etc. According to the Bulgarian legislation (Ordinance, 1986) the surface waters are classified into 3 categories concerning water quality. The limiting concentrations pertain to the low water conditions. The characteristic concentration (C95%) that determine river water category corresponds to the average minimal monthly water discharge with 95% reliability. The limiting concentrations concerning the studied parameters for different water categories according to the Bulgarian legislation are presented in Table 1. 

Table 1. Limiting concentrations of water quality parameters corresponding to the average minimal monthly water discharge with 95% reliability according to the Bulgarian legislation 

	water quality
	metric
	
	category
	

	parameter
	units
	I
	II
	III

	dissolved oxygen
	mg/l
	6
	4
	2

	total dissolved solids
	mg/l
	700
	1000
	1500

	total hardness
	mgequv/l
	7
	10
	14

	Cl
	mg/l
	200
	300
	400

	SO4
	mg/l
	200
	300
	400

	total Fe
	mg/l
	0.5
	1.5
	5.0

	N-NH4
	mg/l
	0.1
	2.0
	5.0

	N-NO2
	mg/l
	0.002
	0.04
	0.06

	N-NO3
	mg/l
	5
	10
	20

	PO4
	mg/l
	0.2
	1.0
	2

	permanganate oxidation
	mg/l
	10
	30
	40

	BOD5
	mg/l
	5
	15
	25


Because of the non-homogeneity of the water quality information a methodology based on the relationship between the studied water quality parameters and the water discharge is applied (Tzankov, 1998), (Tzankov et al., 2000). At some observation stations the simultaneously obtained sampling data (quantity and quality parameters) allow to search stable relationships between water quantity characteristics (discharges) and water quality ingredients. The Bulgarian experience (Tzankov, 1998) shows that some statistical relationship is significant if the obtained coefficient of correlation has a value r2>=0.25 when the number of the studied parameters in the row is more then 20-30. 

The regression analysis is applied in order to establish statistically corresponding equations between the water discharge at the moment of sampling Q (m3/s) and the corresponding water quality parameter. The concentration (C95%) regarding the minimal monthly water discharge with 95% reliability is determined by these equations. The river water category is determined by C95% according the Bulgarian legislation (Table 1).  

3. Results and discussion

It could be taken into consideration that the Bulgarian tributaries contribution to the Danube water quality formation is relatively small. The hydrochemical load of the main tributaries in the Danube is assessed (Ninov, 2004) as: 2.69% pertain to the total dissolved solids; 5.66% pertain to the permanganate oxidation; 0.36% pertain to the nitrate nitrogen; 4.49% pertain to the nitrite nitrogen; 2.94% pertain to the ammonium nitrogen; 5.45% pertain to the phosphates.

The information about the Bulgarian tributaries water quality is important as well as its general contribution to the Danube water quality and also because of the local impact on the estuary section of the main river. The results of categorization can be used for the assessment of the possible usage of the river water and show water quality status of the Bulgarian tributaries on the background of the general water quality improving of Bulgarian rivers (Tzankov et al., 2000), (Raikova et al.,1991), (Rainova et al., 2001). 

3.1. Parameters of oxygen regime and organic content
The dissolved oxygen concentrations, BOD5 and permanganate oxidation are important criteria for the river water ecological status and suitability of the water for various applications. The values of these parameters depend on many factors - temperature, air pressure, hydraulic processes. 
The results of water quality categorization reveal (Figure 2) that the dissolved oxygen concentrations are comparatively high – the water in the Bulgarian estuary sections is I category with one only exception – the Vit river (II category). It means that the Bulgarian tributaries have not a negative influence on the Danube oxygen regime.


[image: image2.wmf]Voinishka,

km782,2

   Lom,   

km741,6

Tzibritza,

km715,9

Ogosta,   

km684,7

Iskar,   

km636,4

   Vit,    

km609,4

Ossam,

km599,9

Iantra,

km536,6

R. Lom,

km497,9

I category

II category

III category

>III category

dissolved oxigen

BOD5

permanganate oxidation


Figure 2. The water quality categories of the main Bulgarian tributaries 

according to the parameters of oxygen regime and organic content

The content of the organic matter established by the parameter permanganate oxidation is the highest for the Iskar river - II category. The rivers Ogosta, Jantra and Russenski Lom are also assessed as II category. The water quality according to the biochemical oxygen demand – BOD5 in the studied sections of the rivers Voinishka and Lom is I category. The value of BOD595% concerning estuary part of the Vit river is  24.93 mg/l and water is III category.

3.2. Biogenic parameters
The biogenic elements concentrations characterize biological production of the rivers and also these concentrations are criteria for self-purification processes. The results of river categorization according to the parameters of mineral nitrogen and phosphates are presented in Figure 3. 
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Figure 3. The water quality categories of the main Bulgarian tributaries

 in accordance with the biogenic parameters concentrations

The concentrations of nitrate nitrogen (N-NO3) are low and respectively the corresponding categories of the Bulgarian tributaries show good water quality. The nitrogen pollution of the Bulgarian tributaries is connected mainly with N-NO2 concentrations. The increased concentrations of nitrite ions (N-NO2) and ammonium ions  (N-NH4) – II and III category, and phosphate ions (PO4) – mainly II category, show that the biogenic pollution is characteristics of all Bulgarian tributaries. This pollution is a result of municipal wastewaters and the significant agricultural and stockbreeding activity in the whole region.

3.3. Mineral content
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Figure 4. The water quality categories of the main Bulgarian tributaries

in accordance with the mineral content parameters
As characteristics of the mineral content of the Bulgarian Danube tributaries the following parameters are investigated: total dissolved solids, sulphates (SO4), chlorides (Cl), hydrocarbonates (HCO3), calcium (Ca), magnesium (Mg), salts (Na+K). The results of categorization carried out are presented in Figure 4.

The analysis of the results reveals that the Bulgarian tributaries waters are with low mineralization. The total hardness, determined as a sum of Ca and Mg ions, varies and the tributaries water quality is assessed as I category concerning the rivers Voinishka, Lom, Tzibritza, Ogosta, Iskar, Vit, Ossam and Jantra and II category  regarding the river Russenski Lom (Figure 4). 

The comparison of the main ions distribution is in the base of many river water classifications. The diagrams, shown in the Figure 5, present the main ions distribution concerning the Bulgarian tributaries and the Bulgarian section of the Danube. They reveal the similarity in distribution of these ions in spite of the lower mineralization of the Danube.
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Figure 5. Main ions concentration (mg/l) distribution concerning: A) The main Bulgarian Danube tributaries; B) The Danube at Nikopol town

4. Conclusions
The categorization of the Bulgarian Danube tributaries regarding the investigated parameters reveals that the concentration of biogenic elements is the most unfavorable. Regarding the oxygen regime and mineral content characteristics waters pertain to the categories I – II i.e. water possess better quality. 
The relatively small distribution of the Bulgarian tributaries into the Danube gives ground to assert that their influence is restricted mainly in the estuary parts. 
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		Date		T air		T water		pH		O2		%O2		BOD5		Ok		HCO3		SO4		Cl		NO3		NO2		PO4		Ca		Mg		NH4		Fe		Mn		Na+k		SUM		H		Фен		Suspends		Dry mat		Conductiv		Q

		Archar-Archar						7.18		8.27		86.63		4.12		2.97		250.78		34.73		19.46		2.80		0.07		0.05		43.58		13.73		0.30		0.08		0.00		61.36		448.21		9.25		0.00		11.50		312.12		635.00
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		Date		T air		T water		pH		O2		%O2		BOD5		Ok		HCO3		SO4		Cl		NO3		NO2		PO4		Ca		Mg		NH4		Fe		Mn		Na+k		SUM		H		Фен		Suspends		Dry mat		Conductiv		Q
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		Archar-Archar						7.18		8.27		86.63		4.12		2.97		250.78		34.73		19.46		2.80		0.07		0.05		43.58		13.73		0.30		0.08		0.00		61.36		448.21		9.25		0.00		11.50		312.12		635.00
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		Tzibritza, km715,9		Tzibritza, km715,9		Tzibritza, km715,9		Tzibritza, km715,9

		Ogosta,    km684,7		Ogosta,    km684,7		Ogosta,    km684,7		Ogosta,    km684,7

		Iskar,    km636,4		Iskar,    km636,4		Iskar,    km636,4		Iskar,    km636,4
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				Tzibritza, Lom, Ogosta, Iskar, Vit, Ossam, Iantra, Russenski Lom i																8 reki

				I category		II category		III category		>III category

		Voinishka, km782,2		1		1		1		1

		Lom,    km741,6		1		1		1		1

		Tzibritza, km715,9		1		1		1		1

		Ogosta,    km684,7		1		1		1		1

		Iskar,    km636,4		1		1		1		1

		Vit,     km609,4		1		1		1		1

		Ossam, km599,9		1		1		1		1

		Iantra, km536,6		1		1		1		1

		R. Lom, km497,9		1		1		1		1
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O2

BOD5

2OMn

I category

II category

III category

>III category



		

		Date		T air		T water		pH		O2		%O2		BOD5		Ok		HCO3		SO4		Cl		NO3		NO2		PO4		Ca		Mg		NH4		Fe		Mn		Na+k		SUM		H		Фен		Suspends		Dry mat		Conductiv		Q

		Archar-Archar						7.18		8.27		86.63		4.12		2.97		250.78		34.73		19.46		2.80		0.07		0.05		43.58		13.73		0.30		0.08		0.00		61.36		448.21		9.25		0.00		11.50		312.12		635.00

		Jantra																266.6125		27.5458666667		23.275		4.4364019167		0.1995421667		0.1690625		44.2294		12.7237333333		0.653175875		0.1002111667		0		59.671328359		439.5578886507		9.1333333333		0		19.075		306.2058053173		590.125

		Iskar																176.3916666667		41.1531666667		27.35		5.2133329583		0.124943		0.370653125		35.684		9.6601333333		0.4479305833		0.0722794167		0		50.3940011396		346.7937735563		7.2081666667		0		26.6333333333		253.5687735563		573.5

		Ogosta																267.0444444444		30.5308444444		20.2222222222		7.2809538333		0.0960393333		0.1263486111		40.1808		14.6988444444		0.3219437222		0.0763725556		0		61.7923370825		442.3322618047		8.998		0		10.8625		308.7183729158		548.375

		Lom																194.0566666667		35.6061866667		16.1533333333		3.5578558667		0.1466210667		0.0446508333		31.91744		10.1583466667		0.4479734333		0.079727		0		47.8842204222		340.0563552888		6.7985333333		0		10.6076923077		243.0846886222		411.2222222222

		Ossam																310.3333333333		37.4625		24.9416666667		4.464889625		0.0622394167		0.1448291667		44.8298		18.6903333333		0.4924517917		0.097681		0		71.1004160609		512.6034737275		10.5526666667		0		58.2916666667		357.4847237275		672.625

		Date		T air		T water		pH		O2		%O2		BOD5		Ok		HCO3		SO4		Cl		NO3		NO2		PO4		Ca		Mg		NH4		Fe		Mn		Na+k		SUM		H		Фен		Suspends		Dry mat		Conductiv		Q

																		55.951156537		7.748890157		4.3426728635		0.6246491165		0.0161675878		0.0102903418		9.724081203		3.0642282199		0.0673536768		0.0181080215		0		13.6908409649

																		60.6546957486		6.2667210345		5.2950932291		1.0092872933		0.0453961064		0.038461942		10.0622468944		2.894666132		0.1485983739		0.0227981727		0		13.5753059835

																		50.863562185		11.8667547703		7.8865314448		1.5032948559		0.0360280402		0.1068799826		10.2896887779		2.7855555866		0.1291633869		0.0208421898		0		14.5314030938

																		60.3719121357		6.9022422918		4.5717267241		1.646037258		0.0217120345		0.0285641863		9.083850189		3.3230324156		0.0727832333		0.0172658796		0		13.9696654344

																		57.0660314529		10.4706723203		4.7501930436		1.0462547785		0.0431166965		0.0131304217		9.3859266276		2.9872538797		0.131735057		0.0234452316		0		14.081260261

																		60.5406223795		7.308280556		4.8656842852		0.8710221163		0.012141825		0.0282536452		8.7455123302		3.6461581498		0.0960687582		0.0190558599		0		13.8704514708
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7.2329312813
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		Date		T air		T water		pH		O2		%O2		BOD5		Ok		HCO3		SO4		Cl		NO3		NO2		PO4		Ca		Mg		NH4		Fe		Mn		Na+k		SUM		H		Фен		Suspends		Dry mat		Conductiv		Q

		Archar-Archar						7.18		8.27		86.63		4.12		2.97		250.78		34.73		19.46		2.80		0.07		0.05		43.58		13.73		0.30		0.08		0.00		61.36		448.21		9.25		0.00		11.50		312.12		635.00

		Jantra																266.6125		27.5458666667		23.275		4.4364019167		0.1995421667		0.1690625		44.2294		12.7237333333		0.653175875		0.1002111667		0		59.671328359		439.5578886507		9.1333333333		0		19.075		306.2058053173		590.125

		Iskar																176.3916666667		41.1531666667		27.35		5.2133329583		0.124943		0.370653125		35.684		9.6601333333		0.4479305833		0.0722794167		0		50.3940011396		346.7937735563		7.2081666667		0		26.6333333333		253.5687735563		573.5

		Ogosta																267.0444444444		30.5308444444		20.2222222222		7.2809538333		0.0960393333		0.1263486111		40.1808		14.6988444444		0.3219437222		0.0763725556		0		61.7923370825		442.3322618047		8.998		0		10.8625		308.7183729158		548.375

		Lom																194.0566666667		35.6061866667		16.1533333333		3.5578558667		0.1466210667		0.0446508333		31.91744		10.1583466667		0.4479734333		0.079727		0		47.8842204222		340.0563552888		6.7985333333		0		10.6076923077		243.0846886222		411.2222222222

		Ossam																310.3333333333		37.4625		24.9416666667		4.464889625		0.0622394167		0.1448291667		44.8298		18.6903333333		0.4924517917		0.097681		0		71.1004160609		512.6034737275		10.5526666667		0		58.2916666667		357.4847237275		672.625
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