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Abstract. This work presents data on the accumulation of technogenic 137Cs and natural radionuclides of the 238U and 232Th
series (238U, 226Ra, 232Th) and 40K in Black Sea sediments collected from Varna bay at the Northern Bulgarian Black Sea
coast. The aim of the study is to be the first step in a future large study of the content of radionuclides in sediments from
different geographical areas along the whole Bulgarian coast.
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1 Introduction

Sustainable management of the ecological condition of
the coastal marine environment requires a comprehensive
understanding of the processes associated with the entry
and migration of various potential pollutants in coastal
ecosystems.

Due to the fact thatmore than 70% of the Earth’s surface is
ocean, most of the anthropogenic radionuclides are found
in the aquatic environment. Their concentrations usually
vary from region to region, depending on the location and
size of the various sources of contamination [1].

The main sources of anthropogenic marine radioactivity
(planned or accidental) are still global deposits of nu-
clear tests performed in the atmosphere in the 1950s and
1960s and nuclear accidents such as those at Chernobyl
and Fukushima.

The Baltic and Black Seas were the seas most affected by
the Chernobyl accident. The 137Cs inventory in the Black
Sea due to the Chernobyl accident increased to approxi-
mately 3 PBq, higher by about a factor of 2 in compari-
son with the pre-Chernobyl value [2]. The increase in the
content of anthropogenic radionuclides in the sea water
causes changes in the radiation background and disturbs
the ecological balance in the marine environment - in the
water, suspended particles, sediment and biota [3–7].

The study of the content of contaminants such as ra-
dionuclides and non-radionuclides (nutrients, hydrocar-
bons, pesticides, heavy metals and other toxic elements)
in sediments is of particular importance. The data ob-
tained can be used both to assess the current level of pol-
lution and to collect evidence of past pollution events and
a historical overview of pollutant discharges.

The Northern coast of Bulgariamainly consists of soft sed-

iments, loess, shale, marl, dolomites, limestone or sand-
stone, overlaid in many areas with beach or wind-blown
sand. In the north, suspended material from the Danube
delta has settled, carrying a lot of mud. The association of
radionuclides with sediments in coastal and estuary areas
makes sediments a large reservoir for radionuclides affect-
ing significantly specific marine ecosystems. As the sea-
water is constantly in contact with organic and inorganic
matter from sea shelf, the first necessary step in the esti-
mation of radionuclide migration is the measurement of
radionuclide content in sea sediments and setting up a ra-
dioecological data base.

However, the current data on the content of radionuclide
and non-radionuclide pollutants in sediments from differ-
ent geographical areas along the Bulgarian Black Sea coast
are few. There are a limited number of publications on
near-shore sediment samples [8–13]. Data on deep-sea
sediments are even scarcer [8].

The present work provides data on the accumulation of
nuclides in sediments and water collected in the northern
part of the Bulgarian Black Sea coast. The aim of the study
is to be the first step in a future large-scale study of the
content of radionuclides in sediments from different geo-
graphical areas in the Bulgarian Black Sea coast.

2 Sampling

The samples were collected in the autumn of 2018 dur-
ing a one-day sampling expedition in the Black Sea car-
ried out in the frame of the regional seminar under the
TC project RER7009/IAEA on “Improving the manage-
ment of the Adriatic and Black Sea coasts using nu-
clear analytical techniques”, held in Varna, Bulgaria.
The sampling stations are located in the Northern part
of the Bulgarian Black Sea coast, in and close to Varna
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Figure 1. Map of sampling locations 

 
 

Figure 2. Sediment map of RER7009-18 stations (by preliminary information about the regional geology) 

 

Figure 1. Map of sampling locations.

Bay in front of cape Galata (Figure 1). The Stations
RER7009-18-01 andRER7009-18-02were situated in outer
part of Varna Bay and the station RER7009-18-03 was lo-
cated in front of capeGalata. The stationswere selected on
the basis of preliminary information on regional geology,
bottom morphology and bathymetric maps.

Matrixeswith lowheterogeneitywere chosen for represen-
tativeness of the sample results. Deposits where contami-
nants are likely to accumulate weremainly selected: sandy
mud at the three stations (Figure 2).

Sampling at the first station (RER7009-18-01) was per-
formed at about 18mwater depth using the Van Veen grab
(Figure 3) under the following meteorological conditions:
wind direction – NNE, wind speed – 8 m/s, wave direc-
tion – NNE, wave height – 1.5 m, air temperature 12◦.
The bulk sediments are consisted of dark olive gray (5Y
3/2 color by Munsell soil color chart), very fine sandy mud,
very soft with living worms and worms tubes, plant rem-
nants and single mollusks Chione gallina.
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Figure 3. Sampling with Van Veen grab during the expedition 

 

 

 
 

Figure 4. Multi-Corer sampling during the expedition 

 

  

Figure 3. Sampling with Van Veen grab during the expedition.

Sampling at the stationsRER7009-18-02 andRER7009-18-
03 was carried out with Multi-Corer equipment at 24.5 m
and 22 m water depth, respectively (Figure 4).

Sampling at station RER7009-18-02 was in the following
meteorological conditions: wind direction – NNE, wind
speed – 13.9 m/s, wave direction – NNE, wave height –
2.5 m, air temperature 17◦. Field measurements were per-
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Table 1. Detailed information on the collected samples

Color
Station Latitude Longitude Samples Lithology (by Munsell soil Other

color chart)

RER7009-18-01
(17.9 m water depth)

43◦11.0 N 27◦57.0 E S-1-18-01 very fine
sandy mud,
very soft

5Y 3/2 dark olive gray living worms and worms
tubes, plant remnants and
single mollusks Chione
gallina

RER7009-18-02
(24.5 m water depth)

43◦09.0 N 28◦10.0 E S-2-18-02-01 very fine
sandy mud
(or silt)

5G/4/1 dark greenish gray
5Y/4/2 olive gray

S-3-18-02-02 5G/4/1 dark greenish gray

S-4-18-02-03 5G/4/1 dark greenish gray
5Y/4/2 olive gray

remnants of shells (fine
to small fragments)

S-5-18-02-04 abundance of small to big
shells fragments, whole
shells Paphia, Chione

Water-18-02

RER7009-18-03
(22 m water depth)

43◦09.6 N 28◦00.0 E S-6-18-03-01 soft silty clay
(very fine
sandy clay)

5Y 4/2 olive gray whole disarticulated mol-
lusk Cardium papilosum

S-7-18-03-02

S-8-18-03-03 remnants of shells

S-9-18-03-04 remnants of shells
(whole and fragments)

Water-18-03

formed on: water temperature 20.5◦, dissolved oxygen –
7.85mg/L, pH– 8.30 and salinity 18.2 0/00. The sampling of
the third station 7009-18-03 was performed under meteo-
rological conditions: wind direction – NNE, wind speed –
13.9 m/s, wave direction – NNE, wave height – 2.5 m, air
temperature 14◦. The following field measurements were
performed: water temperature 20.6◦, dissolved oxygen –
7.57 mg/L, pH – 8.34 and salinity 17.6 0/00.

Sediment samples were placed in double plastic bags and
after labeling and frozen saved for further laboratory test-
ing. The water samples were taken in special bottles and
transported to the laboratory for analysis. Detailed infor-
mation on the collected samples is shown in Table 1.

3 Sample Preparation and Analyses

The present analyzes are initial tests and their purpose
is to optimize the sampling technique, the preliminary
preparation and the conditions of measurement, as well
as adaptation of the methodology for testing of small
amounts of sediment and water samples. Therefore, only
the first fraction (0–1 cm) of each core was examined.

As a first step in the study of sediments and water, all sam-
ples were analyzed to determine the content of gamma ra-
dionuclides using low-level gamma spectrometry. For this
purpose, the sediment samples were dried at about 90-
100°C and all large particles and debris (residues of shells,
live worms and tubes of worms, plant residues and single
mollusks) weremechanically removed. After homogeniza-

tion the samples were placed in special hermetic contain-
ers for a period of at least fourweeks beforemeasurements.
This procedure is applied to ensure the equilibrium within
the Uranium decay series for estimation of the natural ra-
dioisotopes. The aqueous phase taken with the sediments
was also enclosed in plastic containers for measurement.

The gamma spectrometry measurements were carried out
by means of HPGe – GMX 50P4 detector Ortec type with
54.9% counting efficiency and energy resolution 2.3 KeV
at 1332 KeV (60Co). The obtained spectra were processed
with the computer code WINNER. The spectrometric sys-
tems were calibrated by energy and by efficiency with cer-
tified calibration sourceswithwide energy range. The time
for measurement was selected during the working process
according to capabilities of the equipment (24 h for sedi-
ments and 72 h for water).

The 137Cs and 40K specific activities were measured by
their main gamma-lines of 661.6 keV and 1460.7 keV.
The 238U content was determined from the 234Th line at
63.3 keV, assuming equilibrium. The 238U content was
controlled by 235U line at 186 keV (corrected by subtrac-
tion of radium) using the known ratio 238U/235U. The 226Ra
content in the samples was determined indirectly from the
lines of the 226Ra daughters 214Bi and 214Pb. In the 232Th
series we determined 228Ra by each of the its daughter
lines – 228Ac, 224Ra, 212Pb, 208Tl and calculated the mean
to obtain the 228Ra content. The obtained values can be
ascribed to the parent 232Th, assuming equilibrium with
its daughter 228Ra.
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Table 2. Radionuclide concentration (Bq/kg ± SE) in studied sediment samples

Stations Samples
137Cs 40K 238U 226Ra 232Th

Bq/kg ± SE Bq/kg ± SE Bq/kg ± SE Bq/kg ± SE Bq/kg ± SE

RER7009/18-01 S-1-18-01 1.18±0.09 611±49 12.4±1.2 12.8±0.9 13.6±0.9

RER7009/18-02

S-2-18-02-01 0.82±0.06 518±41 10.5±0.9 9.8±0.7 12.4±0.8
S-3-18-02-02 0.79±0.05 556±44 11.2±0.9 10.2±0.8 11.8±0.8
S-4-18-02-03 0.73±0.06 553±45 10.8±0.9 9.7±0.7 12.2±0.9
S-5-18-02-04 0.76±0.06 529±42 10.4±0.8 9.8±0.8 12.6±0.8

RER7009/18-03

S-6-18-03-01 0.64±0.05 727±52 11.4±0.9 10.7±0.9 11.7±0.7
S-7-18-03-02 0.68±0.05 715±57 11.2±0.8 10.2±0.8 12.4±0.8
S-8-18-03-03 0.72±0.06 732±58 10.8±0.7 9.8±0.7 12.6±0.9
S-9-18-03-04 0.65±0.05 733±55 11.5±0.8 10.3±0.8 12.3±0.8

4 Results and Discussion

The obtained results for technogenic 137Cs and natural
radionuclides of the 238U and 232Th series (238U, 226Ra,
232Th) and 40K in sediments are presented in Table 2.

Table 3 shows the total mean values for each radionuclide
concentration obtained for the three stations.

The analysis of the obtained results shows that the mea-
sured values for each radionuclide except 40K in the sam-
ples fromfirst station (RER7009-18-01) are slightly higher.
The data for the other two stations (RER7009-18-02 and
RER7009-18-03) are comparable.

Table 3. Mean radionuclide content (Bq.kg−1±SD) obtained for
the studied stations

Nuclide
RER7009-18-01 RER7009-18-02 RER7009-18-03

(17.9 m) (24.5 m) (22 m)
137Cs 1.18±0.05 0.78±0.04 0.67±0.03
40K 611±28 539±18 726±8
238U 12.4±0.7 10.4±0.4 11.2±0.3
226Ra 12.8±0.4 9.9±0.2 10.3±0.4
232Th 13.6±0.5 12.6±0.3 12.3±0.4

The data from the present study of sediments were com-
pared with our data from previous studies obtained for
sediments collected from geographically close stations at
a depth of 50–60 meters 20 years ago. The results ob-
tained are higher than thosemeasured in the present study
– 5.2 Bq/kg for 137Cs, 12.5 Bq/kg for 238U, 55.5 Bq/kg for
226Ra, 15 Bq/kg for 232Th [9,10].

The obtained data were also compared with data obtained
by us for the content of radionuclides in near-shore sed-
iments collected at about 10–20 meters depth along the
entire Northern Bulgarian coast over the past 20 years.
The calculated mean values for near-shore sediments are
significantly higher than those measured in the present
study – 16.4 Bq/kg for 137Cs, 29 Bq/kg for 238U, 27 Bq/kg
for 226Ra, 19.6 Bq/kg for 232Th [9–12].

The 232Th/238U activity ratios calculated for the sediment
samples showed values of 1.09 for the sediments from sta-
tion RER7009-18-01, 1.21 and 1.10 for the RER7009-18-02
and RER7009-18-03 stations, respectively. This indicates

that in the sediment from station RER7009-18-01 238U is
less abundant than 232Th in the all studied sediments. Op-
posite dependence has been found in studies of near-shore
sediments.The calculated 232Th/238U activity ratios values
vary in the range 0.75–1.0, independently of the sediment
type showing that 232Th is less abundant than 238U. Our
data show that the 238U and 226Ra values are close at all
stations – 226Ra/238U activity ratio (mean value) for all
sediments is in the range 0.95–1.03 and are close to the
equilibrium.

The data obtained for water samples are below the min-
imum detectable activity (MDA) of the method used. To
obtain reliable results, additional studies are needed to op-
timize the conditions of sample preparation and measure-
ment parameters.

5 Conclusions

Thepresentwork provides data on the accumulation of nu-
clides in the sediments andwaters collected in and close to
Varna Bay in front of cape Galata in the Northern Bulgar-
ian Black Sea coast. The study is the first step in a future
large-scale study of the content of radionuclides in the
sediments from different geographical areas in the Bulgar-
ian Black Sea coast.

The sampling techniques applied require special equip-
ment and qualified personnel. The methods used for pre-
liminary and laboratory sample preparation, as well as the
measurement methods are suitable for sediment samples.
In order to obtain accurate and reproducible results for
very small amounts of water samples, additional analyzes
are needed to optimize the pre-sample preparation proce-
dures as well as the measurement conditions.
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