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Abstract: A comparison study of water quality among different points/regions of Burgas Lake (Vaya Lake) in the 

Black Sea, region of Republic of Bulgaria, was undertaken. Dynamics of the water quality parameters in four 

seasons were investigated. Several water samples were collected from three regions of the lake near industrial and 

human activity areas. The samples were taken approximately 10-20 meters from the lake line, where the depth was 

0.5-1.0 meter. Various tests were conducted to identify the levels of inorganic substances and physico-chemical 

parameters. The purpose of this research is to identify the changes in the ecological state of the lake, to identify 

trends in water quality, to specify the influence degree of the pollutants (chemical and biological) over the 

biodiversity of the lake and eventual use for recreational purposes. Based on the analyzed data, the pH was 

relatively basic, where it ranged between 8.1 and 5 with respect to all three points of sampling (North, Centre and 

South) of the lake. Conductivity ritched up to 3,110 µs/cm in fall season for Northern point of the lake while the 

minimum recorded conductivity was 971 µs/cm for central point of the lake in the spring time. Total insoluble 

solids’ recorded was 229 mg.Dm
-3

 in summer time for northern and the lowest value was 8.00 mg.Dm
-3

 for 

southern point of collection. Many other substances involving Cr
2+

, P, Fe³⁺, Cu²⁺, NO₃⁻ and others including heavy 

metals for the sediment. BOD, COD, microbial cells concentration, Nitrogen with its different state as well as 

saturated Oxygen were also analysed to determine the impact of human, industrial activities on water quality 

during four seasons of the year. Some of the data collected for such parameters have showed low concentrations 

which is an indicator for desirable level of pollution. 
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I.   INTRODUCTION 

The Burgas Lakes or Vaya Lake is a lake located in the Bulgarian city of Burgas in the region of the Black Sea. The lakes' 

total area (including swamps, marshes, ponds and other reservoirs) amounts to 95 km², of which 33.30 km². Burgas Lake 

is economic important, used to obtain sea salt and curative mud, as well as to supply the local economy with fresh water, 

port and tourism. The lake is located in a strategic location in which directly connected with Black Sea and in fact black 

sea has connection with Mediterranean Sea/basin from Turkey side. Figures 1-5 show the strategic location of the stated 

lake in the world. Figure 6 shows the area where study is done; A dynamic of the water quality parameters of Lake Vaya 

(Bugras Lake) in Burgas were investigated in four seasons of Summer (August-November), Fall (October-December), 

Winter (December-February) and Spring (February-April) at three important point of North (1), Centre (2) and South (3). 

At the Northern point, city’s affluent discharged with several human activities, industrial activities are near to point 2 

(Centre point) and Southern point (3) were investigated since it is far from those two matters.  
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Fig.1 Study Area, general view of Black Sea and Mediterranean basin (Sea). 

 

Fig. 2   Study Area, Black Sea and surrounding countries. 

 

Fig. 3 Study Area, Lake of Burgas (Vaya Lake) in the Region of Black Sea, Burgas, Bulgaria. 

 

Fig. 4 Study Area, Lake of Burgas (Vaya Lake) in the Region of Black Sea, Burgas, Bulgaria. 
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Fig. 5 Study Area, Lake of Burgas (Vaya Lake) Burgas, Bulgaria. 

 

Fig. 6 Study Area North (1), Centre (2) and South (3), Lake of Burgas (Vaya Lake) in the Region of Black Sea, Burgas, 

Bulgaria. 

II. MATERIALS AND METHODS 

Chemicals, reagents used for water analysis experiment were of analytical grade. 

Sample collection, lake water samples were collected from three points: North (1), Centre (2) and South (3) in the lake 

Vaya (Burgas Lake). Samples were collected during Summer, Fall, Winter and Spring seasons. All samples were taken 

8m away from the shore at a depth of 1.0 m. Sediment samples are collected at a depth of 2.0 m and collected water were 

twice in a year since the changes of the sediment parameters are limited in a year-round (Fig. 3). Samples were then 

analyzed within one week from the time of collection. Water samples collected were subjected to: 

a) Physico-Chemical test: pH, electrical conductivity, insoluble Solids. 

b) Chemical (Inorganic substances/elements) analysis: Boron (B), Phosphorus (P), Iron (Fe), Aluminum (Al), Silicon (Si), 

Chromium (Cr), Manganese (Mn), Nickel (Ni), Cobalt (Co), Cupper (Cu), Zinc (Zn), Arsenic (As), Selenium (Se), 

Cadmium (Cd), Caesium (Cs), Barium (Ba) and Lead (Pb).  

c) Pollution indicators such as BOD and COD, Nitrogen and total Nitrogen, Nitrate, Nitrite, Microbial cells concentration 

and Saturated Oxygen concentration.  

III.    RESULTS AND ANALYSIS 

The data of water quality and sediment part of Vaya lake (Burgas Lake) in several points during the year (four seasons) 

were studied and tabulated in table 1-4. Figures from 7-16 are presenting some other physical parameters as well as 

pollution indictors. The nature of the lake, its strategic place, as well as habitat destruction, pesticide and heavy metal 

accumulation, nutrient loading, sedimentation, runoff and related impacts of man's activities are all taken in consideration 

during the study. 
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There are several industries exist near to point 1 (north point), in the other hands, at point 2 (central point), there are 

several attractions, beach, human activities are placed. Those two areas are focused in the study due to its activity rather 

than point 3 (south point) since there is no much activity there. Sediment analysis were taken from the bottom (depth 2 m) 

of the lake at random places searching for the heavy metal values and analysis. A number of these current and proposed 

developments are within several meters of this study and are likely to directly affect sedimentation, or indirectly through 

modification of near shore water movement and large-scale changes in lake composition. It is possible that these direct 

and indirect impacts may inhibit or even eliminate the natural exchange with the black sea since the lake Vaya is 

connected with the black sea. 

Characterization of sea water, the results of water studies different points of Burgas Lake (Vaya Lake) in the Black Sea, 

region of Republic of Bulgaria are listed in tables 1-3 and sediments analysis listed in table 4. Various samples were 

collected few meters away from the shore (10 m) at 1.0 m and 12.0 m depth for the sediment samples. Several parameters 

as well as pollution indicator test results are shown and illustrated in charts Figures 7-18. 

With respect to insoluble substances concentration, in general, it found to be higher in summer time with max value 

retched at 229 Mg.Dm
-3

. This was seen at point 1 of the lake (Northern point) (Fig. 7) and the maximum conductivity 

value recorded was 3,110 S at point 1 (northern point) as well and this is noticed for the other points too especially in 

month October-November of the year. Conductivity value is considered a good indicator of existing of excess species in 

water in fact once studied beside other parameters shall give us a clear correlation and results for both quantitative and 

qualitative idea of the water and elements presence (Fig. 8). The value of BOD found to be 49 Mg.Dm
-3

 in Summer 

season (August) for the central point (point 2) and this might be due to human activities and attraction events during the 

summer time for Burgas city and in fact for the lake (Fig. 9) while is found to be low in winter time (3.0 Mg.Dm
-3

) 

average for three point of collection). The chart of COD analysis has a regular trend in which the average values show 

low (spring), high (summer) and very low (during the other months of the year) 95.0, 325.0, 30.0 Mg.Dm
-3

 respectively. 

The trend is considered logic and normal for the chemical process since it is represent the organic compounds that are 

oxidized at high temperature and in the presence of a strong oxidizing agent (Fig. 10). Saturated Oxygen of the entire lake 

is high in fall, winter and summer (Av 10.21 Mg.Dm
-3

) but low in the spring with average value equal to  60 Mg.Dm
-3

 

(Fig. 11). 

Moreover, microbial cells found to be high in fall with max value equal to 4,600.03 CFU.cm
-3

 especially at point 1 and 

about 3,900 CFU.cm
-3

 at central point (Fig. 12). 

The pH value 7.4-8 in average standard which indicates a basic environment which can be one of the reasons that may 

lead to higher ammonia and other fragments. The analysis of total nitrogen and nitrogen as N-NH4, N-NO3, are also 

analyzed and presented in chart in figures 15-17. In general, the value of total nitrogen concentration varied from 0.40 

mg.Dm
-3

 (in the spring) to average 2.7 mg.Dm
-3 

in summer time for all three points of collection. The concentration of N-

NH4 max is recorded in summer (September time) with value equal to 2.11 mg.Dm
-3

 (average value) for all three points 

and low in the spring (0.21 mg.Dm
-3

) that indicates level of human activities is higher in September of the year round and 

low trend towards fall and winter resulted that the concentration of nitrogen as N-NO3 and N-NO2 reached the max value 

in the entire lake in fall (October and November) and the behavior is shown in figure 14 and 15 in this work. 

The lowest phosphorus concentration value (as P-PO4) (near to zero) analysis found at point 2 (centre) in the spring and 

high value recorded was 0.31 mg.Dm
-3

at south point (point 3). Moreover, several water samples were collected for 

inorganic substances analysis the value of each element for all three points of collection are tabulated in table 1-3. 

Sediment analysis values can be found in table 4. 

 As we have noticed parameter analysis were taken in a limited period of time for south point (3) so that this point is far 

from industrialized area or human activities indicating a non-polluted site for that part of the lake. This is a good sign of 

well regulated and managed sites facilities leading to desirable level of pollutants. 

The lake water quality in general is desirable
15

. To our knowledge, this project is one of the first studies to give a general 

overview of the water quality for those three points of collections Northern, central and southern points of the lake Vaya 

(Bugas Lake). 
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Figure 7: Comparison analysis of Insoluble Substances Concentration (mg/l) of North, Centre and South points of Burgas 

Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 

 

Figure 8: Comparison analysis of Conductivity value (S) of North, Centre and South points of Burgas Lake (Vaya 

Lake) in the Black Sea Region of Republic of Bulgaria. 

 

Figure 9: Comparison analysis of Bio-Oxygen Demand (BOD) (mg/l) of North, Centre and South points of Burgas Lake 

(Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 
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Figure 10: Comparison analysis of Chemical Oxygen Demand (COD) (mg/l) of North, Centre and South points of Burgas 

Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 

 

Figure 11: Comparison analysis of Saturated Oxygen (mg/l) of North, Centre and South points of Burgas Lake (Vaya 

Lake) in the Black Sea Region of Republic of Bulgaria. 

 

Figure 12: Comparison analysis of Microbial Cells Concentration (CFU/l) of North, Centre and South points of Burgas 

Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 
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Figure 13: Comparison analysis of pH Value of North, Centre and South points of Burgas Lake (Vaya Lake) in the Black 

Sea Region of Republic of Bulgaria. 

 

Figure 14: Comparison analysis of Nitrogen as N-NO2 Concentration (mg/l) of North, Centre and South points of Burgas 

Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 

 

Figure 15: Comparison analysis of Nitrogen as N-NO3 Concentration (mg/l) of North, Centre and South points of Burgas 

Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 
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Figure 16: Comparison analysis of Nitrogen as N-NH4 Concentration (mg/l) of North, Centre and South points of Burgas 

Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 

 

Figure 17: Comparison analysis of Total Nitrogen Concentration (mg/l) of North, Centre and South points of Burgas 

Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 

 

Figure 18: Comparison analysis of Phosphorus as P-PO4 Concentration (mg/l) of North, Centre and South points of 

Burgas Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria. 
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Table 1: Physico-Chemical properties and concentrations (ppb) of selected inorganic substances at North point (1) of 

Burgas Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria (at 25 
O
C), shore depth = 1.0 m. 

 

Table 2: Physico-Chemical properties and concentrations (ppb) of selected inorganic substances at Centre point (2) of 

Burgas Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria (at 25 
O
C), shore depth = 1.0 m. 
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Table 3: Physico-Chemical properties and concentrations (ppb) of selected inorganic substances at South point (3) of 

Burgas Lake (Vaya Lake) in the Black Sea Region of Republic of Bulgaria (at 25 
O
C), shore depth = 1.0 m. 

 

Table 4: Heavy Metals analysis and concentrations (mg.Kg
-1

) of the sediment at South point (3) of Burgas Lake (Vaya 

Lake) in the Black Sea Region of Republic of Bulgaria (at 25 
O
C). 

 

IV.  CONCLUSION 

The aim of this project is to study the water quality and assessment of different points/regions of Burgas Lake (Vaya 

Lake) in the Black Sea, region of Republic of Bulgaria. Many Physico-Chemical parameters, pollution indicator tests such 

as BOD, COD nitrate and others for water samples taken at depth 1.0 m and 2.0 m for the sediment water collection were 

analyzed and managed. In general, we have found that the pH values were basic, conductivity, BOD, COD values were 

high especially in Summer time Saturated Oxygen was relatively same for the entire lake in four seasons while total 
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insoluble solids values were within normal range. Many inorganic and chemical parameters were at low concentrations 

despite the fact that the studied area is industrialized indicating a non-polluted site for lake. It seems to us (authors), this 

project is one of the first and latest studies to give a general assessment and of the water quality of Burgs Lake (Vaya 

Lake) in the Black Sea Region of Republic of Bulgaria. 
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