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Резюме. В настоящия труд представяме резултати от първото широкомащабно изследване на замърсяването в седиментите на 
Варненското езеро, проведено в две предварително избрани зони със съществено значение за развитието на икономическите дей-
ности и градоустройството. Въз основа на 140 дънни проби разработихме цифрова карта на градиентите на замърсяване в тези зони. 
Анализът на седиментите показва, че нивата на замърсяване на определени места значително надвишават международните стандар-
ти за замърсяване с тежки метали и нефтопродукти. Отчетените концентрации на замърсяване могат да бъдат свързани с различни 
източници на замърсяване, като реки, пристанища, химическа промишленост и ПСОВ (Пречиствателни станции за отпадни води), 
разположени по бреговете на езерото. Регистрираните високи стойности на замърсяване с желязо, мед и нефто продукти в седимен-
тите на Варненското езеро показват необходимостта от устойчиво управление на човешката дейност в района. Установените кон-
статации мотивират прилагането на спешни мерки за почистване и подобряване на екологичната обстановка във Варненското езеро, 
което е неразделна част от екосистемата на гр. Варна и други граничещи с езерото общини. Резултатите от проучването показват, че 
са необходими спешни действия за справяне с високите рискове, свързани с наблюдаваното замърсяване на утайки.

Ключови думи: Варненско езеро, тежки метали, нефтопродукти, замърсяване.

Abstract. We present the results from the first large-scale study on pollution in the Varna Lake sediments, which was implemented 
in two preselected zones with significant importance for developing economic activities and urban planning. Based on 140 probes, we 
developed a digital map of the pollution gradients in these zones. The sediment analysis shows that the pollution levels at specific locations 
significantly exceed the international standards for contamination with heavy metals and petroleum products. The reported pollution 
concentrations can be linked to various contamination sources, such as rivers, ports, the chemical industry, and WWTPs (Waste water 
treatment plants), located on the shores of the lake. The high values of pollution with iron, copper, and petroleum product registered in the 
sediments of Lake Varna indicate the need for sustainable management of human activities in the area. The presented findings motivate 
urgent measures for cleaning and improving the ecological situation in Varna Lake, which is an integral part of the ecosystem of the city 
of Varna and other municipalities bordering the lake. The results of the study indicate that urgent action is needed to address the high risks 
associated with the observed sediment contamination.
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Introduction

Varna Lake is located on the northern Black Sea 
coast, west of the Gulf of Varna. According to its 
origin, it is a coastal lake – firth. The area of Lake 
Varna is 15.7 km2; its maximum depth is estimated 

at 21.3 m, maximum length 10.5 km, and maximum 
width 2.5 km. Natural and anthropogenic forms 
have been established at the bottom of the lakes 
(Lambev et al., 2020).

The ecological condition of the lake is influ-
enced by industry, transport, agriculture, and urban-
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ization. Lake Varna is of eutrophic type. There is 
a combined influence of natural and anthropogenic 
factors, and it is not easy to differentiate their im-
pact on the entire lake area (Shtereva et al., 2008). 
Varna Lake is of great economic importance, and 
its ecological protection and preservation are para-
mount. Investigation of pollution is mainly done on 
the characteristics of the water body, and there is lit-
tle data on the condition and contamination of sedi-
ments. Therefore, it is necessary to examine them to 
monitor the spread of pollution periodically. 

In the current paper, we present results from a 
large-scale assessment of the degree of sediment 
contamination in two zones in Varna Lake. The ob-
jectives of our study are twofold: (i) to acquaint the 
scientific community and the general public with the 
results of contamination analyses concerning heavy 
metals and petroleum products and (ii) to establish 
a common ground, discussion, and decision-making 
process oriented toward adequate planning of meas-
ures for contamination levels reduction and actions 
helping for the mitigation of the adverse effects of 
pollution to the population of Varna city, the other ad-
joining urbanized territories as well as the ecosystem.

Methods

In total, between 15.10.2021 and 15.02.2022, we 
collected 140 sediment samples from Varna Lake. 
Each sample was taken at 40 cm below the bottom 

level. The sampling was performed by qualified 
diving teams in the two preselected target areas ac-
cording to a pre-defined measurement grid with a 
distance between the sample locations of 200 m. 
The two zones were selected as follows:

• Zone 1 – the eastern parts of Varna Lake and 
the two navigable canals (Channel 3 and Channel 1) 
connecting it with Varna Bay.

• Zone 2 – the central parts of the Varna Lake, 
close to the Kazashko village (Fig. 1).

The bottom sediment samples were taken at a 
maximum working depth of 19.5 m below the water 
surface, with visibility of 0–1.40 m and a water tem-
perature of 12 °С. All the 140 samples collected to 
this end were subject to chemical analysis to evalu-
ate the contamination levels concerning heavy met-
als and petroleum products. The chemical analysis 
was carried out by Eco-Consult-Engineering Ltd, an 
accredited laboratory in Bourgas city. This analy-
sis aimed to assess metal indicators, such as Iron/
Fe, Lead/Pb, Arsenic/As, Copper/Cu, Mercury/Hg, 
and petroleum products. The identification of the 
metal indicators mentioned above: Iron/Fe, Lead/
Pb, Arsenic/As, Copper/Cu, and Mercury/Hg was 
made according to the procedures described in the 
Bulgarian national standard – test method BDS EN 
16170:2016 (https://bds-bg.org/bg/project/show/bds: 
proj:99534). The identification of petroleum prod-
ucts in the probes was carried out according to the 
procedures defined in the Bulgarian national stand-

Fig. 1. Scope of the researched area, according to Hydro-Map

Фиг. 1. Обхват на проучвания район по Hydro-Map
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ard BDS EN ISO 16703:2011 (https://bds-bg.org/
bg/project/show/iso:proj:39937). In these analy-
ses, we considered the commonly accepted unit of 
measurement for the indicators – mg.kg–1. 

The reference values used in the subsequent ap-
praisal of the contamination levels followed the In-
ternational Atomic Energy Agency (Reference sheet 
IAEA-158/31.08.2008 and Reference sheet IAEA 
– 459/10.06.2017) (https://nucleus.iaea.org/sites/
ReferenceMaterials/Shared%20Documents/Ref-
erenceMaterials/TraceElements/IAEA-158/iaea_
al_187.pdf; https://nucleus.iaea.org/sites/Reference 
Materials/Shared%20Documents/ReferenceMateri-
als/OrganicCompounds/IAEA-459/RS_IAEA-459.
pdf). There are no generalized reference values for 
petroleum products in the reference sheets, but they 
are broken down by type. For this purpose, when pre-
paring the legend for petroleum products, the refer-
ence value was taken based on an average value of 
the laboratory samples, and the rest were determined 
for polluted and non-polluted areas (Hydro-Map).

Results

The sediment samples were taken in Zone 1, and 
Zone 2 can be conditionally divided into four types. 
In the littoral part, there are mussel fields with silt, 
up to about 8 m deep; in Varna Lake predominantly, 
there is sand, silt, clay, or a mixture of the three, 
but silt with clay sand predominates. All established 
bottom types are contaminated with heavy metals 
and petroleum products.

Based on the data analysis (Table 1) and the cre-
ation of pollution maps for each indicator, we can 
make the following observations:

Iron

The observed values for iron in both research 
zones (10 001–20 000 mg.kg–1 and less) remained 
below the average values at the reference value 
(26 300 mg.kg–1). The highest values of iron pol-
lution are found in Zone 1, mainly in the periph-
eral areas – 20 001–30 000 mg.kg–1. For Zone 1 the 
maximum values fall into the Channel 3 – sample 
№ 137 – 21 825 mg.kg–1, the northern periphery of 
Varna Lake – samples № 74 – 22 018 mg.kg–1 and 
№ 85 – 20 278 mg.kg–1, southwestern periphery 
– samples № 115 – 20 848 mg.kg–1 and № 116 –  
23 340 mg.kg–1. 

In Zone 2, no elevated values were observed, as 
the measured levels were 10 001–20 000 mg.kg–1. 
Within Zone 2, the highest value of iron measure-
ments was found in sample № 52, located in the east-
ern part of the zone, and the value of 19 281 mg.kg–1 

remains significantly lower than the reference 
levels.

Lead

High levels were found in lead content for large 
areas in Channel 3 (Old channel) and the western 
part of Zone 1, which peak above the permissible 
threshold (over 60 mg.kg–1). At reference values of 
39.6 mg.kg–1, maximum contamination was found 
in sample №137 with a value of 125 mg.kg–1. The 
overall values in Zone 2 are below the reference av-
erage (15.01 – 30.00 mg.kg–1), with maximum lead 
contamination reported in sample №70 located in 
the southeastern part of the zone with a value of 
42.00 mg.kg–1, slightly above the reference value. 

Table 1
Average values of contamination in Zone 1 and Zone 2

Таблица 1
Средни стойности на замърсяване в Зона 1 и Зона 2

Iron/Fe 
mg.kg–1

Lead/Pb 
mg.kg–1

Arsenic/As 
mg.kg–1

Copper/Cu 
mg.kg–1

Mercury/Hg 
mg.kg–1

Petroleum 
products  
mg.kg–1

Reference 
values 26300 39.60 11.50 48.30 0.13 250

Zone 1 12057 37.95 6.59 60.99 0.31 408.71
Inflated 
values – – – 12.69 0.18 158.71

Zone 2 9975.7 17.39 7,72 59.23 0.40 593.30
Inflated 
values – – – 10.93 0.27 343.30
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Arsenic

Regarding the observed arsenic pollution, the over-
all values are below the average (5.21–8.00 mg.kg–1) 
at reference values of 11.5 mg.kg–1. The maximum 
contamination with this indicator is observed in 
sample №90 with a value of 24.00 mg.kg–1, lo-
cated in the western part of Zone 1. A value of  
16.00 mg.kg–1, which is above the permissible level, 
was observed in the northern and southern parts of 
Zone 2. Maximum arsenic contamination is reported 
here in sample № 70 with a value of 18.00 mg.kg–1, 
near the Chaika Naval Helicopter Air Base.

Mercury

Values above the permissible limits for mercury 
pollution (0.50 mg.kg–1) were found in small areas 
in the northwestern part of Zone 1 and larger ar-
eas in the northwestern, central and southern parts 
of Zone 2 (in the area of Chaika Naval Helicop-
ter Air Base, Orehcheto locality and near the vil-
lage of Kazashko). At mercury reference values of  
0.13 mg.kg–1, the prevailing values in Zone 1 are 
below the average of 0.06–0.10 mg.kg–1 and lower 
(up to 0.05 mg.kg–1). In Zone 1, the maximum con-
tamination was observed in the western part, sample 
№71, with a value of 0.75 mg.kg–1; in the northwest-
ern part, sample № 90, with a value of 0.62 mg.kg–1. 
In Zone 2, the maximum mercury contamina-
tion was observed in sample №70 with a value of  
1.30 mg.kg–1, located in its southeastern part.

Copper

The reference values for copper contamination 
are 48.3 mg.kg–1. In Zone 1, values were observed 
above the permissible threshold in the northern 
part of the zone and Channel 3 (Old Channel) 
(above 80 mg.kg–1). The maximum contamina-
tion with copper was reported in sample №137 –  
364 mg.kg–1, located in the Old Channel. In Zone 
2, samples with values above the permissible ones 
were registered in the northwestern, central, and 
southeastern parts of the zone, and maximum 
contamination is in sample №70 with a value of  
157 mg.kg–1. Regarding this indicator, low values 
(up to 20 mg.kg–1) were registered in Channel 1, 
the central part of Zone 1, due to periodic dredging 
activities. 

Petroleum products

The analysis of collected samples indicates that 
Varna Lake has high levels of contamination with 
petroleum products. Channel 1 and the central parts 
of Zone 1, subject to periodic dredging, are charac-
terized by low and medium contamination with pe-
troleum products. In the other parts of the respective 
zones, medium, high, and above the permissible 
values were observed. In Channel 3 (Old Channel), 
the northern periphery of the zone, the southwest-
ern part of the zone, has the highest degree of con-
tamination in Zone 1, as the maximum contamina-
tion was reported in sample №73 with a value of  
1316 mg.kg–1. For Zone 2, the overall contamina-
tion values with petroleum products are above aver-
age, and the maximum contamination is in sample 
№5, with a value of 3263 mg.kg–1 in the northwest-
ern part of the zone.

Diagrams in Fig. 2 compare the highest values 
of the individual indicators in the two zones. In 
Zone 1 are the samples with the highest lead, arse-
nic, and copper values, and in Zone 2 are mercury 
and petroleum products. All these values exceed the 
reference averages for the individual indicators. Re-
garding iron, its values in both zones are below the 
reference, having an approximately equal ratio. The 
highest values for these indicators were observed 
for ground-type silt with clay sand. However, two 
of the highest values were measured in mussel 
fields and another two in ground-type sand with silt. 
These observations hold for both zones.

Predominant contaminations with copper, lead, 
and petroleum products were found in the northern 
part of Zone 1 and the Old Channel. For Zone 2, the 
predominant contamination is mainly in the eastern 
part of petroleum products, mercury, and copper. 

By comparing the average contamination values 
in the two zones, it is noticed that the accumulation 
of contamination is different. The average values of 
the indicators for the two zones are given in Table 1. 
Mercury, copper, and petroleum products stand out 
with the most significant increases above the refer-
ence values in both zones (Fig. 3). This distribution 
of contamination is most likely due to the location 
of the various sources of contamination, the direc-
tion of water exchange, and currents; in the northern 
part between the two zones is the landfill for dredg-
ing materials.

It has been found that there is a constant inten-
sive water exchange between Varna Lake and Varna 
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Fig. 2. Samples with maximum contamination in Zone 1 and Zone 2

Фиг. 2. Проби с максимално замърсяване в Зона 1 и Зона 2

Bay, in which seawater flows mainly through Chan-
nel 1 to the west, and lake water is directed to the 
bay through the Old Channel (Stanchev et al., 2010). 
This direction of the lake-bay water exchange may 
be the reason for the more significant contamination 
in the Old Channel because the polluted lake waters 
pass through it in the direction of the bay.

A comparison between the results reported in the 
present study and the values obtained by Shtereva 
and Dzhurova (2008) can be made for a reference 
location. 

Specifically, in Table 2, we present a compari-
son of measurements based on samples taken from 
station VB (Shtereva et al., 2008) and sample №134 
in our study, as these are in close proximity. For 
sample №134, we observe a decrease in the values 
of Pb and petroleum products. For this specific lo-
cation, there is an increase in As and Cu contamina-
tion, while the levels of Hg remained unchanged. 
The decrease in sediment contamination observed 
in this area is most probably due to the periodic 
dredging activities (Table 2).

Table 2
Changes in the maximum values of heavy metals and 
petroleum products 2004–2021

Таблица 2
Изменения в максималните стойности на тежки метали 
и петролни продукти 2004–2021 г.

Indicator Station VB
in mg.kg–1

Sample #134
in mg.kg–1

Iron/Fe – 8893
Lead/Pb > 15 7.56
Arsenic/Аs < 5 6.99
Copper/Cu < 15 22
Mercury/Hg < 0.3 < 0.3
Petroleum 
products < 2498 < 30

Research on the condition of Beloslav Lake 
shows that the inflow of water from the Provadia 
and Devnya rivers, the included economic sites, 
and the waters of the Padina channel are the pri-
mary sources of pollution. One of the main polluters 
of Varna Lake is the waters coming from Beloslav 
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Lake, TPP (Thermal power plant) Varna, WWTP 
(Waste water treatment plant) Provadia, WWTP 
Devnya, WWTP Varna, Sludge Dump Padina, 
wastewater from ravines, chemical companies, and 
others (https://beloslav.org/inc/service/service-down 
load-file.php?identifier=f7f8396e-4ceb-4357-8ab0-
cf8973f4c7d0&control=20211104141523; Shtere-
va et al., 2001; Shtereva, 2006).

The maximum iron content in the upper and low-
er water layers has been established in front of the 
Provadia River delta, showing that its presence in 
the lake complex is from there. In summer, the bot-
tom iron concentrations in Varna Lake are higher 
than in Beloslav Lake. The seasonal distribution of 
iron shows increasing concentrations from west to 
east in the spring. The high concentrations in the 
spring are related to the hydrological regime of the 
Provadia River – spring flood (Shtereva et al, 2008). 
It is necessary to identify the industrial sites that re-
lease pollutants into the river and to take measures 

to reduce the pollution by building or reconstructing 
treatment facilities.

The lower pollution values observed in certain 
lake places are attributed to regular dredging – the 
samples from Channel 1 were collected after recent 
dredging. The last explains the lower values of pol-
lution or its absence. The high values compensate 
for the low pollution values in the dredged areas in 
the places near the landfill. There is a prerequisite 
for the redistribution and transfer of the dredging 
material from the vertical water exchange and cur-
rents back to where it was dredged. A temporary 
increase in the turbidity of the water body during 
dredging can be considered an indicator of this.

Conclusion

A summary of results with respect to the observed 
presence of heavy metals and petroleum products 

Fig. 3. Average values of contamination in Zone 1 and Zone 2

Фиг. 3. Средни стойности на замърсяване в Зона 1 и Зона 2
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shows that in the northern part of Zone 1 and the 
Old Channel, the predominant contaminations are 
with copper, lead, arsenic, and petroleum products, 
while in the eastern part of Zone 2 the highest pol-
lution is with mercury and petroleum products. As-
sessing the average values of all indicators in the 
two zones, we observed that the pollution with mer-
cury, copper, and petroleum products prevail over 
the others.

The high content of heavy metals and petroleum 
products in the sediments affects the normal func-
tioning of the ecosystem and biodiversity as these 
accumulate in the body of aquatic inhabitants, and 
according to the food chain with even higher con-
centrations in the human body.

The regular dredging activities in the water area 
of Varna Lake change the structure of the lake basin 
and may have an adverse effect on the quality of 
the water body. At the same time, these and other 
human activities directly or indirectly destroy ben-
thic habitats and thus harm the population quality 
for most local species and communities. On the 

other hand, low pollution levels are observed in 
the dredged areas. During dredging and sediment 
transportation, there are risks for redistribution and 
transfer of pollution to unaffected areas.

In conclusion, it should be noted that the pol-
lution of waters with heavy metals and petroleum 
products adversely affects the normal function-
ing of ecosystems and biodiversity in Lake Varna, 
which in turn might reflect on human health in the 
surrounding municipalities. Our study confirms 
that urgent actions must be taken to reduce the con-
tamination, as sediments can transfer accumulated 
contaminants and organic matter back to the water 
body.
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