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Abstract: In this study concentrations of radionuclides in sediment samples taken from the central part of
the Azerbaijan sector of the Caspian Sea were investigated to obtain information about the radioactivity
and radiological hazards. Sediment samples were analyzed for °Ra, *®Ra, and other radionuclides (*K,
89Co, $*Cs, and *'Cs) via gamma-spectrometry using a Canberra intrinsic germanium detector placed in
lead shield thickness 11 cm. Received results for radionuclides in sediment samples were evaluated by
applying a table with characteristics value of natural radionuclides.
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1. Introduction

The Caspian is the largest inland body of water in the world, containing some 44% of the
globe’s inland waters. The Caspian Sea occupies a deep depression on the boundary between Asia
and Europe with a water level at present 27 m below sea level. It is approximately 1200 km long
with a maximum width of 466 km. It contains 79,000 km? of water and has a total coastline of
more than 7000 km. The Caspian is fed by five major rivers or river groups: in the north the Volga
(80% of total inflow) and the Ural (5%); in the west the Terek, Sulak, and Samur (4-5%) and the
Kura (7-8%); and, in the south, the short mountain rivers from the Iranian Alborz range (4-5%).
Azerbaijan has more than 800 km of coastline along the Caspian Sea and almost the entire country
is part of the Sea’s catchment area. Environmental problems of the Caspian Sea are multiple and
various in their origin. On one hand, they are caused by the commercial use of the sea; on the other
hand, human activity impacts coastal areas, including input from rivers in the Caspian. As the
Caspian is an inland water body, anthropogenic impacts on catchment area (about 3.5 million km?)
accumulate here. Anthropogenic impact on the Caspian ecosystem occurs concurrently with
various natural endogenous and exogenous processes. It is primarily sea level changes, periodical
seismic activity, surges and retreats, mud volcanoes, and neo-tectonics. Special features of the
Caspian include constant alterations of its area, volume, and configuration of the coastline and
water column structure. Anthropogenic activity, as well as a natural impact, can have a chronic
(long term) or acute (short term) effect. The sources of pollution are industrial, agricultural, and
accidental discharges and sewage. The main sources of pollution to the Caspian Sea have generally
been considered to be offshore oil production and land-based sources, notably the VVolga River [1].
In this study concentrations of radionuclides in sediment samples from the central part of the
Azerbaijan sector of the Caspian Sea were investigated to obtain information about the sources,
degree of contaminations, and radiological hazards.
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2. Materials and methods

Sediment samples from the 14 stations selected in the central part of the Azerbaijan sector
of the Caspian Sea were collected by Van Veen Grab. From each station for measurement
radionuclides, approximately 1 kg sample was taken from the surface oxic layer of sediment and
stored in a container that was frozen on returning to the laboratory. Sediment samples were
analyzed for ??°Ra, ??®Ra, and other radionuclides (*°K, %°Co, *Cs, and *’Cs) via gamma-
spectrometry using a Canberra intrinsic germanium detector placed in lead shield thickness 11 cm.

Below are main the steps of sample procedures:

1. The sieved fraction was homogenized and dried in a drier at 110 deg C for 48 h

2. Sample aliquots were sieved through a 2 mm mesh size.

3. Dried sample aliquot is weighed and transferred to Marinelli or analogical beakers with
known geometrical efficiency

4. After sealing of beaker, the sample is stored for more than 3-week to ensure that secular
equilibrium between the nuclear chain members had been attained

Before determining the radioactivity by gamma spectrometer, an empty beaker with
identical geometry was counted for 4 h to measure the background spectrum. This spectrum is
necessary to establish a high confident background level to be used for the determination of the
specific activities of the analyzed samples. Sample applied for conservation in the beaker is placed
on the HPGe detector and counted for the same counting time (4 h). After this was calculated of
geometrical efficiency for each of samples. The activities of the radionuclides were calculated
using the net area of the peak, accumulation time, absolute peak efficiency at close geometry,
absolute y-ray emission probability, and the sample volume. All gamma spectrometric analyses
were performed in silicone sealed Marinelli beakers after aging for one month to allow for
ingrowth of 222Rn and daughters. The photopeaks from the radon daughters 2*Pb and 2Bi at 295,
352, and 609 keV were used to quantify 2?°Ra, and the 2 Ac peaks at 338 and 911 keV were used
for 222Ra [2-4].

3. Results and discussion

Radionuclide concentrations in 14 sediment samples from the central part of the Azerbaijan
sector of the Caspian Sea were investigated for determining the radioactivity by gamma
spectrometer. Below are tests results for radionuclide contents and radioactivity of sediment
samples (Table 1).

Table 1

Radionuclide Concentrations in sediment samples from the central part of Azerbaijan sector of the
Caspian Sea

i 226Ra 232Th 4OK 60C0 134CS 137CS
Station Bg/kgdm | Bg/kgdm | Bg/kgdm | Bag/kgdm | Bg/kgdm | Bg/kgdm

Stl 57 11 138 <1.2 <1.2 3.1
St.2 48 24 406 <1.2 <1.2 <1.3
St.3 42 7.8 140 <1.2 <1.2 2.6
St.4 72 17 242 <1.2 <1.2 3.7
St.5 72 10 151 <1.2 <1.2 <13
St.6 36 17 230 <1.2 <1.2 3.4
St.7 66 8.2 101 <1.2 <1.2 <13
St.8 88 14 148 <1.2 <12 <13
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St.9 76 12 173 <1.2 <1.2 3.1
St.10 59 16 293 <1.2 <1.2 <1.3
St.11 61 12 126 <1.2 <1.2 <1.3
St.12 48 13 268 <1.2 <1.2 <1.3
St.13 50 8.7 130 <1.2 <1.2 4.8
St.14 71 12 139 <1.2 <1.2 4.4
Min 36 8 101 <MDA <MDA 2.6
Max 88 24 406 <MDA <MDA 4.8
Med 60 12 150 <MDA <MDA 3.4
Mean 60 13 192 <MDA <MDA 3.6
St Dev 15 4 85 0.8
CcVv 24 34 45 22

MDA- Minimal Detectable Activity
Bag/kgdm- Becquerel per kilogram of dried sample

238y, 22Th, and “°K are 3 main natural radioactive elements that continue to be on Earth
from the creation of our solar system. The reason is the very high half-life period of these isotopes.
Below table is collected of main data about our concern isotopes and their related contents on

Earth crust minerals [5].

Nuclide Symbol Half-life Natural Activity of rocks
0, i .
Uranium 238 238 4.47 X 10° yr 99.2745/? of a}ll natural uranium; 0.5 to 4.7 ppm
total uranium in the common rock types
. 1.6t02 inth k ith
Thorium 232 227 1.41 x 109 yr 6 to 20 ppm in the common rock types with a
crustal average of 10.7 ppm
. 0.42 pCi/g (16 Bag/kg) in limestone and 1.3 pCi/g
226 3
Radium 226 Ra 1.60 x 10° yr (48 Bg/kg) in igneous rock
Potassium 40 40K 1.28 x 10° yr | soil - 1-30 pCi/g (37-1100 Bg/kg)

Natural activities of ?2°Ra and ??®Ra in sediment samples can change in a broad range.
Below are the given of monitoring results for Central European (Check republic) river/lake

sediment samples [6].

For evaluation of investigation results and estimation of radioactivity levels in sediment
samples were applied table with characteristics value of natural radionuclides.

26Ra (Bg/kg) 1999 2000 2001 2002 2003
Minimum 24 20 16 21 18
Average 69 78 71 66 68
Maximum 381 1375 5855 4275 292
ffﬁ?ﬁizéy‘kg) 1999 | 2000 | 2001 | 2002 | 2003
Minimum 19 20 16 20 18
Average 53 44 50 53 54
Maximum 211 115 127 133 127
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Geological Geological Max | Sediment Min Sediment Max
Min, Ba/kg Ba/kg Ba/kg Ba/kg
Ra?2¢ 16 48 16 5855
Th232 16 211
K40 37 1100

Isotopes Co®, Cs'3, and Cs'* are artificial radionuclides that are registered in all area of
Earth as the results of global sedimentation after atmospheric tests of nuclear bombs in the last
century. Between then 137Cs is the most distributed artificial radionuclide which content can reach
up to 200 Bg/kg depend on geographical area. There are limited data in open publish about 137Cs
in Caspian Sea sediment samples. In article [7] authors find that in the Iranian sector of the Caspian
Sea *"Cs are in the range from 0.3 Bg/kg to 63 Bg/kg with a mean value of 11 Bg/kg.

Our report include radioactivity results for isotopes Ra??®, Th?%2, K%, Co®, Cs'**, and Cs™*’
which are the main radionuclides responsible for the formation radiation background in
investigated samples. In Table 2 shown radioactivity ranges registered in sediment samples from
the central part of the Azerbaijan sector of the Caspian Sea and reference data from the previous
section.

Table 2
Radioactivity ranges registered in sediment samples
. 226Ra 232Th 4OK GOCO 134CS 137CS
Station Bg/kgdm | Bag/kgdm | Bg/kgdm | Bg/kgdm | Bg/kgdm | Bg/kgdm
Min 36 8 101 <MDA <MDA 2.6
Mean 60 13 192 <MDA <MDA 3.6
Max 88 24 406 <MDA <MDA 4.8
Geological, Min 16 37
Geological, Max 48 1100
Sediment ref Min 16 16
Sediment ref Max 5855 211 63

4. Conclusions

Although ??°Ra average and maximum values are above Earth Crust geological maximum

value, they are much less of 2°Ra activity in Central European sediment samples. Registered 232Th
activities in investigated sediment samples are in the range of minimal value of Central European
sediment samples.
40K activities registered in sediment samples are in range geological mineral ranges for “°K. For
artificial radionuclides, ®°Co, and 3*Cs radioactivity level were below of minimum detectable
activity levels for all studied samples. Observed levels of 13’Cs were less than the reference level
of 13’Cs in regional sediment samples.
Registered 22°Ra, 22Th, and “°K radioactivity are considered as sourced by Natural 28U, 2%2Th and
0K radionuclides as results of natural geochemical originated processes. 3’Cs registered in
investigated sediment samples are considered as results of global sedimentation of **Cs from the
atmosphere.
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ONPEJEJIEHUE PATUOHYKJIMOB B IIPOBAX TOHHBIX OTJIOKEHUM
B35 TbIX U3 HEHTPAJIbHOU YACTH ABEPBAUT’KAHCKOI'O CEKTOPA
KACIIMUCKOI'O MOPA

®@. 0. I'ymb6aToB

Pe3tome: B ITaHHOM HCCIEIOBAHHUU H3Y4YalUCh KOHIIEHTPAIUM PAJUOHYKIHAOB B MpoOax HJOHHBIX
OTIIOXKEHHUM, B3SATHIX B ILIEHTPAIbHONH dacTH AsepOaiimkaHCKOro cekropa Kacmuiickoro mops, Iist
Mody4YeHuss MHGOPMAIUd O PaJHOAKTUBHOCTU U PAJUOIOrHYECKOi omacHocTH. OOpasisl OTIOKEHUM
ObLIN poaHATM3MpOBaHbl Ha 22°Ra, *®Ra u npyrue pamnonykmnmst (“°K, ©Co, **Cs u ©*'Cs) ¢ nomorpo
raMma-CIIeKTpOMETPHMH C MCIIONIL30BaHUEM NepMaHUEBOro nerekTopa GupMmel Canberra, moMemieHHoro B
CBUHLIOBBIM JoMUK TommuHOoi 11 cMm. ITonydeHHbIe pe3yabTaThl I PaJlOHYKIMAOB B IIpo0axX ITOHHBIX
OTJIOXKEHHI OIEHUBAIN C TIOMOIIBIO TAOIHUIIHI C XapaKTEPHUCTHUK 3HAYEHUSIMH IPHPOTHBIX PAINOHYKIHIOB.

Knroueswie cnosa: Kacrimiickoe MOpPEC, JOHHBIC OTJIOXXCHUA, PAAUOHYKIIU Ibl, TAMMa-CIICKTPOCKOIIN .

XOZOR DONIZININ AZORBAYCAN SEKTORUNUN MORKOZI HiSSOSINDON
GOTURULMUS DiB COKUNTUSU NUMUNOLORINDO
RADIONUKLIDLORIN TOYIiNi

F.Y. Hiimboatov

Xiilasa: Bu todgiqat isinda, Xozar donizinin Azarbaycan sektorunun markazi hissasindon gotirilmis dib
¢okiintliisii niimunalorinds radioaktivlik vo radioloji tohliikolor barado molumat oldo etmok iiciin
radionuklidlorin konsentrasiyas1 todqiq edilmisdir. Dib ¢okiintiisii niimunolori ?°Ra, ®Ra va digor
radionuklidlors (*K, ®Co, **Cs vo **'Cs) gora, Canberra firmasinin istehsali olan, 11sm galinligh qurgusun
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evcikdo yerlosdirilmis germanium detektorlu gamma-spektrometrlo analiz edilmisdir. Dib ¢okiintiisii
niimunslarindaki radionuklidlor tigiin alinan naticalor tobii radionuklidlorin xiisusiyyastlorine gors tortib

edilmis codval totbiq edilorak giymotlondirilmisdir.

Agar sézlar: Xozor donizi, dib ¢okiintiisi, radionuklidlor, Gamma spektroskopiya
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