Chapter 13
Radionuclides Assessment for the Romanian
Black Sea Shelf

Gianina Chirosca, Maria-Emanuela Mihailov, Cornel Liviu Tugulan,
and Alecsandru Vladimir Chirosca

Abstract Radionuclides within the environment are not always a point of concern,
in some cases they can be used to trace and identify incidents even long after they
occurred. This reports performs a high resolution spectrometry analyses for several
samples taken from the Black Sea containing seawater and sediments. The results
give us the opportunity to use traceable radionuclides like '*”Cs or *°K as tracers for
the human activities within the western Black Sea area. Although the presence of
such radioisotopes can be related to the Chernobyl event, results can be differen-
tiated using other radioisotopes associated to the same event but having a specific
timespan since them as the case for **'Am. Using such tracers one can isolate
events from 30 years ago from the more recent ones.
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13.1 Introduction

The Black Sea shelf region is important to our regional ecosystem due the fact that
here many of the waters coming from all surrounding countries contribute the
composition. A special place in this topic is the Danube as a European River it
comes from as far as Germany and can collect in its path many effluents from
several installations. This report presents our efforts to perform radionuclide eval-
uation for both water and sediment samples. As we can expect, to this inventory can
contribute the Cernavoda Nuclear Power Plant but we can also point out the effects
for the Chernobyl event that releases a large amount of radionuclides within the
atmosphere. While previous studies for the Black Sea sector analyze the whole
basin, this work focuses on the Romanian sector 30 years after Chernobyl incident
(Bologa and Patrascu 1996).

Within this report we employed only high resolution gamma spectrometry for
our samples and the report is following the natural radionuclide series and '*’Cs as a
marker for human activity.

Samples were taken from the locations presented in Fig. 13.1 under the approx-
imate same timing and conditions ensuring that their population is consistent with
each other.

Also, a radionuclide occurring mainly through nuclear activities, the **'Am
shows a great potential for being used as a tracer for a better assessment of the
Chernobyl nuclear incident.

13.2 Material and Methods

Water and sediment samples were collected on-board R/V “Steaua de Mare I”
(National Institute for Marine Research and Development ,,Grigore Antipa” —
NIMRD) during 30 March-04 April 2016 on standard monitoring oceanographic
stations. Seawater at 2 m above the maximum depth of each station was collected
using bathometers and Van Veen grab for sediments samples. The sea currents were
measured using the ADCP (Acoustic Doppler Current Profiler) during winter 2010
(February) by the NIMRD. The primary production concentration images and data
are retrieved on-line from the dvs.net.ru (Remote Sensing Department Federal State
Budget Scientific Institution ‘“Marine Hydrophysical Institute of RAS”) for the
period of the in-situ water and samples data (images are cropped for the analyzed
period).

The method used for sediments samples was adapted on-board taking into
consideration the weather and sampling conditions. The sediments samples were
collected from the middle of the samples grab using a specialized palette (Figs. 13.2
and 13.3).

All samples are taken from the shoreline (considered 0 m water depth) to
off-shore waters (maximum depth of 100 m) and are subject to shoreline specific
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Fig. 13.1 Sample location map with the Romanian Black Sea shoreline

Fig. 13.2 Sediment
collection procedure and
Van Veen grab sampling
instrument on-board R/V
“Steaua de Mare I”

models, meaning that after this distance all graphs and interpolations suffer from a
dilution in consistency.

In order to avoid sample contamination, each sample was taken using only clean
materials and sample cases and ensure that the samples are not touched or any way
tampered with for the time in the open. For this, soil and water samples were taken
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Fig. 13.3 Seiment collection procedure and samples on-board R/V “Steaua de Mare I”

out from the water were isolated in a timespan under 10 s from the moment they are
exposed to the air.

The sediment samples, dried at constant mass of about 150 g, were placed in
cylindrical hermetically closed boxes. The water samples, about 500 g, were placed
in 130 g hermetically closed Marinelli beakers. The samples were stored for 28 days
for radioactive equilibrium.

The activity concentrations of 232Th, 226Ra, 137Cs and the *°K radionuclides
were determined using a CANBERRA system consisting of a n-type, 0.6 mm epoxy
carbon HPGe detector with ISOXCALL characterization, a DSA 1000
multichannel analyzer and 747 type lead shield. The detector has a relative effi-
ciency of 40% and the resolution is 1.96 keV at ®°Co 1332 keV and 0.89 keV at >’
Co 122 keV line. GENIE 2000 software was used for data acquisition and
processing while the efficiency calibration, self-absorption and coincidence sum-
ming correction were performed by using a CANBERRA LabSOCS software. The
background contribution was obtained as the average of three independent mea-
surements, each of them of 200,000 s. The nuclear data were those provided by Chu
et al. (1999) while the spectral lines overlapping were corrected by the method
presented in (Tugulan and Duliu 2014).

The ***Th natural series was investigated by means of gamma spectra of
descending radionuclides ***Ac (209.25 keV, 794.95 keV, 911.20 keV and
968.97 keV), *'?Pb (238.63 keV), 2'’Bi (with energy 727.33 keV and
1620.50 keV) and 2°°T1 (583.19 keV and 860.56 keV). In the case of *°Ra series,
was used the gamma spectra of >'*Pb (295.22 keV and 351.93 keV) and *'“B
(609.31 keV, 768.36 keV, 934.06 keV, 1120.29 keV, 1661.28 keV, 1729.60 keV
and 1847.42 keV). *K has single gamma emission energy of 1460.83 keV.

For the spectrometric system, the accuracy of radiometric measurements was
checked by using the IAEA certified materials IAEA-RGTh-1 (Thorium Ore),
IAEA-384 (Fangataufa Sediment) and IAEA-385 (Irish Sea sediment). Differences
between the measured and certified values were less than 5%.
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13.3 Results

Each sample was evaluated for its radionuclide concentrations and in some cases,
like the off-shore water samples from Constanta Est 6 and 7, the measurements
were under the minimum detectable activity (MDA) and no radionuclide was
clearly identified above the background radiation. Water samples provide specific
issues regarded to the gamma scattering and attenuations within the sample and the
actual efficiency and calibration correction coefficients needed to be adjusted for
the actual experimental setup using LabSOCS detector simulation. While other
codes like GESPECOR (Sima and Arnold 2002) provide a consistent overview, we
employed LabSOCS as the spectrometer supplier main method for parameter
correction (Done et al. 2015) (Table 13.1).

Soil samples, mainly sediments, raised specific issues related to the homogeneity
due the fact that each area has specific soil compositions. In order to provide
accurate results, each sample has to be corrected to its specific density, weight
and size — meaning for each sample, different detector coefficient corrections
needed to be applied. The presence of wood and other materials was avoided due
the fact that they have high concentrations of *°K (Table 13.2).

Table 13.1 Seawater sample radionuclide evaluation

# Sample Radionuclide Activity [Bq/l] MDA [Bq/l]
1 Constanta EST 2 40K 5.10 £ 0.6 0.90
2 2lagj 2.59 4+ 0.34 0.17
3 214pp 245+ 0.36 0.20
4 24 Am 0.13 + 0.07 0.12
5 Constanta EST 3 40 4.40 + 0.51 0.90
6 214pj 0.52 + 0.07 0.18
7 214pp 0.56 & 0.08 0.18
9 Constanta EST 4 g 3.10 £ 0.36 0.98
10 Constanta EST 5 40 47 +0.55 0.98
11 214 1.28 +0.17 0.18
12 2l4pyp 1.06 + 0.16 0.18
13 Sf. Gheorghe 2 40g 8.30 + 0.95 0.68
14 2lapj 0.25 + 0.03 0.13
15 2l4pp 0.24 4+ 0.04 0.14
16 Sf. Gheorghe 3 40 17.20 + 1.98 0.84
17 219Bj 2.02 £ 0.26 0.18
18 214pp 2.06 + 1.26 0.20
19 Sf. Gheorghe 3 0K 4.90 + 0.57 0.87
20 214gj 1.55 + 0.20 0.17
21 2l4pp 1.26 + 0.39 0.20

Only the valid data (determinations greater the MDA Minimum Detectable Activity — were
presented
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Sediment samples are more consistent on radionuclides and their concentration
can be estimated to an average uncertainty of 20%. As geometries are similar,
trends and distributions can be calculated from this information.

This is not the case for seawater samples where only a few of the radionuclides
can be evaluated with a consistent uncertainty and no distribution or trend analysis
can be performed for the overall set.

13.4 Discussion

The sediment distributions on the western Black Sea shelf follow the sea currents
feature in the area. At the Danube mouths there are two main streams: one from
north to south and the other from south to north. From north to south current flows
near shallow waters (near-shore) on the entire depth with speeds range from 0.33 to
0.47 m/s. The river currents spread fan-shaped with rapid decrease in their speed.
After mixing with the Black Sea waters, the river currents are influenced by the
coastal currents and the river discharge.

In cold season, winter, the sea currents are stable due to the wind intensity and
stability. Current flows from south to north in a compact mass, down to 10 m water
depth and a width of 40 nautical miles and tends to push but to maintain the north-
south current near the coast. The current from south to north has a maximum speed
of 0.47 m/s (Fig. 13.4).

Sediment sample distribution has an expected shape, the shoreline is more
consistent for earth like radionuclides like *°Ra and ***Th as the waters a shallow
and the radionuclide behavior is similar the one found in ground sites. Their
concentration decreases with the distance to the shoreline (Fig. 13.5).

These plots can be referenced as natural radioisotopes specific to the soil it’s
composition for the Dobrogea seashore areas while the following radionuclides that
we evaluated can be linked to the presence of human activities (in the case for
'37Cs) or with natural materials for *°K.

The values are in good concordance with the one previously taken for the Black
Sea (Valeva et al. 2002) (Fig. 13.6).

Average '¥’Cs detected concentrations fall under the UNSCEAR (UNSCEAR
2011) reports average for our country and no unusual concentrations were found
within this study. The higher concentrations on the Danube Delta interface to the
Back Sea can be due to nuclear activities at Cernavoda but the detected value is well
less the exception concertation. Concentrations up to 40 Bq/Kg are common to the
Chernobyl event (Blebea-Apostu et al. 2012). Activities for similar studies showing
higher Cs concentrations can be found in literature (Mohammad Reza Abdi et al.
2009) (Fig. 13.7).

Potassium 40 is one key radionuclide associated to both animal and vegetal
concentrations and its distribution can be correlated to such activities or to large
deposits of wood or other construction materials leading to higher concentrations
within specific regions along the shore line. The above picture presents the
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Fig. 13.4 Sea currents distribution on the western Black Sea shelf, February 2010 (NIMRD data)

sediment sample distribution for the *°K radionuclide. We have to notice that the
specific activity for the “°K radionuclide is half of that reported by other institutions
(UNSCEAR 2008). *°K present high values in concentrations in near-shore areas: at
the Danube mouths and in highly commercial routes dynamical zones such as the
upwelling events that occur mainly in spring followed by algae bloom (Mihailov
et al. 2012). The primary production in the western Black Sea shelf, estimated as
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Fig. 13.5 2*?Th and ?*°Ra concentration distribution for the Romanian Black Sea Region

Cs - 137 Activity Concentration
[Bq/ kd]

Latitude (N)

Longitude (E)

Fig. 13.6 '*’Cs Distribution for the Romanian Sector of Black Sea

chlorophyll-a concentration (Fig. 13.8), present high concentration in previously
mentioned areas mainly in front of the Danube Mouth due to the nutrient rich
waters. Also, in this shallow areas, the sediment transport is very dynamic due to
the sea currents and waves. The north-to-south regional depth circulation feature
determine at the 20 m isobaths similar values of 200-240 Bq/kg.

Long term radioisotopes like **'Pu with a halflife of 14 years (Boulyga et al.
1997; Sasahara et al. 2004; Rumynin and Nikulenkov 2016) released in large
amounts by the Cernobyl event, are responsible, among other processes, for the
presence of **' Am that can be traced within our samples.
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Fig. 13.8 Chlorophyll — a concentration on the western Black Sea shelf, data retrieved from dvs.
mhi.ru (Remote Sensing Department 2017): (a) Modis-Aqua data on 3 April 2016 (NASA
Goddard Space Flight Center 2016), (b) VIIRD-HPP data on 3 April 2016
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13.5 Conclusion

Radioisotope inventory analysis for the black sea area (at least for Romanian Shore
line) can be a valuable tool for contamination analysis but specific techniques have
to be developed for such activities. The wide variety of samples and sample type
and their densities can raise specific issues while using specialized high resolution
spectrometry (using GeHP detectors with standard POPTOP coaxial geometry) and
require detector calibration coefficient correction for each sample but, at least for
sediment samples can provide lower MDA’s and high confidence results.

The case for seawater samples, standard radioisotopes cannot always be deter-
mined but in some cases the simple presence of radionuclides like >*' Am in the
Constanta EST 2 location can be traced to the Chernobyl Event. In this specific
case, the higher **' Am is correlated with a high concentration in '*’Cs and by its
mean we can trace it back to the **'Puradionuclides given by Chernobyl
(Muravitsky et al. 2005).

While previous studies focus on air distribution (Nikolaos Evangeliou et al.
2016) for major radionuclides this method applied to sediment samples can use >*!
Am as a tracer for major nuclear incidents in Europe and the presence of both Black
Sea — a semi closed basin — and the Danube (a river running along nearly half of
Europe) give an opportunity for an better assessment of the main nuclear incident in
Eurasia, the Cernobyl event.
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